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A B S T R A C T
A simple and fast separation of cadmium (Cd) based on functionalized 
carbon nanotubes with 2,3-dimercapto-1-propanol (CNTs@DHSP) 
was achieved in water samples before a determination by atom trap 
flame atomic absorption spectrometry (AT-FAAS). In this study, 
Cd(II) ions were extracted by syringe filter membrane-micro solid 
phase extraction procedure(SFM-μ-SPE). Firstly, 20 mg of the 
CNTs@DHSP as solid-phase added to 20 mL of water sample in 
a syringe, then dispersed for 3 min after adjusting pH up to 7 and 
pass through SFM very slowly. After extraction, the Cd(II) ions 
were back-extracted from SFM/CNTs@DHSP by 1.0 mL of eluent 
in acidic pH. Finally, the cadmium concentration was measured by 
AT-FAAS. Under the optimal conditions, the linear range (2–90 µg 
L−1), LOD (0.75 µg L−1) and enrichment factor (19.6) were obtained 
(RSD<1.5%). The adsorption capacity of Cd(II) with the CNTs@
DHSP was obtained about 152.6 mg g-1. The method was validated 
by certified reference materials (SRM, NIST) and ET-AAS in water 
samples.
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1. Introduction
Cadmium (Cd) as a toxic non-essential metal 
release from industrial activity to water, soil, food, 
agricultural product and air, then, cadmium ions 
cause to environmental and human health hazards. 
Cadmium is naturally creating in the environment 
matrixes from agricultural and chemical industrial 
sources. The sources of cadmium have various 
applications in different industry such as PVC 
products in petrochemical industries, pigments 
in color factories, and Ni-Cd batteries [1,2]. 
The cadmium enters to the human body through 

gastrointestinal and respiratory tract system 
from food, water, air pollution and smoking. The 
cadmium exposure causes to hepatic dysfunction, 
the pulmonary edema, the testicular damage, the 
osteoporosis and cancer in different organs such as, 
breast, renal, lung and pancreas [3,4]. The Cd ions 
absorb through the respiratory tract or the gastro-
intestinal tract and enters into the bloodstream via 
erythrocytes and accumulated in the kidneys liver [5]. 
Cadmium ions excrete from the human body through 
urine. The liver and kidneys are able to synthesize 
metallothioneins (MT) which protect the cells from 
cadmium toxicity through bonding to cadmium 
(Cd- MT) [6]. Mitochondria play a crucial role in 
the formation of ROS (reactive oxygen species) for 
cadmium [7]. Moreover, the different methodologies 
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such as microbial fermentation based on TiO2 
nanoparticles have been used to remove cadmium 
from waters efficiently [8,9]. The cytotoxic effects of 
cadmium cause to apoptotic effect in human which 
was reported by international Agency for research on 
cancer (IARC) [10]. Itai itai disease or osteomalacia 
is chronic cadmium poisoning was reported in Japan. 
The cadmium intake to the human body is about 7 µg 
Cd per week. This value cause to create the cadmium 
concentration in renal and urine between 100-200 µg 
g-1 and less than 0.5 µg g-1 creatinine, respectively. 
Blood and urinary cadmium at 0.38 µg L-1 and 
0.67 µg g-1 creatinine were associated with tubular 
impairment. Urinary cadmium at 0.8 µg g-1 creatinine 
was associated with glomerular impairment [11]. So, 
the extraction and determination of Cd(II) in waters 
is very important, due to the environment and human 
health safety. Recently, various analytical techniques 
can be used for cadmium extraction in different 
water, foods and environmental samples. The 
various methods such as flame atomic absorption 
spectrometry (AAS) [12], the optical microscopy 
based on laser-induced photoluminescence (UV–
VIS-NIR) [13], the SrFe12O19@CTAB magnetic 
nanoparticles with electrothermal atomic absorption 
spectrometry (ET-AAS) [14-17], the colorimetric 
sensor [18], the  electrothermal vaporization coupled 
with optical emission spectrometry with inductively 
coupled plasma (ETV-ICP-OES) [19] and laser-
induced breakdown spectroscopy (LIBS)  [20] 
were used for cadmium determination in various 
environmental samples. Due to the low concentration 
of cadmium in water samples and difficulty matrixes 
in wastewater samples, the pretreatment is required 
before the determination of cadmium by instrumental 
analysis. The different extraction methods such as, 
the ultrasound-assisted liquid–liquid spray extraction 
(USA-LLSE) [21], the solvent extraction [22], the 
liquid–liquid extraction [23], the cloud point assisted 
dispersive ionic liquid-liquid microextraction 
[24] the dispersive solid-phase extraction (DSPE) 
combined with ultrasound-assisted emulsification 
microextraction [25], solid-phase extraction 
(SPE) [26, 27], the coagulating homogenous 
dispersive micro solid-phase extraction exploiting 

graphene oxide nanosheets (CHD-µSPE)[28] and 
graphene oxide-packed micro-column solid-phase 
extraction[29] were used before cadmium analysis in 
water samples. Recently, the membrane micro solid-
phase extraction procedure (M-μ-SPE) was reported 
as micro SPE (μ-SPE) for separation/determination 
of cadmium in water samples. This method showed 
several advantages, such as easy and fast extraction 
of cadmium in water samples. The properties of 
adsorbents have a main role for cadmium extraction 
by the syringe filter membrane micro solid-phase 
extraction procedure (SFM-μ-SPE). In this study, a 
novel sorbent based on CNTs@DHSP was used for 
extraction of Cd(II) in water and wastewater samples 
by SFM-μ-SPE at pH of 7. The proposed method was 
validated with CRM and spike samples in waters and 
high recovery was obtained by AT-FAAS.

2. Experimental
2.1.  Material and Methods 
Atom trap flame atomic absorption spectrophotometer 
(GBC 932, AT-FAAS, Aus) was used for cadmium 
determination in water and wastewater samples. 
The atom trap accessory /air-acetylene controlled 
by AVANTA software which was placed on the air-
acetylene burner. The cadmium determines in water 
and wastewater samples with 1.0 mL of the sample 
with LOD of 0.025 mg L-1, the wavelength of 283.3 
nm and 5 mA. The lower limit of quantitation 
(LLOQ), ULOQ and linear range for AT-FAAS 
was obtained 100 µg L−1, 1800 µg L−1 and 100-
1800 µg L−1, respectively.  All water samples were 
injected by an auto-sampler to the injector of AT-
FAAS for 1-1.5 min. The electrothermal atomic 
absorption spectrophotometer (ET-AAS) was 
used for the validation of water samples in ultra-
trace analysis of Cd(II). The Metrohm pH meter 
was used for measuring pH in water samples (E-
744, Switzerland). The shacking of water samples 
was used based on 250 rpm speeds by vortex 
mixer (Thermo, USA). The standard solution of 
cadmium (Cd2+) was purchased from Sigma Aldrich. 
(Germany) with a concentration of 1000 mg L-1 in 
1 % HNO3. The various concentration of cadmium 
was daily prepared by dilution of the standard Cd 
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solution with DW. Ultrapure water was purchased 
from Millipore Company (USA) for the dilution 
of water samples. 2,3-Dimercapto-1-propanol 
(CASN:59-52-9, HOCH2CH(SH)CH2SH) was 
prepared from Sigma Aldrich, Germany. The pH 
was adjusted pH by 0.2 mol L-1 of sodium phosphate 
buffer solution (Merck, Germany) for a pH of 7.0 
(Na2HPO4/NaH2PO4). The analytical grade of 
reagents such as HNO3, HCl, acetone, and ethanol 
were prepared from Merck, Germany. The syringe 
Whatman filter membrane (SFM) with glass 
microfiber pre-filter (100 nm, Anotop filters, SN: 
WHA68091112, D:10 mm, polypropylene housing 
polypropylene membrane) was purchased from 
Sigma Aldrich, Germany. Anotop syringe filters 
contain the proprietary alumina and use for difficult 
separation samples.

2.2.  Human sample preparation
The glass analysis was washed with a HNO3 solution 
(1 M) for at least 12 h and rinsed 10 times with DW. 
The cadmium concentrations in water and wastewater 
have a low concentrations less than 50 µg L-1 and low 
contamination for sampling and determination caused 
to low accuracy of results. By procedure, 20 mL of 
the water samples were prepared from well water, 
drinking water and wastewater factories from Iran. 
Clean syringes were prepared for sample treatment. 
The water is prepared and stored by standard method 
for sampling from water by adding nitric acid to waters. 

2.3. Synthesis of CNTs@DHSP adsorbent
First, the CNTs@COOH was prepared according to 
the acid oxidation method reported in the literature 
[30]. In the final step, 1 g of CNTs@COOH was 
added in 50 mL of methanol and maintained 
under ultrasonic conditions for 15 min. Sodium 
borohydride was also simultaneously added to the 
solution. Then, the mixture was stirred at room 
temperature for 3 h. Then, the product was washed 
with methanol three times and dried under vacuum. 
Typically, CNTs@OH (0.5 g) and dry xylene (40 
mL) were sonicated for 15 minutes in a 100 mL 
round-bottomed flask. 3 mL of (3-chloropropyl) 
trimethoxysilane (CPTMS) was added to the above 

mixture, drop by drop, at room temperature. After 
sonicating for 15 min, the resulting mixture was 
refluxed at 60 °C under N2 atmosphere to remove 
the produced HCl. In order to obtain the CNTs@Cl, 
it was dried at 100 °C under vacuum. Then, 1 g of 
CNTs@Cl and 1 mL of DMP were mixed in 60 mL 
ethanol using an ultrasonic bath for 30 min. Then, a 
few drops of triethylamine were added to the above 
slurry, and the mixture was refluxed at 60 °C for 
three extra hours. The product was separated from 
the reaction mixture by a PTFE membrane filter and 
washed with ethanol three times and finally dried 
under vacuum at 100 °C. 

2.4.  Extraction Procedure
By SFM-μ-SPE procedure, 20 mL of water and 
standard samples (3 µg L−1 and 90 µg L−1) were 
used for the separation and determination of 
cadmium ions at pH 7. Firstly, the CNTs@DHSP 
added to water or cadmium standard solution 
and shaked for 3 min at pH=7. Then, the water 
sample was slowly passed through SFM with 
glass microfiber pre-filter and the solid-phase was 
separated by filtering (100 nm, polypropylene 
housing polypropylene membrane). After shaking, 
the Cd(II) ions were extracted by sulfur group of 
CNTs@DHSP as coordination bond or dative bond 
at pH from 6-8 (Cd2+→: SH @CNTs) and then the 
Cd (II) ions on SFM/CNTs@DHSP back-extracted 
by 0.5 mL of eluent (1.5 M, HNO3) at pH 2. Finally, 
the cadmium concentration in remained solution 
was determined by AT-FAAS after dilution with 
DW up to 1 mL (Fig.1). The procedure was used 
for a blank solution without cadmium ten times. 
The calibration curve for Cd in standards solutions 
was prepared (3- 90 µg L−1) and enrichment factor 
(EF) was calculated. The analytical parameters 
showed in Table 1. Validation of methodology 
was achieved by CRM for cadmium samples 
and ETAAS analysis. The recovery was obtained 
for cadmium by equation 1. The Cp and Cf is the 
primary and final concentration of Cd(II), which 
was determined by SFM-μ-SPE procedure coupled 
to AT-FAAS (n=10, Eq. 1).
Re (%) = (Cp-Cf)/Cp×100                                                    (Eq.1)
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3. Results and discussion
3.1. Extraction Mechanism 
The carboxylic acid-functionalized CNTs were 
synthesized by using the acid oxidation method. 
Then, for the generation of OH groups on surface 
CNT, these materials were treated with sodium 
borohydride in methanol. Afterward, hydroxyl-

functionalized CNTs were functionalized by 
(3-chloropropyl) trimethoxysilane (CPTMS) to 
provide chloroalkylsilane. Finally, thiol derivative 
as a DHSP was covalently immobilized on CNTs. 
Finally, SH group of DHSP on the surface of CNTs 
can be complexed with cadmium ions in a water 
solution (Fig.2).

Features value

Working pH 6-8
Amount of CNTs@DHSP (mg) 20.0 
Sample volume of water (mL) 20 .0

Volume of sample injection (mL) 1.0 

Linear range for water (μg L-1)
working range for water (μg L-1)
 Mean RSD %, n=10

3.0-90 
3.0-170 
1.5

LOD (μg L-1) 0.75 
Enrichment factor for water 19.6
Volume and concentration of HNO3 1 mL, 1.5 M
Shaking time 3.0 min 
Correlation coefficient R2 = 0.9998

Table 1. The analytical features for determination cadmium by SFM-μ-SPE procedure

Fig. 1. Cadmium extraction in water sample based on CNTs@DHSP by SFM-μ-SPE procedure
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3.2. SEM and TEM analysis 
The nanotubes of CNTs syntheses in University 
of Tabriz (Iran) and used for the synthesis of 
2,3-dimercapto-1-propanol immobilized on 
CNTs (CNTs@DHSP). The Scanning Electron 
Microscopy (SEM) and Transmission Electron 
Microscopy (TEM) of CNTs@DHSP showed low 
nanoparticles size between 40-100 nm which was 
shown in Figures 3a and 3b. 

3.3. Optimization of cadmium extraction SFM-
μ-SPE procedure 
The SFM-μ-SPE procedure based on novel CNTs@
DHSP was optimized for cadmium extraction in 
water samples. So, different parameters such as 
pH, CNTs@DHSP Mass, eluent, sample volume 
and sonication time were studied.

Fig. 2. The extraction mechanism of cadmium by CNTs@DHSP

Fig.3a. SEM image of CNTs@DHSP Fig.3b. TEM image of CNTs@DHSP
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3.3.1.The effect of pH 
 The effect of various pH was studied from 2 to 
10 for Cd(II) extraction in water samples. The 
results showed the CNTs@DHSP can be removed 
cadmium ions from water samples at pH between 
6 to 8. Moreover, the efficient extraction was 
achieved for cadmium ions at pH=7 (> 95%) and 
the recoveries reduced at 6>pH and pH>8.5. So, the 
pH of 7.0 was used as optimum pH for cadmium 
extraction in waters for further works (Fig. 4). 
The mechanism of cadmium extraction depended 
on the coordination bond or dative covalent bond 
of the thiol group in CNTs@DHSP adsorbent 
(Cd→:SH). The positively charge of Cd2+ adsorbed 
on the surface of adsorbent with negative charge at 
optimized pH. At low pH (pH< pHPZC), the surface 
of CNTs@DHSP has a positive charge. Therefore, 
low recovery is related to the electrostatic repulsion 
between Cd2+ and positive charge of CNTs@DHSP. 
In addition, at a pH of 7, the surface of CNTs@
DHSP have negatively charged and absorbed Cd2+. 
Also, in the pH>8.5, the Cd ions participated as OH 
group and the recovery was decreased.

3.3.2. Effect of CNTs@DHSP mass
The efficient extraction was obtained by optimizing 
of CNTs@DHSP mass in pH=7. Therefore, 
the various of CNTs@DHSP mass was studied 
between 5-50 mg for Cd(II) extraction by SFM-
μ-SPE procedure. The results showed us, a high 
recovery of more than 95% was achieved for 18 
mg of CNTs@DHSP in water samples. So, 20 mg 
of CNTs@DHSP as optimum adsorbent mass was 
used for the experimental run. (Fig. 5). Based on 
Figure 6, The higher amount of CNTs@DHSP had 
no effect on cadmium recovery. 

3.3.3. Effect of eluent and sample volume on 
cadmium extraction
The volume and concentration of eluent for back 
extraction cadmium ions from SFM/CNTs@
DHSP adsorbent were optimized at pH=7. Acidic 
pH dissociated thiol binding to cadmium and 
caused to release of free cadmium ions into the 
eluent phase. The different acid solution such as 
HCl, HNO3, NaOH and H2SO4, was selected for 
back-extraction of cadmium from SFM/CNTs@

Fig. 4. The effect of pH on cadmium extraction based
on CNTs@DHSP by SFM-μ-SPEprocedure
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DHSP adsorbent. The results showed that 1.5 mol 
L-1 HNO3 was quantitatively back-extracted the 
cadmium from SFM/CNTs@DHSP adsorbent. The 
sample volume between 1-100 mL for cadmium 
extraction was studied in water samples by SFM-
μ-SPE procedure.  For optimization, the cadmium 
concentration ranges (3-90 µg L-1) based on 20 mg 
of CNTs@DHSP adsorbent were examined by the 
proposed procedure. The results showed us the high 
recoveries were achieved 25 mL of water samples 
at pH=7. Therefore, 20 mL of water was used as the 
optimal value for further study.

3.3.4. Effect of sonication time and adsorption 
capacity
The extraction time depended on the dispersion 
of nanoparticles CNTs@DHSP adsorbent in the 
water samples and caused to increase interaction 
between HS with Cd(II) at pH=7. The effect of 
sonication time was studied from 0.5 to 5 min. It 
was observed that the sonication of 3.0 min had 
favorite extraction for cadmium in water samples. 

The absorption capacities of cadmium for CNTs@
DHSP and CNTs adsorbents were evaluated in 
optimized conditions.  First, 20 mg of CNTs@
DHSP or CNTs adsorbents added to 20 mL of water 
sample (standards cadmium solution: 200 mg L-1) 
at pH 7. After sonication for 20 min, the cadmium 
extracted on the CNTs@DHSP or CNTs adsorbents 
at optimizing pH. The cadmium concentration in 
the liquid phase is directly determined as the final 
cadmium concentration after adsorption processes.  
The results showed the adsorption capacity for the 
CNTs@DHSP or CNTs adsorbents was obtained 
152.6 mg g-1 and 19.7 mg g-1, respectively. 

