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one of a good candidate of metal oxide for different 
applications such as immunosensor [6], gas sensor 
[7], photocatalyst [8], catalyst [9], preparation of 
nanostructures [10], photovoltaic [11], biomedical 
[12, 13], antibacterial effect [14], X-ray shielding 
[15], optical properties [16], white-light LEDs 
[17], and magnetic properties [18]. The common 
methods of bismuth nanostructures synthesis 
include solution [19], solution combustion [20], 
solvothermal [21], hydrothermal [22], laser 
ablation [23], green synthesis [24], sol–gel [25], 
flame spray pyrolysis [26], thermal decomposition 
[27], vapor phase deposition [28], and sputtering 

Synthesis of bismuth oxide: Removal of benzene from 
waters by bismuth oxide nanostructures

1. Introduction
Nanotechnology has attracted a great attention in 
very interesting applications in various fields [1, 2]. 
Today, the nanostructured metal oxides have much 
attention of researchers actively engaged in various 
scientific due to their interesting properties and 
potential applications [3, 4]. One of applied materials 
is the nanostructures with nanometer-scale rod 
morphology [5]. Bismuth oxide nanostructure is
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A B S T R A C T
In this research, the bismuth oxide (Bi2O3) nanostructures were prepared via 
chemical method at 90 °C for 3 h. the results samples were characterized by 
Fourier transform infrared (FTIR) for determination of functional groups, X-ray 
diffraction (XRD) for evaluation of crystal structure, dynamic light scattering 
(DLS), scanning electron microscope (SEM) for presentation of morphology 
and size, energy-dispersive X-ray spectroscopy (EDS) for determination 
of chemical composition, and diffuse reflection spectroscopy (DRS) for 
ultraviolet (UV) blocking. Also, the Bi2O3 nanostructures were used for benzene 
extraction from waters in pH=5-7. By procedure, 30 mg of Bi2O3 mixed with 
hydrophobic ionic liquid ([HMIM][PF6]) and injected to water samples. After 
shaking and centrifuging, benzene removed from water by ionic liquid-micro 
solid phase extraction (IL-μSPE) and determined by gas chromatography with 
flame ionization detector (GC-FID). The absorption capacity and recovery was 
obtained 167.8 mg per gram of Bi2O3 and more than 96%, respectively. Based on 
the results, the bismuth oxide nanostructures were observed with rod morphology 
and the diameter of nanometer. The antibacterial activities of the samples were 
determined against Salmonella using inhibition zone diameter. Based on the 
study, bismuth oxide nanostructures have good potential for removal of benzene 
from waters. By IL-μSPE method, the results validated by spiking of samples
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deposition [29]. There are different polymorphs of 
bismuth oxide including α-Bi2O3, β-Bi2O3, γ-Bi2O3, 
δ-Bi2O3, ε-Bi2O3, and ω-Bi2O3 which related to the 
temperature of their formation. The stable polymorph 
is monoclinic α-Bi2O3 in low temperature and cubic 
δ-Bi2O3 in high temperature [30]. The increase of 
temperature was caused the decrease of tetragonal 
β-Bi2O3 structure and the show monoclinic α-Bi2O3 
in XRD patterns [31]. The ultraviolet light can 
be caused the increase of risk for skin cancer and 
ocular damage. The UV radiation included three 
regions UV-A (320–400 nm), UV-B (280-320 nm), 
and UV-C (180-280 nm). The earth’s atmosphere 
shields the more harmful UV-C and greater than 
99% of UV-B radiation. The UV-A blocking is very 
important to prevention from hazardous effects 
of exposure to direct sunlight [32]. Recently, 
the bismuth oxide was reported as UV-absorber 
application [33]. Antibacterial activity is another 
application of bismuth oxide nanoparticles against 
some pathogenic Gram-negative bacteria [14]. 
Also, bismuth oxide was used for removal VOCs, 
BTEX from waters by analytical chemistry. In the 
present study, bismuth oxide nanostructures were 
synthesized by chemical method for application of 
UV blocking and antibacterial activity. In addition, 
the bismuth oxide (Bi2O3) nanostructures were used 
for benzene extraction from waters by IL-μSPE. 
Ionic liquid caused to collected solid phase which 
was extracted by Bi2O3 in optimized pH.

2. Experimental
2.1. Materials
All chemicals used were analytical grade. Materials
including bismuth nitrate (Bi(NO3)3), nitric acid
(HNO3), and sodium hydroxide (NaOH) were
purchased from Merck (Darmshtadt Germany).
All aqueous solutions were prepared in deionized
water (DW, Millipore). The bismuth oxide (Bi2O3)
nanostructures  syntheses by Azad University.
Benzene (CAS N: 71-43-2; C6H6) and ionic liquid of
1-Hexyl-3-methylimidazolium hexafluorophosphate
([HMIM][PF6]; CAS N:304680-35-1) purchased
from Sigma Aldrich.

	 Five calibration solutions of benzene were 
prepared and the approximate concentrations 
of benzene were 0.5, 1.0, 5.0, 10 and 50 mg L-1. 
The other chemicals with high purity (99%) were 
purchased from Sigma (Germany).
	 For analysis of benzene, gas chromatography 
based on flame ionization detector (GC-FID) and air 
sample loop injection (ASL) was used (Netherland). 
The Agilent 7890A GC can accommodate up to 
three detectors identified as front detector, back 
detector, and auxiliary detector. The FID detector 
chosen was selected for benzene analysis in gas/
liquid. Before injection, Slide the plunger carrier 
down until it is completely over the syringe plunger, 
and tighten the plunger thumb screw until finger- 
tight. The injector temperature was adjusted to 
200°C and the detector temperature at 250°C. The 
GC oven temperature was programmed from 30°C 
to 220°C which was held for 10 min. Hydrogen as 
the carrier gas was used at a flow rate of 1.0 mL 
min

–1
with split ratio of 1:100.

2.2. Characterization 
The bismuth oxide nanostructures were 
characterized by Fourier transform infrared 
spectroscopy, X-ray diffraction, dynamic light 
scattering, scanning electron microscope, energy-
dispersive X-ray spectroscopy, and diffuse 
reflection spectroscopy. FTIR spectra were recorded 
on a Shimadzuir 460 spectrometer in a KBr matrix 
in the range of 400–4000 cm−1. XRD pattern was 
performed for evaluation of crystalline structure 
using a Philips Company X’pert diffractometer 
utilizing Cu-Ka radiation (ASENWARE, AW-
XBN300, China). DLS was reported the size 
and size distribution of nanoparticles (ZEN314, 
England). SEM was investigated the morphology 
(KYKY, EM3200, China). EDS was evaluated the 
elemental and chemical analysis (ASK SEM-CL 
View VIS, Oxford instruments, UK). DRS was 
investigated for light absorption and UV blocking 
properties of nanocomposite (UV2550, Shimadzu). 
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The antibacterial activity was evaluated using 
disk diffusion method against Salmonella Gram-
negative bacteria, strains ATCC 1231, procured 
from Islamic Azad University.

2.3. Synthesis of bismuth oxide nanostructures
Bismuth oxide nanostructures were prepared via 
chemical method based on schematic reaction as 
follows (Formula):
2BiNO3 + 6NaOH 90°c

3h
 Bi2O3 + 6 NaNO3 + 3 

	 In a typical reaction, 0.97 g (0.2 mmol) bismuth 
nitrate was solved in 1 ml nitric acid, and 9 ml 
deionized water. Then, 100 ml sodium hydroxide 
(0.1 mol/L-1) was added to the resulting solution 
[8]. The reactants were sealed under reflux and 
stirred at 90 °C for 3 h. Then, the reaction mixture 
was cooled to room temperature, and separated 
by centrifugation. The crystals were washed with 
deionized water to remove residual salt, and dried 
in a vacuum oven at 80 °C for 5 h. 

2.4. Procedure
The bismuth oxide nanostructures based on 
IL-μSPE method was used for extraction of benzene 
from waters. By procedure, 30 mg of bismuth 
oxide (Bi2O3) nanostructures mixed with o,2 g of  
1-Hexyl-3-methylimidazolium hexafluorophosphate 
([HMIM][PF6] and diluted with  0.2 mL of pure 
acetone. Then the mixture was injected into 10 mL 
of water sample or benzene standard samples with 
different concentration (1-100 mg L-1). The cloudy 

solution shacked for 5 min and after centrifuging 
for 3 min (3500rpm), the upper solution (water or 
standard solution) was determined by GC-FID.  
After benzene extraction by IL-μSPE procedure, 
the recoveries of proposed method were measured 
with the ratio of initial/final concentration of 
benzene (signal peak area) before determined with 
GC-FID (Equation EQ1). In addition, adsorption 
capacity and removal efficiency (RE) was 
calculated by equation EQ2 and EQ3.   A is the 
initial concentration of benzene in solution and B is 
final concentration of benzene which determinate 
by GC-FID in waters. The adsorption capacity of 
benzene (mg g-1) and, the removal efficiency of 
benzene (%) was shown in EQ2 and EQ3. The Ci 
(mg L-1) and Cf (mg L-1) are the concentration of 
benzene before and after extraction procedure, Vs 
(L) is the sample volume, and M(g) is the amount 
of Bi2O3. 
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3. Results and Discussion
3.1. Fourier transforms infrared
FTIR spectra of bismuth oxide nanostructures were recorded in the range of 400–4000 cm-1 
with KBr pellets (Fig. 1). The O–H stretching vibrations appear at 3421 cm-1. The peak at 
1400 cm-1 is related to C-O vibrations due to organic solvent. The peak at 435~505 cm-1 is
originated from the metal-oxygen (Bi-O) bond. Fourier transform infrared result is similar to 
a previously reported pattern [25].

Fig. 1. FTIR bismuth oxide nanostructures.

3.2. X-ray diffraction
XRD measurement was used to determine the crystalline structure of bismuth oxide 
nanostructures in 2θ range 5 to 80° (Fig. 2). The sharp peak observed at 2θ around 28°, and 
all diffraction peaks can be indexed the monoclinic α-Bi2O3 (JCPDS card No. 41-1449). XRD 
result is similar to a previously reported pattern [8].

3. Results and Discussion
3.1. Fourier transforms infrared
FTIR spectra of bismuth oxide nanostructures were 
recorded in the range of 400–4000 cm-1 with KBr 
pellets (Fig. 1). The O–H stretching vibrations 
appear at 3421 cm-1. The peak at 1400 cm-1 is related 
to C-O vibrations due to organic solvent. The peak 
at 435~505 cm-1 is originated from the metal-oxygen 
(Bi-O) bond. Fourier transform infrared result is 

Fig. 1. FTIR bismuth oxide nanostructures.
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similar to a previously reported pattern [25].

3.2. X-ray diffraction
XRD measurement was used to determine 
the crystalline structure of bismuth oxide 
nanostructures in 2θ range 5 to 80° (Fig. 2). The 
sharp peak observed at 2θ around 28°, and all 
diffraction peaks can be indexed the monoclinic 
α-Bi2O3 (JCPDS card No. 41-1449). XRD result is 
similar to a previously reported pattern [8].

3.3. Dynamic light scattering 
The dynamic light scattering was used to find out 
the size and distribution diagram of nanoparticles 
(Fig. 3). DLS results presented two peaks at 900 
nm and 17 μm with narrow distribution at room 
temperature. The observation of two peaks confirms 
that the nanostructure is rod shaped.

3.4. Scanning electron microscope
The size and morphology structures of samples 
were studied using SEM that shown rod-shaped 
with an average diameter of 500 nm, and the length 
of 11 μm (Fig. 4). SEM result confirmed the DLS 
result.

3.5. Energy-dispersive X-ray spectroscopy
EDS was used to evaluate the chemical composition 
of bismuth oxide nanostructures. This analysis was 
clearly showed the identification strong peaks 

of bismuth (Bi) and oxygen (O) elements. Based 
on the result the absorption peaks were exhibited 
at 2.4, 3.2, 10.8, and 11.8 keV, which illustrated 
a typical absorption of the metallic bismuth. The 
energy-dispersive X-ray spectroscopy and mapping 
of bismuth oxide nanostructures were carried out 
for elemental analysis (Fig. 5). 

3.6. Diffuse reflection spectroscopy
DRS absorption spectra of bismuth oxide 
nanostructures showed UV blocking in three 
Ultraviolet: UV-A, UV-B, and UV-C (Fig 6). 
Based on DRS result, the absorption peak was 
observed 90% ultraviolet in range of 200-400 nm. 
Based on teh result, bismuth oxide nanostructures 
are good candidates as UV blocking for research 
development.

3.7. Antibacterial activity
The antibacterial activity was measured against 
Salmonella as Gram-negative bacteria by disk 
diffusion method for bismuth oxide nanostructures 
with concentration 0.01 g(mL)-1. The zone inhibition 
was examined approximately 8.6 mm. The cell 
wall of Gram-negative bacterium is composed 
a thin layer of peptidoglycan surrounded by a 
membranous structure called the outer membrane. 
The presence of carboxylic groups causes to the 
negative charge of bacterial cells at biological pH. 
The main mechanisms of antibacterial activity are 

Fig. 2. XRD bismuth oxide nanostructures.
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Fig. 4. SEM bismuth oxide nanostructures in different scale bar.

Fig. 3. DLS bismuth oxide nanostructures based on a) count, b) intensity, and c) volume.
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electrostatic forces and adhesion of the opposite 
charges of Gram-negative bacterium and bismuth 
oxide nanostructures. Based on teh result, bismuth 
oxide nanostructures are good candidates as 
antibacterial activity for research development. 

3.8. Optimizing and validation

The IL-μSPE procedure based on the bismuth oxide 
(Bi2O3) nanostructures was used for extraction of 
benzene in water and wastewater samples. For 
increasing of efficient recoveries, all parameters 
such as, pH, sorbent mass, sample volume, 
adsorption capacity were studied and optimized. The 
pH of water sample has a main role for adsorption 

Fig. 6. DRS bismuth oxide nanostructures.

Fig. 5. a) EDS, and b) elemental map image of bismuth oxide nanostructures.
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of benzene in water and wastewater by IL- Bi2O3 

by IL-μSPE. The effect of pH range (2-11) on the 
extraction of benzene was studied containing 1 mg 
L-1 and 10 mg L-1 of C6H6. The results showed, the
recovery of extraction for benzene were decreased
at pH ranges (7<pH< 5 ) So, pH of 5-7 was selected
as optimized pH for benzene extraction in waters
(Fig. 7). By IL-μSPE method, the amount of Bi2O3 

and ILwas optimized for extraction benzene in
water and wastewater samples. Therefore, 5-50
mg of Bi2O3 and 0.05-0.4 g of IL was used and
optimized. Based on results, more than 25 mg
Bi2O3 and 0.15 g of IL can be extracted benzene in
water samples in optimized pH. So, 30 mg and 0.2

g was selected as optimum value for Bi2O3 and IL, 
respectively (Fig.8). The sample volume effected 
on the extraction recoveries of benzene in water 
samples at pH=5-7. The different sample volumes 
from 1 to 20 mL (1-10 mgL-1 benzene) were used 
benzene extraction in water samples by IL-μSPE 
procedure. The results had good recoveries less 
than 15 mL of water samples. Therefore, 10 mL was 
used as the optimal sample volume by proposed 
procedure (Fig.9).

