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ABSTRACT: A simple, highly sensitive, accurate and selective method for determination of trace
amounts of Cu?* in water samples .In this paper, Chitosan was used to encapsulate nano-Fe,O, and
produce a nano-Fe,0,-CHITOSAN sorbent based new sorbent was prepared. This was treated with
ethylenediamine (ED) in another solvent-free procedure for the formation of a novel nano-Fe,O, -
Chitosan-ED.Flame atomic absorption spectrometer was utilized for determination of Cu(ll). The
analytical features for sorption were found to be 5.2; 4.3 mL min, and 55.0 mL for pH, flow rate and
sample volume, respectively. HNO, was used as eluent and maximum preconcentration factor was
found to be 200.Elution parameters were also determined as 4 mL min-'; 0.6 mol L' and 5.1 mL forflow
rate, eluent concentration and eluent volume, respectively.Limit of detection and limit of quantification
were found to be 49.6 and 163.7 ng L™, respectively. Validation of the developed method was performed
using certified reference material (TMDA-53.3). The methodology was applied for determination of

Cu(ll) in natural water samples and satisfactory results were obtained.
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INTRODUCTION

Copper, at trace concentrations, acts as both a micronu-
trient and a toxicant in marine and fresh water systems
(Leyden, et al., 1976; Narin, et al., 2000; Akama, et al.,
2000; Ohta, et al., 2001; Cuculic, et al., 1997; Moghi-
mi, et al., 2012). The direct determination of trace met-
als especially toxic metal ions such as Cu, tin, arsenic,
lead, antimony and selenium from various samples re-
quires mostly an initial and efficient pre-concentration
step (Leyden, ef al., 1976). This pre-concentration is
required to meet the detection limits as well as to de-
termine the lower concentration levels of the analyte
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of interest (Jones, et al., 1983). This can be performed
simply in many ways including liquid and solid phase
extraction techniques (Nambiar, et al., 1998; Caroli,
et al., 1991). The application of solid phase extraction
technique for pre-concentration of trace metals from
different samples results in several advantages such as
the minimal waste generation, reduction of sample ma-
trix effects as well as sorption of the target species on
the solid surface in a more stable chemical form (Alex-
androva, ef al., 1993).

The normal and selective solid phase extractors are
those derived from the immobilization of the organic
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compounds on the surface of solid supports which are
mainly polyurethane foams (Arpadjan, et al., 1997),
filter paper (Leyden, ef al., 1975), cellulose (Gennaro,
et al., 1983) and ion exchange resins (Grote, et al.,
1985). Silica gel, alumina, magnesia and zirconia are
the major inorganic solid matrices used to immobilize
the target organic modifiers on their surfaces (Unger,
1979) of which silica gel is the most widely used solid
support due to the well documented thermal, chemical
and mechanical stability properties compared to other
organic and inorganic solid supports (Boudreau, et al.,
1989). The surface of silica gel is characterized by the
presence of silanol groups, which are known as weak
ion exchangers, causing low interaction, binding and
extraction of the target analytes (Kvitek, et al., 1982).
For this reason, modification of the silica gel surface
with certain functional groups has successfully been
employed to produce the solid phase with certain se-
lectivity characters (Bruening, et al., 1991).