3.3.5. Interference of coexisting ions
The effect of interference ions on cadmium extraction 
based on CNTs@DHSP adsorbent in water samples 
was studied by SFM-μ-SPE procedure. The various 
interfering ions were added to 20 mL of cadmium 
solution (ULOQ: 90 μg L-1) at pH 7. Based on 
results the most of the probable concomitant ions 
have no effect on the extraction recovery of Cd(II) 
ions in optimized conditions (Table 2).  

Fig. 5. The effect of CNTs@DHSP amount on cadmium extraction
by SFM-μ-SPE procedure
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3.3.6. Real samples analysis
The separation and determination of cadmium in 
water samples was done based on CNTs@DHSP 
adsorbent by the SFM-μ-SPE procedure. The results 
showed us, the cadmium was efficiently extracted by 
the thiol group of CNTs@DHSP adsorbent in water 
samples at pH=7. By spiking water samples, the 
accuracy of the results was satisfactorily validated 
at optimized pH and confirmed that the SFM-μ-SPE 

procedure could be efficiently extracted/determined 
cadmium in water samples (Table 3). Due to results, 
the high recovery for extraction cadmium in water and 
wastewater samples was achieved by nanoparticles 
of CNTs@DHSP. Moreover, the certified reference 
materials (NIST; CRM) were used for validating 
results by the SFM-μ-SPE procedure (Table 4). Also, 
the results were validated by ET-AAS analysis which 
was compared to SFM-μ-SPE/AT-FAAS (Table 5). 

Sample* Added (μg L-1) *Found (μg L-1) Recovery (%)

Water A
--- 4.23 ± 0.18 ---
4.0 8.14 ± 0.31 97.8

Water B
--- 2.03 ± 0.09 ---
2.0 3.98 ± 0.21 97.5

Water C --- ND ---
2.0 1.93 ± 0.08 96.5

Wastewater A
--- 50.75 ± 1.23 ---
40 88.83 ± 2.64 95.2

Wastewater B
--- 48.32 ± 1.87 ---
40 89.56 ± 3.45 103.1

Wastewater C --- 29.56 ± 1.34 ---
30 57.95 ± 2.08 94.6

*Mean of three determinations of samples ± confidence interval (P = 0.95, n =5)
Water A: Varamin River; Water B: Karaj River; Water C: drinking water Tehran; Wastewater A: Paint Factory of Karaj; Wastewater 
B: Petrochemical waste; Wastewater C: Chemical Factory in Industrial Varamin Co.

Table 3. Validation of SFM-μ-SPE/AT-AAS procedure for Cd(II) determination in waters
by spiking of real samples  

Table 2. The effect of interferences ions on cadmium extraction in water samples
by SFM-μ-SPE procedure

Interfering  Ions (I)
Mean ratio (CI /C Cd(II)) Recovery (%)

  Cd(II) Cd(II)

Al3+,  V3+ 600 96.8

Zn2+, Cu2+ 900 08.0

I- , Br-, F-, Cl- 1200 99.2

Na+, K+ 1000 98.4
Ca2+, Mg2+ 900 97.7

CO3
2-,  PO4

3- 1000 97.2

Co2+ , Mn2+,  Sn2+ 350 98.3
Ni2+ 150 96.7
NH4

+, NO3- 800 98.5

Hg2+ 100 97.4
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4. Conclusions
A novel CNTs@DHSP nanostructure was used for 
cadmium extraction/separation/determination in water 
samples by the SFM-μ-SPE method coupled with 
AT-FAAS. By the proposed procedure, the efficient/
easy/fast extraction for cadmium was obtained in a 
short time at pH=7. The CNTs@DHSP nanostructure 
has excellent recovery for Cd(II) extraction without 
any chelating ligands. The procedure had many 
advantages such as reusability of adsorbent, fast/easy 
pretreatment and a wide linear range for determination 
cadmium in waters. Therefore, the CNTs@DHSP 
nanostructure can be used as the favorite methodology 
for the determination and separation of cadmium in 
water samples by AT-FAAS.
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A B S T R A C T
Zinc oxide (ZnO) nanoparticles with an average size of 60 nm have 
been successfully prepared by microwave irradiation. Carbon paste 
electrode (CPE) was modified with ZnO nanoparticles and used for 
the electrochemical oxidation of chlorpheniramine maleate (CPM). 
Cyclic voltammetry (CV) study of the modified electrode indicated 
that the oxidation potential shifted towards a lower potential by 
approximately 106 mV and the peak current was enhanced by 2 fold 
in comparison to the bare CPE (ZnO/CPE-CV). The electrochemical 
behaviour was further described by characterization studies of scan 
rate, pH and concentration of CPM. Under the optimal conditions 
the peak current was proportional to CPM concentration in the 
range of 8.0 ×10-7 to 1.0 × 10-3 mol L-1 with a detection limit of 5.0 
× 10-7 mol L-1 by differential pulse voltammetry (DPV). The peak 
current of CPM is linear in the concentration range of 0.8 - 1000 
µM (R2=0.998). The ZnO/CPE has a good reproducibility and high 
stability for the determination of CPM using this electrode. The 
proposed method was successfully applied to the determination of 
CPM in pharmaceutical samples. In addition, the important analytical 
parameters were compared with other methods which show that ZnO/
CPE-CV procedure are comparable to recently reported methods.
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1. Introduction
Antihistamines are a class of drugs commonly used 
to treat symptoms of allergies. These drugs help 
treat conditions caused by too much histamine, a 
chemical created by your body’s immune system. 
Chlorpheniramine maleate [3-(4-chlorophenyl)-
N,N-dimethyl-3-pyridin-2-yl-propan-1-amine, 
CPM] is an alkyl amine antihistamine. For 
more than 30 years, the CPM as a H1-receptor 

antagonist has been used to treat allergies such 
as hay fever, and other respiratory tract allergies 
[1]. The common side effects of chlorpheniramine 
(CPM, CP) include sleepiness, restlessness, and 
weakness dry mouth and wheeziness. CPM/CP is 
often combined with phenylpropanolamine to form 
an allergy medication with both antihistamine and
decongestant properties, CPM/CP is a part of a  series of 
antihistamines including  pheniramine (Naphcon).
As previous work, the CPM/CP synthesized 
through  pyridine based on alkylation by 
4-chlorophenylacetonitrile. The CPM generated by 
alkylating with 2-dimethylaminoethylchloride in 
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the presence of sodium amide (Schema 1). Several 
methods have been reported for the determination 
of CPM maleate including, spectrophotometry [2], 
liquid chromatography [3], liquid chromatography-
mass spectrometry [4], gas chromatography [5], high 
performance liquid chromatography [6]. However, 
these instrumental methods have suffered some 
disadvantages such as time consuming, solvent-
usage intensive and requires expensive devices 
and maintenance [7]. The electrochemical methods 
using chemically modified electrode have been 
widely used in sensitive and selective analytical 
methods for the detection of the trace amounts 
of biologically important compounds. Electrode 
surface may be changed with metal nanoparticles 
and such surfaces have found various applications 
within the sector of bio electrochemistry, 
particularly in biosensors. it’s also been observed 
that nanoparticles can act as conductivity centers 
facilitating the transfer of electrons. Additionally, 
they provide large catalytic area. Several types of 
nanoparticles, including metal nanoparticles [8-
10], oxide nanoparticles [11-13], semiconductor 
nanoparticles and even composite nanoparticles 
[14-16] are widely utilized in electrochemical 
sensors and bio sensors [17]. Some electrochemical 
methods are also reported for the determination of 
CPM by voltammetry [18-21]. Electrochemical 
sensors satisfy many of the requirements for such 
tasks particularly owing to their inherent specificity, 
rapid response, sensitivity and simplicity of 
preparation [18]. To our knowledge, no study has 
reported the electrocatalytic oxidation of CPM by 
using ZnO modified carbon paste electrode. Thus, 
in the present work, the ZnO nanoparticle have been 

synthesized using microwave irradiation process 
and a modified carbon paste electrode is fabricated 
by using ZnO nanoparticles for the determination 
of CPM. All results were validated by spiking 
samples and compared to other methods.
 
2. Experimental
2.1. Chemicals and Reagents 
Pure CPM, sodium dihydrogen ortho phosphate 
(NaH2PO4), disodium hydrogen phosphate 
(Na2HPO4), sodium phosphate (Na3PO4), 
orthophosphoric acid (H3PO4), sodium 
hydroxide (NaOH), hydrochloric acid (HCl), 
Zn(NO3)2.4H2O and graphite powder were 
obtained from Merck. The buffer solutions were 
prepared from orthophosphoric acid and its 
salts in the pH range of 8 to 11. All the aqueous 
solutions were prepared by using double distilled 
water. High viscosity paraffin (d =0.88 kg L−1) 
from Merck was used as the pasting liquid for 
the preparation of the carbon paste electrodes. 

2.2. Apparatus
Electrochemical studies were performed using 
a Metrohm polarograph potentiostat-galvanostat 
(Metrohm Computrace 797-VA). The 797 VA is a 
voltammetric measuring stand that is connected 
to a PC. The computer software provided controls 
the measurement, records the measured data and 
evaluates it. Operation is most straightforward 
due to the well-laid-out structure of the program. 
The integrated potentiostat with galvanostat 
guarantees the highest sensitivity with reduced 
noise. Voltammetry system for the determination 
of organic additives in electroplating baths with 

CPE-ZnO nanoparticles for CPM determination            Hamideh Asadollahzadeh

Schema 1. Synthesis of CPM/CP based on alkylation by pyridine
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cyclic voltammetric stripping (CVS). Complete 
accessories with VA Computrace software and 
all electrodes for a complete measurement 
system: Rotating platinum disk electrode 
(RDE), Ag/AgCl reference electrode and Pt 
auxiliary electrode. Three-electrode system 
consisted of a bare CP and ZnO/CPE electrode 
as the working electrode, Ag/AgCl (3M KCl) as 
the reference electrode and a platinum wire as 
the auxiliary electrode. A Metrohm 691 pH/Ion 
meter was used for pH measurements. Solutions 
were degassed with nitrogen for ten minutes 
prior to recording of the voltammogram. X-ray 
diffraction (XRD) patterns were recorded by a 
Philips-X’pertpro, X-ray diffractometer using 
Ni-filtered Cu Ka radiation in University of 
Kashan-Iran. Scanning electron microscopy 
(SEM) images were obtained from LEO 
instrument model 1455VP.

2.3. Synthesis of ZnO nanoparticles
In this work, zinc acetate and graphene powders 
were used as the starting reagent. 0.41 mol 
of Zn(NO3)2.4H2O was dissolved in 50 ml of 
deionized water under vigorous stirring. 1 ml of 
NaOH (1 M) was then added dropwise to the 
solution. Afterward, the solution was exposed by 
microwave irradiation with different powers and 
times. The microwave oven followed a working 
cycle of 30 s on and 70 s off (30 % power). After 
reaction in microwave the samples were cooled 
to room temperature naturally. Precipitates were 
washed with deionized water and ethanol, and 
air-dried at room temperature.

2.4. Preparation of bare carbon paste 
electrode and modified carbon paste electrode
The modified carbon paste electrode was 
prepared by hand mixing 0.1 g of ZnO 
nanoparticles with 0.9 g graphite powder with 
a mortar and pestle. Then paraffin was added 
to the above mixture and mixed for 30 min 
until a uniformly wetted paste was obtained. 
This paste was then packed into the end 
of a glass tube (ca. 3.35 mm i.d. and 10 cm 

long). Electrical contact was made by forcing 
a copper wire down into the tube. When 
necessary, a new surface was obtained by 
pushing out an excess of paste and polishing 
it on weighing paper. Unmodified CPE was 
prepared in the same way without adding of 
ZnO  nanoparticles. 

2.5. Procedure and sample preparation
20 pieces of CPM tablet (Daro pakhsh. Iran) were 
powdered in a mortar. A portion equivalent to a stock 
solution of a concentration of about 0.01 M was 
accurately weighed and transferred into a 100 mL 
calibrated flask and completed to the volume with 
double distilled water. The contents of the flask were 
sonicated for 10 min to affect complete dissolution. 
Appropriate solutions were prepared by taking suitable 
aliquots of the clear supernatant liquid and diluting 
them with the phosphate buffer solutions. Also, 0.5 ml 
of an ampoule of CPM, according to its specifications, 
each ml of which contains 10 mg of the drug, was 
placed in a 25 ml calibrated flask and completed with 
a buffer at pH=10 and voltammetry was performed 
on it. The differential pulse voltammograms (DPV) 
were recorded between 0.4 and 1.2 V. The oxidation 
peak current of CPM was measured. The parameters 
for DPV were pulse width of 0.05 s, pulse increment 
of 4 mV, pulse period of 0.2 s, pulse amplitude of 50 
mV and scan rate of 50 mVs-1. 

3. Results and discussion
3.1. XRD analysis
The phase type, crystal structure and purity of 
the product obtained are determined by the XRD 
method. The XRD pattern of the as obtained ZnO 
nanoparticles as sample number 1 was shown in 
Figure 1. Peaks in this pattern are reported in the 
range of 2Ɵ from 20 to 80 degrees. Patterns of 
the samples were indexed as a cubic phase. The 
XRD results proved the high crystallinity and 
purity of the products synthesized by microwave 
method. According to XRD data, the crystalline 
size (Dc) of ZnO nanoparticles can be determined 
by using Debye- Scherrer formula. The obtained 
average particle size was found to be 60 nm.

Anal. Method Environ. Chem. J. 4 (1) (2021) 16-25
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3.2. Scanning electron microscopy
In Figure 2 shows SEM image of ZnO powder 
obtained at 4 min and 360 W (sample no 1), at 
540 W (sample no 2) and 750 W (sample no 3). As 
can be seen from SEM images, at 360 power, the 
reaction is faster due to the generation of more free 
radicals in solution and increased heat production 
due to the rotation of these active species. The 
formed nanoparticles have relatively smaller sizes 
and better distribution. At 540 and 720 W, due to 
the very high energy produced in these powers, 

the nucleation of the particles is increased, and 
since the particles have a very active surface, 
large and cohesive masses are obtained in all test 
conditions. Therefore, the sample prepared in 360 
W power and 4 min time due to the creation of 
nanoparticles in nanometer size according to the 
scale of images and homogeneous distribution 
is an optimized condition for time and power 
consumption to make ZnO nanoparticles. The 
produced ZnO nanoparticles have mean diameters 
of approximately 40-80 nm.

CPE-ZnO nanoparticles for CPM determination            Hamideh Asadollahzadeh

Fig. 1. XRD patterns of ZnO nanoparticles sample 1

Fig. 2. SEM images of the ZnO nanoparticles for a) sample no. 1, b) sample no. 2, c) sample no. 3
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3.3. Electrochemical behavior of CPM at the 
ZnO/CPE
The electrochemical behavior of CPM has been 
studied in two electrodes. Cyclic voltammetry 
(CV) was applied to investigate the electrochemical 
behavior of 0.4 mM CPM in 0.1 M phosphate buffer 
at pH 10 with a bare CPE and ZnO/CPE. Figure 
3 shows the cyclic voltammograms in the CPE 
and ZnO/CPE electrode. As shown in this figure, 
in the presence of CPM, an irreversible oxidation 
peak at 1.093 V on the bare CPE attributed to the 
electrochemical oxidation of CPM. In the case of the 
ZnO /CPE, the oxidation peak of CPM decreased to 
0.987 V and the peak current increased by 2.0 times 
compared with that for the bare CPE. These results 
suggested that ZnO obviously accelerate the electron 
transfer at the electrode surface and improve the 
electrochemical performance accordingly.

3.4. Effect of pH 
The effect of pH of the solution on the 
electrochemical response of CPM was investigated 
from pH 8 to 11 (although lower pH was also 
examined in which the peak did not appear well). As 
can be seen in the Figure 4, with increasing pH, the 
anodic potential shifts to more negative potentials, 
which indicates better oxidation of the material 
at the electrode surface and the electrocatalytic 
effect. A linear relationship existed between the 
potential and pH in the range 8 to 11 (Fig. 5). The 
linear regression equation was E= -60.5pH+1582 
(R2=0.991). The slope of 59 mV/pH suggests that an 
equal number of protons and electrons are involved 
in the oxidation process. Also, with increasing pH, 
the peak current increases to 10 and at pH = 11, 
the current decreases, so pH = 10 is chosen as the 
optimal point.

Anal. Method Environ. Chem. J. 4 (1) (2021) 16-25

Fig. 3. Cyclic voltammograms of CPE and ZnO/CPE at presence of 0.4 mM CPM in 0.1 
phosphate buffer solution (pH 10) at scan rate 50 mVs-1
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Fig.4. a) Cyclic voltamogram of CPM at different pH b) Relationship between the peak potential of CPM and pH.