4. Conclusions
The bismuth oxide nanostructures synthesized by
chemical method. The formation of nanostructures

Fig. 7. The effect of pH on benzene extraction in water sample by IL-μSPE 

Fig. 8. The effect of bismuth oxide on benzene extraction in water sample by IL-μSPE 



12 Analytical Methods in Environmental Chemistry Journal; Vol. 2 (2019)

Fig. 9. The effect of Sample volume on benzene extraction in water sample by IL-μSPE
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due to their organic and toxic nature. The presence 
of dyes in water bodies hinders photosynthesis 
[3]. Dye wastewaters discharged from textile and 
dyestuff industries into water bodies generate 
growing public concern due to their toxicity and 
carcinogenicity [4]. Hen egg membrane comprises 
majorly of two parts: the egg membrane made up 
of  protein fibers that are interwoven and spherical 
masses, and the calcified eggshell composed of 
interstitial calcite or calcium carbonate crystals [5]. 
Hen egg membrane is situated on the inner surface 
of the eggshell.  The membrane is a dual membrane 
with structure that can be said to be an intricate 

Removal of metanil yellow by batch biosorption from 
aqueous phase on egg membrane: Equilibrium and isotherm 

studies

1. Introduction
The production of different kinds of chemical 
compounds due to rapid large-scale industrialization 
has created serious environmental pollution [1]. 
Dyes are organic compounds used for imparting 
color in textile, printing and paint industries. Due to 
their chemical structures, synthetic dyes dissolved 
in wastewaters are not degraded on exposure to 
light, chemical and biological treatments [2]. 
The discharge of dyes into water bodies cause 
immediate visible pollution and contamination 
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A B S T R A C T
The biosorption of metanil yellow on hen egg membrane from 
aqueous solution in a batch process was investigated at 29oC with 
a view to determine the potential of the membrane in removing 
metanil yellow from aqueous solution. The effects of contact time, 
initial biosorbate concentration, biosorbent dosage and initial 
biosorbate pH were determined. Various isotherm models were used 
to analyze experimental data. The highest experimental equilibrium 
biosorption capacity obtained was 129.88 mg g-1. The optimum pH 
was 3. Adsorption capacity increased with increase in initial solution 
concentration but decreased with increase in time. The isotherm 
models applied were good fits based on correlation coefficients. 
Flory-Huggins isotherm was the best fit (R2 =0.986). The biosorption 
was endothermic, good, physisorptive and spontaneous. This work 
shows that hen egg membrane is a potential biosorbent for the 
removal of metanil yellow from aqueous solution.
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lattice meshwork of large and small fibers which 
interlock with each other to form a tenacious sheath.  
Apart from collagen, egg membrane contains 
polysaccharides [6]. Due to the polysaccharide 
and collagen contents which provide hydroxyl, 
amine and sulphonic functional groups on which 
adsorbate particles can stick, hen egg membrane 
exhibits good biosorption properties [7]. Eggs 
from hens are used in large quantities by food 
manufacturers, hatcheries, hotels and restaurants 
and the shells are disposed of as waste [8]. Metanil 
yellow is a water-soluble azo dye used in the 
beverages, leather, paper, and textile industries. It 
is also used as a stain and as an indicator in acid-
base titrations [9].  Metanil yellow has detrimental 
health effects on humans [10]. It is toxic if absorbed 
through the skin, respiratory and intestinal tract and 
may act as a skin, eye or respiratory tract irritant. 
It is harmful when swallowed or inhaled and may 
be carcinogenic under long time exposure [11, 12].  
Different methods have been developed to remove 
synthetic dyes from wastewater in order to reduce 
their impact on the environment. The methods 
include floatation, electro-coagulation, ozonation, 
photo-catalytic degradation, chemical oxidation, 
precipitation, filtration and adsorption [3, 13]. 
Adsorption is superior to the other mentioned 
methods due its low cost, flexibility, simplicity 
of design, ease of operation and insensitivity to 
toxic pollutants [13]. Biosorption is the type of 
adsorption whereby contaminants in air or water 
are removed using natural biological materials. 
Adsorption is mostly applied in cases where the 
contaminants do not readily undergo biological 
degradation and their concentrations are very low 
[14–17]. Batch adsorption experiments are usually 
done to measure the effectiveness of adsorption 
for removing specific adsorbates as well as to 

determine the maximum adsorption capacity [18]. 
Hen egg membrane had been used to remove 
metal ions and Levafix Brilliant Red E-4BA from 
aqueous solutions by biosorption [6].  Pramanpol 
and Nitayapat [8] used eggshell and egg shell 
containing the membrane to remove Reactive 
Yellow 205. Their results showed a 10 – 27 fold 
increase in biosorption capacity due the presence of 
the membrane. Hassan and Salih [7] used eggshell 
containing the membrane to effectively remove 
methylene blue, a cationic dye from aqueous 
solution. The aim of this work was to determine 
the performance of hen egg membrane in the 
removal of metanil yellow from aqueous solution. 
The impacts of initial dye solution concentration, 
contact time, biosorbent dosage and initial solution 
pH were investigated.

2. Experimental
2.1.  Preparation of dye solution
The metanil yellow (Merck, Switzerland) of 70 % 
purity, used in this study was purchased at Onitsha, 
Nigeria and used directly without further treatment.  
The structure of metanil yellow, an anionic dye is 
shown in Figure 1. The stock solution was prepared 
by dissolving 1g dye per litre solution using distilled 
water. Different solution concentrations (25-100 
mgL-1) used in this work, were obtained by diluting 
the stock solution. 1M nitric acid and 1M sodium 
hydroxide solutions were used for pH adjustments.  

2.2. Preparation of hen egg membrane
The hen eggshells were obtained from restaurants 
and hatcheries in Owerri, Imo State, Nigeria.  The 
eggshells were washed with hot water and rinsed 
thrice with hot distilled water to remove odor 
and dirt. The eggshells were boiled for 30 min 
and cooled.  While soaked, the membranes were 

Fig. 1. The structure of metanil yellow (MY)
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peeled off, packed in a lattice and allowed for 
water to drain off. The membrane biomass was 
dried at 110oC in a hot air oven for 1h, and cooled.  
The dried membrane biomass was ground with a 
blender and sieved to obtain 0.42 – 0.84 mm size 
particles and packed in an airtight plastic container.

2.3. Analysis of egg membrane
Infra-red spectrophotometric analysis was run 
with a sample of the hen egg membrane with 
(FTIR-8400S, Shimadzu, Japan) UV/Visible 
spectrophotometer. Proximate analysis of the 
biosorbent was carried out using the method of 
the Association of Official Analytical Chemists 
(AOAC) [19]. The surface structure of the egg 
membrane was examined with a scanning electron 
microscope (SEM model Phenom Prox, Phenom 
World, Netherlands).

2.4.  Batch biosorption studies
Batch biosorption of metanil yellow from aqueous 
solution was carried out by agitating 0.01g 
membrane portions with 25mL portions of different 
initial concentration of the dye solution in 50 mL 
volumetric flasks. The stoppered sample flasks 
were put in a water-bath shaker (SHA-C DFS KW-
1000BH) and agitated for 6 h at 29oC and a speed 
of 175rpm.  A sample was collected each hour, 
filtered and the filtrate analyzed using UV-Visible 
spectrophotometer (Model 752 Shimadzu, Japan) 
at λmax 440nm.  Amounts of dye were absorbed 
on the biosorbent and determined by applying in 

Equations 1 -3.
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3. Results and Discussion 
 3.1.  Analysis of the hen egg membrane 
Fourier Transform Infra-red spectrophotomeric analysis and proximate analysis were carried 
out on the egg membrane. Table 1 shows the protein, carbohydrate, fiber, and lipid contents of 
the biomass. Figure 2 shows the infra-red spectrum of the biosorbent. The infra-red peaks at 
2341.66, 2843.17, 3036.06, 3255.95, and 3618.58 cm-1 show presence of –NH- and –OH 
functional groups, while 1238.34, 1408.08, 1519.96, and1658.84 cm-1 show presence of –CO- 
functional group. The –NH- and –CO- functional groups are present as amide group in  protein 
fibers;  the –OH in carbohydrate; and –CO-,  –C-O- ,  in carboxylate group. [20 – 22]. These 
functional groups are responsible for the biosorption. Figure 3 shows the morphology of the 
biosorbent; it shows a well arranged lattice structure of intertwined fibres. This creates a good 
network of pores contributing to biosorption [6].   
 
 
 

Table 1. Proximate analytical data for hen egg membrane 
Parameter                                                      Value (%) 
Ash                                                                        8.39 
Moisture                                                               11.70 
Crude protein                                                         2.11 
Carbohydrate                                                        36.57 
Fiber                                                                      27.59 
Lipid                                                                      13.65 
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the biosorption. Figure 3 shows the morphology 
of the biosorbent; it shows a well arranged lattice 
structure of intertwined fibres. This creates a good 
network of pores contributing to biosorption [6].  

3.2. Biosorption studies
3.2.1. Effect of initial dye concentration and con-
tact time
The effects of initial biosorbate concentration 
and contact time at 29oC, agitation speed 175 
rpm and pH 3 are shown in Figure 4. Maximum 
biosorption was within the first sixty minutes for 
all the concentrations.  Generally the equilibrium 
biosorption capacities were high for all the initial 

concentrations.  However, there was appreciable 
decline in biosorption with time for the initial 
concentration 100 mg/L.  Results show increase 
in equilibrium biosorption capacity with increase 
in initial concentration. This agrees with the work 
of Njoku and Hameed  [23].  The optimum time 
of biosorption for initial concentrations 25 and 50 
mg/L was 120 min. For initial concentration 100 
mg/L, equilibrium was not reached at 360 min.  The 
appreciable decrease in equilibrium biosorption 
capcity with time for initial concentration 100 
mg/L might be as a result of competition of the 
biosorbate anions for available binding sites 
[24, 25]. The increase in equilibrium biosorption 

Fig. 3. Scanning electron micrograph of hen egg membrane 500x before biosorption

Fig. 4.   Effect of initial concentration on the biosorption of metanil yellow on hen egg membrane
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capacity with increase in initial concentration 
is as a result of the increase in the driving force 
from the concentration gradient.  At highest initial 
concentration the active sites of the egg membrane 
were surrounded by much more biosorbate ions 
leading to more enhanced biosorption [26]. 

3.2.2. Effect of biosorbent dosage
Various dosages (0.04-1.28 % w/v) of the egg 
membrane were interacted with 25 mL portions 
of the dye of initial concentration 25 mg/L at 
pH 3, temperature 29 oC and agitation speed of 
175 rpm for 6 h in order to study the effect of 
biosorbent dosage. The results of Figure 5 showed 
that equilibrium biosorption capacity decreased 
with increase in biosorbent dosage.  This is in 
agreement with the work of Koumanova et al, [27]. 
At higher biosorbent dosage, there was a very fast 
superficial biosorption onto the biosorbent surface 
that produced a lower solute concentration in the 
solution than when biosorbent dosage was lower.  
Thus with increasing biosorbent dosage, the 
amount of metanil yellow biosorbed per unit 
mass of egg membrane reduced, hence leading 
to a decrease in equilibrium biosorption 
capacity.  This is in conformity with the report 
of Han et al., [26]. Increasing the biosorbent 
dosage from 0.04 – 1.28 % led to a decrease 

in qe from 54.38 to 1.80 mg g-1.  The optimum 
biosorbent dosage was found to be 0.04 % 
(w/v).   

3.2.3. Effect of initial biosorbate pH
Solution pH affects the properties of both biosorbate 
and biosorbent and is therefore a very important 
parameter that affects biosorption in aqueous 
solutions [23].  The effect of initial solution pH 
on the biosorption of metanil yellow by hen egg 
membrane was investigated within the pH range 
2-7 and the result is shown in Figure 6. The 
figure shows the highest equilibrium biosorption 
capacity of 29.40 mg g-1 for pH 3, initial dye 
concentration 25 mgL-1, biosorbent dosage 0.08 % 
w/v, and temperature 29oC.  There was decrease in 
equilibrium biosorption capacity with increase in 
pH.  At pH 7, there was virtually no biosorption.  
The pH values 3 was optimum for the biosorption  
process. The equilibrium biosorption capacity 
decreased from 29.40 mg g-1 at pH 3 to 26.45 mgL-1 
at pH 2.  The reason for the decrease was attributed 
to the increase in H+ concentration leading to the 
formation of aqua complexes thereby retarding the 
biosorption process.  This agrees with the report of 
Mas Haris and Sathasivam, [28]. At low pH, the 
carboxylate anion of the protein fiber present in 

Fig.  5.  Effect of adsorbent dosage on the biosorption of metanil yellow on hen egg membrane
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the membrane as part of the amino acid functional 
group was protonated and the amino acid existed 
primarily in the ammonium ion form; the oxo 
functional group present in the polysaccharide 
was also protonated.  These conditions created 
positively charged surface on the biosorbent 
hence, high biosorption; as the pH was raised, the 
ammonium ion site in the protein was deprotonated, 
and the molecule existed as the carboxylate anion; 
the oxo functional group was hydrated generating 
hydroxyl ions which repelled the metanil yellow 
anions [21, 29]. These conditions were responsible 
for poor biosorption at higher pH values.

3.3. Adsorption Isotherm modeling
An adsorption isotherm indicates how adsorbed 
particles distribute between the liquid phase 
and the solid phase when the adsorption process 
reaches an equilibrium state [26]. To enhance 
the description of an adsorption process in terms 
of batch equilibrium process a finite amount of 
adsorbent is brought into contact with various 
concentrations of the adsorbate.  Batch equilibrium 
studies yield information as to the total capacity 
of an adsorbent for a particular material in single 
component systems. However, isotherms are 
obtained under equilibrium conditions, whereas in 
most adsorption treatment applications the retention 
time is too short for equilibrium to be attained [6]. 

The analysis of the isotherm data by fitting them 
to different isotherm models is an important step 
to find the suitable model that can be used for 
design purposes [5, 26]. An adsorption isotherm 
is critical in optimizing the use of adsorbents. In 
this study many isotherm models were used to 
model experimental data.  The applicability of the 
isotherm models to the biosorption was compared 
by judging the correlation coefficient values.

3.3.1. Langmuir isotherm model
The Langmuir isotherm assumes a homogenous 
surface with identical sites in terms of energy for 
the biosorbent [30, 31]. It is represented by Eq. 4:
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A plot of 1/qe against 1/Ce, gave a straight line with slope 1/KL and intercept 1/qm as shown in 
Figure 7. Table 2 shows the model parameters (KL, qm and RL). R2 value (0.977) shows that the 
experimental results fitted well into the Langmuir isotherm model.  The essential characteristics 
of the Langmuir isotherm can be expressed in terms of a dimensionless constant, the Hall 
separation factor RL [32] expressed as Eq. 6: 
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spontaneity of the adsorption by calculating the Gibbs free energy (33) applying Eq. 7:  

     
                                   

The free energy value (-5.009 kJ/mol) shows that the process was spontaneous. 
3.3.2. Freundlich isotherm model 
The Freundlich isotherm model is empirical. Assumptions made in applying this model are that, 
multilayer adsorption occurs on a heterogeneous adsorbent surface, and that the concentration 
of the adsorbate on adsorbent increases infinitely with increase in the concentration of the 
adsorbate [34]. The adsorbent surface has unequal available sites with different energies of 
adsorption [35]. It does not predict any saturation of the adsorbent by the adsorbate [30]. The 
Freundlich model is mathematically expressed as Eq. 8: 
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A plot of In qe against In Ce,  gave a straight line, with slope 1/n, and intercept In KF.  
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto 
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36].  The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well. 
 