Two approaches are known for loading the surface
of solid phases with certain organic compounds and
these are defined as the chemical immobilization
which is based on chemical bond formation between
the silica gel surface groups and those of the organ-
ic modifier, and the other approach is known as the
physical adsorption in which direct adsorption of the
organic modifier with the active silanol groups takes
place (Unger, 1979). Selective solid phase extractors
and pre-concentrators are mainly based on impregna-
tion of the solid surface with certain donor atoms such
as oxygen, nitrogen and sulfur containing compounds
(Mahmoud, 1997; Mahmoud, et al., 1997; Tong, et
al., 1990; Dadler, et al., 1987). The most successful
selective solid phases for soft metal ions are sulfur-
containing compounds, which are widely used in dif-
ferent analytical fields. Amongst these sulfur-contain-
ing compounds are dithiocarbamate derivatives for
selective extraction of Cu(Il) (Mahmoud, 1998, Mah-
moud, 1999) and pre-concentration of various cations
(Leyden, et al., 1976; Narin, et al., 2000; Akama, et
al., 2000; Ohta, et al., 2001; Cuculic, et al., 1997,
Moghimi, et al., 2009; Thurman, 1998; Pawliszyn,
1997; Izatt, et al., 1996; Hagen, et al., 1990; Krueger,
1995; Yamini, et al., 1994; Shamsipur, et al., 1999;
Shamsipur, et al., 2001; Brunner, et al., 2003; Zelder,
et al., 2004; Boll, et al., 2005; Nayebi, et al., 2006;
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Moghimi, et al., 2007; Moghimi, 2007) and 2-mer-
captobenzothiazol-modified silica gel for on-line
pre-concentration and separation of silver for atomic
absorption spectrometric determinations (Qiaosheng,
et al., 1998). Ammonium hexa-hydroazepin-1-dithio-
carboxylate (HMDC)-loaded on silica gel as solid
phase pre-concentration column for atomic absorp-
tion spectrometry (AAS) and inductively coupled
plasma atomic emission spectrometry (ICP-AES) was
reported (Alexandrova, ef al., 1993). Mercapto-mod-
ified silica gel phase was used in pre-concentration
of some trace metals from seawater (Moghimi, et al.,
2010). Sorption of Cu(Il) by some sulfur containing
complexing agents loaded on various solid supports
(Tajodini,et al., 2010) was also reported. 2-Amino-
1-cyclopentene-1-dithiocaboxylic acid (ACDA) for
the extraction of silver(I), Cu(Il) and palladium(II)
(Moghimi, et al., 2009), 2-[2-triethoxysilyl-ethylthio]
aniline for the selective extraction and separation of
palladium from other interfering metal ions (Narin, et
al., 2000) as well as thiosemicarbazide for sorption
of different metal ions (Campderros, et al., 1998) and
thioanilide loaded on silica gel for pre-concentration
of palladium(Il) from water (Narin, et al., 2000) are
also sulfur contaning silica gel phases. The modified
solid phase could be used at least 50 times with ac-
ceptable reproducibility without any change in the
composition of the sorbent, nano-Fe,0O,-Chitosan-ED.
On the other hand, in terms of economy it is much
cheaper than those in the market, like C18 SPE mini-
column.

In the present work, nano-Fe,O,- Chitosan-EDwas
employed for production of solid phase. The synthe-
sized and characterized new sorbent nano-Fe,O,- Chi-
tosan-EDwas utilized for preconcentration of Cu(II)
from water samples. Determination of Cu(Il) concen-
tration was achieved by FAAS after preconcentration
procedure.

EXPERIMENTAL

Reagents and Chemicals

The analytical grade deionized water was obtained
by reverse osmosis system. All containers and glass-
ware were kept overnight in 10% nitric acid and
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rinsed three times with water before use. 1,000 mg
L' stock copper standard solution was prepared from
Cu(NO,),.4H,0 (Merck) and diluted as required to the
ug L-1 levels. BDH Limited, Poole, England. Chito-
san, (purity> 99.55%), sodium hydroxide (NaOH) and
ethylenediamine (ED)was purchased from BDH, UK.
Lead nitrate, Pb(NO,),, cadmium nitrate, Cd(NO,),
and NiCl -6H,O was purchased from Merck. In inter-
ference study, cations were added as nitrates and the
anions were added as sodium salts. Feasibility of the
suggested method was tested with Lake Ontario water
certified reference material (TMDA-53.3, lot 0310).

Synthesis of magnetic nano-Fe 0, sorbent

The magnetic nano-iron oxide was first synthesized
according to a previously reported method. A 6.1 g
sample of FeCl,-6H,0 and 4.2 g FeSO,-7H,O were
dissolved in 100 mL of distilled water. A total of
25.0 mL of 6.5 M-NaOH was slowly added to the
above solution. The reaction mixture was stirred for
4 h using a magnetic stirrer. After the complete ad-
dition of NaOH, the formed black precipitate, nano-
FejOa, was then washed several times with distilled
water, collected in a pure form by the assistance of an
external magnetic field and dried in an oven at 70°C.