Fig. 5. Cyclic voltammograms of ZnO/CPE in the presence of 0.2 mM of CPM in 0.1 phosphate 
buffer solution (pH 10) at different scan rates (from inner to outer): 30, 50, 70, 100, 130, 200 

and 300 mV s-1. Insets: b, peak current vs. square root of scan rate (v ½)
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3.5. Effect of scan rate 
The effect of scan rate on the electrocatalytic 
oxidation of CPM at the ZnO /CPE was 
investigated by cyclic voltammetry. As can be seen 
in the Figure 5a, the scanning potential increases 
the peak CPM oxidation shifts to more positive 
potentials, which imposes a kinetic constraint on 
the electrochemical reaction. Figure 5b illustrates 
that a linear relationship existed between the 
oxidation peak currents of CPM and the square root 
(v1/2) of the scan rate in the range from 30 to 300 
mVs-1, indicating a diffusion-controlled process. 
The linear regression equation was expressed as 
I(µA)= 24.597v1/2 -2.942 (R2 =0.991).

3.6. Calibration curve
In order to develop a voltammetric method for 
determination of the drug, the DPV mode is selected, 
because the peaks are sharper and better defined at 
lower concentration of CPM than those obtained 
by cyclic voltammetry, with a lower background 
current, resulting in improved resolution. 
According to the obtained results, it was possible 
to apply this technique to the quantitative analysis 

of CPM. The phosphate buffer solution of pH 10 
was selected as the supporting electrolyte for the 
quantification of CPM as it gave maximum peak 
current at pH 10. DPV obtained with increasing 
amounts of CPM showed that the peak current 
increased linearly with increasing concentration, as 
shown in Figure 6. Using the optimum conditions 
described previously, linear calibration curves 
were obtained for CPM in the range of in range 
of 8×10 -7 to 1×10-3 M. (Fig. 6 Inset). The linear 
equation I=0.159x+6.99 (R2=0.994). 

3.7. The repeatability and stability of the ZnO/CPE
Repeatability of the ZnO/CPE was examined by the 
determination of 0.5 mM of CPM in 0.1 M phosphate 
buffer solution at pH=10 with the same electrode 5 
times. A relative standard deviation (RSD) value 
of 2.76% was observed, that indicating a good 
reproducibility of ZnO/CPE for CPM determination. 
Furthermore, the operational stability of ZnO/CPE 
was investigated by CV method every 2 days in 2 
weeks. Only a small decrease of current (about 3.5%) 
for 2 mM CPM was observed, which can be attributed 
to the good stability of the modified electrode.

Anal. Method Environ. Chem. J. 4 (1) (2021) 16-25

Fig. 6. DPV obtained at a ZnO/CPE for different concentrations of CPM (0.8 to 1000 µM). Inset: 
linear relationship between the peak current and concentration of CPM, scan rate: 50 mV s-1
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3.8. Analysis of real samples
In order to evaluate the applicability of the 
proposed method in the real sample analysis, it 
was used to detect CPM in tablets and ampoule 
(4 mg per tablet and 10 mg/mL for ampoule) 
(Fig. 7). The results are in good agreement with 
the content marked in the label. The detected 
content was 4.06 mg per tablet with 95% 
recovery and 9.76 mg/mL with 101 %recovery 

for ampoule. Recovery studies were carried out 
after the addition of known amounts of the drug 
to various preanalyzed formulations of CPM. 
The results are listed in Table 1. Analytical 
parameters obtained here were compared with 
results obtained by other methods which show 
that they are comparable or better than the values 
reported by other groups (Table 2).

CPE-ZnO nanoparticles for CPM determination            Hamideh Asadollahzadeh

Fig.7. DPV obtained at a ZnO/CPE for standard solution 0.0001M
of CPM, tablet, ampoule and standard added with tablet sample.

Table. 1. Determination of CPM in tablet and ampoule sample with ZnO/CPE by DPV method

Sample Amount CPM in 
sample (mg)

Found in 
sample

Added 
(mg)

Deffected after 
addition (mg)

Recovery
(%)

Tablet 4 4.06±0.08 2.74 2.62±0.1 95.62
Ampoule 10 9.77±0.2 3.5 3.73±0.07 106.3
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4. Conclusions
ZnO/CPE was successfully fabricated and has 
shown electrocatalytic effect on the oxidation 
of CPM. In Comparison with the bare CPE, the 
presence of small amounts of ZnO reduced the 
oxidation peak potential of CPM while increased 
the current response of CPM. The CPM peak 
current is linear from a concentration range of 0.8 
µM to 1000 µM with excellent R2 value of 0.998. 
The detection limit of this modified electrode was 
found to be 0.5 µM and a good reproducibility, 
high stability was obtained for the determination 
CPM using this electrode. The content of CPM 
in tablet and ampoule samples was successfully 
determined with ZnO/CPE, which indicated the 
modified electrode is useable for the determination 
of CPM concentration in real samples. 
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A B S T R A C T
Microbial fuel cells (MFCs) are a green and efficient approach to treat 
wastewater and generate energy. According to the present research, 
a novel MFC fabricate based on graphite rod electrodes (GRE). The 
surface of this cathode was modified with iron-functionalized ZSM-
5 nanozeolite. The characterization of Iron doping in nanozeolite 
structure and electrode surface modification were obtained by XRD 
and EDX analyzes, respectively. Chemical analysis of square wave 
(Sqw) and cyclic voltammetry (CV) determined for all of three graphite 
electrodes (G, G-Z and G-Z/Fe) with higher efficiency. Morover, the 
comparison of experimental results from 72-hour fuel cell steering 
was evaluated and showed that the G-Z/Fe graphite electrodes has 
maximum efficiency and effectiveness. Thus, the efficiency of fuel 
cell output current and residual chemical oxygen demand removal 
with this electrode increased up to 21.8% and 36.9%, respectively. 
The effiucient recovery for the modification of the graphite electrode 
surface was achieved due to increasing of the specific surface area, 
the active sites of functionalized nanozeolite and the elevation in the 
electrical conductivity through the presence of iron particles doped in 
the ZSM-5/Fe nanocatalyst structure. Therefore, the G-Z/Fe cathode 
can be used as a favorite electrode for the construction of MFCs based 
on GRE with high efficiency and economic.
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1. Introduction
Microbial fuel cell (MFC) has different approach 
for wastewater treatment because the wastewater 
treatment process generates electricity or hydrogen 
gas instead of consuming electricity [1]. The 
MFC technology is depended on generating bio-
electricity from bacterial biomass as the latest 

method for wastewater treatment. MFCs can divided 
into two main categories, mediated and unmediated 
groups. The MFCs separated the compartments of 
the anode (oxidation) and the cathode (reduction). 
Most of MFCs use an organic electron donor that 
is oxidized to produce CO2, protons, and 
electrons. The cathode acts by different electron 
acceptors such as oxygen (O2). Other electron 
acceptors studied for metal treatment by reduction, 

nitrate reduction, and sulfate reduction in 25 °C 
and pH of 7 [2-4]. Microorganisms within an 
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MFC, can be decomposed the organic matter by 
oxidizing, produce electrons that pass through a 
series of respiratory enzymes inside the cell and 
produce energy for the cell in the form of ATP. 
Then. the electrons are released towards a final 
electron acceptor. This receptor captures and 
reduces the electrons. For example, oxygen can 
be converted to water by the catalytic reaction 
of electrons with proton [5]. Previous research 
on electrodes used catalytic adhesives, carbon 
with non-platinum catalysts, flat carbon, carbon-
coated tube and bio electrodes in the fabrication 
of carbon-based cathodes. Therefore, this study 
employed a carbon rod electrode coated with ZSM-
5/Fe nanocatalyst [6-8]. Zeolites are tetrahedral 
crystalline aluminosilicates bonded with oxygen 
bridges. Due to their SSA, the specific channel 
structure, high thermal and hydrothermal stability, 
they are widely used in industries such as chemistry 
and petrochemicals, and water and wastewater 
treatment [9-11]. As mentioned, extensive research 
has been performed throughout the world to make 
fuel cells exploiting new electrodes. The researchers 
developed a cathode made of nickel-doped reduced 
nanographene as well as acid-hydroionized 
reduced nanographene to determine and evaluate 
the efficiency of the power output density with 
each of these electrodes. According to the results, 
the acid-hydroionized reduced nanographene 
showed the higher power output density (37%) 
than the nickel-doped reduced nanographene [12]. 
In another study, the researchers were developed a 
triple nanocomposite cathode containing graphene 
oxide, polyethylene dioxythiophene and iron oxide 
nanorods to increase the current efficiency of 
MFCs. Due to the large specific surface area of the 
electrode, high electrical conductivity as well as 
large sites for oxygen uptake in this electrode, the 
oxidation-reduction reaction occurs very quickly; 
as far as the power output density of the cell could 
be maintained for more than 600 hours [13]. By 
previous studies, a cathode was made of carbon 
nanotubes doped with titanium oxide nanoparticles 
aimed at enhancing the current output density and 
increasing the elimination of residual chemical 

oxygen demand (COD). The results of this study 
revealed an increase in the specific surface area 
and the active sites for oxygen uptake, so that the 
maximum current output density produced was 
15.16 mW m-2 and the COD removal efficiency 
was reported between 54-71% (after 10 days), 
which was related to the presence of active reaction 
sites on the electrode [14]. The results showed us, 
the specific surface area is a very effective factor in 
increasing the efficiency of MFCs. 
In this study, the graphite rod as a high stability and 
electrical conductivity was used for wastewater 
treatment. So, the surface modification of graphite 
rod by zeolite nanocatalyst will increase the 
specific surface area of the electrode. On the other 
hand, the modification of graphite rods with zeolite 
nanocatalyst were compared to simple graphite 
rod with the low price and poor efficiency [15, 
16]. Metal nanoparticles can greatly influence the 
oxygen reduction [17-22]. Hence, in this study the 
graphite rod electrodes were modified with iron 
particles (Fe) as a doping agent on ZSM-5 nano-
zeolite (G-Z/Fe/ ZSM-5) for increasing of MFC 
efficiency for wastewater treatment.

2. Experimental 
2.1. Material
The ZSM-5 nanocatalyst powder (from the Zeolites 
family) was purchased from Sigma Aldrich with 
a crystal size of 0.5 μm and a pore size of 5.5A0. 
Ferric chloride (FeCl3), the potassium chloride 
(KCl), the sodium di-hydrogen phosphate dihydrate 
(NaH2PO4.2H2O), di-sodium hydrogen phosphate 
dihydrate (Na2HPO4.2H2O), the ammonium 
chloride (NH4Cl) and sulfuric acid (H2SO4, 
%98) were also purchased from Merck Germany. 
Nafion117 membrane (DuPont, the USA) was used 
to Preparation the cell.

2.2. Preparation of ZSM-5/Fe Nanocatalyst
To Preparation the functionalized ZSM-5 
nanocatalyst, first 2.5 g of ZSM-5 nanozeolite 
powder was placed in the furnace at a temperature 
of 500°C for 4 hours and calcined. Then, 0.5 g of 
ferric chloride (FeCl3) powder was dissolved in 
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distilled water twice for one hour, added to the 
calcined ZSM-5 nanozeolite powder and mixed 
for another 30 minutes, and filtered with a filter 
paper. The resulting powder was rinsed three times 
with distilled water and placed in an oven at a 
temperature of 80°C for 2 hours. Next, the powder 
was separated from the filter paper and re-calcined 
at a temperature of 500°C for 4 hours. The method 
of preparation above nanocatalyst is schematically 
illustrated in Figure1.

2.3. Characterization
X-ray diffraction (XRD, STADI-P, the USA) 
was used to investigate ferrous (Fe) metal in the 
nanocatalyst structure functionalized with these 

metal. Brunauer-Emmett-Teller (BET) surface 
area analysis (Belsorb apparatus, Japan) was used 
to determine the SSA of nanocatalyst particles, 
and energy-dispersive X-ray spectroscopy (EDX, 
MIRA III SAMX, Czech Republic) were applied to 
investigate the surface modification of the graphite 
electrode by each of the nanocatalysts.

2.4. Electrode Modification
To modify the graphite surface and to impregnate 
with the synthesized nanocatalyst powders, 0.5 g 
of each of the produced nanocatalysts (ZSM-5, 
ZSM-5/Fe) was poured into a test tube and 10 ml 
of ethanol was added and the graphite electrode 
was inserted into the test tube and placed in an 

Anal. Method Environ. Chem. J. 4 (1) (2021) 26-35

Fig.1. Schematic of the preparation process and calcination of ZSM-5/Fe nanocatalyst

Fig. 2. Schematic of electrode surface modification by ZSM-5/Fe nanocatalyst
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ultrasonic bath for 20 minutes. Then, the resulting 
electrode was rinsed twice with deionized water 
and placed in a furnace at a temperature of 300°C 
for 2 hours (Fig.2).
2.5. MFC construction and operation
This study applied with a separate two-part cell 
consisting of anaerobic anode and aerobic cathode. 
The chambers were made based on 500 mL pyrex 
glass with 75% of the volume as a working volume 
(375 mL). The two chambers were separated by a 
pyrex tube with an inner diameter of 0.8 cm and a 
length of 13.4 cm embedded in the middle portion 
with the proton exchange Nafion 117 membrane. 
The electrodes were made with rod graphite and 
heated at 3000°C with an area of 22.62 cm2. In order 
to remove any impurities and improve membrane 
performance, the membrane was first boiled 
for an hour in 3% H2O2 and then washed in 1 M 
sulfuric acid for 1 hour.  Oxygen gas was injected 
into the cathode with a sparger at a flow rate of 20 
ml min-1, and nitrogen gas was injected into the 
anode chamber to provide anaerobic conditions. A 
magnetic stirrer was used to stir the solutions inside 
the anode and cathode chambers, and a copper 
wire was used to bond the anode and the cathode 
electrodes. Acidification of the medium inhibits 
the optimal growth of the bacteria in the anode 
chamber, so it is necessary to use a buffer with 
appropriate pH in the bacterial growth medium. For 

this purpose, in order to maintain the acid strength 
in the cell, 50 mM of phosphate buffered solution 
(PBS) (0.13 g L-1 of potassium chloride, 3.32 g L-1 
of sodium di-hydrogen phosphate dihydrate, 5.13 g 
L-1 of di-sodium hydrogen phosphate dihydrate, and 
0.31 g L-1 of ammonium chloride) was prepared in 
the cathode chamber and 375 mL was poured into 
the cathode chamber [23].

2.6. Microorganisms
In the anodic chamber of the fuel cell, the anaerobic 
wastewater prepared from the industrial town 
treatment plant was used as inoculum. The samples 
from the treatment plant were stored in stainless 
steel containers at 4°C, and transferred to the 
laboratory. The combined inoculum was inoculated 
into the pre-prepared culture medium containing 
1 g L-1 of glucose, 3 g L-1 of yeast extract, 11 g 
L-1 of peptone, 0.5 g L-1 of ammonium chloride 
[24]. During the experiments, the cells were kept 
at room temperature and stirred at 50 rpm for 72 
hours (Table 1). 

2.7. Analytical method
A multimeter (MASTECH MS8360G, China) was 
used to measure the output voltage of the cell. The 
residual COD of the samples was measured with 
COD meter (Model 76133, Aqua Litik, Germany). 
Three-electrode systems including, anode electrode 

Table.1. Anaerobic wastewater profile for anode chamber
of fabricated fuel cell in the present study

Parametrs Scale Unit

T 22/81 oC

pH 7/13 ----

SV1 1159 mg L-1

MLSS 2076 mg L-1

COD 1216 mg L-1

BODs 505 mg L-1

DO 0.6 mg L-1

Total Coliform 9000 (MPN/100 mL)

Treatment of wastewater by G-Z/Fe electrode in MFCs            Mostafa Hassani et al
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(modified electrodes), platinum wire electrode, and 
silver/silver chloride electrode (as the working 
electrode) were used to electrochemically measure 
the made electrodes. Cyclic voltammetry (CV) and 
square wave voltammetry (Sqw) with scanning rate 
of 5mV•s−1 in 50 mM phosphate buffered solution 
(PBS) (Palmsense 3, the Netherlands) were used 
to investigate the electrochemical behaviors of the 
electrodes. 
Spectrophotometric method was used to examine 
the treated wastewater. Initially, standard 
solutions with concentrations of 100-800 with 3 
ml of digestion solution (containing potassium 
dichromate, sulfuric acid and silver sulfate) and 
7 ml of stock solution (potassium hydrogen 
phethalate) are prepared and placed in an oven at 
150 ° C for 1.5 hours was placed. After cooling, it 
was placed in a spectrophotometer (600nm) and the 

calibration curve was drawn. It was measured by 
placing the absorbance of the unknown sample in 
the residual COD calibration equation.

3. Results and Discussion
3.1. BET characterization
 By comparing the as, BET parameter as in Figure 
3 and the results in Table 2, in each of the four BET 
analysis curves of the nanocatalysts, the highest 
SSA was related to the catalyst functionalized with 
Fe metal (ZSM-5/Fe, which was determined to be 
408.41 m2 g-1).

3.2. X-Ray Diffraction (XRD) analysis
The XRD spectrum for the ZSM-5 and the ZSM-5/
Fe nanocatalyst was shown in Figure 4. The ZSM-
5/Fe nanocatalyst confirms the presence of iron 
particles doped with silicate particles (Fig. 4).