3.3.3  Temkin isotherm model 
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer 
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of 
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin 
equation [13, 38] is expressed as Eq. 10:  
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Fig.  6.  Effect of initial pH on biosorption of metanil yellow on hen egg membrane
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adsorbate interaction, and adsorption process is characterized by a uniform distribution of 
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin 
equation [13, 38] is expressed as Eq. 10:  

                                  
        ⁄               
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3.3.1. Langmuir isotherm model
The Langmuir isotherm assumes a homogenous surface with identical sites in terms of energy
for the biosorbent [30, 31]. It is represented by Eq. 4:

The type 2 linearized Langmuir equation is given as Eq. 5:

A plot of 1/qe against 1/Ce, gave a straight line with slope 1/KL and intercept 1/qm as shown in 
Figure 7. Table 2 shows the model parameters (KL, qm and RL). R2 value (0.977) shows that the 
experimental results fitted well into the Langmuir isotherm model. The essential characteristics 
of the Langmuir isotherm can be expressed in terms of a dimensionless constant, the Hall 
separation factor RL [32] expressed as Eq. 6:

The value of RL indicates the type of isotherm to be either favorable (0<RL<1), unfavorable 
(RL>1), linear (RL=1) or irreversible (RL = 0). RL value was found to be 0.314.  The result
shows the isotherm to be favorable. The Langmuir constant KL was used to determine the
spontaneity of the adsorption by calculating the Gibbs free energy (33) applying Eq. 7: 

The free energy value (-5.009 kJ/mol) shows that the process was spontaneous.
3.3.2. Freundlich isotherm model
The Freundlich isotherm model is empirical. Assumptions made in applying this model are that,
multilayer adsorption occurs on a heterogeneous adsorbent surface, and that the concentration 
of the adsorbate on adsorbent increases infinitely with increase in the concentration of the
adsorbate [34]. The adsorbent surface has unequal available sites with different energies of 
adsorption [35]. It does not predict any saturation of the adsorbent by the adsorbate [30]. The
Freundlich model is mathematically expressed as Eq. 8:

Its linear logarithmic form [31] is Eq. 9:
…………………………………. (9)

A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:

⁄

The value of RL indicates the type of isotherm to 
be either favorable (0<RL<1), unfavorable (RL>1), 
linear (RL=1) or irreversible (RL = 0). RL value was 
found to be 0.314.  The result shows the isotherm to 
be favorable. The Langmuir constant KL was used 
to determine the spontaneity of the adsorption by 
calculating the Gibbs free energy (33) applying Eq. 
7: 
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The free energy value (-5.009 kJ/mol) shows that the process was spontaneous.
3.3.2. Freundlich isotherm model
The Freundlich isotherm model is empirical. Assumptions made in applying this model are that,
multilayer adsorption occurs on a heterogeneous adsorbent surface, and that the concentration 
of the adsorbate on adsorbent increases infinitely with increase in the concentration of the
adsorbate [34]. The adsorbent surface has unequal available sites with different energies of 
adsorption [35]. It does not predict any saturation of the adsorbent by the adsorbate [30]. The
Freundlich model is mathematically expressed as Eq. 8:

Its linear logarithmic form [31] is Eq. 9:
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A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:

⁄

The free energy value (-5.009 kJ mol-1) shows that 
the process was spontaneous.

3.3.2. Freundlich isotherm model
The Freundlich isotherm model is empirical. 
Assumptions made in applying this model are that, 
multilayer adsorption occurs on a heterogeneous 
adsorbent surface, and that the concentration of 
the adsorbate on adsorbent increases infinitely 
with increase in the concentration of the adsorbate 
[34]. The adsorbent surface has unequal available 
sites with different energies of adsorption [35]. It 
does not predict any saturation of the adsorbent 
by the adsorbate [30]. The Freundlich model is 
mathematically expressed as Eq. 8:
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A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:

⁄

Its linear logarithmic form [31] is Eq. 9:
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A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:

⁄

A plot of In qe against In Ce,  gave a straight line, 
with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and 
represents the quantity of dye adsorbed onto the 
membrane for a unit equilibrium concentration.  
The mechanism and the rate of adsorption are 
functions of 1/n and KF. For a good adsorbent, 0.2 
˂ 1/n ˂ 0.8, while a smaller value of 1/n indicates 
better adsorption and formation of stronger bond 
between the adsorbate and adsorbent [36].  The plot 
of In qe against In Ce (Fig.8) gave values of 1/n, n, 
KF and R2 as shown in Table 2. The 1/n value (0.34 
< 1) shows that the biosorption was physisorptive; 
n (2.941) > 1 shows that the biosorption was good 

[34]. The R2 value (0.872) shows that Freundlich 
isotherm model simulated experimental data well.

3.3.3  Temkin isotherm model
The Temkin model presumes that the heat of 

Table 2.  Isotherm parameters for batch biosorption of  
of metanil yellow on egg membrane at 29°C
Model Parameter Value

Langmuir  qm (mgg-1) 129.880
qe expt (mgg-1) 158.730
KL (mgL-1) 0.132
RL 0.070
R2 0.977
∆Go

ads (kJ mol-1) -5.009
Freundlich  1/n 0.34

n 2.941
KF [mgg-1(L/mg)-1/n] 37.487
R2 0.872

Temkin B (J mol-1) 29.525
bT (J/mol/K) 85.041
AT (L g-1) 3.025
R2 0.935

Dubinin-
Radushkevich

qm (mg g-1) 123.273

R2 3
E (J mol-1) 408.248
R2 0.98

Elovich qm (mg g-1) 50.505
KE 0.912
R2 0.809

Harkin-Jura    AHJ (g
2 L-1) 3333.33

BHJ (mg2 L-1) 1.667
R2 0.743

Halsey nH 0.034
KH (mg L-1) 3.025
R2 0.935

Flory-Huggins             nFH 2.551
KFH (L mol-1) 616.464
∆Go

ads (kJ mol-1) -16.13
R2 0.986
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3.3.1. Langmuir isotherm model
The Langmuir isotherm assumes a homogenous surface with identical sites in terms of energy
for the biosorbent [30, 31]. It is represented by Eq. 4:

The type 2 linearized Langmuir equation is given as Eq. 5:

A plot of 1/qe against 1/Ce, gave a straight line with slope 1/KL and intercept 1/qm as shown in 
Figure 7. Table 2 shows the model parameters (KL, qm and RL). R2 value (0.977) shows that the 
experimental results fitted well into the Langmuir isotherm model. The essential characteristics 
of the Langmuir isotherm can be expressed in terms of a dimensionless constant, the Hall 
separation factor RL [32] expressed as Eq. 6:

The value of RL indicates the type of isotherm to be either favorable (0<RL<1), unfavorable 
(RL>1), linear (RL=1) or irreversible (RL = 0). RL value was found to be 0.314.  The result
shows the isotherm to be favorable. The Langmuir constant KL was used to determine the
spontaneity of the adsorption by calculating the Gibbs free energy (33) applying Eq. 7: 

     
The free energy value (-5.009 kJ/mol) shows that the process was spontaneous.
3.3.2. Freundlich isotherm model
The Freundlich isotherm model is empirical. Assumptions made in applying this model are that,
multilayer adsorption occurs on a heterogeneous adsorbent surface, and that the concentration 
of the adsorbate on adsorbent increases infinitely with increase in the concentration of the
adsorbate [34]. The adsorbent surface has unequal available sites with different energies of 
adsorption [35]. It does not predict any saturation of the adsorbent by the adsorbate [30]. The
Freundlich model is mathematically expressed as Eq. 8:

Its linear logarithmic form [31] is Eq. 9:
…………………………………. (9)

A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:

⁄
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Its linear logarithmic form [31] is Eq. 9:
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A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:
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A plot of In qe against In Ce, gave a straight line, with slope 1/n, and intercept In KF. 
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36]. The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well.

3.3.3 Temkin isotherm model
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:

⁄
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The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin
equation [13, 38] is expressed as Eq. 10:
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adsorption of adsorbate particles in the layer 
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3.3.1. Langmuir isotherm model 
The Langmuir isotherm assumes a homogenous surface with identical sites in terms of energy 
for the biosorbent [30, 31]. It is represented by Eq. 4: 

            
        

                            
The type 2 linearized Langmuir equation is given as Eq. 5: 

 
  

   
    

 
  

       
                        

A plot of 1/qe against 1/Ce, gave a straight line with slope 1/KL and intercept 1/qm as shown in 
Figure 7. Table 2 shows the model parameters (KL, qm and RL). R2 value (0.977) shows that the 
experimental results fitted well into the Langmuir isotherm model.  The essential characteristics 
of the Langmuir isotherm can be expressed in terms of a dimensionless constant, the Hall 
separation factor RL [32] expressed as Eq. 6: 

          
                               

The value of RL indicates the type of isotherm to be either favorable (0<RL<1), unfavorable 
(RL>1), linear (RL=1) or irreversible (RL = 0). RL value was found to be 0.314.  The result 
shows the isotherm to be favorable. The Langmuir constant KL was used to determine the 
spontaneity of the adsorption by calculating the Gibbs free energy (33) applying Eq. 7:  

     
                                   

The free energy value (-5.009 kJ/mol) shows that the process was spontaneous. 
3.3.2. Freundlich isotherm model 
The Freundlich isotherm model is empirical. Assumptions made in applying this model are that, 
multilayer adsorption occurs on a heterogeneous adsorbent surface, and that the concentration 
of the adsorbate on adsorbent increases infinitely with increase in the concentration of the 
adsorbate [34]. The adsorbent surface has unequal available sites with different energies of 
adsorption [35]. It does not predict any saturation of the adsorbent by the adsorbate [30]. The 
Freundlich model is mathematically expressed as Eq. 8: 

          
                                

Its linear logarithmic form [31] is Eq. 9: 
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A plot of In qe against In Ce,  gave a straight line, with slope 1/n, and intercept In KF.  
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto 
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36].  The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well. 
 
3.3.3  Temkin isotherm model 
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer 
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of 
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin 
equation [13, 38] is expressed as Eq. 10:  
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A plot of qe against In Ce (Fig. 9) gave a straight line 
with slope B and intercepts B In A. The B, A, bT and 
R2 values are shown in Table 2.  The correlation 
coefficient R2 (0.935) shows that the Temkin model 
is a good fit for simulating experimental data.

3.3.4.  Dubinin-Radushkevich isotherm model
This model is applied in estimating the characteristic 
porosity of an adsorbent and the apparent adsorption 
energy. The model neither assumes homogenous 

adsorbent surface nor a constant adsorption 
potential as the Langmuir model [32]. The model 
equation is expressed a Eq.12:
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The linearized logarithmic expression [39] of Eq.12 is Eq.13: 
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A plot of ln qe against ε2

   (Fig. 10) gave a straight line with slope BD and intercept ln qm. The  
values of qD and BD are in Table 2. 
The free energy of adsorption E (J/mol) is related to the porosity factor BD by Eq. 15: 
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E values less than 8kJ/mol indicate physisorption [32]. The value of E in this work was 0.408 
kJ/mol showing physisorption. Positive E values show that the adsorption was endothermic and 
that higher temperatures would favor the adsorption [40]. BD (3x10-6 mol2/J2) is less than unity, 
indicating microporous adsorbent surface [41] and that the adsorbent may require less number 
of cycles to reduce the concentration of the adsorbate below regulatory levels [42]. 
 
       
Fig. 7-10. The isotherm plot for biosorption of metanil yellow on hen egg membrane: 
Langmuir (Fig. 7), Freundlich (Fig.8), Temkin isotherm (Fig.9) and Dubinin-Radushkevich 
(Fig. 10)  
3.3.5. Elovich isotherm 
The Elovich isotherm model [43] was originally designed to describe chemisorptions of gas on 
solids [44]. The model assumes that there is exponential increase in adsorption sites with the 
adsorption process showing multilayer adsorption [45]. The Elovich isotherm model is 
expressed as Eq. 16: 

    ⁄               ⁄                   
 
The linear logarithmic form of Eq. 16 is Eq. 17: 

        ⁄                    ⁄               
 
A plot of In (qe/Ce) versus qe (Fig. 11) gave a straight line with slope 1/qm and intercept In 
(KEqm) from which KE and qm were calculated. Table 2 shows the parameters KE, qm and R2. 
The R2 value (0.809) proves the Elovich model a good fit for experimental data. 
3.3.6. Harkin-Jura isotherm 
In the application of Harkin-Jura isotherm model, it is assumed that the adsorbent surface is 
heterogeneous in pore distribution and that adsorption is multilayer [43]. The model is 
expressed as Eq. 18: 

    ⁄    (      ⁄ )    (    ⁄ )                  
 

The linearized logarithmic expression [39] of 
Eq.12 is Eq.13:
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The R2 value (0.809) proves the Elovich model a good fit for experimental data. 
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2 against log Ce (Fig. 12) gave a straight line with slope 1/AHJ and intercept 
BHJ/AHJ. The values of AHJ and BHJ are shown in Table 2. The R2 value (0.743) shows that this 
model is a good fit for experimental data. 
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3.3.1. Langmuir isotherm model 
The Langmuir isotherm assumes a homogenous surface with identical sites in terms of energy 
for the biosorbent [30, 31]. It is represented by Eq. 4: 

            
        

                            
The type 2 linearized Langmuir equation is given as Eq. 5: 

 
  

   
    

 
  

       
                        

A plot of 1/qe against 1/Ce, gave a straight line with slope 1/KL and intercept 1/qm as shown in 
Figure 7. Table 2 shows the model parameters (KL, qm and RL). R2 value (0.977) shows that the 
experimental results fitted well into the Langmuir isotherm model.  The essential characteristics 
of the Langmuir isotherm can be expressed in terms of a dimensionless constant, the Hall 
separation factor RL [32] expressed as Eq. 6: 

          
                               

The value of RL indicates the type of isotherm to be either favorable (0<RL<1), unfavorable 
(RL>1), linear (RL=1) or irreversible (RL = 0). RL value was found to be 0.314.  The result 
shows the isotherm to be favorable. The Langmuir constant KL was used to determine the 
spontaneity of the adsorption by calculating the Gibbs free energy (33) applying Eq. 7:  

     
                                   

The free energy value (-5.009 kJ/mol) shows that the process was spontaneous. 
3.3.2. Freundlich isotherm model 
The Freundlich isotherm model is empirical. Assumptions made in applying this model are that, 
multilayer adsorption occurs on a heterogeneous adsorbent surface, and that the concentration 
of the adsorbate on adsorbent increases infinitely with increase in the concentration of the 
adsorbate [34]. The adsorbent surface has unequal available sites with different energies of 
adsorption [35]. It does not predict any saturation of the adsorbent by the adsorbate [30]. The 
Freundlich model is mathematically expressed as Eq. 8: 

          
                                

Its linear logarithmic form [31] is Eq. 9: 
                             …………………………………. (9) 

A plot of In qe against In Ce,  gave a straight line, with slope 1/n, and intercept In KF.  
KF is the adsorption or distribution coefficient and represents the quantity of dye adsorbed onto 
the membrane for a unit equilibrium concentration.  The mechanism and the rate of adsorption 
are functions of 1/n and KF. For a good adsorbent, 0.2 ˂ 1/n ˂ 0.8, while a smaller value of 1/n 
indicates better adsorption and formation of stronger bond between the adsorbate and adsorbent 
[36].  The plot of In qe against In Ce (Fig.8) gave values of 1/n, n, KF and R2 as shown in Table 
2. The 1/n value (0.34 < 1) shows that the biosorption was physisorptive; n (2.941) > 1 shows 
that the biosorption was good [34]. The R2 value (0.872) shows that Freundlich isotherm model 
simulated experimental data well. 
 