Synthesis of nano-Fe,0 -Chitosan sorbent

The magnetic Chitosan-graphen oxide nanocomposite
was prepared by the addition of 20.0 mL of Chitosan
to 10.0 g of nano- Fe,O, sorbent. This mixture was
heated under stirring at 80-90°C for 3 hands the prod-
uct nano-Fe,O -Chitosan sorbent was filtered, washed
with methanol, collected in a pure form by a magnetic
field and dried in an oven at 70°C until complete dry-
ness.

Synthesis of magnetic magnetic Chitosan-graphen
oxide nanocomposite sorbent

A 10.0 g sample of nano-Fe,O,-Chitosan addition to
5 mL of ED and these two reactants were combined
together by heavy grinding and mixing in a mortar
for 5 h. The produced nano-Fe,O, Chitosan-TETA
sorbent was heated to dryness in an oven at 60°C.

Apparatus
A Philips X Pert-Pro diffracrometer (Cu Ka A=1.54060
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A°, 30 mA, 40 kV), and Perkin Elmer Spectrum 65
FTIR-ATR spectrometer were used to confirm the
synthesized magnetic Chitosan-graphen oxide nano-
composite. Determination of Cu(Il) in solutions were
carried out by Perkin Elmer AAnalyst 200FAA Se-
quipped with deuterium background correction. All
measurements were performed inan air/acetylene
flame. GFL 3005 orbital shaker having speed and
time control was used forpreparation of the sorbent.
During the solid phase extraction experiments, Velp-
ScientificaSP311 peristaltic pump with Tygon tubes
was used. A Thermo Orion 5 Star model pH meter,
Heidolph MR 3001 K model magnetic stirrer, Sarto-
rius TE214S electronic balance, Eppendorf Research
micro pipettes wereused for the present work. Funnel
tipped glass tube (10x100 mm) equipped with stop-
cock was used as a column for the preconcentration
experiments.

Preparation of Solid Phase

Sorption characteristics of Cu(Il) ions by magnetic
nano-sorbents by the batch equilibrium technique.
The applicability of magnetic Chitosan-graphen ox-
ide nanocomposite sorbent for extraction of Cu(Il)
ions was studied by the batch equilibrium technique
under several experimental controlling factors.
These include the effect of pH, contact time, sorbent
dosage, initial metal ion concentration and interfer-
ing ions.

General procedure

100 mL solution with 50 ngml! copper contentwas
prepared as a sample. This solution was added to the
magnetic magnetic Chitosan-graphen oxide nano-
composite sorbent and by using buffer solution, its
pH was modified to 3.0, followed thecontainer was
shaken for 25 min in order to allow easiercopperions
absorption of the magnetic Chitosan-graphen oxide
nanocomposite sorbent (Tuzen, et al., 2009). At the
end of this stage, themagnetic Chitosan-graphen ox-
ide nanocomposite sorbent which had been formed on
the bottom layer of the beaker was removed through
apply inganexternal field with 1.4T magnetic powers
was immediately decanted out side the supernatant. 1
mL of 1 molL™" ion of eluent was injected into FAAS
for measurement of Cu(II) ions concentrations.
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Fig. 1. Image of Scanning Electron Microscopy (SEM) of
magnetic magnetic Chitosan-graphen oxide nanocomposite

RESULTS AND DISCUSSION

Surface morphology

Figs. 1a and b show the morphology and size of mag-
netic Chitosan-graphen oxide nanocomposite sorbent
as shown in Fig. 1. The particles of magnetic Chito-
san-graphen oxide nanocomposite 339 sorbent re-
tained a homogenous distribution in the range of 340
5.0-20.0 nm.

Effect of pH
The pH of the sample solution plays important role in

retention of metals on sorbent. The pH of the model
solutions containing Sug Cu(Il) were adjusted to cer-
tain value using diluted HNO, and NaOH. As shown
in Fig. 2, the recovery results were not dramatically
affected by the change in pH between 4 and 7. Accord-
ing to this, pH=3.0 were chosen as centred value for
the optimization procedure.