Anal. Method Environ. Chem. J. 4 (1) (2021) 26-35

Table 2. specific surface area of prepared nanocatalysts

Unit         BETNanocatalystsRow

m2 g-1

m2 g-1
374.66
408.41

ZSM-5
ZSM-5/Fe

1
2

Fig.3. BET curves of prepared nanocatalysts
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3.3. Energy dispersive X-ray spectroscopy (EDX) 
analysis
The curves of EDX analyzes for the surface of 
G-Z and G-Z/Fe electrodes compared as Figure 
5a and 5b. The EDX analyzes showed the 

presence of doped iron particles (in 1Kev area 
in the second curve). The presence of alumina 
and silicate peaks in both curves confirms that 
the surface of the electrodes has been covered by 
nanocatalysts.

Treatment of wastewater by G-Z/Fe electrode in MFCs            Mostafa Hassani et al

Fig. 4. X-ray diffraction (XRD) analysis of nanocatalysts, ZSM-5 and ZSM-5/Fe.

Fig.5. Energy-dispersive X-ray spectroscopy (EDX) analysis
of the surface modified electrodes (a) G-Z; (b) G-Z/Fe

a

b
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3.4. Electrochemical characterization
Comparing the cyclic voltammetry (CV) cerves for 
G, G-Z and G-Z/Fe was shown in Figure 6a, 6b 
and 6c. The peak of the graphite electrode modified 
with iron-doped nanocatalyst (ZSM-5/Fe), which 
has a higher specific surface area, has the maximum 
current compared to other electrodes. Due to Figure 
7, the square wave (Sqw) voltammetric peaks of the 
G, GZ-5 and GZ-5/Fe electrodes, with the scan rate 

of 5mV•s−1in 50 mM phosphate-buffered saline 
(PBS) at an ambient temperature and in the potential 
range of 1 to 90 volts were compared. Comparing 
the electrode peaks, the G-Z/Fe electrode peak has 
the highest current (3500 μA cm-2) relative to other 
electrodes. The graphite electrode peak has the 
lowest current (2000 μA cm-2), which indicates that 
the ZSM-5 nanocatalyst doped with iron caused to 
increase the current of analysis.

Anal. Method Environ. Chem. J. 4 (1) (2021) 26-35

Fig. 6. Cyclic voltammetry (CV) analysis of electrodes prepared in 50 mM phosphate
buffered solution (PBS) in room temperature. (a)G, (b)G-Z, (c)G-Z/Fe
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According to Figure 7 and 8, the peak related to 
the output current and removal of COD during 72-
hour fuel cell steering, it can be concluded that the 
produced G-Z/Fe cathode electrode has a higher 
output efficiency (21/8%) and COD removal 

efficiency (36/9%) than G-Z electrode and simple 
graphite. The electrochemical analyzes (CV and 
Sqw) show higher efficiency of this electrode and 
Figure 9 showed the chemical oxygen demand 
(COD)  for graphen, G-Z and G-Z/Fe electrods..

Treatment of wastewater by G-Z/Fe electrode in MFCs            Mostafa Hassani et al

Fig.7. Square wave voltammetry (Sqw) analysis of electrodes prepared
in 50 mM phosphate buffered solution (PBS) in room temperature.

Fig.8. Cell current output per time for G, GZSM-5 and GZSM-5/Fe

Fig..9. The  efficient removal of COD for G,G-Z and G-Z/Fe electrods
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4. Conclusions
By procedure, a new microbial fuel cell was made by 
graphite rod electrodes. The surface of the cathode 
was modified by ZSM-5 and ZSM-5 functionalized 
with iron nanocatalyst. All three electrodes (G, 
G-ZSM and G-ZSM/Fe) were analyzed by square 
wave and cyclic voltammetry. Both analyses 
were introduced that the G-Z/Fe electrode had the 
higher efficiency as compared to others (Fig. 6-7). 
Experimental results of fuel cell steering was also 
studied as the Figure 8 and 9 by the G, G-Z and G-Z/
Fe electrode, the results showed that the efficiency 
of fuel cell output current (I) and residual chemical 
oxygen demand (%COD) based on this electrode 
increased up to 21.8% and 36.9%, respectively as 
compared to other graphite electrode. The high 
efficiency of G-ZSM/Fe nanocatalyst electrode is 
due to high specific surface area and the presence 
of iron particles with high electrical conductivity.
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A B S T R A C T
In recent decades, large amount of pollutants enters to the environment 
due to development of technology. Therefore, it is necessary to use 
ecofriendly sorbent to eliminate pollutants. In this research, 0.5 g of 
a dried activated sludge (DAS) was used for speciation selenium and 
removal of selenite [Se(IV)] from water and wastewater samples. 
The effect of operating parameters such as solution pH, the amount 
of bio-sorbent, contact time, temperature and initial concentration 
of selenium were studied by flame atomic absorption spectrometry 
(F-AAS). Kinetic data was adjusted to the Langmuir and Freundlich 
kinetic equations. The resulted showed that the Langmuir equation 
with a correlation coefficient of 0.9825 has the best match to 
tetravalent selenium biosorption on DAS. The FT-IR results showed 
that the biosorption mechanism of Se(IV) on DAS is due to functional 
groups on the DAS surface (Se(IV)…. DAS). For reduction of soluble 
selenate [Se(VI), SeO4

2−] to selenite [Se(IV), SeO3
2−], the concentrated 

HCl was used at 70oC (30 min). So, the Se(VI) reduced to Se(IV) 
and total selenium (TSe) was determined and the Se (VI) was simply 
calculated by difference of TSe from Se(IV) content. The method was 
validated based on spiking samples in water and wastewater samples 
by F-AAS and using HG-AAS.
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1. Introduction
Recently, the selenium studies are considered 
strongly because of the direct correlation between 
biological functions and the amount of selenium inter 
the body [1, 2]. Selenium is an essential bioelement 
and has an important role in the proper biological 
functioning of many organisms [3, 4], although it 
becomes toxic when the concentration is more than 
1.7 µg L-1 [5]. Modern industrial processes such as 
the oil refining, the electrolytic copper refining, the 

glass manufacturing, the agriculture and mining 
activities increase the selenium concentration in 
the environment matrixes [6-8]. Selenium is also 
used in thermal power stations, the solar panels, 
insecticides, semiconductors and rectifires [9]. Two 
species of this element exist in aqueous systems 
contain Se(IV) and Se(VI) in the form of selenite 
(SeO3

2-) and selenite (SeO4
2-), respectively. Se(IV) 

is more toxic than Se(VI) [2, 10]. World Health 
Organization (WHO) proposed the permissible 
limit of selenium concentration in drinking water 
should be below 10 µg L-1 [11-14]. Therefore, 
removal of selenium from wastewaters by an 
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economic and effective methods is necessary. The 
most appropriate methods for removing selenium 
from contaminated water include catalytic 
reduction, chemical precipitation, electrochemical 
process, evaporation, floatation, ion exchange, 
membrane processes, biosorption and adsorption 
[2, 15]. Most of these techniques are expensive 
and improper for removal of selenium from 
aqueous samples. However, biosorption can be an 
effective and ecofriendly method for this purpose. 
Low cost and availability are two major factors 
for using biomass to remove the environmental 
pollutant [15, 16]. Biosorption of selenium by 
several sorbents such as seaweed, crustacean shell, 
peanut shell, rice barn, maize, wheat and dry yeast 
biomass is reported [17-20]. Recently the usage 
of DAS for removing selenium is extended [21, 
22]. In addition, the different instrumental analysis 
was used for determination of selenium and other 
metals in different matrixes [23-27].  In this study, 
the removal of selenium by DAS from aqueous 
solutions were studied by F-AAS and validated 
by HG-AAS. The effect of pH, concentration, 
temperature and contact time was investigated. 
Kinetic models and thermodynamic parameters 
were determined.

2. Experimental
2.1. Chemicals
Sodium selenite (Na2SeO3) with a purity of 98%, 
was  purchased from Merck (India) and used as a 
source of Se(IV) ions in the aqueous samples for 
analytical purpose , sodium hydroxide (NaOH) 
with a purity of 98% was purchased from Merck 
(Darmstadt, Germany, http://www.merck.com), 
hydrochloric acid (HCl) with a purity of 37% was  
purchased from Merck (Darmstadt, Germany, 
http://www.merck.com), dried activated sludge was 
obtained from Kerman Zamzam refinery, Iran. The 
different concentration of Selenium was prepared 
by dilution of deionized water (DW) and ultrapure 
water was purchased from Millipore Company. The 
acetate and phosphate buffer was used to adjust the 
pH between 2.6–6.4 and 6.4–8.0, respectively.

2.2. Apparatus
Flame atomic absorption spectrometer (F-AAS, 
Varian spectra 220 model, Australia) with 
wavelength 196.0 nm; slit 1.0 nm; current 10 mA 
was used (10-200 mg L-1). The hydride generation 
atomic absorption spectrometer (HG-AAS, 1-100 
μg L-1) and electro thermal atomic absorption 
spectrometer (ET-AAS, 15- 400 μg L-1) were 
applied as ultra-trace analysis for Se (IV). The 
analytical pH meter (Benchtop meter inoLab pH 
7110 model, WTW company, Germany), analytical 
balance (ALC model, Acculab company, America), 
magnetic hitter stirrer (IKA RH basic 2 model, 
IKA company, Germany), and centrifuge (EBA 20 
model, Hettich company, Germany) were used for 
this study. 

2.3. Preparation of dried activated sludge as a 
biosorbent
The activated sludge obtained from Zamzam 
company was suspended in a beaker containing 500 
ml of deionized water on a magnetic stirrer for a 
day at 25oC. Let the suspension to precipitate. Then 
the upper liquid was decanted and the remaining 
suspension was centrifuged. The resulted sludge 
was washed with deionized water several times 
to be neutralized. The collected sample was dried 
in oven at 80oC for 36 h. The dried biomass was 
powdered and sieved with mesh No. 25.

2.4. Preparation of sample and selenium 
solutions
All glass or PCV tubes were cleaned with a 
2M of HNO3 solution for at least one day and 
then washed for ten times with ultrapure water. 
As low concentrations of Se(IV) and Se(VI) in 
water samples, the ion contamination effected on 
results of analysis, so, we used ultra-trace reagents 
for sampling processes. Sodium selenite was 
used to prepare a selenium stock solution with 
concentration of l000 ppm (mg L-1). The desired 
solutions obtained of diluting stock solution. The 
diluted solutions with concentrations in the range 
2-9.5 ppm were used for calibration.
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2.5. SPE procedure and Batch experiments
Biosorption of Se(IV) by DAS was achieved in 
optimized experimental conditions such as pH, 
contact time, amount of biosorbent and temperature. 
The experiments were carried out in 100 ml 
Erlenmeyer flasks. Experiments were achieved with 
pH 2 to 9, contact time 2 to 35 minute, amount of 
biosorbent 0.5 to 3 g, temperature 10 to 40oC and 
selenium concentration 10 to 140 mg L-1. To adjust 
required pH of aqueous solution, HCl 0.2 M and 
NaOH 0.1 M were added. Finally, the kinetic models 
and isotherms were studied. The absorption capacity 
of DAS for Se(IV) was obtained 124.2 mg g-1 by 140 
mg L-1 selenium concentration and 1 g of DAS. 
By solid phase extraction procedure (SPE), 0.5 g 
of biosorbent of DAS added to 100 mL of water 
and wastewater solution and shaked for 15 min at 
pH=5. After adsorption, based on chemical bonding 
between DAS with Se(IV) [−NH+:−NH2

+----SeO3
2−] 

the solid phase separated/collected in bottom of 
tube and removed upper liquid phase of water/
wastewater. Finally, the Se(IV) determined with 
F-AAS after desorption Se(IV) from DAS by adding 
of HNO3 (0.5 M, 5 mL). The concentration Se(IV) 
validated by HG-AAS after dilution with DW. For 
reduction of Se(VI) to Se(IV) the concentrated HCl 
(50%) was used at 70oC for 30 min. After reduction, 
the total selenium (TSe) was determined and the Se 
(VI) was simply calculated by difference of TSe 

from Se(IV) content. The linear range(LR), LOD, 
perconcentration factor (PF) and recovery were 
obtained 0.5-10.2 mg L-1, 0.12 mg L-1 and 19.8, and 
96.5%, respectively

3. Results and discussion
3.1. FT-IR analysis
Fourier Transform Infrared (FT-IR) spectrum of 
DAS was recorded (Fig. 1) to gain the information 
about surface functional group. As seen in this 
spectrum, the stretching vibrations of hydroxyl 
group (−OH) on DAS surface gives the broad and 
strong band at 3443 cm-1. The weak peaks at about 
2300 cm-1 show the stretching vibrations of –NH, 
−NH+, −NH2

+ functional groups of DAS. The band 
peak at 1646 cm-1 refers to stretching vibrations of 
−C═O group. The stretching vibrations of −C−O 
group appears at 1088 cm-1. The band peak at 876 
cm-1 is concerned to carbonate group.

3.2. Effect of pH
The effect of pH on the biosorption of Se (IV) 
by DAS were studied at pH in the range of 2 to 
11 for SPE. First, 100 mL selenium solution with 
concentration 2-9.5 ppm (mg L-1) and 0.5 g DAS 
at temperature of 25oC (15 min) was used. The 
results were shown in Figure 2. Three species 
of selenium in these aqueous solutions include 
selenite (SeO3

2-), biselenite (HSeO3
-) and selenious 

Anal. Method Environ. Chem. J. 4 (1) (2021) 36-45

Fig.1. Fourier Transform Infrared (FT-IR) spectrum of DAS
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acid (H2SeO3) [28, 29]. The selenious acid prevails 
when pH decreases below 3.5, biselenite prevails 
when pH is in the range of 3.5 to 9 [2]. The lowest 
selenium biosorption at pH less than 3.5 is because 
of inability of neutral selenious acid to interact 
electrostatically with the DAS. In this work, the 
highest chemical biosorption of Se(IV) based on 
DAS was achieved with high recovery more than 
95% for batch system and SPE procedure at pH=5.  

3.3. Effect of contact time
The effect of contact time, as the next parameter 
was investigated in the range of 2 to 35 minute at 
pH=5. As observed in Figure 3, the most proper 
contact time for selenium biosorption was obtained 
15 minutes for SPE. After this contact time, 
equilibrium occurred.  The best time for batch 
system was obtained 30 min (2 g) for selenium 
concentration 10 to 140 mg L-1.

Removal of selenium by dried activated sludge            Mahdiyeh Ghazizadeh et al

Fig.2. The effect of pH on Se(IV) removal from water and wastewater by DAS

Fig.3. The effect of contact time for removal of Se(IV) from water and wastewater by DAS
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3.4. Effect of amount of biosorbent 
The effect of amount of biosorbent was investigated 
under optimized conditions (pH=5 and contact 
time: 30 min.). As shown in Figure 4, the selenium 
biosorption increased slowly with the DAS amount 
up to 2 g for batch system. The DAS surface 
becomes saturated with the extra Se(IV) ions in 

optimized amount of DAS. Therefore, a number of 
Se(IV) ions remain in solution and biosorption yield 
decreased. At higher amount of DAS, biosorption 
yield is almost unchanged. Because most of Se(IV) 
ions interact with DAS surface. For SPE, the 0.5 g 
of DAS is favorite mass for removal of Se (IV) in 
water samples with high recovery more than 95%.

Anal. Method Environ. Chem. J. 4 (1) (2021) 36-45

by dried activated sludge selenium Removal of 

Corresponding author: Mahdiyeh Ghazizadeh  

E-mail: ghazizadeh1385@gmail.com 

 

Fig.3. The effect of contact time for removal of Se(IV) from water and wastewater by DAS 

 

3.4. Effect of amount of biosorbent  

The effect of amount of biosorbent was investigated under optimized conditions (pH=5 and 

contact time: 30 min.). As shown in Figure 4, the selenium biosorption increased slowly with 

the DAS amount up to 2 g for batch system. The DAS surface becomes saturated with the 

Se(IV) ions in very low amount of DAS. Therefore, a large number of Se(IV) ions remain in 

solution and biosorption yield decreased. At higher amount of DAS, biosorption yield is almost 

unchanged. Because most of Se(IV) ions interact with DAS surface. For SPE, the 0.5 g of DAS 

is favorite mass for removal of Se (IV) in water samples with high recovery more than 95%. 

 

 
Fig. 4. The effect of biosorbent amount on Se(IV) removal in batch system (green) and SPE 

procedure(blue) in water and wastewater by DAS 

 

 

0

20

40

60

80

100

120

0.2 0.5 1 1.5 2 2.5 3 3.5

R
ec

ov
er

y 
(%

)

Amount of DAS( g)

Fig. 4. The effect of biosorbent amount on Se(IV) removal in batch system (green)
and SPE procedure(blue) in water and wastewater by DAS

by dried activated sludge selenium Removal of 

Corresponding author: Mahdiyeh Ghazizadeh  

E-mail: ghazizadeh1385@gmail.com 

 

3.5. Effect of temperature 

The effect of temperature on selenium biosorption was investigated between 10-45 ℃ in 

optimized condition. The results showed us, the optimum temperature was achieved 30 ℃ in 

optimized condition (pH, contact time and amount of biosorbent DAS were 5, 30 minute and 

2 g, respectively). Due to Figure 5, by increasing temperature, the selenium biosorption 

decreased. It indicated the biosorption by DAS is an exothermic reaction. The best temperature 

for SPE procedure for DAS was 25-30oC. 