3.3.3  Temkin isotherm model 
The Temkin model presumes that the heat of adsorption of adsorbate particles in the layer 
decreases linearly with coverage with consideration of the effects of indirect adsorbent-
adsorbate interaction, and adsorption process is characterized by a uniform distribution of 
binding energies, up to some maximum binding energy [13, 37]. The linear form of Temkin 
equation [13, 38] is expressed as Eq. 10:  

                                  
        ⁄               
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A plot of qe against In Ce (Fig. 9) gave a straight line with slope B and intercepts B In A. The B, 
A, bT and R2 values are shown in Table 2.  The correlation coefficient R2 (0.935) shows that the 
Temkin model is a good fit for simulating experimental data. 
 
3.3.4.  Dubinin-Radushkevich isotherm model 
This model is applied in estimating the characteristic porosity of an adsorbent and the apparent 
adsorption energy. The model neither assumes homogenous adsorbent surface nor a constant 
adsorption potential as the Langmuir model [32]. The model equation is expressed a Eq.12: 
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A plot of ln qe against ε2
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values of qD and BD are in Table 2. 
The free energy of adsorption E (J/mol) is related to the porosity factor BD by Eq. 15: 
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E values less than 8kJ/mol indicate physisorption [32]. The value of E in this work was 0.408 
kJ/mol showing physisorption. Positive E values show that the adsorption was endothermic and 
that higher temperatures would favor the adsorption [40]. BD (3x10-6 mol2/J2) is less than unity, 
indicating microporous adsorbent surface [41] and that the adsorbent may require less number 
of cycles to reduce the concentration of the adsorbate below regulatory levels [42]. 
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A plot of In (qe/Ce) versus qe (Fig. 11) gave a straight line with slope 1/qm and intercept In 
(KEqm) from which KE and qm were calculated. Table 2 shows the parameters KE, qm and R2. 
The R2 value (0.809) proves the Elovich model a good fit for experimental data. 
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temperatures would favor the adsorption [40]. 
BD (3x10-6 mol2/J2) is less than unity, indicating 
microporous adsorbent surface [41] and that the 
adsorbent may require less number of cycles to 
reduce the concentration of the adsorbate below 
regulatory levels [42].

3.3.5. Elovich isotherm
The Elovich isotherm model [43] was originally 
designed to describe chemisorptions of gas on 
solids [44]. The model assumes that there is 
exponential increase in adsorption sites with the 
adsorption process showing multilayer adsorption 
[45]. The Elovich isotherm model is expressed as 
Eq. 16:
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A plot of In (qe/Ce) versus qe (Fig. 11) gave a 
straight line with slope 1/qm and intercept In (KEqm) 
from which KE and qm were calculated. Table 2 
shows the parameters KE, qm and R2. The R2 value 
(0.809) proves the Elovich model a good fit for 
experimental data.

3.3.6. Harkin-Jura isotherm
In the application of Harkin-Jura isotherm 
model, it is assumed that the adsorbent surface 
is heterogeneous in pore distribution and that 
adsorption is multilayer [43]. The model is 
expressed as Eq. 18:
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A plot of 1/qe
2 against log Ce (Fig. 12) gave a 

straight line with slope 1/AHJ and intercept BHJ/AHJ. 
The values of AHJ and BHJ are shown in Table 2. The 
R2 value (0.743) shows that this model is a good fit 
for experimental data.

3.3.7. Halsey isotherm
The Halsey isotherm model is applied in measuring 
multilayer adsorption at a relatively large distance 
from the adsorbent surface [43]. This model is 

expressed as Eq. 19:
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A plot of qe versus In Ce (Fig. 13) gave a straight line 
with slope 1/nH and intercept 1/nHInKH. The values 
of nH and KH are in Table 2. The R2 value (0.935) 
shows that the model is a good fit for experimental 
data.

3.3.8. Flory-Huggins isotherm
The relationship between behavior of the surface 
of the adsorbent and adsorption in terms of surface 
coverage is expressed applying the Flory-Huggins 
isotherm model [46]. The isotherm model is 
expressed as Eq. 20: 
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A plot of In (θ/Ce) versus In (1-θ) (Fig. 14) gave a 
straight line with slope nFH and intercept In KFH. 
The values of KFH and nFH are in Table 2. The R2 
value (0.986) shows that Flory-Huggins isotherm 
model is a good fit for the biosorption experimental 
data. The Gibbs free energy was calculated applying 
KFH according to Eq. 22:
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The magnitude of the free energy value (16.13 kJ/
mol), which is lower than 20 kJ/mol shows that the 
biosorption was physisorptive. The negative value 
of ∆Go

ads shows that the process was spontaneous.
     
4. Conclusions
Hen egg membrane was successfully applied in the 
removal of metanil yellow from aqueous solution 
by batch biosorption. Experimental equilibrium 
data were simulated with Langmuir, Freundlich, 
Temkin, Dubinin-Radushkevich. Elovich, Harkin 
Jura, Halsey and Flory Huggins isotherms. 
Correlation coefficient values show that the Flory-
Huggins isotherm model analyzed experimental 
data most while the Harkin-Jura model was the 
least good fit. Results show that the biosorption was 
endothermic, good, physisorptive and spontaneous. 
Egg membrane is a good adsorbent for removing 
metanil yellow from aqueous phase.
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A plot of qe against In Ce (Fig. 9) gave a straight line with slope B and intercepts B In A. The B, 
A, bT and R2 values are shown in Table 2.  The correlation coefficient R2 (0.935) shows that the 
Temkin model is a good fit for simulating experimental data. 
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This model is applied in estimating the characteristic porosity of an adsorbent and the apparent 
adsorption energy. The model neither assumes homogenous adsorbent surface nor a constant 
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E values less than 8kJ/mol indicate physisorption [32]. The value of E in this work was 0.408 
kJ/mol showing physisorption. Positive E values show that the adsorption was endothermic and 
that higher temperatures would favor the adsorption [40]. BD (3x10-6 mol2/J2) is less than unity, 
indicating microporous adsorbent surface [41] and that the adsorbent may require less number 
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3.3.5. Elovich isotherm 
The Elovich isotherm model [43] was originally designed to describe chemisorptions of gas on 
solids [44]. The model assumes that there is exponential increase in adsorption sites with the 
adsorption process showing multilayer adsorption [45]. The Elovich isotherm model is 
expressed as Eq. 16: 
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3.3.6. Harkin-Jura isotherm 
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A plot of 1/qe
2 against log Ce (Fig. 12) gave a straight line with slope 1/AHJ and intercept 

BHJ/AHJ. The values of AHJ and BHJ are shown in Table 2. The R2 value (0.743) shows that this 
model is a good fit for experimental data. 
3.3.7. Halsey isotherm 
The Halsey isotherm model is applied in measuring multilayer adsorption at a relatively large 
distance from the adsorbent surface [43]. This model is expressed as Eq. 19: 
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A plot of qe versus In Ce (Fig. 13) gave a straight line with slope 1/nH and intercept 1/nHInKH. 
The values of nH and KH are in Table 2. The R2 value (0.935) shows that the model is a good fit 
for experimental data. 
3.3.8. Flory-Huggins isotherm 
The relationship between behavior of the surface of the adsorbent and adsorption in terms of 
surface coverage is expressed applying the Flory-Huggins isotherm model [46]. The isotherm 
model is expressed as Eq. 20:  
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A plot of In (θ/Ce) versus In (1-θ) (Fig. 14) gave a straight line with slope nFH and intercept In 
KFH. The values of KFH and nFH are in Table 2. The R2 value (0.986) shows that Flory-Huggins 
isotherm model is a good fit for the biosorption experimental data. The Gibbs free energy was 
calculated applying KFH according to Eq. 22: 
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The magnitude of the free energy value (16.13 kJ/mol), which is lower than 20 kJ/mol shows 
that the biosorption was physisorptive. The negative value of ∆Go

ads shows that the process was 
spontaneous. 
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5. Glossary
AHJ (g

2 L-1) Harkin-Jura isotherm parameter
AT (L g-1) Temkin constant corresponding to the 
maximum binding energy
B (J mol-1) Temkin constant related to the heat of 
adsorption
BD (mol2 J-2) Dubinin-Radushkevich constant related 
to average free energy per mole of adsorbate
BHJ (mg2 L-1) Harkin-Jura isotherm model constant
bT (J/mol/K) Temkin isotherm constant related to 
heat of adsorption, showing whether the process is 
endothermic or exothermic
Ce (mg L-1) Equilibrium un-adsorbed adsorbate 
concentration
Co (mg L-1) Initial adsorbate concentration
Com (mg L-1) Maximum initial concentration
Ct (mg L-1) Un-adsorbed adsorbate concentration at 
time t
E (kJ mol-1) Dubinin-Radushkevich isotherm model 
average energy of adsorption

KE Elovich isotherm constant
KF (mg g-1(L/mg)-1/n] Freundlich isotherm model 
adsorption or distribution coefficient
KFH (L mol-1) Flory-Huggins equilibrium constant
kH (mg L-1) Halsey isotherm model constant
KL (L mg-1) Langmuir constant related to the affinity 
of the binding sites and energy of adsorption
m (g) mass of adsorbent
1/nF Freundlich constant indicating adsorption intensity 
and degree of heterogeneity of adsorbent surface
nF Freundlich isotherm model constant
nFH Flory-Huggins constant indicating number of 
adsorbate particles occupying adsorption sites
nH Halsey isotherm exponent
qD (mg g-1) Dubinin-Radushkevich maximum adsorption 
capacity
qe (mg g-1) Equilibrium adsorption capacity
qm (mg g-1) Equilibrium adsorption capacity for a 
complete monolayer
qt (mg g-1) Adsorption capacity at time t

Fig. 11-14. The isotherm plot for biosorption of metanil yellow on hen egg membrane: Elovich (Fig. 11), Harkin-Jura 
(Fig. 12), Halsey (Fig. 13) and Flory-Huggins (Fig. 14) 
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3.3.7. Halsey isotherm
The Halsey isotherm model is applied in measuring multilayer adsorption at a relatively large
distance from the adsorbent surface [43]. This model is expressed as Eq. 19:

( ⁄ ) ( ⁄ ) ( )
A plot of qe versus In Ce (Fig. 13) gave a straight line with slope 1/nH and intercept 1/nHInKH. 
The values of nH and KH are in Table 2. The R2 value (0.935) shows that the model is a good fit
for experimental data.
3.3.8. Flory-Huggins isotherm
The relationship between behavior of the surface of the adsorbent and adsorption in terms of
surface coverage is expressed applying the Flory-Huggins isotherm model [46]. The isotherm
model is expressed as Eq. 20:
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A plot of In (θ/Ce) versus In (1-θ) (Fig. 14) gave a straight line with slope nFH and intercept In
KFH. The values of KFH and nFH are in Table 2. The R2 value (0.986) shows that Flory-Huggins 
isotherm model is a good fit for the biosorption experimental data. The Gibbs free energy was
calculated applying KFH according to Eq. 22:
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The magnitude of the free energy value (16.13 kJ/mol), which is lower than 20 kJ/mol shows
that the biosorption was physisorptive. The negative value of ∆Go

ads shows that the process was
spontaneous.
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R (J/mol/K) Universal gas constant
RL Hall separation factor or dimensionless constant
R2 Correlation coefficient
T (K) Kelvin temperature
v (mL) Adsorbate volume
ε (kJ mol-1) Polanyi potential
θ Adsorbent surface coverage
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significant amount of chemically contaminated 
wastewater. The concentration of these chemicals 
depends on the raw materials and the methods 
of production. Due to the variety of different 
processes and their demand for large amounts 
of water, these industries are responsible for the 
production of considerable contaminated water. 
Production of textile requires several mechanical 
processes such as spinning, weaving, knitting, 
etc. [1]. Besides, there exist the “wet processes” 
that include wool washing, bleaching, and dying. 
During the production processes of fibers, cloth 
and, clothes several contaminators will be added 

Enhancing the effect of zinc oxide on the absorption of heavy 
metals from wastewater by using silica in graphene bed 

1. Introduction
During the past decades, due to population 
growth and industrial development, the demand 
for freshwater and wastewater treatment has 
significantly increased. This includes the treatment 
of industrial wastewater that contains considerable 
amounts of heavy metals, such as; lead, copper, 
chrome, cadmium, nickel, iron, zinc, arsenic, 
manganese and mercury. Among the various 
industries, the weaving industries produce a
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A B S T R A C T
In this study, the effects of nanostructure absorbent of zinc oxide (ZnO) in graphene 
bed for wastewater treatment were studied. Initial analysis was undertaken to 
identify the existing metals and their concentration in the prepared wastewater. It 
was seen that the diluted solution consisted of the ambivalence ions of lead, copper, 
nickel, cadmium, and silver with the concentration of 73.31, 81.19, 54.6, 98.1and 
76.1 milligram per liter, respectively. Trivalent chrome, with a concentration of 
98.1 milligram per liter was also observed. Therefore, by adding various amounts 
of absorbent (20, 30 and 50 mg) to the wastewater sample and adjusting the pH 
to 5 and 6, each metal was separately absorbed. Consequently, the concentration 
of the remaining metals was measured, and it was observed that absorbent was 
effective for the absorption of lead, copper and silver (with a reduction of up to 
80%), however, the absorbent was weak in the absorption of nickel and chrome. 
Hence, the silicon nanoparticles added to absorbent and the experiments repeated. 
It was observed that the presence of silicone resulted in higher absorption of nickel 
and chrome but negatively affected the absorption of copper and silver. Electrical 
charges at lower pH’s have an inverse impact on the absorption of metal ions that 
is due to the electrostatic repelling forces between the positive charges. In more 
acidic solutions, the carbonyl groups in the surface of composite create positive 
charges and hence repel the metal ions. Hence, the performance of the absorbent 
improves by reducing the acidity of the solution. At the pH of six, the number of 
hydroxide increases and the capacity of absorbing metal cations increase.
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to the wastewater. As such, during the dying 
process, heavy metals such as chrome and copper 
contaminate wastewater. It is vital to reduce 
and remove these metals, as these will disable 
the bacteria’s in the biological treatment units. 
Additionally, these metals can contaminate surface 
and underground water sources, which due to their 
toxicity can cause death by affecting nerves and 
kidneys [2]. There are national and international 
codes and standards that define a limit for disposing 
of the wastewater containing heavy metals to the 
water resources. Exceeding these limits could be 
fatal and harm the environment. The main concern 
in wastewater treatment in weaving industries 
is the quantity of disposed wastewater. Dispose 
of wastewater in these industries are often to the 
absorbent wells, which will cause irreversible 
damages to the environment. The sampling results 
show high values of pH, BOD, COD and dye. The 
quantity of COD, BOD and TSS was reported 750 
- 3500 milligram per liter, 300-1800 milligram per
liter, 18-155 milligram per liter, respectively [3]. In
the same study, the pH was observed to be varying
from 5 to 12 and the quantity of dye was reported
to be from 30 to 550 units. The dying weaves
produce a significant amount of wastewater. If
these were disposed to the environment without
proper treatment, the damages to the environment
would be significant. This reveals a pressing need
for efficient methods of treatment. Cadmium and
nickel are examples of toxic elements, which
traces of these are seen in wastewater from
mining, alloying and battery production industries.
Adsorption is one of the methods used to reduce
these elements. Nowadays various adsorbents are
used with the capability of removing organic and
inorganic contaminators, which the most common
adsorbent is activated carbon. The activated carbon
is not an economical solution for large scale
treatment units, as there are significant losses of
carbon in the regeneration process [4]. The critical
elements for selecting the reduction methods are
environmental issues, regeneration and economic
matters. In the past few years, improvement in

nanotechnologies helped in the production of 
nanostructures that are distinct due to their larger 
surface. The unique structure of nano adsorbents 
caused them to be high capacity adsorbents. On 
this basis, wastewater treatment is considered one 
of the main applications of nanotechnologies that 
have the potential to considerably improve the 
quality and capacity of the water and wastewater 
treatment units.           