Desorption reagent

0.5 mol L' of HNO,, HCI, CH,COOH, H,SO, and
H,0, were tested for desorption of Cu(Il) from mag-
netic Chitosan-graphen oxide nanocomposite. The
recovery percentages were varied between 5.7-87.9%
except HNO, elution experiments. It was observed
that HNO, is the best as an eluent and the recovery
percentage is 95.5+1.5%.

Effect of flow rate on sorption and elution

The retention of a metal ion on the sorbent also de-
pends on the flow rate of the sample solution. Thus,
the both effect of flow rate of the sample and eluent on
the sorption and desorption of copper ions were inves-
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Fig. 2. Influence of sample pH and dissolving solvent of
magnetic Chitosan-graphen oxide nanocompositeon the
percentage recovery of Cu(ll)

tigated between 3-20 mL min’'. Quantitative results
(> 95%) were obtained up to 10 and 8 mL min! for
sorption and elution, respectively. In order to avoid an
abrupt change in adsorption and increase the contact
time of the sample solution with the sorbent, flow rate
was selected as 4 mL min™ for sorption and elution.

Optimization of variables

Optimization of the preliminary studies was achieved
by a three level full factorial CCD with 20 runs. Table
1lists the maximum, minimum andcentred valuesof
the variables for sorptionand elution. The metal con-
centration in solutions was determined with external
standard calibration method by FAAS. The experi-
mental design matrix and the results for sorption and
elution are given in Table 2 and 3.Quadratic Eq. (1)
and Eq. (2), which were obtained byusing data of re-
sponse values, are given below for sorption and elu-
tion, respectively.

Y =0.512150-0.72565x, - 0.70169x, —0.98326x,

+40.056583 x> +0.171215x> +0.493058x> + (1)
1.565734x,x, +1.5556039x x, +1.606564x,X,

Y =0.683345-0.018065x, —1.220286x,, —0.130547x,
++0.576546x> +1.235334x2 +0.33238x> + @)

0.071217x,x, +0.06884x,x, +0.07096x ,,

X, X, and x, represents the 1st, 2nd and 3rd factors.
Derivatives of the equations in terms of x , x, and x,
were equalized to zero and solved using Microsoft
Excel. The real values presented in Table 4 obtained
from CCD and used as optimal conditions for further
experiments.
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Table 1. Levels and the real values of factors utilized in CCD.

Factors For sorption levels Factors For elution levels

-<a -1 0 +1 +o -ol -1 0 +1 +a

pH 30 4 5 6 6.7 Flowrate 2.3 3 4 5 5.7
(mL min)

Flow rate 23 3 4 5 5.7  Eluent concentration 0.08 025 05 0.75 0.92
(mL min™) (mol L)
Sample volume 8.0 25 50 75 92.0 Eluent volume 33 4 5 6 6.7
(mL)

Interference effects

The preconcentration procedures of trace metal ions
can be strongly affected by other ions. For this rea-
son, the effects of matrix ions were investigated under
optimal conditions. The results revealed that the mag-
netic Chitosan-graphen oxide nanocomposite behaves
as a neutral ionophore in the pH range 3.0 (Liu, et al.,
2010) so that the copper ions are retained as ion pair
complexes by the membrane disks. As seen, acetate
ion is the most efficient counter anion for the SPE of
Cu(Il) ions. The influence of the concentration of so-

dium acetate ion on copper recovery was investigated,
and the results are shown in Table 4. As seen, the per-
cent recovery of Cu*" increased with the acetate con-
centration until a reagent concentration of about 0.1
M is reached, beyond which the recovery remained
quantitative. Moreover, acetate ion acts as a suitable
buffering agent, while it effectively contributes to the
ions- pair formation; thus, in the SPE experiments,
there was no need for the addition of any bufter solu-
tion.The tolerance limit of coexisting ions was given
in Table 5.The experiments indicated that, no further

Table 2. Experiments and recovery values for the sorption of Cu (II)