 

 

Fig. 5. The effect of temperature on Se(IV) removal in batch system (blue) and SPE 
procedure(green)from water and wastewater samples by DAS 

 

3.6. Effect of initial concentration of selenium  

Effect of initial concentration of selenium in the range of 20-250 ppm was investigated for 

absorption capacity. The results indicated that increasing selenium concentration caused to 

more absorb of the selenium on DAS and decreased the selenium concentration in the solution. 

The number of sites on DAS were interacted with Se(IV) ions and can be saturated at high 

10 15 20 25 30 35 40 45

R
ec

ov
er

y 
(%

)

Temperature (oC)

Fig. 5. The effect of temperature on Se(IV) removal in batch system (blue) and SPE 
procedure(green)from water and wastewater samples by DAS



41

3.5. Effect of temperature
The effect of temperature on selenium biosorption 
was investigated between 10-45oC in optimized 
condition. The results showed us, the optimum 
temperature was achieved 30oC in optimized 
condition (pH, contact time and amount of 
biosorbent DAS were 5, 30 minute and 2 g, 
respectively). Due to Figure 5, by increasing 
temperature, the selenium biosorption decreased. It 
indicated the biosorption by DAS is an exothermic 
reaction. The best temperature for SPE procedure 
for DAS was 25-30oC.

3.6. Effect of initial concentration of selenium 
Effect of initial concentration of selenium in the 
range of 20-250 ppm was investigated for absorption 
capacity. The results indicated that increasing 
selenium concentration caused to more absorb of 
the selenium on DAS and decreased the selenium 
concentration in the solution. The number of sites 
on DAS were interacted with Se(IV) ions and can 
be saturated at high concentrations of selenium 
ions. According to obtained results, the adsorption 
capacity of Se(IV) ions on DAS increased up to 
124.2 mg g-1 [AC; mg per gram]. The results have 
presented in Figure 6. 

3.7. Kenetic isotherms for Se(IV) and Se(VI)
The most popular isotherms are Langmuir [21,30] 
and Freundlich [21, 31] models. The Langmuir 
model describes monolayer adsorption, however 
Freundlich model show heterogeneous surface. 
The linear form of Langmuir model is given by 
following equation I:

                                                   
(Eq. I)

where Ce (mg L-1) is the equilibrium concentration of the 
solution, qe (mg g-1) is the amount of metal adsorbed per 
specific amount of adsorbent, qm (mg g-1) is the maximum 
amount of metal ions required to form monolayer, K (L 
mg-1) is the adsorption equilibrium constant.
The linear form of Freundlich model is given by 
following equation II: 

                                     

(Eq. II)

where n is the adsorption intensity and KF is the 
adsorption capacity.
The amount of Se(VI) adsorbed on DAS at equilibrium 
(qe, mg g-1) was calculated by Equation (III):

qe= (C0-Ce) × V/m
(Eq. III)
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where C0 and Ce (mg L-1) are the initial and 
equilibrium Se(VI) concentrations, respectively, V 
(L) is the volume of the solution and m (g) is the 
mass of the adsorbent. (C0 = 10-250 mg L-1, C0=250 
mg L-1 and Ce=190 mg L-1, V=0.1 L, m=0.05 g). 
So the qe, qmax and Ce/qe was obtained as 120 mg 
g-1, 120 mg g-1 and 2.08, respectively. As different 
concentrations, the Ce/qe were calculated based on 
Langmuir model between 0.02-2.08. 
 Linear Langmuir equation was considered to gain 

isotherm (Fig. 7). The Se(VI) in solutions with 
different initial concentrations (C0 = 10-250 mg 
L-1) were used. Langmuir constants, KL and qm 
were calculated from the slope and intercept of the 
plot Ce/qe versus Ce.

 
As Figure 8, the linear Freundlich isotherm of Se(IV) 
and Se(VI) is a another kenetic model for DAS. 
Freundlich isotherm parameters, KF and 1/n were 
calculated from the slope and intercept of linear plot.
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3.8. Validation of SPE procedure
The selenium was removed and determined in 
100 mL of water and wastewater samples based 
on DAS with SPE procedure at pH=5. The mean 
concentration of Se(IV) more than Se(VI) in water 
samples. The spiked water was used to demonstrate 
the reliability of the method for determination 
of Se(IV) and Se(VI) in water samples by SPE 
procedure. The recovery of spiked samples showed 

a satisfactorily result for determination of Se(IV) 
and Se(VI) in water samples (Table 1). Moreover, 
the real water samples were analyzed with HG-
AAS/ET-AAS and used for validation of results 
of SPE/F-AAS procedure. The results showed, 
the favorite efficiency and reliability of proposed 
method for determination selenium in water and 
wastewater sample which was compared to ET-
AAS and HG-AAS (Table 2)

Removal of selenium by dried activated sludge            Mahdiyeh Ghazizadeh et al

Table 1. Validation of SPE procedure based on DAS for speciation selenium (VI, IV) in water
and wastewater samples (mg L−1; n=8)

Sample Added
Se(IV)

Added
Se(VI)

*Found
Se(IV)

*Found
Se(VI)

Total
TSe

Recovery
Se(IV) (%)

Recovery
Se(VI) (%)

Wastewater 1 ----- ----- 4.45± 0.19 1.23± 0.05 5.68 ± 0.24 ----- -----

4.0 0.5 8.29 ± 0.37 1.75 ± 0.07 10..04± 0.45 96.0 104

Wastewater 2 ----- ----- 3.86± 0.18 0.56 ± 0.03 4.42 ± 0.22 ----- -----

4.0 0.5 7.81 ± 0.35 1.03 ± 0.05 8.84 ± 0.42 98.8 94.7

Wastewater 3 ----- ----- 1.95 ± 0.14 1.47± 0.08 3.42 ± 0.15 ----- -----

2.0 1.5 3.98 ± 0.19 2.95 ± 0.14 6.93 ± 0.34 101.5 98.6

River ----- ----- ND ND ND ----- -----

2.0 2.0 1.97 ± 0.11 2.07 ± 4.4 4.04 ± 0.21 94.9 103.5

*x ± ts /√n at 95% confidence (n=8) 
Well water prepared from Varamin agricultural
Wastewater 1 prepared from drug company
Wastewater 2 prepared from petrochemical factory
Wastewater 3 prepared from paint factory
River water prepared from Karaj

Table 2. Comparing of proposed procedure for selenium determination by F-AAS/DAS with HG-AAS and ET-AAS 

Sample F-AAS/DAS(mg L−1) ET-AAS(μg L-1)* *HG-AAS(μg L-1)

Wastewater* 0.55 ± 0.25 ND 5.36 ± 0.52

Water ND 41.3 ± 13.81 40.9± 13.81

x ± ts /√n at 95% confidence (n=5) 
*Wastewater 1 prepared from drug company, 1 mL of sample diluted with DW up to 100 (1:100)
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4. Conclusions
In this study, the results showed tetravalent 
selenium ions (Se IV) biosorption were successfully 
achieved by DAS from contaminated aqueous 
solutions. The maximum removal of Se(IV) ions 
was 96% at optimized experimental conditions 
by SPE/F-AAS. The interaction between Se(IV) 
ions and functional groups of DAS surface was 
exothermic. The experimental data were fitted to 
Freundlich isotherm. Also the speciation Se(IV) 
and Se (VI) ions determined based on DAS by SPE 
procedure for 0.5 g of DAS at pH=5. The method 
was validated by ET-AAS and HG-AAS. The 
absorption capacities for Se(IV) and Se (VI) ions 
with DAS were achieved 124.2 mg g-1 and 121.8 
mg g-1, respectively.
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A B S T R A C T
In the present work a multifunctional nanoadsorbent was synthesized 
via a well-designed stepwise route, led to the grafting of an amine 
group on the interior and acidic sites on the exterior of bimodal 
mesoporous silica nanoparticles (UVM-7). First, amine and thiol 
groups were grafted on the interior and exterior pores of silica 
through co-condensation and post synthesis treatment, respectively. 
Then, the oxidation of thiol on UVM-7 caused to create sulfonic 
acid and the subsequent template extraction was carried out to obtain 
the NH2/UVM-7/SO3H.  The results of XRD, the nitrogen sorption, 
SEM, TEM, FT-IR and elemental analysis revealed the presence 
of both types of functional groups on UVM-7. Then, simultaneous 
adsorption of anionic and cationic dyes (Methylene Blue [MB] and 
Direct Red 23 [Dr]) using NH2/UVM-7/SO3H was investigated. UV-
Vis spectrophotometry was utilized for the determination of dyes in 
single and binary solutions. Langmuir and Freundlich models were 
used for the fitting of obtained experimental adsorption data and the 
constants of both isotherms were calculated for MB and Dr. Morover, 
the calculation of thermodynamic parameters revealed that the 
adsorption of MB and Dr on NH2/UVM-7/SO3H was endothermic 
and spontaneous. Furthermore, the simultaneous adsorption of both 
dyes regardless of their different electrostatic charge is the main 
characteristics of NH2/UVM-7/SO3H which was specially used for 
treatment of industrial wastewater.
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1. Introduction
Dyes as a important raw material were used in 
different industries including cloth, plastics, 
tanning, cosmetics and food [1]. Additionally, the 
dyes are one of the most problematic groups as a 
results of their environmental impact. Furthermore, 
the industrial effluents containing dyes may be 
have a carcinogenic effect in humans when, 
discharge to waters without any proper treatment. 

Methylene Blue (MB) and Direct red  (Dr) as the 
cationic and anionic dyes have harmful effects on 
human life and environment. Acute exposure to 
MB causes many health effect such as increased 
heart rate and cyanosis jaundice quadriplegia in 
mammals [2,3]. Up to now, the dye adsorption 
studies have focused on solutions containing single 
dye and mixture of dyes [4-6]. The most industrial 
effluents include a mixture of several dyes, so it 
is necessary to study the simultaneous adsorption 
of two or more dyes from aqueous solutions [7,8]. 
However, the dyes are resistance to biodegradation 
due to their aromatic structure [9]. Many industrial 
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technologies, including chemical oxidation [10], 
adsorption [11], the coagulation/flocculation [12], 
the membrane separation and ion exchange [13] 
was used for the adsorption of dyes from industrial 
effluents. Among them, adsorption has been 
known as one of the practical physical processes 
for the treatment and cleaning of wastewaters, 
because it is cost effective and very effective. The 
main problem of this technology is the synthesis of 
low cost adsorbent possesses with high adsorption 
capacity [14]. In multi-dye adsorption, the 
interference of one dye on the other dyes is very 
important [15]. The liquid chromatography [16], 
the capillary electrophoresis [17], the spectrometry 
[18] and the electrochemistry methods [19] are 
used for the analysis of dyes. Due to advantages 
of UV–Vis spectrophotometry such as accuracy 
of results, sensitivity, low cost, easy operation 
and reproducibility, it was used for analysis of 
colored samples [20]. The main drawback of this 
technique is the overlap and interference of broad 
absorption peaks. So, the simultaneous analysis of 
mixture dyes could be carried out using derivative 
spectrophotometry [21]. It was determined based 
on the derivative values of interest compound 
while other components have zero value [22]. 

Also, many applications were used by UVM-
7 in different sciences [23-26]. In this work, the 
synthesis of a multifunctional mesoporous silica 
contains both acidic and basic functional groups 
were reported. At the second step, the adsorption 
of MB / Dr from aqueous solution was carried out 
simultaneously and the adsorption phenomenon 
was studied. 

2. Experimental
2.1. Reagents and materials 
All reagents with ultra-trace analytical grade such 
as; lead nitrate salt, acids and base solutions were 
purchased from Merck (Darmstadt, Germany). The 
structure of MB and Dr are shown in Figure 1. 
Ultrapure water has been obtained from Millipore 
continental water system (Bedford, USA). 
Tetraethyl orthosilicate (TEOS, (C₂H₅O)₄Si, 
CAS N: 78-10-4, Sigma), triethanolamine 
(TEAH3, C₆H₁₅NO₃, CAS N: 102-71-6, Sigma), 
cetyltrimethylammonium bromide (CTAB, 
C₁₉H₄₂BrN, CAS N: 57-09-0, Merck) and other 
reagents with analytical grade were prepared from 
Merck or Sigma Aldrich, Darmstadt, Germany. 
The pH adjustments were made using appropriate 
buffer solutions (Merck, Germany).

Fig.1. The structure of MB(a) and Dr(b)
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2.2. Synthesis of UVM-7
UVM-7 was synthesized via well-known atrane route 
in which triethanol amine (TEAH3), has effect on 
the rate of hydrolysis and condensation of teraethyl 
orthosilicate (TEOS). In a typical synthesis, mixture 
of TEOS and TEAH3 heated up to 120 °C and then 
CTAB (cetyltrimethylammonium bromide) was 
added when the temperature of the solution reached 
to 70°C. After addition of water a suspension was 
formed and aged for 4 hours at ambient temperature. 
The final molar composition of the synthesis mixture 
was 1.0 TEOS : 3.5 TEAH3 : 0.25 CTAB : 90 H2O. 
The product was filtered, washed with water and 
acetone and dried in an oven at 80°C overnight and 
calcined at 550°C for 6 hours. 

2.3. Synthesis of NH2- /UVM-7/SO3H
First, 1.0 g of aminopropyle triethoxysilane 
(APTES) was added to the aqueous solution of 
CTAB and after 5 minutes, mixture of TEOS and 
TEAOH, was added to the micellar solution. The 
reactants molar ratio was 1.0 TEOS: 3.5 TEAH3 
: 0.25 CTAB : 90 H2O: 0.20 APTES. After aging, 
the white suspension was filtered and washed 
thoroughly with water and acetone. The white 
precipitate dried in oven over night at 80 °C. At the 
second step, 1.0 g of the as-synthesized NH2/UVM-
7 and 1.0 g of triethoxysilane propanethiol (TPTES) 
was refluxed in 50 mL of toluene for 12 hours and 
then, the mixture filtered and dried in oven again. 
Then, thiol groups grafted on the external surface 
of the sample was oxidized in 15% H2O2 and 1 
molar solution of H2SO4. Then, CTAB of the as-
synthesized NH2/UVM-7/SO3H was removed by 
reflux in 1 molar ethanolic solution of HCL for 24 
hours to get access to the internal pores and amine 
groups. The final product was dried in oven at 80 
°C in vacuum oven overnight.

2.4. Batch adsorption procedure
In each test, 0.1 g of adsorbent was added to the 10 
mL of a solution containing a known concentration 
of each dyes while agitating at 250 rpm at 25 °C. 
After 120 minutes the concentration of residual 
dyes in supernatant was determined by UV–Vis 

spectrophotometer at 502 and 664 nm for Dr and 
MB, respectively. In binary solution, the best 
wavelength for each dye was find out utilizing first-
order derivative spectrometry.
The adsorption percentage (R%) and adsorption 
capacity of each dye qe, (mg dye/g adsorbent) was 
calculated according to the following equations 
(Eq.1 and Eq.2):

( )
M

V
qe

CC e−
= 0

(Eq. 1)

( )
100%

0

0 ×
−

=
C

CC eR

(Eq. 2)

Where C0 and Ce (mg L-1) are the initial and 
equilibrium concentration of dye, respectively. V 
(L) is the volume of the solution and M (g) is the 
mass of adsorbent used.

2.5. Characterization
X-ray diffraction (XRD) patterns were recorded 
using a Philips 1840 diffractometer using nickel-
filtered Cu Kα (1.5418˚ A) X-ray source, operating 
at 35.4 kV and 28 mA. Textural properties of the 
synthesized samples were measured by nitrogen 
adsorption at 77 K using a BELSORP-max 
apparatus after being out-gassed in vacuum at 120 
°C. Elemental analysis was carried out using CHNS-
Elementar. FT-IR spectra was recorded using a FT-
IR 70 VERTX Bruker spectrophotometer using 
KBr powder. UV–Vis spectrophotometer was used 
to measure the concentration of the Methylene 
Blue and Direct red23 in aqueous solution. FE-
SEM images were captured using Mira TESCAN 
3-XMU. Samples were sputtered with gold prior 
to imaging. TEM images were recorded at 150 kV 
operating voltage using a Zeiss microscope. 

3. Results and discussion
3.1. Characterization of NH2/UVM-7/SO3H
XRD pattern of NH2/UVM-7/SO3H is shown in Figure 2. 

Anal. Method Environ. Chem. J. 4 (1) (2021) 46-57
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A strong and broad diffraction peak can be observed 
which is characterized in bimodal meso/macroporous 
material. This peak can be attributed to diffraction of 
incident X ray from the d100 plane. According to the 
hexagonal symmetry, two weak and broad peaks at 
higher diffraction angles can be assigned to d110 and 
overlap of d200 and d210 planes, respectively.

3.2. Nitrogen physisorption
The isotherms of UVM-7 and NH2/UVM-7/SO3H 
is shown in Figure 3.  The isotherms showed the 
four type of isotherm according to the IUPAC 
classification. In both isotherms, at low relative 

pressure, the inflection is not sharp.  By approaching 
to the saturated relative pressure, increasing of gas 
uptake led to the sharp increasing of isotherm. This 
can be attributed to the inter particles of UVM type 
material which is also present in NH2/UVM-7/
SO3H after internal and external grafting of organic 
moieties. The high BET surface area and pore 
volume means that the pore structure/size almost 
preserved after grafting. However, after grafting 
of organic moieties on UVM-7, the sharpness of 
these region slightly decreases. The two inflections 
in NH2/UVM-7/SO3H can be attributed to the 
presence of two types of pore system. 