2. Experimental
2.1.  ZnO nanostructure synthesis in graphene
bed
Firstly, synthesis of the graphene sheets by oxidation 
process in accordance with hummer’s method in the
concentrated acidic media that contains mixing ratio 
of 1:2:46 of concentrated sulphuric acid, graphite
powder, and sodium nitrate, respectively in 2°C
temperature with continuous mixing. Afterward,
potassium permanganate to a ratio of 6 added
to mixture slowly and after oxidation reaction,
mixture temperature rose to 40°C and mixing
plateaued for 1 hour. Added distilled water and
sodium hypochlorite solution stopped the reaction
and trended the pH to neutral and then filtration,
washing and drying mixture, respectively. The
yellowish powder remained was graphene. In order
to extend synthesized graphene sheets completely,
pour 1mg graphene oxide powder in 100ml distilled
water and apply ultrasound for 3 hours. The
resulting solution, centrifuged for half an hour by
6500rpm in order to get out unexpended graphene
sheets by sedimentation process from the solution.
Then added 3 grams of zinc oxide salt powder
(6H2O*Zn(NO3)2) to remain solvent and apply
ultrasound spanned 1 hour then stirred it slowly
for more than 3 hours in 90 centigrade degrees.
Poured the produced mixture in an autoclave tank
and carried out a hydrothermal synthesis method
for 6 hours at 180 °C. Then cooled it down to
room temperature naturally and washed it with
extra ethanol. The amount of resulting graphene
was about 20 percent [1]. The final structure was
a hybrid form of zinc monoxide at the surface of
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graphene (GO/ ZnO) that was used as the first type 
of absorbent. Figure (1) illustrates the TEM of this 
structure. As shown in Figure (1) use of graphene 
sheets leads to produce an appropriate culture for 
bonding nanoparticles of zinc oxide on it without 
aggregation of zinc particles, in the second step 
silica nanoparticles added on this hybrid structure. 
Therefore, in order to build  graphene/zinc/silica 
nano-composite firstly applied ultrasound for 
the solution of 0.5 grams synthesized GO/ZnO 
in 100 ml of Dionysius water for half an hour in 
room temperature. After that added 2 g of CTAB 
and mixed completely, then by using caustic 
soda adjusted pH around 9 and dropped 1mg of 
tetraethyl orthosilicate solution and heated by 40°C 
of temperature the mixture in a closed system with 
magnetic agitator for 24 hours. The next step was 

to dry out the solution after filtration the resulting 
mixture and washed it with extra Dionysius water 
in Avon with 60 °C for one day. This resulting 
powder is the second type absorbent of this study. 
Figure (2) illustrates the TEM of that. As shown in 
Figure (2) darkness particles of SiO2 bonded and 
distributed correctly within ZnO nanoparticles that 
stabilized on graphene culture.so it can be seen that 
the second type absorbent structure formed as well.

2.2. Apparatus and Reagents 
The furnace atomic absorption spectrophotometer 
(GF-AAS, GBC 932 plus, Australia) were used for 
the determination of Cu, Ni, Cd, Pb, Cr and Ag in 
samples. First, the manufacturer’s manual book of 
GF-AAS was prepared. The hollow cathode lamp 
(HCL) with wavelength and current favorite for 

 Fig. 2. TEM nanostructure of GO /ZnO/SiO2 Fig. 1. TEM nanostructure of GO /ZnO

Table 1. The instrumental conditions of heavy metals by GF-AAS
Element Current(mA) Wavelength(nm) Slit(nm) *LR *LOD *LOQ

Cu 4.0 327.4 0.5 1-30 0.3 1.0

Ni 9.0 229.0 0.2 1.5-60 0.4 1.5

Cd 3.0 228.8 0.5 0.2-6.5 0.05 0.2

Pb 3.0 283.3 0.4 2.0-70 0.5 2.0

Cr 7.0 357.9 1.5 1.0-15 0.3 1.0

Ag 4.0 328.1 0.5 0.2-4.2 0.05 0.2
*Linear range (LR, μg L-1); Limit of detection (LOD, μg L-1); Limit of quantification (LOQ, μg L-1)
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Cu, Ni, Cd, Pb, Cr and Ag was applied by 20 µL 
of sample injection to graphite tube of GF-AAS. 
For measuring pH, a Metrohm pH meter based on 
glass electrode was used (E-744, Switzerland) in 
wastewater samples. The instrumental conditions 
are listed in Table1.

2.3. Analytical Procedure
The adsorption of heavy metals such as, Cu, Ni, 
Cd, Pb, Cr and Ag based on GO/ZnO and GO/
ZnO-SiO2 as sorbent were studied. All metals 
determined by electrothermal atomic absorption 
spectrometry (GBC, 932; ET-AAS). The different 
concentration heavy metals ( 1-50 ppm)  in waters 
was used based on  GO/ZnO and GO/ZnO-SiO2  ( 
10-50 mg) for heavy meal adsorption at pH=5 and 
6. After shacking, the heavy metals separated and
adsorbed by GO/ZnO or GO/ZnO-SiO2.  Other
parameters such temperature, pH and sonication
time were studied and optimized. In optimized
conditions, temperature (25oC), pH=5-6, and
shacking of 5 min was achieved.

3. Results and Discussion
3.1. Dilution process
The wastewater used in this study belongs to an
active center of the dyeing and printing industry,
which kept motionless in a closed container
for 24 hours span until sedimentation had been
done. Then add an equal amount of Dionysius
water into solution in order to half the pollutants
concentration. Firstly, in order to assess the
wastewater condition, measured the levels of metal
ions by the atomic absorption method as listed in

a Table (2). According to Table (1) the despite the 
dilution of prepared wastewater a large variety of 
heavy metals in significant amounts exists. In order 
to pursue the used absorbent function firstly added 
0.2, 0.3 and 0.5 grams of it into 50 ml of selected 
wastewater. For pH adjustment used 0.1solution of 
NaOH. Each test carried out on 5-6 pH range. 
	 Table (3) represents the samples and pH of 
experiments. In every experiment samples put on 
the ultrasonic device for 12 hours and afterward the 
liquid part of solution separated from the solid part 
by centrifuge equipment and then the concentration 
of remaining metals in solutions measured by 
atomic absorption machine. All experiments carried 
out at room temperature. 

3.2. Discussion 
As represented in Table (3), the existence of 
silica nanoparticles within the absorbent structure 
generally improves the adsorption function and 
increases adsorption efficiency that strongly 
subordinates with pH level, so that, in general view, 
the maximum efficiency of adsorption occurs when 
pH equals 6. Results in adsorption rate deal with 
pH value represent that it was rose up by increasing 
of the adsorbent amount, that the main reason for it 
is due to the total increase in adsorption valence for 
each adsorbent unit, in other words, by increasing 
of the adsorbent content, more adsorption bed 
provided for heavy metals. Also, it can be seen 
that the adsorption value varies for different metals 
which process differently within the dissimilar 
experimental conditions for each metal. Hence, in 
the following, the adsorption conditions for metals 
were investigated.

3.3. Lead adsorption
Results of Pb adsorption on used adsorbent shows 
that in pH of 5 the rate of adsorption increases by 
rising in amount of adsorbent, which is adsorbed 
57.8% of Pb in case of 20 mg of adsorbent 
existence and by increase this till 30 mg, adsorption 
rate rises to 64.9%, in other way the adsorption rate 
improves 12 percent. Also in the concentration of 

Table 2. The initial quantity of metal ions in sample 
wastewater

Initial quantityMetal ionsPollutant

19.8Cu++Copper
6.5Ni++Nickel
2.3Cd++Cadmium
31.7Pb++Lead
1.98Cr3+Chromium
1.76Ag++Silver
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50 milligrams of adsorbent, it reaches 75.4% that is 
equivalent to 30 percent of enhancement. Therefore, 
the first type adsorbent structure (graphene hybrid/
zinc oxide) represents an appropriate adsorbent 
for lead adsorption. Although the existence of 
silica within this adsorbent amplifies their ability 
of adsorption, this may not be significant, in a 

way, that adsorption improves 3% and 6% in the 
concentration of 20 milligrams and 50 milligrams, 
respectively, the results demonstrate in the Figure 
(3).
	 According to Figure (3), the presence of 
silica within the GO/ZnO adsorbent structure 
was ineffective to reach more adsorption of 

Table 3. Samples and pH status at the experiments

Adsorbent conc. pH
Remained concentration(mg L-1)

pb2+ cu2+ Ni2+ cd2+ Cr3+ Ag2+

Non 0

6

31.73 19.81 6.54 2.32 1.98 1.76

GO/ZnO-20 20 11.10 4.36 6.24 1.23 1.86 0.49

GO/ZnO-30 30 9.19 3.37 6.24 1.25 1.84 0.29

GO/ZnO-50 50 6.34 2.18 6.18 1.23 1.82 0.19

GO/ZnO-SiO2-20 20 8.94 8.12 3.12 1.18 1.43 0.68

GO/ZnO-SiO2-30 30 7.39 6.93 2.75 1.13 1.20 0.46

GO/ZnO-SiO2-50 50 5.05 5.38 2.62 1.04 1.15 0.34

Non 0

5

31.73 19.81 6.54 2.32 1.98 1.76

GO/ZnO 20 13.39 4.82 6.37 1.78 1.92 0.90

GO/ZnO 30 11.14 3.63 6.37 1.80 1.89 0.67

GO/ZnO 50 7.79 2.19 6.31 1.78 1.87 0.55

GO/ZnO-SiO2 20 12.85 10.36 4.00 1.72 1.81 1.13

GO/ZnO-SiO2 30 10.02 8.95 3.56 1.66 1.74 0.87

GO/ZnO-SiO2 50 6.27 7.26 3.41 1.55 1.68 0.73

Fig. 3. Silica effect in GO/ZnO structure for Pb adsorption (pH=5)
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Pb. Therefore, in existence 20 mg of adsorbent 
in wastewater 65%of Pb has adsorbed and by 
increasing this quantity to 30 mg adsorption yield 
rose up to 71%, in the other word adsorption 
improved 9% and in 50 milligrams of adsorbent, 
it reached 80%, equivalent 23% of increase. The 
same results obtained in pH of 6. Although the 
adsorption shows a little improvement in this pH, 
it is not noticeable. Figure (4) demonstrate the pH 
effect in different quantities of the second type of 
adsorbent in which silica added to their structure.
	 As illustrated the adsorption process is better 
in all amount of adsorbent (second type) in pH 
of 6 than 5, but the effect of pH in lower amounts 
of adsorbent (20 mg) is more significant, in a 
way, in higher concentrations 4% improvement 
has seen whereas in lower points of adsorbent’s 
concentration it has been more than 20% (Fig.4).

3.4. Copper adsorption
Results of Cu adsorption on used adsorbent shows 
that in pH of 5 the rate of adsorption increases by 
rising in amount of adsorbent, which is adsorbed 
75.7% of Pb in case of 20 milligrams of adsorbent 
existence and by increase this till 30 milligrams, 
adsorption rate rises to 81.7%, in other way the 
adsorption rate improves 8 percent. Also in the 

concentration of 50 milligrams of adsorbent, it 
reaches 88.9% that is equivalent to 17 percent of 
enhancement. Therefore, the adsorbent structure 
(GO/ZnO) is considered as an approximately 
appropriate adsorbent for copper adsorption. The 
existence of silica within this adsorbent structure 
reduces their function and abilities significantly, 
in a way that in this situation,20 milligrams of 
adsorbent low off about 37% in adsorption or 
29% reduction for 50 milligrams of adsorbent’s 
concentration. The results represent in Figure (5).
	 According to the bar chart in Figure (5) it 
is considered that added silica nanoparticles to 
GO/ZnO structure in order to more adsorption 
of copper not only didn’t be efficient but also 
reduced it. The same results obtained in pH of 
6. Although the adsorption level is better in this 
pH, it’s behavior and the proceeding similarly 
continues, for 20 mg concentration of adsorbent in 
wastewater solution,78% of copper adsorbed and 
by its increase to 30 mg adsorption rose up to 83%, 
in other words, adsorption efficiency improved 
6% improved. Also, 50 milligrams of adsorbent 
lead to 89% copper adsorption that is equivalent to 
14% of improvement. Due to the function of both 
adsorbent structure, the existence of silica within 
this adsorbent structure strongly reduces the copper 

Fig. 4. Comparison of the pH effect by the different quantity of adsorbent GO/ZnO/SiO2
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adsorption which is subordinating to wastewater 
pH. Figure (6) represents the effect of pH for 
defined quantities of the second type adsorbent. 
	 As represented in the Figure (6), the adsorption 
process is better in all amount of adsorbent (second 
type) in pH of 6 than 5. But, the similar to lead 
adsorption the effect of pH in lower amounts 
of adsorbent (20 mg) is more significant, in a 

way, in higher concentrations 14% improvement 
has seen whereas in lower points of adsorbent’s 
concentration it has been more than 23%.

3.5. Nickel adsorption
Results of nickel absorption by the specified 
adsorbents express that in the pH of 5, adsorption 
rate rises by increasing adsorbent concentration. 