Run X, X, X, Recovery
pH Flow rate (mL min™) Sample volume (mL) (%)
1 4 3 25 99.1
2 6 3 25 102
3 4 5 25 98.6
4 6 5 25 101.4
5 4 3 75 99.6
6 6 5 75 99.4
7 4 5 75 105
8 6 5 75 98.6
9 5 4 50 102.4
10 3.3 4 50 96.6
11 6.7 4 50 97.1
12 5 23 50 102.7
13 5 5.7 50 98.4
14 5 4 8.0 101.6
15 5 4 92.0 99.0
16 5 4 50 99.8
17 5 4 50 101.5
18 5 4 50 98.8
19 5 4 50 101.0
20 5 4 50 99.7
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Table 3. Experiments and recovery values for the elution of Cu (II)

R X, X, X, Recovery
i Flow rate (mL min') Eluent Concentration (mol L'!)  Eluent volume (mL) (%)
1 3 0.25 4 99.6
2 5 0.25 4 103
3 3 0.75 4 98.5
4 5 0.75 4 101.6
5 3 0.25 6 99.7
6 5 0.25 6 99.8
7 3 0.75 6 101.6
8 5 0.75 6 99.6
9 4 0.5 5 99.7
10 2.3 0.5 5 101.8
11 5.7 0.5 5 97.1
12 4 0.08 5 1007
13 4 0.92 5 98.8
14 4 0.5 3.3 101.7
15 4 0.5 5 99.8
16 4 0.5 5 99.1
17 4 0.5 5 101.1
18 4 0.5 5 98.4
19 4 0.5 5 100.5
20 4 0.5 5 99.0

sample treatment or masking reagents are needed.

Effect of sample volume

The preconcentration studies were applied to solu-
tions within the range of 25-1000 mL containing 5 pg
amount of Cu(Il) to explore the possibility of enrich-
ing at low concentration with high enrichment factor.
The recovery value was obtained as 98.7 % at 1000
mL samplevolume by analyzing 5 mL eluate and the
highest preconcentration factor was found to be200.

Analytical figures of merit
The accuracy and precision (RSD%) of the proposed

solid phase extraction procedure underoptimal condi-
tions were investigated (n=10) as 102.0+=0.2 % and 2,
respectively. Limits of detection (LOD) and the lim-
its of quantification (LOQ) were obtained by using a
criterionsignal-to-noise ratio of 3 and 10, respectively.
The results were calculated 49.6 ng L' for LOD and
163.7 ng L' for LOQ.

Validation and application of the improved method

The developed procedure was validated by Cu(Il)
determination in certified reference material. The re-
sults are given in Table 6. A statistical evaluation was
performed by Student’st test and t value was calcu-
lated as 2.95. Criticalt value (4.30) is higher than the

Table 4. Optimum preconcentration conditions for Cu(ll) by GO-H2P

Optical condition

orption elution
pH 2.9 Flow rate (mL min™) 4.1
Flow rate (mL min™) 43 Eluent Concentration (mol L) 0.6
Sample volume (mL) 55 Eluent Volume (mL) 5.1
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Table 5. Separation of copper from binary mixtures 2

Di.verse Amounts % Found %Recov.ery of Cu?*
ion taken(mg) ion
Na“* 92.4 1.15(2.4) 98.7(1.8)
K* 92.5 1.32(2.3) 98.5(2.9)
Mg* 14.5 0.7(1.2) 98.9(1.8)
Ca? 26.3 2.25(3.0) 98.5(1.6)
Sr** 245 2.85(2.5) 98.4(2.0)
Ba* 2.66 3.16(2.1) 98.3(2.3)
Mn?* 2.66 1.75(2.2) 97.3(2.8)
Co* 2.16 1.4(2.3) 99.1(2.9)
Ni** 1.65 2.0(2.4) 98.5(2.6)
Zn* 2.78 1.97(2.1) 98.4(2.2)
Cd* 2.55 1.92.0) 98.2(2.8)
Pb** 0.54 2.7(1.9) 97(2.7)
Hg* 0.44 2.81(2.1) 97.7(2.8)
Ag' 2.63 3.45(2.9) 96.6(2.9)
Cr¥ 1.73 2.92(2.30 97.3(2.4)
uo* 2.84 2.8(2.1) 98.3(2.7)

a Initial samples contained 10 pg Cu?* and different amounts of various ions in 100 mL water (0.1 M acetate ion).