Adsorption of dyes by multifunctional mesoporous silica            Amir Vahid et al

Fig. 2. The XRD pattern of NH2/UVM-7/SO3H

Fig. 3. The isotherms of UVM-7 and NH2/UVM-7/SO3H
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3.3. TEM and SEM
Electron microscopy is a powerful technique 
provides a direct view of porous structure, particle 
morphology and many other information of 
porous materials at nanoscale. The SEM of NH2/
UVM-7/SO3H reveals the particle size, shape and 
morphology of nanomaterials. Figure 4 illustrates 
the SEM image of NH2/UVM-7/SO3H. The sample 
composed of nanosize particles without presence of 
large agglomerates. The shape of the nanoparticles is 
almost irregular. The TEM image of the NH2/UVM-
7/SO3H is taken perpendicular to d100 direction of 
pores and is displayed in Figure 5. Pore openings are 
clearly visible. Particle size in sub-ten nanometers 
and is in agreement with those seen in SEM image.

FT-IR spectra of SO3H/UVM-7/NH2 is shown in 
Figure 6. FT-IR spectroscopy was utilized to indicate 
the existence of NH2 and SO3H functional groups 
on the UVM-7. Two distinct peaks around 457 cm-1 

and 1082 cm-1 is attributed to the symmetric and 
asymmetric stretching bands of Si-O-Si group in the 
framework of UVM-7. A broad peak at around 3451 
cm-1 is assign to the silanol groups on the surface 
of UVM-7. A small absorption band at 1558 cm-1 is 
attributed to the bending vibration of amine group 
which overlapped with symmetric bending vibrations 
of O-H. A stretching mode of NH2 is also overlapped 
with silanol group’s around 3451 cm-1. This indicates 
that the UVM-7 possess of NH2 groups. A shoulder, 
overlapped with asymmetric stretching of Si-O-Si, 

Anal. Method Environ. Chem. J. 4 (1) (2021) 46-57

Fig.4. The SEM of NH2/UVM-7/SO3H Fig.5. The TEM of NH2/UVM-7/SO3H

Fig. 6. The FT-IR spectra of SO3H/UVM-7/NH2 
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Fig. 7a. The Raw absorption spectra of: MB (20 mg L-1), Dr (15 mg L-1),
and their mixture at λmax of the corresponding dye

is attributed to the SO3- and S=O stretching mode 
of sulfonic acid functional group. It cannot be seen 
absorption mode of S-H group in the entire spectrum 
means that thiol groups were fully oxidized to 
sulfonic acid.  Two small absorption peaks at 2852 
cm-1 and 2926 cm-1 is characteristic of the stretching 
vibration mode of methylene groups of the propyl 
chain of the APTES and TPTES.
These results approve coexistence of amine and 
sulfonic acid groups on UVM-7 simultaneously. 
This statement is supported by elemental analysis 
of NH2/UVM-7/SO3H. Elemental analysis of NH2/
UVM-7/SO3H revealed that the sample contains 
4.9% (w/w basis) of nitrogen and 5.0% of sulfur. 

These results proof presence of amine and sulfonic 
acid functional groups on NH2/UVM-7/SO3H. 

3.4. Determination of MB and Dr in single and 
binary solution
The calibration curve obtained from absorbance 
spectra of MB and Dr versus concentration at λmax of 
the corresponding dye and used for the determination 
of dyes in single solution. The concentration of dyes 
in binary solution of MB and Dr is obtained by first 
order derivative spectrophotometry by plotting the 
change rate of absorbance against wavelength. The 
obtained spectra for raw and derivative spectra are 
displayed in Figure 7a and 7b.

Fig. 7b. The first derivative spectra of MB, Dr, and their mixture
by plotting the change rate of absorbance against wavelength
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The calibration curves for determination of each 
dye in the presence of the other one were obtained 
by measuring of first-order derivative at the zero 
crossing points of Dr (502 nm) and MB (664nm) 
[27, 28]. Several standard binary mixtures of MB 
and Dr were used for the validation of the method. 
The regression equations and coefficients of 
determinations, are given in Table 1.
 
3.5. Equilibrium modeling
3.5.1.Single-component adsorption isotherm
Two well-known adsorption model, Langmuir and 
Freundlich, were applied to the adsorption data of 
single-component dye solution (Equation 3 and 
4) [29, 30]. In single solution, the R2 of Langmuir 

isotherm was higher than that of Freundlich, which 
implies that suggestions of Langmuir model. The 
homogenous adsorption sites, equal activation 
energy and monolayer formation, is predominantly 
determine the mechanism of adsorption. The 
isotherm constants are presented in Table 2.

                 	 (Eq. 3)
                                                  

                                                	 (Eq. 4)

3.5.2. Multi-component adsorption isotherms
In this case, competition for occupation of 
adsorption sites by adsorbate molecules occur and 
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Table 1. Determination of MB and Dr in mixture solution using zero-derivative
and first-derivative spectrophotometry

Solution No. *MB(mg L-1) *Dr (mg L-1) a Regression equations R2

1 1-5 0 S = 0.008C+0.1841 0.9981

2 2-20 10 B = 0.0015C+0.002 0.9890

3 0 1-10 S = 0.0471C+0.021 0.9974

4 2 10-25 B = 0.0001C-0.0006 0.9963

*C is the concentration of the corresponding dye(mg L-1)
aS and B is the response in single and binary solution

Langmuir qe(mg g-1) b(mg L-1) R2
MB(sin) 52.63 0.226 0.987
Dr(sin) 88.33 0.0983 0.996

MB(bin) 18.86 0.0096 0.876
Dr(bin) 100 0.1315 0.977

Frendlich Kf(mg g-1) n
MB(sin) 0.0272 3.412 0.947
Dr(sin) 23.28 3.984 0.950

MB(bin) 98.24 2.32 0.958
Dr(bin) 172.60 5.29 0.806

Extended-Langmuir qmax (mg g-1) b1 b2 R2
MB(bin) 74.32 0.0021 0.0038 0.999
Dr(bin) 106.78 0.0043 0.0056 0.998

Table 2. Parameters of Langmuir and Freundlich models in single and binary solutions.

Condition: 10 mL solution, pH: 4 in single and binary solutions.
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led to a complex adsorption model. Furthermore, 
for the design of treatment/refining systems, 
understanding the mechanism of multi-component 
adsorption is very important. Despite the difficulty 
of obtaining of a model for adsorption of binary 
mixtures, extended-Langmuir model was 
developed to explain equilibrium adsorption model 
in such system is as Equation 5:

100
1.

×
∑+

=
cb

cbqq
jj

iii

ie         (Eq. 5)

Using non-linear regression technique, parameters 
of Equation 5 were obtained given in Table 2. High 
regression coefficients (R2: 96.98–99.86) indicate 
that the extended Langmuir model has the ability 
to explain the adsorption equilibrium of binary 
solution of MB and Dr. 

3.6. Adsorption kinetic 
The kinetic data of adsorption was obtained with 
the initial concentrations of 50 mg L-1 and 100 mg 
L-1 for MB and Dr, respectively. Solutions prepare 
in 25 mL flask with the stirring rate of 300 rpm and 
the contact time was changed in the range of 10 
to 120 minutes. to evaluate if there are changes/
interferences in the adsorption process in the 
presence of other dyes in the solution.

3.6.1. Pseudo-first order model
The pseudo- first order kinetic model has been 

widely used to explain kinetic of adsorption. The 
model was described by the following Equation 6:

qq
k

q eet
t

1)1(1 1 +=                                     (Eq. 6)

Where qe and qt are the adsorption capacities (mg g-1) 
at equilibrium and at time t, respectively. K1 is the rate 
constant of pseudo-first order adsorption (L min-1). 
The pseudo-second order rate equation of McKay and 
Ho can be represented in the Equation 7.
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Where qe is the equilibrium adsorption capacity, 
and K2 is the pseudo-second order constants 
(g mg-1.min-1). These terms can be determined 
experimentally from the slope and intercept of plot 
t/qt versus t, shown in Figure 8. The coefficients 
of both models are shown in Table 3. In all cases 
including single and binary solutions, the pseudo-
second order model has better coefficient of 
determination, R2, which means that kinetic of 
adsorption od MB and Dr on NH2 /UVM-7/SO3H 
can be explained by The difference between two 
kinetic model can be attributed to the number and 
accessibility of adsorption sites, specific surface 
area, pore size, nature of the functional groups of 
adsorbent and chemical structure of dyes. 
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Table 3. Kinetics parameters values for the adsorption of MB and Dr on NH2-SO3H/UVM-7
in single (sin) and binary (bin) dyes solution

Pseudo-second orderPseudo-first order

R2K2(g mg-1.min-1)qe(mg g-1)R2K1(min)qe(mg g-1)

0.9620.0012500.8673.740MB(sin)

0.9830.3725.260.7652.434.3Dr(sin)

0.9340.08212.980.8762.14215.87MB(bin)

0.8260.0006890.90.765166.66Dr(bin)
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3.6.2. Selective adsorption of cationic and 
anionic dyes
Figure 8 displays that NH2/UVM-7/SO3H can 
selectively adsorb the anionic Dr from the Dr/MB 
mixture and pretreated at pH=5. While, the NH2/
UVM-7/SO3H can selectively adsorb the cationic 
MB dye from the Dr/MB mixture and pretreated at 
pH=10. This test verifies with the easy, the special 
treatment and selective adsorption of cationic or 
anionic dyes by NH2-SO3H/UVM-7.

3.6.3. Thermodynamic studies
The effect of temperature on the adsorption 
of MB and Dr onto NH2/UVM-7/SO3H was 
investigated. The obtained results indicate that 
the amount of equilibrium adsorption (qe) of 
MB and Dr on the NH2/UVM-7/SO3H slightly 
increases with increasing temperature which 
reveals the endothermic nature of adsorption. Main 
thermodynamic parameters including standard free 
energy (ΔG), enthalpy (ΔH) and entropy (ΔS) were 
obtained using Equation 8.
	                                          

  	 (Eq. 8)

Where R is gas constant (8.314 Jmol-1K-1) and T 

is temperature in Kelvin. The apparent equilibrium 
constant (Kc) of the adsorption is defined as 
Equation 9.

c
ck

b

a
c = 			   (Eq. 9)

Where Ca and Cb is the equilibrium concentration 
(mg L-1) a of corresponding dye on the adsorbent 
and in the solution, respectively. The Kc value is 
used in the Equation 10 to determine the Gibbs free 
energy of adsorption (ΔG).

		  (Eq. 10)

Furthermore, ΔH and ΔS were calculated from the 
slope and intercept of the linear plot of lnKc versus 
1/T, respectively. The obtained thermodynamic 
parameters are summarized in Table 4. All ΔG values 
are negative which imply that the spontaneous 
nature of adsorption. Furthermore, the value of 
ΔG becomes more negative with increasing of 
temperature, indicating that the adsorption process 
is more favorable at higher temperature. As can be 
seen in Table 4, the positive value of adsorption 
enthalpy, ΔS, confirms the endothermic nature the 
adsorption process.

Anal. Method Environ. Chem. J. 4 (1) (2021) 46-57

Fig. 8. The effect of pretreatment pH on selective adsorption of MB (a)
and Dr (b) on NH2-SO3H/UVM-7 in binary solution (temperature 30◦C, 400 mgL-1 initial dye concentration).
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4. Conclusions
In This work, a novel synthesis method was developed 
for the preparation of an adsorbent contains both 
sulfonic acid and basic amine groups in the exterior 
and interior pores of UVM-7, respectively. This 
multifunctional adsorbent, NH2/UVM-7/SO3H, can 
be used for simultaneous removal of multiple dyes 
with different electrostatic charge. In real aqueous 
sample and wastewater there are several dyes which 
differ in their nature. Furthermore, one of the most 
effective parameters in the removal of dye is its 
electrostatic charge. On the other hand, large pore size 
and surface area of UVM-7 can improve the diffusion 
of the dye toward the adsorption sites. This improved 
diffusion rate can be accompanied by small size of the 
adsorbent particles, UVM-7, to improve adsorption 
yield. However, it would be very useful in terms of 
industrial point of view, to have a single adsorbent to 
remove a variety of pollutants. The proposed method 
can be applied to use a variety of adsorbents and open 
us a way for treatment of wastewaters which normally 
contain many types of pollutants.
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A B S T R A C T
A simple and rapid microwave-assisted combustion method was 
developed to synthesize homogenous carbon nanostructures (HCNS). 
This research presents a new and novel nanocomposite structures 
for removal of methylene red (2-(4- Dimethylaminophenylazo)
benzoic acid), methylene orange (4-[4-(Dimethylamino)
phenylazo]benzenesulfonic acid sodium salt) and methylene 
blue (3,7-bis(Dimethylamino)phenazathionium chloride)with 
semi degradation-adsorption solid phase extraction (SDA-SPE) 
procedure before determination by UV-VIS spectroscopy. A covalent 
organic frameworks (COFs) with high purity were synthesized and 
characterized by X-ray diffraction (XRD) and scanning electron 
microscopy (SEM). The results indicated that the self-assembled 
carbon nanostructures (COFs) synthesized with the cost-effective 
method which was used as a novel adsorbent for adsorption of dyes 
after semi-degradation of methylene red, orange and blue (1-5 mg 
L-1) as an organic dye by titanium dioxide (TiO2) nanoparticales 
in presence of UV radiation. Based on results, the COFs/TiO2 has 
good agreement with the Langmuir adsorption isotherm model with 
favorite coefficient of determination (R2= 0.9989). The recovery of 
dye removal based on semi-degradation/adsorption of COFs/TiO2 and 
adsorption of COFs were obtained 98.7% and 48.3%, respectively 
(RSD less than 5%). The method was validated by spiking dye to real 
samples.
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1. Introduction
Nanomaterials are particles that are in the size 
range between 1-100 nm. The importance of 
nanomaterials in terms of strength is the presence 
of active sites and their low density. Nanomaterials 
have a wide range of applications in optical 
data storage, sensors, light and durable building 
materials, and wastewater treatment. The gained 

importance of the conventional heating methods 
(CHM) is due to the microwaves interact with 
the reactants at the molecular level. By CHM, the 
electromagnetic energy is transferred and converted 
to heat by rapid kinetics through the motion of 
the molecules [1-3]. Today, the conservation of 
water resources has been increasingly considered 
by various international organizations such as 
WHO, FDA and EPA. By increasing of population 
growth as a result of over-exploitation of limited 
water resources and on the other hand, water 
pollution due to various biological, agricultural 
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and industrial activities caused to water crisis 
in future years. Methylene organic compounds 
such as methyl red, methyl orange and methyl 
blue are the photoactive phenothiazine dyes [4-
6]. Paints are one of the main and most important 
pollutants that are used in various industries to dye 
related products. Therefore, a significant amount 
of pollution caused by pigments is produced due 
to their extensive release into the effluent. The 
presence of these dyes in water is inappropriate even 
at very low concentrations and causes widespread 
environmental pollution by pharmaceutical 
industries[7]. Recently, many methods based on 
nanostructure materials was used for removal 
organic compounds. Hence, a simple and rapid 
microwave assisted combustion technique was 
used for synthesis of CdO nanospheres for removal 
pollution in waters [6]. Microwave assisted reverse 
microemulsion process as an easy, low cost and fast 
method can be used for synthesis of nano emulsions 
[8]. Photocatalytic degradation of compounds 
using nanoparticles with ultraviolet light is one of 
the advanced oxidation methods that is expanding 
in recent decades [9, 10]. Photocatalyst as a 
catalyst activated in the presence of light is which 
absorbs light to produce a chemical reaction in the 
environment [11, 12]. When the UV rays reach to a 
surface covered with a photocatalyst the electron-
cavity can react with molecules on the surface of the 
particles[13]. Bio photocatalytic materials[14] as a 
kind of photocatalyst was used in water purification 
based on degradation  and adsorption process[15], 
during the adsorption process, solute molecules 
are removed from the solution and adsorbed by the 
adsorbent. Most of the molecules are adsorbed on 
the surface of the adsorbent pores and small extent 
on the outer surface of the particles. The adsorption 
transfer from the solution to the adsorbent continues 
until the concentration of the solvent remaining in 
the solution is in equilibrium with the concentration 
of the solvent adsorbed by the adsorbent. When 
equilibrium is established, the adsorption transfer 
stops. Adsorption equilibrium is established in the 
dynamic sense when the rate of adsorption of the 
adsorbed component on the surface is equal to its 

rate of absorption [16], self-cleaning glasses and 
organic molecules degradation[17]. Hydrothermal 
synthesis method has many advantage such as 
energy storage[18], simplicity[19], low cost[20], 
better nuclear control[21], pollution-free 
(because reaction takes place indoors)[22], better 
diffusivity[23], high reaction speed and better shape 
control[24]. In recent years, many nanocomposites 
used for degradation or adsorption of organic 
dyes[25-27]. The unique structure of the non-ionic 
surfactant which their unique structure enables them 
to encapsulate water-soluble and water-repellent 
materials [28, 29] and organic building constituent 
units[30]. One of the new techniques in removing 
emerging pollutants is the use of environmentally 
friendly modifiers and reducing the bioavailability 
of pollutants in the environment[31]. In recent 
years, bio-charcoal has been gradually approbated 
which as black gold can be used to solve the 
problem of sustainable development of agriculture 
and other aspects by the academic community[32], 
[33], [34], [35]. In this study, the COFs synthesized 
and used as a novel adsorbent for removal dyes 
based on SDA-SPE procedure in water samples 
after semi-degradation of organic dye by titanium 
dioxide (TiO2) nanoparticales in presence of UV 
radiation. The recovery and absorption capacity 
of dyes with COFs/TiO2 were calculated before 
determined by UV-VIS spectrometer.