Fig. 5. Effect of silica within the GO/ZnO adsorbent structure to copper adsorption(pH=5)

 Fig. 6. Comparison of the pH effect on Cu adsorption by the different quantity of adsorbent GO/ZnO/SiO2 
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The first type of adsorbent acts weakly in nickel 
adsorption, in a way that due to the existence of 20 
milligrams of adsorbent in wastewater, only 2.6% 
of nickel adsorbed and by rising its concentration 
to 30 milligrams adsorption plateaued and then 
went up slowly till 3.5% for 50 mg of the adsorbent 
concentration. Therefore, GO/ZnO structures have 
known as an inefficient adsorbent for nickel. Chang 
the adsorbent structure to GO/ZnO/SiO2 strongly 
improved its ability in nickel adsorption, in a way 
that by added 20 milligrams of this structure into 
wastewater adsorption yield reached to 38.8%, 
despite of it is not acceptable yet but it shows that 
silica is the main factor to the nickel adsorption from 
wastewater. Also in 50 milligrams of adsorbent, 
the adsorption amount raised up to 45.6% that 
equivalent by 17% more nickel adsorption. The 
results demonstrate a bar chart in Figure (7).
	 As shown in Figure (7) the existence of silica 
nanoparticles within the GO/ZnO in order to 
more adsorption of nickel act effectively and 
strongly increased the adsorption results. Similar 
proceeding to this has shown in the pH of 6 
meanwhile the results are better. Results showed 
that the adsorbent concentration of 20 milligrams 
in per liter of wastewater, adsorbed 52.3% of its 

nickel and by increasing that until 30 mg adsorption 
range reach to 58%, means adsorption efficiency 
improved 10 percent and also in 50 milligrams of 
adsorbent concentration, the adsorption amount 
was 59.9% that is equal to 14% increase in 
adsorption yield. On the other hand, the existence 
of silica in the adsorbent structure enhances nickel 
adsorption efficiently. As considered in both types 
of adsorbent function, it is obvious that silica leads 
to a significant increase of nickel adsorption. it 
is subordinated to the pH of wastewater. The pH 
effect on nickel adsorption in different quantities of 
the second type of adsorbent that is included silica 
represented as a bar chart in Figure (8).
	 As represented in the Figure (8) adsorption 
process is better in all amount of adsorbent (second 
type) in pH of 6 than 5, but unlike with lead metal 
adsorption, the pH’s effect shows off with the same 
pattern in different quantities of the adsorbent, 
which shows 14% of improvement for higher 
concentration and 23% for lower ones.

3.6. Cadmium adsorption
The study results of cadmium adsorption on 
defined adsorbent represent that in pH of 5 
adsorptions weren’t changed by increasing of 

Fig. 7. Effect of silica within the GO/ZnO adsorbent structure to nickel adsorption (pH=5)
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adsorbent concentration. The first type of adsorbent 
‘s function was weakness, in which,20 milligrams 
of its concentration leads to adsorb 23.3% of 
cadmium and by increasing that to 30 and then 50 
milligrams per liter of wastewater the adsorption of 
cadmium plateaued. So, the GO/ZnO structure had 
seen as an adsorbent with moderate efficiency that 
absorbs a few amounts of cadmium at low levels 
and then remains constant. Even added silica to 
adsorbent structure did not change their ability to 
adsorb cadmium. The existence of 20 milligrams 
of adsorbent with silica could adsorb 25.9 % of 
cadmium that didn’t have noticeable difference by 
the first type of adsorbent.  so, it seems that not 
only silica isn’t be adsorbing factor of cadmium 
in wastewater, but also due to steric hindrance 
of cadmium ions with atomic number of 48, 
adsorption of this heavy metal is based on surface 
of nanostructure that most of the time adsorption  
quantities overmatch by steric competition on 
adsorbent surface by increasing of adsorbent 
concentration. Also in 50 milligrams of adsorbent, 
the quantity of adsorption reaches 33.2% that it 
is 42 percent more cadmium adsorption than the 
case of silica absence. The results illustrated in 

Figure (9).
	 According to Figure (9), it showed that the 
existence of silica nanoparticles in the GO/ZnO 
structure in order to more cadmium adsorption act 
slowly and somewhat increases the adsorption. 
Similar results with about double improvement 
obtained that represents the strong effect of pH 
on the adsorption process. For this number of pH, 
20 milligrams GO/ZnO/SiO2   ،adsorbed 47% of 
cadmium from wastewater and by increasing in 
adsorbent concentration, the adsorption trends up 
insignificantly. Moreover, silica in the structure 
didn’t change the adsorption rate noticeable. 
Figure (10) demonstrates the effect of pH in 
different concentrations of the second type of 
adsorbent and it represents that in all quantities 
of GO/ZnO/SiO2   adsorption yield is better in pH 
of 6 than 5, in a way that in high concentration of 
adsorbent 66% and in its lower concentration 89% 
improvement is seen. Therefore, adsorption gets 
better in the lower concentrations of adsorbent and 
changes the pH number makes it double.

4. Conclusions
The most important parameter in absorbing heavy

Fig. 8. Comparison of the pH effect on Ni adsorption by the different quantity of adsorbent GO/ZnO/SiO2 
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metals in industrial wastewaters that contain a 
high concentration of metals is the acidity of the 
wastewater. The results of this experiment have 
shown that metals often exist in wastewater as 
ions, in which their interactions are controlled by 
the acidity of the wastewater. The metal cations in 
acidic environments are repelled by the cations in 
the solution, and hence their effects are converged. 
Under these circumstances, the adsorption 
processes are emulative and hence the adsorption 
efficiency diminishes [11]. Hence, one would be 
able to enhance the efficiency by adjusting pH, 
that is a function of metal ions in the wastewater. 
However, it must be considered that both basic and 
acidic environments are negatively affecting the 
adsorption efficiency. Hence the type and quantity 
of the existing metals and the adsorbent used can 
affect the adsorption process. In this study, it was 
also observed that the best adsorption process 
takes place at pH of around 6. The effect of silicon 
on the structure of nanocomposite, causes the 
absorbing surface to be positively charged, which 
are inappropriate for heavy metals. The electro-
statically force between anions and cations, at 
increased pH, causes the efficiency of adsorbing 
nickel and cadmium to improve [12]. Additionally, 
the silicon nanostructure used in the adsorbent, 

oddly resulted in higher adsorption in pH of 
6 as compared to pH of 5. Presence of silicon 
significantly increases the adsorption chrome but 
reduces the copper adsorption, and has a neutral 
effect on cadmium adsorption. From this, it can be 
concluded that the adsorption processes depend on 
chemistry of the adsorbs as well as the reaction of 
the existing dissolved metals. Therefore, in order 
to improve the performance of the graphene-
based adsorbents with ZnO, it recommended that 
the heavy metals removed first, then reduced the 
chrome, and nickel using silicon. Also in pH of 
around 6, improves the performance of graphene 
bases to some extent and enhances the efficiency. 
Overall, the graphene-ZnO recommended for pre-
treatment of wastewater by adsorbing heavy metals. 
Afterwards, there is a need for the main treatment 
to reduce the metals to their acceptable limits 
according to the standards. During the initial stages 
of adsorption, several adsorbing sites are available. 
However, as time passes, due to repelling forces 
between the absorbed matter and the dissolved 
molecules, the free sites are hardly usable. It was 
also observed that increasing the concentration of 
metals, causes the absorbing efficiency to drop. 
In lower concentrations the chance of adsorption 
increases and ions are able to react with the 

Fig. 9. Effect of silica within the GO/ZnO adsorbent structure to cadmium adsorption (pH=5)
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adsorbing surface, which improves efficiency.
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Therefore, speciation and determination of arsenic 
in human blood and water samples is very important 
[3]. The toxicity of arsenic compounds is generally 
linked to the soluble inorganic trivalent forms, which 
is controlled by pH. Human exposure assessment in 
workers to arsenic containing substances includes 
short term (recent or acute exposure) and long term 
(chronic exposure) tests that can be performed 
to monitor detoxification efficiencies. Exposure 
of arsenic can lead to progressive peripheral and 
central nervous changes, such as, numbness and 
muscle tenderness. Normal arsenic concentrations 
in blood and urine are typically below 50 µg L−1 
and 7 µg L−1, respectively [4]. Threshold limit value 

Speciation of arsenic (III,V) based on 
methyltrioctylammonium mercaptobenzoate and centrifuging 
dispersive liquid-liquid microextraction in water and blood

1. Introduction
Analytical methods has important role for 
determining hazardous heavy metal in different 
matrixes such as human blood and environmental 
samples. Analytical methods based on 
nanotechnology and ionic liquids was used for 
determination arsenic concentration in the blood, 
urine and serum samples by different instruments 
such as ICP-MS, ET-AAS and HG-AAS [1]. 
Inorganic arsenic compounds are toxic in human 
body but organic arsenic is usually less harmful [2]. 
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A B S T R A C T
A novel analytical method based on centrifuging dispersive 
liquid-liquid microextraction (CD-LLME) procedure for pre-
concentration of As (III) has been developed prior to determine 
by hydride generation atomic absorption spectrometry (HG-
AAS). In this method, 0.1 g of a task specific ionic liquids 
(methyltrioctylammonium 2-mercaptobenzoate; TOMAS; TSIL) 
as the extracting and complexing solvent and acetone as dispersant 
solvent were rapidly added into the water and blood samples at pH 
4.5. The As (V) is simply calculated by difference between total 
concentration and inorganic forms As (III) in liquid samples. By 
optimizing parameters, the enrichment factor (EF) was obtained 
9.8 and 49.6 for blood and water samples, respectively. The limit of 
detection (LOD) of 22.4 ngL-1 and 4.3 ngL-1 were achieved for 10 
mL and 50 mL of As(III) in blood and water samples, respectively 
(RSD<%5). The real samples were validated by certified reference 
material (CRM) by proposed procedure. 
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(TLV) of arsenic concentration in human blood is 
less than 2.5 μg dL-1 [5].  
	 So, the sensitive analytical techniques, such as; 
high performance liquid chromatography coupled 
to inductively coupled plasma mass spectrometry 
(HPLC-ICP-MS)[6], inductively coupled plasma 
atomic emission spectrometry (ICP-AES)[7], 
Cold vapor/hydride generation atomic absorption 
spectrometry (HG-AAS)[8], hydride generation 
and atomic fluorescence spectrometry (HGAFS)[9] 
and electro-thermal atomic absorption spectrometry 
(ET-AAS)[10]. Gas Chromatography-Inductively 
Coupled Plasma-Mass Spectrometry (GC-ICP-MS) 
or Ion Chromatography Coupled to inductively 
coupled plasma mass spectrometry (IC- ICP-MS) 
was required for determination and speciation of 
arsenic in blood and water samples. Among them, 
HG-AAS is a conversional instrument which was 
widely used for arsenic determination in human 
biological samples and waters. But, sample 
preparation was needed for preconcentration and 
separation ions from real samples before using 
analytical techniques. The ionic liquids (ILs) 
as green solvent were used for separation and 
determination metals in liquid phases. The different 
hydrophobic/hydrophilic ILs can be extracted 
ions from waters with ligand by spectrometry 
methods [11-14]. The cadmium, chromium and 
mercury were removed from water samples by 
TSILs. The sample preparation procedures based 
on ionic liquids (ILs) was used for this purposed. 
Recently, the liquid–liquid extraction (LLE)[15], 
cluod point extraction (IL-CPE)[16], ionic liquid 
based on solid phase extraction (IL-SPE) [17] was 
reported by previous papers. Arsenic speciation and 
determination by GC-ICP-MS or IC- ICP-MS were 
too much expensive. On the other hands, the arsenic 
speciation with conversional instruments needs 
to prepare difficult samples at low time. In this 
study, a new analytical method based on TOMAS 
(C32H59NO2S) was used for arsenic speciation in 
water and human blood samples by CD-LLME 
procedure. Based on results, many advantages such 
as, low time, efficient extraction and high recovery 
were obtained.

2. Experimental
2.1. Apparatus
The experiments were performed using a GBC-932
atomic absorption spectrometer equipped with a
cold vapor/hydride generation module (HG3000-
AAS -AUS). The operating parameters for the
metal of interest were set as recommended by the
manufacturer. Mercury and arsenic determined
by HGAAS respectively. Arsenic hollow cathode
lamp based on 8 mA, 193.7 nm and the spectral
bandwidth of 1 nm was used. The pH values of
the solutions were measured by a digital pH meter
(Metrohm 744). In all analysis the deuterium
background correction was turn on (Table 1). The
instrumental calibration curve was linear between
0.5 –30 μg L−1. All containers (quartz crucibles,
plastic tubes) were cleaned with detergent and
treated successively by the HNO3(2%) and rinsed
with de-ionized water(DW). The pure argon gas
(99.99%) was used as a carrier gas for HGAAS
analysis. The reduced flame was turn on by HG-
AAS.

2.2. Materials
All chemicals of analytical grade such as nitric 
acid, hydrochloric acid, Polyoxyethylene octyl 
phenyl ether (TX-100), sodium acetate, sodium 
hydroxide, and sodium borohydride (NaBH4) were 
from Merck Germany. Reducing agents (aqueous 
solution of 0.6% sodium borohydride in 0.5% 
sodium hydroxide) were prepared freshly and 
filtered before use. Arsenic  standard solutions were 
prepared from a stock solution of 1000 mg L−1 as 
ultra-trace in 2% nitric acid from Fluka Switzerland 
(No; 39436). Working standard solutions were 
prepared by dilution of stock and intermediate 
standards. Buffer solutions were prepared from 
1-2 mol L−1 sodium acetate and acetic acid for pH=
3-7.  Ultrapure water was obtained from a Water
System of Iranian research Institute of Petroleum
Industry (Millipore RIPI). Alderich. The TSIL,
Ethyltrioctylammonium 2-mercaptobenzoate or
Trioctylmethylammonium thiosalicylate (TOMAS,
CAS Number 1027004-61-0) was purchased from
Sigma Aldrich.
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2.3. Sampling
 For sampling, the clean glass tubes and container 
were purchased from Iranian company. The 10 
mL of human blood samples were collected from 
industrial factory of Iran. For sampling, all glass 
tubes were washed with a 0.5 mol L-1 HNO3 
solution for at least 24 h and thoroughly rinsed 10 
times with ultrapure water (UPW) before using. 
As concentrations of arsenic in blood / serum are 
very low, even minor contamination at any stage of 
sampling, sample storage and handling, or analysis 
has the potential to affect the accuracy of the 
results. For analysis in blood 10 μL, pure heparin 
(free metals) is added to a 10 mL blood sample. 
The human blood sample was maintained at –20 °C 
in a cleaned glass tube. The water prepared in 250 
mL of polyethylene bottle (PEB) based on ASTM 
for sampling and storage by acidifying.

2.4. General procedure
The developed method based on centrifuging 
dispersive liquid-liquid microextraction (CD-
LLME) was used for arsenic speciation in human 
blood and water samples at pH=4.5. By proposed 
procedure, the concentrations of As (III, V) in 
range of 1-5.8 µg L-1 were determined by HG-AAS 
in human blood and water samples. As (III) can be 
extracted with TOMAS in liquid phase without any 
chelating agent at optimized pH. Flame condition 
tuned based on 1.2 L min-1 of fuel with low air 
flowrate for As by HG-AAS. By CD-LLME 
procedure, 0.12 g of TOMAS diluted with 0.2 mL 
of acetone and injected into 10 mL of blood and 
standard samples which was included the arsenic 

concentration of 1-5.8 µg L-1. Then, the pH was 
adjusted to 4.5 with buffer solution, shaking for 
5 min and then transferred to a centrifuge tube. 
Arsenic (III) was complexed with TSIL (As-
TOMAS) and then, the TSIL were separated from 
liquid phase by centrifuging of turbid solution at 3 
min with 3500 rpm. The upper phase of TOMAS, 
with olive green color layer, was removed with a 
transfer pipette to PEB (5 mL). The As(III) was 
back-extracted from TOMATS at acidic pH by 
0.5 mL of hydrochloric acid solution (2 M) which  
was shaken for 1.0 min and diluted with ultrapure 
water up to 1mL. Then, the TOMAS phase was 
removed by centrifuging and pipette and aqueous 
phase was determined by HG-AAS. The same 
procedure was done on sample blank for water and 
human serum/blood samples without As(III,V). 
Finally, the As (V) was reduced to As (III) with 
KI (1M) and ascorbic acid, the total arsenic (TAs) 
was determined. In addition, the concentration of 
As (V) was calculated by subtracting the content of 
As (III) from total arsenic content. The extraction 
conditions based on TOMAS were explained in 
Table 2.