® Values in parentheses are RSDs based on five individual replicate analysis.

calculatedone at 95% confidence level. This test Real sample analysis

showed no significant difference between Cu(Il)con- To assess the applicability of the method to real sam-
centration obtained from the presented method and the ples, it was applied to the extraction and determina-
certified value. tion of copper from different water samples. Tap water

Table 6. Analysis of standard reference material

pH Certified Value  Found Value  Recovery (%)
CRM (TMDA-53.3) 118.0£5.5 125+£8.6 98.8

Table 7. Recovery of copper added to 1000 mL of different water samples (containing 0.1 Macetate

at pH= 3.0).
Sample Cu*" added (ug) Cu?* determined (ng.mL™") ICP-AES

0.0 1.74(1 .4y ND

Tap wat
ap water 10.0 11.98(3.2) 11.7
Show swater 0.0 4.45(2.4) ND
10.0 14.97(2.0) 14.7
— 0.0 2.65(2.3) ND
10.0 12.75(2.4) 123
0.0 12.64(2.3) 12.5

Sea Wat
ca atet 10.0 22.93(2.0) 23.1

2 Values in parentheses are %RSDs based on five individual replicate analysis
® Not detected.
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Table 8: Comparison of published results of several solid phase adsorbents methods for determination of Cu(ll).

Ref. LOD (ug/L)  RSD (%) Sorbent Technique

Narin et al., 2009 9.5 - Lanthanum hydroxide FIA-AAS

Shojai et al., 2015 20 2.9% 1,5-Diphenylcarbazide FIA-AAS

Moghimi, 2014 49 2.5% Titanic silicate ICP-AES
Present work 0.049 0.21% nano-Fe,O,-Chitosan-ED Several methods

(Tehran, taken after 10 min operation of the tap), Rain
water (Tehran, 20 January, 2015), Snow water (Vara-
min, 6 February,2015) and Sea water (taken from Cas-
pian Sea, near the Mahmoud-Abad shore) samples
were analyzed (Table 7). As can be seen from Table 4
the added copper ions can be quantitatively recovered
from the water samples used. As is seen, the recovered
copper ion reveals that the results are quite reliable
and are in satisfactory agreement with those obtained
by ICPAES (Table 7).

CONCLUSIONS

In the present study, a new sorbent is prepared by using
magnetic Chitosan-graphen oxide nanocompositeand
for preconcentration of Cu(Il) from natural water sam-
ples. MagneticChitosan-graphen oxide nanocompos-
itewas prepared easily and sorbed Cu(Il) rapidly. The
preconcentration parameters pH, flow rate and sample
volume for sorption procedure was obtained by CCD
as 5.2, 4.3 mL min!, 55.0 mL, respectively. Elution
parameters, flow rate, eluent concentration and elu-
ent volume were also obtained as 4.1 mL min-1, 0.6
mol L' and 5.1 mL, respectively. Enrichment factor
was found to be 200 when 1000 mL of water sample
(included 5 pg) passed through the GO—H2P column.
The interference effects of some ions were also inves-
tigated according to the improved method. The toler-
ance limits were between 750-10,000 times greater as
can be seen in Table 5. The mean recovery values for
spiked water samples were satisfactory and confirmed
the validity of the method. Additionally, mean %RSD
value was 2 and showed that the precision of the meth-
od is quite good. Preconcentration factor, LOD, RSD,
eluent type and concentration and detection technique
of present work was compared with literature data in
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Table 8. In most cases, suggested method for Cu pre-
concentration with magnetic Chitosan-graphen oxide
nanocompositeis comparable to, or better than, some
of the previously reported magnetic Chitosan-graphen
oxide nanocomposite based modified adsorbents. Fi-
nally, the proposed method can be suggested as sim-
ple, sensitive, accurate and repeatable method for de-
termination of Cu(Il) after preconcentration. This new
enrichment procedure can also be applied to some
other metal ions.
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