2. Experimental
2.1. Instrumental  
Varian UV-VIS spectrophotometer was used for this 
study (Cary 50, USA). UV-VIS spectrophotometer 
included dual beam, the monochromator, the 
wavelength ranges between 190–1100 nm, the 
spectral bandwidth (1.5 nm), the dual Si diode 
detectors, the quartz over coated optics based 
on scan rates of 24000 nm min-1 and computer 
operating system. The Power Consumption of UV-
VIS spectrophotometer has supply of 100 - 240 
volts AC and frequency 50 - 60 Hz.  The condition 
of UV-VIS spectrophotometers was shown in 
Table 1. The unique optical design enables to 
measure dye samples, also, the large or odd-shaped 
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samples to be measured. The highly focused beam 
also provides superior coupling to fiber optics 
caused to use the UV-Vis in different matrixes. 
Powder X-ray diffraction (XRD) was prepared by 
a PRO X-ray diffractometer. Scanning electron 
microscopy images were obtained using gun design 
using a point-source cathode of tungsten (SEM, 
Philips XL 30 FEG). The transmission electron 
microscope was used for preparation particle size 
of COFs (TEM, Philips EM 300).

2.2. Materials and Reagents
Reagents were acquired from Sigma Aldrich 
and Merck companies, Germany. Methanol 
(HPLC grade), toluene, acetone, hexane and 
dichloromethane (HPLC grade) were obtained 
from Merck Ltd. (Germany). More materials used 
in this study such as methyl red [(CH3)2NC6H4N-
NC6H4CO2H, (2-(4-Dimethylaminophenylazo)
benzoic acid, CAS N: 493-52-7], methyl 
orange [C14H14N3NaO3S, 4-[4-(Dimethylamino)
phenylazo]benzenesulfonic acid sodium salt, CAS 
N:547-58-0] and methyl blue [C37H27N3Na2O9S3, 
3,7-bis-Dimethylamino)phenazathionium chloride,
CAS N:28983-56-4) were purchased from Sigma 
company(Germany), C3H7NO (DMF) was 
purchased from Merck company in Germany, 
without further purification. Benzene-1,4-
diboronic acid (95.0 %, CAS N: 4612-26-4 ) 
and hexahydroxytriphenylene (C18H6(OH)6, 
CAS N: 4877-80-9, MW 324.3 g moL-1 ) were 
purchased Sigma-Aldrich. The B3O3 (boroxine, 
CAS N: 823-96-1)) was prepared From 
Sigma(Germany). The pH of the water sand 
wastewater samples were digitally calculated by 
pH meter of Metrohm (744, Swiss). The pH was 

adjusted by favorite buffer solutions (Merck, 
Germany). The various buffer solutions, the 
acetate (PH=3.0–6.0), the NaH2PO4 / Na2HPO4 
(pH=6.0–8.0) and NH3/NH4Cl (pH=8.0-10) were 
prepared. After adjusted pH samples, the ultra-
sonication (Grant, U.K) and the centrifuging 
(3000-10000 rpm, 3K30 model) was used for 
extraction and separation nanoparticles from water 
samples(Sigma, Germany).

2.3. Synthesis of COFs 
Covalent organic frameworks (COFs) has two/
three dimensional structures(2D,3D) which was 
generated by reactions between organic precursors. 
The covalent bonds depended on porous and 
crystalline form. The COFs is an improvements 
of organic material based on coordination 
chemistry. We synthesis COFs was done based 
on the Yaghi method and COFs framework 
scaffolds were prepared by the boronate linkages 
using solvothermal synthetic methods [36-37].  
In fact, the synthesis of COFs was obtained 
by condensation reactions of C6H4[B(OH)2]2 
with C18H6(OH)6 and finally the carbon structure 
of C9H4BO2 (COF5) produced. Moreover, the two 
nozzles electrospinning was used to fabricate the 
scaffolds. The electrospinning experimental setup 
was a nano model (Tehran, Iran) with two nozzles. 
The voltage applied at the tip of the needle was 
18 kV. The mass flow rates were 0.5 ml h-1, and 
distance between the tip of the needle and the 
collector was maintained at 15 cm. The speed of 
the rotary collector was 400 rpm and scanning 
distance was 10 cm. Experimental conditions 
for the preparation of self-assembled carbon 
nanostructures was shown in Table 2.

Table 1. The condition of UV-VIS spectrophotometers
Parameters Values
Dimensions 477 mm x 567 mm x 196 mm
Height 196 mm
Light Source Xenon flash lamp (80 Hz)
Maximum Scanning Speed 24,000 nm min-1

Photometric System Double beam
Spectral Bandwidth 1.5 nm

Anal. Method Environ. Chem. J. 4 (1) (2021) 58-67
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2.4. Removal procedure  
For each experiment, a dye solution with a 
concentration of 5 mg per 1000 mL (5 mg L-1) was 
prepared and 0.5 g of COFs as catalyst was added 
to it in presence of TIO2/UV. Then the pH of the 
solution was adjusted with buffer solution between 
3-9 and irradiated with UV radiation. Then, the all 
samples, was stirred with a magnetic stirrer for 15 
min. By SDA-SPE procedure, the amount of dye 
(5 mg L-1) removed by COFs/TIO2/UV. First, the 
dye semi-degradation was obtained in presence of 
TIO2 /UV and intermediate forms of dyes created 
in water samples. The dye and intermediate dye 
were absorbed on COFs with high recovery up to 
98.7%. The nanoparticles of adsorbent separated 
from water solution by centrifuging. Then the 
dye concentration in remained solution was 
directly determined by UV-VIS spectrometry. 
To prevent the reaction of hydroxyl radicals in 
the sample, some ethanol was added to the test 
tubes.  Validation of methodology was obtained 
by spiking of real samples by proposed procedure. 
The recovery of proposed method based on COFs/
TiO2 was achieved for dyes extraction by the below 
equation. The CI is the primary concentrations of 
dye in sample and CF is the final concentration of 
dye by SDA-SPE procedure coupled to UV-VIS 
(n=5, Eq. 1).

Recovery (R%) = (CI-CF)/CI×100      (EQ.1)

3. Results and Discussion
3.1. Structural Analysis
By full width of the half maximum (FWHM) based 

on the Debay-Scherer equation, the particle size of 
COFs nanocomposites was obtained approximately 
50-100 nm. Figure 1 shows the X-ray diffraction 
analysis (XRD) of self-assembled carbon 
nanostructures in different conditions. The results 
show that by increasing of temperature based 
on solvothermal method from 180◦C to 220◦C, 
the crystallized amount of synthesized carbon 
nanostructures (COFs) gradually increases. The 
sharper peaks without any noisy peaks was seen. 
Interestingly, the position (2θ) of the peaks have 
not changed, and only the intensity of the peaks 
increased, which indicates an increase in the degree 
of purity in products.

3.2. Measurement size (DLS)
By increasing of temperature for COFs 
nanocomposites with solvothermal method, the 
sintering process and crystallization of COFs 
was increased and caused to smaller size of nano 
structures. DLS analysis was displayed in Figure 2.

3.3. Morphological and pore characteristics
Microscopic morphology and particle-size 
distribution (PSD) of the products were visualized 
by scanning electron microscopy (SEM) images. 
The Figures 3 displays the SEM images of carbon 
nanostructures of COFs. The morphology of COFs 
nanocomposites under the influence of biochar 
concentration change into rods with quantum 
particles-like on its surface. Results show which 
biochar concentration has a great impact on particle 
size of final products. 
  

Table2. Experimental conditions of self-assembled carbon nanostructures.

Sample DMF: H2O 
( D.R* )

  Time
(min)

Temp.
 (◦C) Morphology

1 2:1 4 180 NPs**+ Agglomerate

2 2:1 8 180 NPs+ Agglomerate

3 2:1 8 200 NPs+ Agglomerate

4 2:1 8 200 NPs+ Agglomerate

*Dilution Ratio, **Nanoparticles

Removal of dye organic compounds by COFs            Aida Bahadori et al
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Fig. 1. X-ray diffraction analysis of synthesized self-assembled carbon nanostructures

Fig. 2. The DLS diagram related to carbon nanostructures of COFs

Fig. 3. SEM images of carbon nanostructures of COFs
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3.4. Photocatalytic semi-degradation/adsorption 
and mechanism 
The Figure 4 demonstrate the photocatalytic semi-
degradation of methylene red, methylene blue and 
methylene orange organic dyes using COFs/TiO2 
modified with biochar in time cycles (0 min-40 
min). The results show that the percent degradation 
/adsorption of MO is more than 99 % which can 
be depended on the low steric hindrance of MO 
structure. Also amount the percent degradation/
adsorption of MR is a little more than MB which 
can also be related to low steric hindrance of MR 
structure ratio to MB. By reducing of time contact 
of photocatalyst with organic dyes, the extraction 
recovery of dyes decreased up to 40-54 % by SDA-
SPE procedure. TiO2 a highly efficient photocatalyst 
has a small band gap energy and relatively positive 
valance band edge under UV-light irradiation. TiO2 
caused to photogenerated electron-hole pairs and the 
transfer of the charge carriers. The charge carriers 

transfered to the surface of the TiO2 and react with 
O2, H2O, or OH groups and generated radicals. The 
decomposition of Dyes was initiated by the attack 
of •OH on the methyl group of the benzene ring 
of dye, leading to make a new compound. On the 
other hand, the presence of COFs can enhance 
the adsorption ability of the Dye via π-π stacking 
interaction between the π-electrons of the benzene 
rings in dye molecules and π-electron rich region of 
COFs nanostructure.
The effect of pH on the photocatalytic degradation/
adsorption of MB, MR and MO organic dyes 
were revealed in Figure 5. As results the pH 
don’t effected on extraction dyes on COFs/TiO2 
based on UV radiation by SDA-SPE procedure. 
By procedure, π-π stacking interaction between 
the π-electrons of the benzene rings in dye 
molecules and π-electron rich region of COFs 
nanostructure caused to efficient adsorption after 
semi degradation process.

Removal of dye organic compounds by COFs           Aida Bahadori et al

Fig. 4. The effect of time on recovery of adsorption/ photocatalytic degradation
of methylene red, methylene blue and methylene orange organic dyes (0 min-40 min)
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By increasing of time contact of carbon 
nanostructures(COFs) with organic dyes for all 
three dye structures, the degradation/adsorption of 
dyes initially increased due to high surface aria of 
carbon nanostructures of COFs for photoreaction. 

3.5. Kinetic study
Adsorbents in nano sizes of COFs have been shown 
to have better adsorption performance compared to 
other materials due to their high specific surface 
area, small size, and lack of internal penetration 
resistance. The most widespread models of surface 
adsorption isotherms for discontinuous systems 
are the Langmuir and Freundlich models. By the 
proposed procedure the R2 for COFs/TiO2 was 
achieved about 0.9988 and 0.9575 for the Langmuir 
and Freundlich models. So, the Langmuir model 
selected and used for this work.  Most nanosorbents 
follow the Langmuir adsorption isotherm model, 
which can be evidence of the homogeneity of their 
surfaces and the fragmentation of the adsorption 
process. Quasi-first-order and quasi-second-order 
synthetic models were well used to describe the dye 

adsorption process on the surface of nanosorbents. 
Large amounts of adsorption rate constants in 
both models can indicate rapid adsorption of dye 
molecules. After desorption, the nanosorbent can 
be used for several cycles (23 N).

3.6. Validation of method
The validation of SDA-SPE method based on 
COFs and COFs/TiO2 in present of UV irradiation 
is important to evaluate the correct statistical 
results for extraction dye from waters. In SDA-SPE 
method, 5 mg L-1 of dyes was made and used for 
extraction dyes from water samples and validated 
by spiking of standard solution to real samples 
(Table 3).

4. Conclusions  
In this study, COFs and COFs-TiO2 as a novel 
sorbent based on UV radiation was used for dye 
removal/extraction from water samples by SDA-
SPE procedure. Based on results, the applied, fast, 
sensitive method based on COFs/TiO2/UV was 
demonstrated. The semi degradation/adsorption 

Anal. Method Environ. Chem. J. 4 (1) (2021) 58-67

Fig. 5. The effect of pH on the photocatalytic semi-degradation/adsorption
of MB(blue), MR(green dark) and MO(green) organic dyes
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of dyes based on COFs/TiO2/UV had efficient 
extraction in the optimized conditions. According 
to the evidence of morphological and COFs 
characterization such as, XRD, SEM and DLs, the 
dyes were efficiently removed from water samples. 
The results showed us, the activity and reaction 
of COFs/TiO2/UV were more than COFs, primary 
carbon structure and TiO2 in optimized conditions. 
Therefore, the fast, simple and efficient method 
based on SDA-SPE was used for removal of dye 
from waters by nanotechnology. 
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A B S T R A C T
 In this study, the mixture of nano activated carbon (NAC) and ionic 
liquid (3-triphenylphosphonio-propane-1-sulfonate; C21H21O3PS) 
was coated on fused silica fiber of SPME holder (NAC-IL-FSF/
SPME). Then NAC/IL was used for determining of benzene in 
soil and vegetables samples (1.0 g, n=50) surrounding a chemical 
industry zone. After benzene adsorption on NAC-IL based on head 
space solid phase micoextraction (HS-SPME), the concentration of 
benzene was simply determined by introducing probe to injector 
of gas chromatography with flame-ionization detection (GC-FID). 
All effected parameters such as the sorbent mass, the amount of 
sample, the temperature, and the interaction time were optimized in 
glass chromatography vials by static procedures. The benzene vapor 
was absorbed from soil and vegetables samples with NAC-IL-FSF/
SPME holder for 10 min at 80oC (10 mg of NAC and 0.1 g of ionic 
liquid in 0.5 mL of acetone coated on FSF). Then the benzene was 
desorbed and determined by GC-FID spectrometry. The extraction 
efficiency and absorption capacity of adsorbent were obtained 98.5% 
and 127.2 mg g-1, respectively. The high surface area of NAC and 
favorite interaction of aromatic chain in IL (π-π), caused to efficiently 
remove of benzene vapor by HS-SPME procedure as compared to 
other nanostructures.
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1. Introduction
Recently different sources of volatile organic 
compounds (VOC’s) such as benzene released 
in atmospheric air. VOC’s consist of dangerous 
compounds which were produced due to the 
leaking gasoline vapor from the car engine or 

other chemical activity [1-4]. The main material 
of refrigerants, plastics, adhesives, paints, and 
petroleum products is composed of VOCs [5]. 
VOC’s such as benzene effect on human health and 
caused cancer in human body [6-8]. For many years, 
the analysis of trace volatile organic compounds 
(VOCs) in exhaled breath could potentially provide 
rapid screening procedures to diagnose and monitor 
the diseases of the lungs. The previous research 
showed that the earlier detection VOCs with GC-
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MS caused to decrease the different types of cancer 
in human body. The most diagnostic tools cannot 
detect the cancer disease in primary stages. Various 
types of biomarkers including peptides, DNA, 
RNA, and cells are used in the diagnosis of cancer 
in human body [9]. The high concentration of 
BETX (benzene, toluene, Ethylbenzene, Xylenes) 
can be absorbed by skin, lungs and gastrointestinal 
system from air, waters and foods. The VOCs can be 
accumulated in liver, renal, and CNS and caused to 
dysfunction in human organs. Benzene vapor cause 
to lymphoma, anemia, the acute leukemia in humans 
and classified as high risk factor material which 
was reported by international agency for research 
on cancer (IARC) [10,11]. The different cancers 
may be generated by exposure to benzene in the 
indoor air. Among the BTEX compounds, benzene 
is the most dangerous material and cause to bone 
damage, dysfunction of CNS, damage of liver and 
respiratory tract. Based on US occupational safety 
and health administration (OSHA) and centers for 
disease control and prevention, national institute 
for occupational safety and health(NIOSH), the 
average of 1.0 ppm benzene in air was selected 
as the permissible exposure limit (PEL) [12]. 
Many techniques such as extraction, adsorption, 
degradation, the catalytic oxidation, the adsorptive 
concentration-catalytic oxidation, the photocatalytic 
oxidation, and the plasma catalytic oxidation were 
used for removal and determination of VOCs in 
water samples [13]. The important sources of 
benzene include, the petroleum company, benzene 
tanks, petrochemical factories and gas pipes [14]. 
Moreover, the low value of BTEX compounds in 
the water, soil and vegetables is very hazardous and 
must be controlled [15]. Nanoparticles (NPs) have 
been highly used for removal of environmental 
pollutants such as VOCs from air and waters. Due to 
the unique properties of NPs, the adsorption processe 
was obtained with high efficiency and recovery [16]. 
The cupric oxide nanoparticles (CuONPs) have been 
used for adsorptive removal of benzene and toluene 
from aqueous environments [17]. Due to previous 
studies, the different methods such as, adsorption 
[18,19], the photo-catalytic oxidation and thermal 

oxidation [20] were used for removal of VOC’s 
or BTEX in environment matrixes. Teimoori et al 
(2020) showed that the benzene can be extracted 
and determined in waters and wastewater samples 
based on functionalized carbon nanotubes (R-CNTs) 
using GC-FID. They observed that under optimal 
conditions, the adsorption efficiency of CNTs@
PhSA and CNTs for benzene was obtained 97.7% and 
20.6 % in water samples, respectively [15]. Recently, 
the activated carbon based on micro pores and 
heterogeneous surface functional groups was used 
for benzene extraction in environmental samples 
such as water and wastewater samples [21, 22]. Also, 
the activated carbon was most commonly used as 
absorbent for VOC’s removal from air and waters.  
By previous researches, the adsorption capacity of 
activated carbon was reported and depended on its 
surface area, pore volume, porosity and chemical 
functional groups. In addition, the other nano-carbon 
structures such as MWCNTs, graphene (NG) and 
carbon quantum dots (CQDs) were used for BTEX 
removal from environment matrixes [23, 24].
In this study, the novel adsorbent based on NAC-IL 
coated on FSF/SPME holder was used for benzene 
extraction/separation/determination in soil and 
vegetables samples by HS-SPME procedure coupled 
to GC-FID. Validation methodology was confirmed 
by spiking of samples.