3. Results and Discussion
In proposed method, for increasing higher 
sensitivity, selectivity and precision, of  determining 
and speciation arsenic (As) in blood and water 
samples, we studied and optimized thoroughly, 
the effect of the main parameters, like the type of 
disperser and extraction solvent, sample volume, 
sample acidity, amount of TOMAS as chelating 
agent, and extraction time. 
Human sampling based on ethical rules was 
confirmed by the Ethical Committee of Islamic 
Azad University, Tehran Medical Sciences  
(Ethical Code: R.IAU.PS.REC.1399.106)

Table 1. Instrumental Conditions for arsenic 
Parameter Arsenic

Wavelength (nm) 193.7

Lamp current (mA) 8.0

Slit (nm) 1.0

LOD (µg L-1) 0.22
Linear Range  (µg L-1) 0.5-58

Mode Peak area

Fig. 1. The schema of TSIL (TOMAS)



42 Analytical Methods in Environmental Chemistry Journal; Vol. 2 (2019)

metal hydride is formed and then passed through 
a gas-liquid separator where the hydride vapor is 
removed from the bulk liquid using an inert carrier 
gas. The hydride is then fed into a fused quartz 
absorption cell. For arsenic determination the cell 
is mounted over a burner and heated by an air-
acetylene flame (HGAAS). Flame conditions were 
with 1.2 Lmin-1 fuel and minimum flow air. 

3.2. Effect of pH range
The complexation phenomenon is strongly 
conditioned by the pH of solutions and subsequently 
affects the extraction efficiency of the As(III) by 
complexing of TOMAS. As previously research, 
ionic liquids such as TOMAS was decomposed in 
lower pH (less than pH=3). Therefore, the effect of 
pH was studied and evaluated in the pH range of 3 
–11 as a lower limit of quantification (LLOQ) and 
upper limit of quantification (ULOQ) for 0.05-5.0 
μg L−1 for As(III). The results show that the high 
extraction efficiency for As (III) were achieved in 
pH=4.5 and As(V) had no extraction in optimized 
pH (less than 5%). So, the procedure was applied 
to speciation of arsenic in water and blood samples 
(Fig. 2).

3.1. Instrumental 
The repeatability of results was investigated for 
speciation and determination arsenic in blood 
and water samples by hydride generation atomic 
absorption spectrometer (HGAAS) in present of 
flame. After mixing reagents and samples, the 
mixture solution moved to reaction coil where the 

Fig. 2. The effect of pH on As(III) extraction based on TOMAS by CD-LLME method

Table 2. The extraction conditions of As(III) based on 
TOMAS by CD-LLME method 
Features (Human blood) Value As   

Mean RSD% (blood, n=10) 3.2

LOD of CD-LLME(blood, μg L-1) 0.022 

Enrichment factor(blood) 9.8

Volume of blood (mL) 10

Linear range of blood, PA (μgL-1) 0.05 –5.9

Correlation coefficient of DLLME R = 0.9965

Features (Water) Value As   

Mean RSD% (water, n=10) 2.8

LOD of CD-LLME(water, μg L-1) 0.004 

Enrichment factor(water) 48.6

Volume of water(mL)
Linear range of water, PA (μgL-1)

50
0.01-1.1

Correlation coefficient of DLLME R = 0.9983
PA = Peak Area
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3.3. Optimization of amount of TSIL and 
extraction time
The variation of extraction efficiency upon 
TOMAS amount as TSIL was examined within 
the range of 0.02-0.2 g for arsenic concentration 
from 0.05 to 5.0 μg L−1 in blood samples. It was 
observed that the extraction efficiency of the 
system was remarkably affected by the TSIL 
amount. Quantitative extraction of As(III) based 
on TOMAS was observed more than 0.08 g and 
0.1 g for 10 mL and 50 mL of blood and water 
samples, respectively. So, 0.12 g of TOMAS was 
selected as optimum amount of TSIL for arsenic 
speciation in both samples (Fig.3). Triton X-100, 
an emulsifier and anti-sticking agent, was added 
to the solution in order to raise the efficiency of 
the extraction procedure. After added TX-100 [1% 
(w/v)] the quantitative extraction was observed 
for arsenic by TOMAS in human blood samples. 
The effectiveness of As(III) extraction under the 
influence of shaking and centrifugation time was 
studied. The different shaking and centrifuging 
times (3500rpm) were studied and optimized by 
CD-LLME procedure. The results showed us, the

5.0 min of shaking and 3.0 min of centrifuging had 
efficient extraction for proposed method.

3.4. Effect of sample volume
Sample volume is one of the most important 
parameter to be studied when real samples are 
analyzed by a pre-concentration technique, 
since it conditions the sensitivity enhancement 
of the method. The effect of sample volume was 
examined in a range of 1–100 mL for 5.0 μg L−1 and 
1.0 μg L−1 As(III) ions in blood and water samples, 
respectively. It was found that the As(III) could 
be quantitatively extracted in blood samples for 
12 mL of the sample solution. At higher a volume 
the recoveries are decreased. It was also noticed 
that higher sample volumes partially solubilized 
the TOMAS in liquid phase and lead to non-
reproducible results. Therefore sample volume of 
10 mL was selected for further experiments for 
human blood samples. Also, the results showed, the 
As(III) was efficient extracted based on TOMAS 
in 60 mL of water samples. So, 50 mL of water 
samples selected for further study (Fig. 4). 

Fig. 3. The effect of amount of TOMAS on As(III) extraction by CD-LLME method
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3.5. Interferences study.
TOMAS is a TSIL with thiol (HS) group 
which was acted as a chelating agent for many 
transition metals. Thus, for extraction of As(III) 
with TOMAS, the interferences coexisting ions  
such as mercury, lead, copper, zinc, vanadium, 
and silver should be considered. The effect of 
potential interfere occurring in blood and water 
samples on the determination of As(III) were 
tested in optimized conditions by CD-LLME 
procedure. The extraction recovery of TOMAS 
for 0.05-5.9 μg L−1 and 0.01-1.0 μg L−1 of 
As(III,V) was tested in blood and water samples 
with individual ions interferences. The results 
showed that many ions could be tolerated up to 
at least 1-3 mg L−1. Mercury and silver had low 
tolerated up to at least 80-400 μg L−1 by using 
TOMAS in water and blood samples. High 
concentrations of alkali metals, alkaline earth 
metals, CO3

2- and PO4
3- which are usually found 

in blood samples, were tested by 0.5-1.0 mg 
L−1 and did not effect on extraction recovery of 
As(III) by CD-LLME procedure (Table 3). 

3.6. Method validation 
For validation of proposed method, 10 mL and 

Fig. 4. The effect of sample volume for As(III) extraction by CD-LLME method

Table 3. The effect of interferences coexisting ions on 
extraction of As(III) in human blood and water samples by 
CD-LLME method

Interfering  Ions in blood(M)
Mean ratio 
(C M/C As(III))

Recovery 
(%)

  As(III)   As(III) 

Cr3+,  Al3+,  Mn2+, Cd2+, V3+,  Pb2+ 750 98.8
Zn2+, Cu2+,  Ni2+, Co2+  , Mo2+ 500 95.9
I- , Br-, F-, Cl- 1000 98.5
Na+, K+, ,Ca2+, Mg2+ 900 99.1
CO3

2-,  PO4
3-, HCO3- 700 96.7

Ag+ 300 98.2
Hg2+ 80 96.6
NO3- , SO4

2- 800 97.5

Interfering  Ions in water (M)
Mean ratio 
(C M/C As(III))

Recovery 
(%)

  As(III)   As(III) 

Cr3+,  Al3+,  Mn2+, Cd2+, V3+,  Pb2+ 900 97.7
Zn2+, Cu2+,  Ni2+, Co2+  , Mo2+ 650 97.2
I- , Br-, F-, Cl- 1200 97.4
Na+, K+, ,Ca2+, Mg2+ 1000 98.6
CO3

2-,  PO4
3-, HCO3- 950 96.6

Ag+ 400 99.2
Hg2+ 150 97.3
NO3- , SO4

2- 1000 98.1
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50 mL of blood and water samples were used. 
Results showed that there are no interferences from 
major consistent of blood samples, therefore we 
have explored the feasibility of the methodology 
using proposed method for the determination of 
As(III) ions in different matrices. Validation of the 
methodology was performed by standard reference 
material (NIST SRM 2670) with certified values 
for arsenic speciation (Table 4). Also, the spiked of 
standard arsenic solutions with real human blood 
and water samples were done to demonstrate the 
reliability of the method for determination and 
speciation of As (III) and As (V) (Table 5). In 
addition, the ability of different methods compared 
to CD-LLME method in Table 6. The TOMAS 
based on CD-LLME-HGAAS technique can be 
used for determination and speciation of arsenic 
(As3+, As5+) in human samples as compared to 
HG-AAS or ET-AAS (project Ethical Code: 
R.IAU.PS.REC.1399.106). 

3.7. Comparing to other methods 
The figures of merit of the CD-LLME method 
compared to the alternative methods for arsenic 
speciation (III, V) in different matrixes (Table 7). 
Recently, the different techniques for extraction/
separation/detemination arsenic spcies in human 
biological fluids and waters have been reported. 
Some techniques such as dispersive liquid–liquid 
microextraction (DLLME), cloud point extraction, 
and solid phase extraction have already used 
for extraction and speciation arsenic [18-21]. In 
this work, the TSIL (TOMAS) based CD-LLME 
combined with CV-AAS for speciation and 
determination of As (II, V) in human blood and 
water samples. The LOD, RSD and linear range 
values compared to other published method. Wen 
et al. used cloud point extraction with ICP-optical 
emission spectrometry for speciation of AS (III, 
V) with LOD of 0.72 and RSD of 3.5 which was
higher than CD-LLME procedure [18]. Based on

Table 5. Evaluation of accuracy and precision of results in human blood and water samples by spiking of arsenic 
standard (III, V) based on CD-LLME method

Sample
Added Found a Recovery (%)

As(III) As(V) As(III) As(V) Total As As(III) As(V) Total As
CRM* ------- ------- 2.45 ± 0.14 1.42 ± 0.11 3.87± 0.21 98.0 94.6 96.7

2.0 ------- 4.41 ± 0.23 1.44 ± 0.12 5.85± 0.28 98.1 ------- 99.0
------- 1.5 2.43 ± 0.15 2.95 ± 0.16 5.38± 0.25 ------- 102 100.6

Water ------- ------- 0.88 ± 0.04 0.59 ± 0.02 1.47 ± 0.07 ------- ------- -------
1.0 ------- 1.85 ± 0.09 0.61 ± 0.03 2.46 ± 0.13 97.0 ------- 98.8

------- 0.5 0.87 ± 0.05 1.07 ± 0.05 1.94 ± 0.11 ------- 95.7 94.5
Blood ------- ------- 1.77± 0.08 ND 1.77± 0.08 ------- ------- -------

1.5 ------- 3.24± 0.14 ND 3.24± 0.14 98.0 ------- 98.0
------- 1.5 1.74± 0.08 1.48± 0.07 3.22± 0.18 ------- 98.6 96.5

Urine ------- ------- 1.15± 0.06 1.06± 0.05 2.21± 0.11 ------- ------- -------
1.0 ------- 2.17± 0.08 1.02± 0.05 3.19± 0.15 102 ------- 97.9

------- 1.0 1.13± 0.05 2.03± 0.10 3.16± 0.16 ------- 97.0 95.0
aMean value ± standard deviation based on three replicate measurements
*NIST SRM 2670, arsenic in frozen dried urine, pH 4.5,-20oC

Table 4. Validation of the methodology was performed by standard reference material (NIST SRM 2670)
Recovery 

As(V)
Recovery 

As(III)
Found a

As(V)
Found a 

As(III)As(V) As(III)SRM

96.6%100.8 %1.45 ± 0.112.52 ± 0.181.50 ± 0.22.50 ± 0.2Urine b

-----95.7%-----1.98 ±  0.12-----2.07 ±  0.63Blood C

a Mean value ± standard deviation based on three replicate measurements
bNIST, SRM 2670, arsenic in frozen dried urine, pH 4.0 ,-20oC
C NIST, SRM 955c, Caprine Blood, Level 1
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Table 7, the sensitivity of the developed method is 
similar to other reported methods. The linear range 
was perfectly adequate for the analyzed human 
blood samples. Lower LOD values are related with 
higher sensitivity of proposed method which was 
used in this study. Also, some methods have higher 
PF that analyzed by ICP in water or human blood 
samples with large sample volume. TSIL (TOMAS) 
based CD-LLME combined with CV-AAS showed 
a rapid and easy extraction and speciation of As 
(III,V) using a user-friendly instruments. 

4. Conclusions
The procedure here studied takes advantage of
the combination of a very simple, reliable way of
pre-concentrating in sea water and blood samples
for arsenic determination and speciation with
the sensitive TOMAS@HG-AAS technique.
The increase in sensitivity resulting of sample
pre-concentration,  good sample frequency and

possibility of speciation of As (III), As (V) forms 
of these analytes, means the procedure can be 
considered an alternative to high-performance 
liquid chromatography (HPLC) in combination 
with inductively coupled plasma mass spectrometry 
(ICP-MS) , Ion Chromatography Coupled to 
inductively coupled plasma mass spectrometry (IC- 
ICP-MS) and ICP-MS. The results showed that 
the quantitative extraction (QE) and enrichment 
factor (EF) for water samples were more than 
95% and 49.6, respectively (RSD<5%). Linear 
range of arsenic in blood and water samples was 
obtained 0.05 –5.9 and 0.01-1.1μgL-1, respectively 
by CD-LLME method. By proposed procedures, 
the satisfactory results of ultra-trace analysis for 
arsenic species in blood and water  samples were 
achieved. 
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Table 6. Comparing of different techniques with CD-LLME method for determination and speciation of arsenic (III, 
V) in real samples

LC-MS/MS*CD-LLME/HG-AAS*HG-AAS*SampleAs species   

0.296 ± 0.0120.304 ± 0.016-----As (V)Water

0.201 ± 0.0080.197 ± 0.011----- As (III)

± 0.015 0.497± 0.024 0.501± 0.027 0.485Total

0.844 ± 0.0320.865 ± 0.043-----As(V)Blood

2.702 ± 0.0962.641 ± 0.127-----As (III)

3.546 ± 0.1213.486 ± 0.1663.317 ± 0.175 Total
*Mean value ± standard deviation based on three replicate measurements (N=5, P= 0.95)

Table 7. Comparison of the published methods with the proposed method in this work
ReferencesRSD%DL*LR*MatrixesSeparationMethod

[18]3.50.722-50Snow waterAPDC-CPE bICP-OES a

[19]8.00.121-50Hair waterHF-LPMECETAAS
[20]2.980.811-2000wine1-octyl-3-methylimidazolium chloride(IL)LC-HG-AFSD

[21]4.0- 5.70.03-0.050.1-50plasma urineDDTP -CLLMEHET-AAS
This work3.20.0220.05 – 5.9BloodTOMAS- CD-LLME HGAAS
This work2.80.0040.01 –1.1WaterTOMAS/ CD-LLMEHGAAS