2. Experimental
2.1. Apparatus
Gas chromatography based on air /gas loop injection 
with flame ionization detector was used for benzene 
analysis in air (Agilent GC, 7890A, GC-FID, 
Netherland). The sampling valves introduced a 
sample into the carrier gas stream and valves were 
also used to inject sample gases/ liquids in gas 
streams. The split/split less injector, FID detector, 
and a column of PDS (50 m × 0.2 mm; poly dimethyl 
siloxane) were selected for benzene determination 
by Agilent GC. The ultra-pure hydrogen gas (H2) 
with flow rate of 1.0 mL min–1 was used as a carrier 
gas. For batch or static system, the different volumes 
of PTFE vials (parker) were purchased from Sigma, 
Germany. 
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2.2. Reagents and Materials
All chemicals were purchased from Merck, and 
Sigma Aldrich companies, Germany. The stock 
solution of benzene (ppm, mgL-1) was prepared (0.1, 
0.2. 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 ppm) and placed on 
vials as calibration curve of benzene by HS-SPME-
GC-FID procedure. Benzene solution (99.7%) was 
purchased from Sigma and then, the eight solutions 
of benzene as standard calibration were prepared 
before proposed procedure. The other chemicals 
such as HNO3, HCl, acetone, methanol and ethanol 
with high purity (99%, GC grade) were purchased 
from Merck (Germany). The sorbent of NAC was 
synthesized by RIPI Nano laboratory. The NAC 
(≈50 nm), with 80% purity were synthesized. The 
characterizations of NAC were achieved by different 
spectra such as XRD, SEM and TEM. Ionic liquid 
(3-triphenylphosphonio-propane-1-sulfonate; 
C21H21O3PS; CAS N: 116154-22-4, MW:384.43, 5 g) 
Was purchased from Sigma Aldrich, Germany (Fig. 
1).

2.3. Synthesis of Nano activated carbon (NAC)
Activated carbons (ACs) was synthesized by 
the carbonized method for 2.0 h at 600 °C 
by activating at 900 °C in a furnace. The 
carbonized chars were followed by typically 
heats biomass feedstock in a kiln (pyrolysis) at 
temperatures between 300-800°C by Ar gas. The 
produced material was also known as charcoal 
(porous). Firstly, 20 g of raw powders prepared 
and placed in the porcelain crucible, then 
was heated up to 600°C per minute and hold 
for 2.0 hours. By decreasing temperature 
up to 25oC, the product is ready for weight. 
The activation of ACs based on microwave 
heating method caused to create the Nano 
activated carbon (NAC) by previous works. First, 
the carbonized sample was mixed with KOH 
(CS/KOH; ratio 1:3; wt/wt). By heating, the 
NAC was carried out at 800 °C (rate: 25 °C/
min; hold: 1h) in a tube furnace and cooling 
down to room temperature under N2 flow rate 
(0.5 Lmin-1) [25,26]. 

2.4. Characterization
X-ray diffraction (XRD) patterns were recorded 
on a Seifert TT 3000 diffractometer (Ahrensburg, 
Germany) using nickel filtered Cu-Kα radiation of 
wavelength 0.1541 nm. The textural properties of 
the sorbent including surface area, pore volume, and 
pore size distribution were determined by nitrogen 
adsorption–desorption isotherms using BELSORP-
mini porosimeter (Bell Japan, Inc.). Prior to analysis, 
the samples were degassed under vacuum at 300 
°C for 4 hours until a stable vacuum of 0.1 Pa was 
reached. The specific surface areas and pore volume 
of the sorbents were calculated by the Brunauer-
Emmett-Teller (BET) and Barrett-Joyner-Halenda 
(BJH) methods, respectively. The BET surface area 
of NAC was determined using a Micrometrics ASAP 
2010 system. Scanning electron microscopy (SEM, 
Phillips, PW3710, Netherland) was used for surface 
image analysis of the sorbents. The morphology 
of sorbent was examined by transmission electron 
microscopy (TEM, CM30, Philips, Netherland). 

2.5. Benzene Extraction Procedure
By procedure, 10 mg of NAC and 0.1 g of ionic liquid 
in 0.5 mL of acetone were mixed in glass tube. Then 
FSF was put into mixture and temperature increased 
up to 55oC. After vaporization of acetone, the NAC/
IL was coated on FSF/SPME holder. When the probe 
of NAC-IL-FSF/SPME fixed in head space of GC 
vial, 1 g of powder samples (soil, vegetables) were 
placed in the bottom of vial and were closed in glass 
vial, tightly. The temperature of vial was increased 
up to 80oC by heat power accessory and benzene in 
soil and vegetables samples which were vapored/ 
adsorbed by NAC/IL–SPME in head space of vial 
for 10 min. Then, the probe of NAC/IL introduced 
to injector of GC and benzene was determined by 
GC-FID (Fig. 1).  The temperatures of GC injector 
and detector were tuned up to 200°C and 240°C, 
respectively. The temperature programming of oven 
was adjusted between 50- 220°C for 20 min. Based 
on results, benzene can be efficiently absorbed on the 
NAC/IL adsorbents with high recovery of more than 
95%. The concentration of benzene according to the 
calibration curve was calculated and evaluated.  

Anal. Method Environ. Chem. J. 4 (1) (2021) 68-78
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3. Results and Discussion
3.1. FTIR of ACNPs
The FTIR spectrum of NAC was shown in 
Figure 2. The band at 3430 cm-1 was related to the 
stretching vibration of OH group. The band at 2909 
cm-1 and 2839 cm-1 were related to asymmetric and 
symmetric C–H stretching vibration of CH2 bond. 

The C=O stretching of COOH group shown in 
Figure 2 at 1710 cm-1 bond and peak at 1058 cm-1 
was related to the C–O vibration mode. The peak at 
1613 cm-1 belonged to C=C bond in benzene rings 
which was characterized by stretching vibration. 
The bands from 500 cm-1 to 850 cm-1 belonged to 
C-H and CH=CH2 vibrations in aromatic rings.

Fig.1. The procedure of benzene extraction in soil and vegetables samples based
on NAC-IL-FSF/SPME by HS-SPME/GC-FID
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3.2. SEM and TEM of NAC
FE-SEM and HR-TEM were used for 
morphological study of prepared NAC.  The FE-
SEM images of the synthesized NAC sample was 
shown in Figure 3. The FE-SEM images of NAC 
sample displayed small broken pieces of particles 
with irregular shapes, which can significantly 
affect the pore characteristics (e.g., pore size 
distribution and average pore diameter, Fig.3a). 
The NAC appeared to have many different 
sizes of pores, indicating that the structure had 
been destroyed and a dense porosity was formed 
through KOH activation. In order to observe the 
structure of NAC adsorbents, HR-TEM imaging 
was used. The HR-TEM image (Fig.3b) clearly 
shows the graphene-like structure with a 2D 
morphology, and the image with 50 nm scale 
confirms the existence of intermittent graphitic 
layers and porous structure.
    
3.3. Optimization of benzene extraction 
All effected parameters such as the sorbent mass, 
amount of sample, the temperature, kind of ionic 
liquid, and time interaction were optimized in glass 
vials by static procedures. The benzene vapor was 
absorbed/extracted from 1 g of soil and vegetables 
samples with NAC-IL-FSF/SPME prob.

3.3.1. The effect of NAC and IL amount
As high extraction, the amount of NAC and IL coated 
on FSF has been optimized for benzene concentration 
between 0.1- 3.0 mg g−1. Therefore, 2-25 mg of NAC 
and 0.02-0.2 g of ionic liquid in 0.5 mL of acetone 
were coated on FSF for benzene extraction in 
food, vegetable, and soil samples by the HS-SPME 
procedure which was coupled to GC-FID. The results 
showed the high recovery for soil/food /vegetable 
samples were obtained by 8 mg of NAC and 80 mg 
of ionic liquid for benzene adsorption by purposed 
procedure. So, 10 mg of NAC and 100 mg of ionic 
liquid coated on SFS was used for further work 
(Fig.4). The extra amount of NAC and ionic liquid 
had no effect on the extraction/adsorption efficiency 
of benzene from soil, food and vegetable samples.

3.3.2.The effect of temperature
The temperature is the main parameter for 
adsorption and desorption benzene from adsorbent 
by HS-SPME/GC-FID. The results showed the best 
adsorption of benzene from 1 g of powder soil and 
vegetables was achieved at 60-80oC in batch system 
for 10 min. After 10 min, extra time had no effect 
on the adsorption efficiency of benzene by NAC-IL-
FSF. Also, increasing temperature more than 80oC 
caused to reduce adsorption efficiency by NAC/

Fig.3a. The FE-SEM images of NAC sample Fig.3b. The HR-TEM images of NAC sample

Anal. Method Environ. Chem. J. 4 (1) (2021) 68-78
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IL. So, 70oC was selected as optimum temperature for 
benzene adsorption by NAC/IL in batch system (Fig. 5). 
Moreover, the adsorbed benzene on NAC-IL-FSF based 
on HS-SPME can be desorbed in injector of GC-FID 
at 200oC in presence of N2 or Ar gas. The temperature 
programming of oven was adjusted between 50- 
220°C for 20 min. The results showed that by 
decreasing temperature less than 60oC, the recovery 
decreased up to 72.2% for 10 min and increased more 
than 95% for 24 min. In addition, after vaporization 
benzene in vial air hold for 2-3 min at 70-80oC and 

then the temperature in batch system reduced up to 
50oC for 7 min. Finally, the absorbed benzene on SFS 
probe was desorbed and determined by introducing to 
injector of GC-FID. The extraction efficiency and the 
absorption capacity of NAC/IL were obtained more 
than 95% and 127.2 mg g-1, respectively. The results 
showed that the absorption capacity of NAC and IL 
were separately achieved at 72.6 mg g-1 and 58.3 mg 
g-1, respectively. So, in dynamic system, the values 
depended on flow rate of gas which was lower than 
batch system and must be optimized. 

Fig. 4. The effect of NAC- IL amount for benzene extraction based
on NAC-IL-FSF/SPME in soil/food /vegetable samples by HS-SPME/GC-FID

Fig. 5. The effect of temperature for benzene extraction in soil/vegetable samples 
based on NAC-IL-FSF/SPME by HS-SPME/GC-FID

Benzene extraction in environmental samples  by HS-SPME            Afsaneh Afzali et al
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3.3.3.The effect of reaction time
Due to boiling point of benzene and vaporization at 
low temperature, it can adsorb on NAC/IL adsorbent 
in different time. The results showed that at low 
and favorite temperature the reaction time between 
benzene and adsorbent decreased and increased, 
respectively. By optimization, the minimum time 
for efficient recovery was obtained for 10 min at 70-
80oC. When, the temperature reduced up to 50oC, 
all of benzene mass can be adsorbed on NAC/IL at 
24.5 min.  Therefor the reaction time depended on 
π-π interaction in aromatic chain of IL or NAC and 
physical adsorption of NAC. On the other hand, 
there is relationship between temperature and π-π 
interaction and best recovery was obtained for 10 
min at 70-80oC.

3.3.4.The effect of different ionic liquids
The effect of different ionic liquids for benzene 
extraction from soil and vegetables was evaluated. 
So, the different ionic liquids such as [EMIM]
[PF6], [BMIM][PF6], [HMIM][BF4] and [PPP][S] 
as (3-triphenylphosphonio-propane-1-sulfonate; 
C21H21O3PS) were mixed with NAC and dilution 
diluted with 0.5 mL of acetone. Then, the acetone 
was vapored at 55oC and IL/NAC were coated 
on fused silica fiber of SPME holder (NAC-

IL-FSF/SPME). The adsorbent was used for 
benzene extraction by HS-SPME/GC-FID. The 
results showed that the tri-phenyl of [PPP][S] 
with power π-π interaction of aromatic chain and 
different mass has more interaction with benzene 
aromatic cycles as compared to imidazolium rings 
in [EMIM][PF6], [BMIM][PF6] and [HMIM]
[BF4]. Therefore, [PPP][S]/NAC with ratio of 100 
mg/10 mg was used for further work in optimized 
conditions which was shown in Figure 6. 

3.3.5.Validation in real samples
The validation of HS-SPME/GC-FID method 
based on NAC-FSF/SPME and NAC-IL-FSF/
SPME is important factor for extraction of 
benzene from soil and vegetables. By procedure, 
0.1-3 mg L-1 of benzene concentration was used 
for validation of methodology and the probe 
of SPME fixed in head space of GC vial. The 
25 number of soil, vegetables powders (rice, 
cabbage, spinach) and standard solution of 
benzene were placed in the bottom of vial and 
were closed in the glass vial, tightly. All samples 
were validated by spiking of real samples with 
standard solutions based on NAC/IL-FSF/SPME 
probe by HS-SPME/GC-FID (Table 1 and 2). 
Finally, extraction efficiency was calculated by 

Fig. 6. The effect of different ionic liquids for benzene extraction
in soil/food /vegetable samples based on NAC-IL-FSF/SPME by HS-SPME/GC-FID
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Table 1. Validation of HS-SPME/GC-FID method based on NAC/IL-FSF/SPME for
benzene extraction from soil and vegetables (1 g) near chemical industry

Samples Benzene std. (mg L-1) *Found Method (mg L-1) Recovery (%)

A-Soil ---- 2.45 ± 0.09 ----

2.0 4.40 ± 0.23 97.5
B-Rice ---- 0.84 ± 0.05 ----

0.5 1.35 ± 0.06 102.2

C-Cabbage ---- 1.32 ± 0.07 ----

1.0 2.28 ± 0.13 96.0

D-Spinach ---- 0.76 ± 0.04 ----

0.5 1.24 ± 0.07 95.8

E-Eucalyptus ---- 1.85 ± 0.11 ----

2.0 2.83 ± 0.14 98.3
* Mean of three determinations ± confidence interval (P = 0.95, n = 5)

Table 2. Validation of HS-SPME/GC-FID method based on NAC-FSF/SPME
for benzene extraction from soil and vegetables (1 g) near chemical industry

Samples Benzene std. (mg L-1) *Found Method (mg L-1) Recovery (%)

A-Soil ---- 1.72 ± 0.08 ----

1.5 3.19 ± 0.16 98.2

B-Rice ---- 0.59 ± 0.03 ----

0.5 1.07 ± 0.05 96.0

C-Cabbage ---- 0.91 ± 0.06 ----

1.0 1.93 ± 0.12 102

D-Spinach ---- 0.52 ± 0.03 ----

0.5 1.01 ± 0.07 98.0

E-Eucalyptus ---- 1.27 ± 0.12 ----

                  1.5 2.83 ± 0.14 98.3

 * Mean of three determinations ± confidence interval (P = 0.95, n = 5)

determining of benzene concentration by GC-FID 
in soil and vegetables. The efficient recovery of 
spiked samples had satisfactorily results with high 
accuracy and precision, which indicated the ability 
of HS-SPME/GC-FID method based on NAC/IL-
FSF/SPME adsorbent for benzene extraction from 

environmental samples. After desorption of benzene 
from NAC/IL-FSF/SPME probe in GC injector, the 
concentration of benzene was simply determined by 
GC-FID. For validation, the results based on NAC/
IL-FSF/SPME probe with GC-FID were compared 
to high resolution GC-MS (Table 3). 
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4. Conclussions
In this study, NAC/IL-FSF/SPME as a new 
adsorbent was used for benzene extraction from 
soil, and vegetables powders by HS-SPME/GC-
FID procedure. Based on results, the simple, fast, 
sensitive and accurate results based on NAC/
IL adsorbent were demonstrated. The absorption 
of benzene based on NAC/IL-FSF/SPME probe 
had efficient recovery in the optimized conditions 
(more than 95%). The parameters such as the 
amount of NAC/IL, the amount of soil and 
vegetables, the temperature, kind of ionic liquid, 
and time were studied.  In optimized conditions, 
the maximum adsorption capacity of 127.2 mg 
g-1, 72.6 mg g-1 and 58.3 mg g-1 for NAC/IL, NAC 
and IL were obtained respectively, by HS-SPME/
GC-FID.  The results showed that the activity and 
reaction of NAC/IL for benzene extraction from 
soil/vegetables samples were more than NAC and 
IL in optimized conditions. Therefore, the applied 
and efficient procedure based on NAC/IL-FSF/
SPME probe was used for extraction of benzene in 
environmental samples. 
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