* Linear rang (LR, μg L−1); Detection limit (DL, μg L−1)
a inductively plasma-optical emission spectrometry(ICP-OES)
b Ammonium 1-pyrrolidinedithiocarbamate(APDC) - Cloud point extraction (CPE)
C Hollow fiber liquid phase microextraction combined
D liquid chromatography - hydride generation atomic fluorescence spectrometry
H Diethyldithiophosphoric acid (DDTP)-Centrifuging liquid-liquid  microextractio
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1. Introduction
Heavy metal is important factor must be controlled
in environmental air and patients. There are some
heavy metals with toxic effects such as mercury,
cadmium, nickel, vanadium, arsenic, lead and
aluminum which have no known beneficial effect
on organisms. Mercury has been documented to
cause autoimmune and neurological diseases.
Mercury simply vaporizes at room temperature
and easily enters to the environment and human

lungs.  High concentration of mercury vapors in 
work place air can accumulate in human tissues 
as compared to non- occupationally exposed 
individuals. Adverse health effects of this exposure 
including subtle neurological side-effects have 
also been well documented in most Petrochemical 
workers even at the lowest levels of exposure; 
consequently, measurement of mercury and methyl 
mercury in blood, urine, hair and air briefing seems 
to be important [1-7]. Chlor-alkali workers are 
mostly exposed through breathing air of mercury 
vapors which was released from electrochemical 
system to human body such as lungs and skin. 
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A B S T R A C T
Mercury as a toxic heavy metal is important factor must be determined 
and controlled in work place air and human biological samples. It should 
be mentioned that, mercury (Hg) get distinguished from other toxic 
environment pollutants, due to their non-biodegradability which accumulate 
in living tissues of human body. By NIOSH method, the briefing work place 
air of worker was measured by flow injection cold vapor atomic absorption 
spectrometry (FI-CV-AAS). For separation and preconcentration mercury 
from blood/urine samples, a new procedure based on benzyl 1H-pyrrole-
1-carbodithioate  (BPDC; C12H11NS2) was used by ultrasonic liquid-liquid
micro-extraction (ULLME) coupled with cold vapor atomic absorption
spectroscopy (CV-AAS). The influences of various analytical parameters
including pH, BPDC concentration, sample volume and ionic liquid volume
were investigated. The quantitative recoveries and enrichment factor were
obtained more than 95% and 9.8, respectively at pH=7. The detection of limit
(LOD) and detection of quantification (LOQ) of mercury were 30 ng L-1 and
0.1 μg L-1 respectively. In order to calculate the validation and accuracy of
proposed method, the certified reference materials (NIST, CRM 3133 Lot
061204) was used and analyzed by ULLME-CVAAS. So, proposed method
had good potential for preparation and preconcentration mercury in human
blood / urine samples of worker and workplace air before analysis.
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Family members of these workers may also become 
exposed to mercury through personnel’s clothes 
contaminated with mercury particles. Ingested 
metallic mercury enters the body through the 
stomach or intestines but even in large amounts very 
little enters the body. On the other hand, breathing 
mercury vapors results in direct absorption of 
most it (about 80%) from the lungs which rapidly 
moved to other organs, including the brain and 
kidneys. Mercury get distinguished from other 
toxic pollutants due to their non-biodegradability 
can accumulate in living tissues of human body. 
Even a very small amount of them can cause severe 
physiological or neurological damage to the human 
body [8-14]. The concentration of mercury vapor 
in air reported by occupational safety and health 
administration guidelines (OSHA, 0.1 mg m-3). 
In addition, national institute for occupational 
safety and health (NIOSH) has established a 
recommended exposure limit for mercury vapor 
of 0.05 mg m-3 for up to an 8-hour workday and 
a 40-hour workweek. American conference of 
governmental industrial hygienists (ACGIH) has 
assigned mercury vapor a threshold limit value of 
0.025 mg m-3 for a normal eight-hour workday and 
a 40-hour work week .Mercury levels in blood can 
be used to help diagnose recent mercury exposure 
and to evaluate patient response to chelation 
therapy. Normal mercury concentration in human 
blood/urine is less than 10-20 μg L-1 [15-19]. Many 
analytical methods such as atomic fluorescence 
spectrometry [20-24] high-performance liquid 
chromatography [25] Gas-chromatographic [26] 
plasma mass spectrometry [27] high-performance 
liquid chromatography on-line coupled with 
cold-vapor atomic fluorescence spectrometry 
[28, 29] gas chromatography-mass spectrometry 
[30] ion chromatography using photo-induced
chemical vapor generation atomic fluorescence
spectrometric detection [31] ion chromatography
coupled with ICP-MS [32] liquid chromatography
hyphenated to cold vapor atomic fluorescence
spectrometry [33] UV–Vis spectrophotometric
[34] were used for mercury spices determination.
Samples preparation and preconcentration before

analysis is an important factor for determination 
of pollutants in different matrixes. Recently, 
the various methods for the preparation and 
preconcentration of mercury compounds, including 
solid phase extraction (SPE) [35-43], gold trap 
[44], ionic liquid-based dispersive liquid-liquid 
microextraction (IL-DLLME) [45, 46], cloud 
point extraction (CPE) [47,48], electromembrane 
extraction [34], dispersive solid phase micro-
extraction [49], single-drop microextraction [50], 
and Liquid–liquid extraction (LLE) [51], were 
reported. Since 2010, the DLLME method has 
been used for extraction and/or preconcentration of 
different analytes from aqueous samples [52, 53]. 
By DLLME method, extraction solvent such as ionic 
liquids, liquid phase (sample) and disperser solvent 
(acetone) was used [54]. The DLLME procedure 
has many advantages including simple, rapid, low 
time and cost, and efficient extraction. The green 
analysis such as, decrease solvent volume and less 
waste generation due to preparation and analysis 
samples was achieved [53-54].  In this study, the 
mercury concentration in human blood and urine 
samples based on BPDC –IL was determined by 
FI-CVAAS after ULLME procedure in 50 samples. 
In addition, 50 briefing air based on Hopcalite was 
analyzed by NIOSH method (6009). 

2. Experimental
2.1. Apparatus
The experiments were performed using the flow
injection cold vapor atomic absorption spectrometer 
(FI-CVAAS, GBC – 932, 3000, Australia). All
containers (quartz crucibles, plastic tubes) were
cleaned with detergent and treated successively by
the hydrochloric acid and rinsed with de-ionized
water. Microwave digestions were carried out with
a multi-wave 3000 (Anton Paar, 100 mL, 20 bars;
Austria). The pure argon gas (99.99%) was used
as a carrier gas for CV-AAS analysis and the pH
values of the solutions were measured by a digital
pH meter (Metrohm 744). Personal sampling pump, 
Sampler (glass tube, 7 cm long, 6-mm OD, 4 mm
ID, flame sealed ends with plastic caps containing
one section of 200 mg Hopcalite held in place by
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glass wool plugs (SKC, Inc., Cat. Num. 226-17-
1A, or equivalent) and BOD bottle were used for 
collection of air and blood/urine in the industrial 
factory respectively. 

2.2. Reagents and Materials
 	All chemicals of analytical reagent grade such as 
nitric acid, hydrochloric acid, benzyl 1H-pyrrole-1-
carbodithioate (BPDC; C12H11NS2) (CAS no 60795-
38-2), Polyoxyethylene octyl phenyl ether (TX-
100), and sodium borohydride (NaBH4) were from
Merck Germany. Mercury standard solutions were
prepared from a stock solution of 1000 mg L-1 in 1%
nitric acid from Fluka Switzerland. Reducing agents 
(aqueous solution of 0.6% sodium borohydride in
0.5% sodium hydroxide) were prepared freshly
and filtered before use.  Ionic liquid (1-butyl-3-
methylimidazolium hexafluorophosphate; [BMIM]
[PF6]; C8H15F6N2P) (1-Ethyl-3-methylimidazolium
hexafluorophosphate ;[EMIM][PF6]; C6H11F6N2P )
(Trimethyl imidazolium hexafluorophosphate ;
[DMMIm][PF6]) was purchased from Sigma
Aldrich. Buffer solutions were prepared from 2-1
mol L−1 sodium acetate and acetic acid for pH=
3-7. Ultrapure water was prepared from Millipore
(Germany).

2.3. Sampling
For sampling, all glass tubes (sampling vessel) 
were washed with a 1 moL L-1 HNO3/HCl solution 
for at least 24 h and rinsed 10 times with DW before 
using. Due to low mercury concentrations in whole 
blood/urine, even minor contamination at any 
stage of sampling, sample storage and handling, or 
analysis has the potential to effect on the accuracy 
of the results. 10 mL blood and 100 mL urine 
samples were collected from factory workers and 
healthy matched controls (20-55 years), living in 
Abadan (IRAN). For analysis of 45 blood samples, 
5 microliter of heparin (free metals) was added. 
The human blood and urine sample was maintained 
at –20 °C in a cleaned glass tube. 

45 air samples were collected in an employee’s 
breathing zone according to 6009 NIOSH 
analytical method. Each personal sampling pump 

was calibrated with a representative sampler and 
the end of sampler was broken immediately prior 
to sampling. Samplers were attached to the pumps 
with flexible tubing and air was collected at a rate 
of 200 to 300 mL min-1.

2.4. General procedure 
In this research, human blood and urine and 
briefing air samples of factory workers were 
studied. The determination of mercury in blood/
urine and air was carried out using a flow injection 
cold vapor atomic absorption spectrometry 
system after sample treatment according to the 
ULLME procedure. Based on procedure, the 
BPDC as complexing agent was added to human 
samples and mercury extracted by ULLME as 
a new mode of liquid phase extraction with high 
recovery and extraction efficiency. In this work, 
0.5 mL of 2% (w/v) BPDC solution was prepared 
and added to 10 mL of blood and urine samples 
and pH was adjusted to 7 with buffer solution in 
a centrifuge tube. Then, 0.2 g of different IL was 
added to the mixtures and they were shaken with 
a vortex apparatus for 5 min. Mercury (HgII) was 
complexed and pre-concentrated as Hg-BPDC-IL 
([BMIM][PF6]). The phases were separated by 
centrifuging of turbid solution at 4 min with 3500 
rpm. After separation of ionic liquid from liquid 
phase, the remained solution (Hg-BPDC-IL) was 
back extracted with nitric acid (0.5 M, 0.5 mL) and 
the mercury concentration in blood/urine samples 
was determined by FI-CV-AAS (Fig 1).
	 Air samplers were capped and pack securely 
for shipment. Based on NIOSH procedure, the 
Hopcalite sorbent and the front glass wool plug 
from each sampler were placed in separate 50-ml 
volumetric flasks and mixture of 2.5 mL of HNO3/ 
HCl concentration added to volumetric flasks. 
Hopcalite sorbent was dissolved in acids and 
diluted to 50 mL of deionized water (blue color), 
then the mercury concentration was determined 
with FI-CV-AAS.  

3. Results and Discussion
Analytical conditions for mercury determination
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were performed in briefing air and human blood 
and urine samples of chemical factory workers at 
this work. Absorption (S/N) and repeatability of 
the results were investigated for the determination 
mercury by FI-CVAAS. The instrumental and 
extraction conditions are listed in Table 1. Working 
range was between 0.05- 7.1 μg L−1 for samples at 
peak area.
	 The complexation phenomenon is strongly 
conditioned by the pH. The results showed us the 

pH from 5.5 to 7.5 was good recovery for mercury 
extraction by BPDC. So pH=7 selected as favorite 
pH for further analysis in blood samples (Fig 2). 
The minimum BPDC concentration necessary to 
achieve maximum extraction efficiency is 1.4×10-6

moL L-1. So the 15×10-6 moL L-1 was used by 
ULLME procedure (Fig 3). 
	 Different ionic liquids were used by ULLME 
method. Based on Figure 4, maximum extraction 
was occurred by [BMIM][PF6]. The high extraction 
was observed by volume higher than 0.2 mL for 
[BMIM][PF6] (Fig. 4). The effect of sample volume 
was evaluated with different volume of blood and 
urine samples from 1-25 mL and quantitative 
extraction was observed in 10 mL of blood/urine 
sample (Fig. 5).
	 The concentration of Hg(II) based on BPDC as 
ligand was determined by ULLME procedure in 
blood and human samples which was coupled to 
spectrometer of FI-CVAAS. In optimized conditions, 
the means of five times determinations, for Hg 
(II) were obtained by proposed method.  The real
samples were spiked with standard concentration
of Hg(II) in LLOQ and ULOQ of linear range at
pH=7 (Table 1). As validation methodology, the
good accuracy results was achieved by spiking
standard mercury species (0.1-7.0 𝜇g L−1) to human

Fig. 1. Back extraction of Ionic liquid with different acids

Table 1. Instrumental and extraction conditions for 
mercury determination by FI- CVAAS
Instrumental Parameters Mercury

Wavelength (nm) 253.7
Lamp current (mA) 3-4
Spectral bandwidth (nm) 0.5
LOD (μg L-1) 0.2
LOQ (μg L-1) 0.6
Working range(μg L-1) 0.5-70
ULLME method by BPDC Mercury

LOD (μg L-1) 0.015
LOQ (μg L-1) 0.05
Working range (μg L-1) 0.05-7.1
Enrichment Factor 9.8
 Volume sample (mL) 10
Amount of IL (g) 0.2
pH 7
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Fig. 2. Effect of pH on mercury extraction in human blood /urine samples

Fig. 3. Effect of BPDC on mercury extraction in human blood /urine samples

Fig. 4. Effect of sample volume on mercury extraction in human blood /urine samples
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proposed method for determining blood and urine 
mercury was shown by CRM, NIST in Table 2. 
 Also Statistical parameters for determining 
mercury in blood and briefing air sample were 
calculated in Table 3. In addition, the results of 
mercury concentration in blood samples of worker 
and control were shown in Figure 6.

4. Conclusions
Mercury has toxic effect in humans. In high
exposures, observed mostly in occupational
settings, the severity of response correlates with
the duration and intensity of the exposure. Increase
mercury exposure depended on time of working
and volume of air briefing which was determined
based on NIOSH 6009. The results showed us, the
mercury concentration in human blood/urine and
briefing air in workers were higher than control
group. Also, the increasing mercury doses in human
blood and briefing air may be lead to an important
neuropsychological problem in workers. Therefore,
the concentration of mercury in human blood and
briefing air is very important factor that must be

Fig. 5. Effect of ionic liquid on mercury extraction in human blood /urine samples

Table 1. Validation of proposed method for determining 
blood mercury by BPDC (μg L-1)

Recovery 
(%)

Found 
mercury 

Added 
mercury 

Sample

-----2.33± 0.09-----Blood A

96.54.26 ± 0232

98.76.28 ± 0354

-----1.78 ± 0.07-----Blood B

1022..80 ± 0.141

97.53..73 ± 0.182

-----3.12 ± 0.16-----Urine A 

101.55.15 ± 0.282

99.06.09 ± 0.323

-----7.45 ± 0.33-----*Urine B

97.412.32 ± 0.655

99.317.38 ± 0.3210
a Mean of five determinations ± confidence interval (P = 0.95)
• Urine diluted with DW(1::5)

Table 2. Analytical results of mercury determination in certified reference material (CRM)
Analyte CRM Certified Value (μg L-1) Found  (μg L-1) Recovery%

Mercury NIST SRM 3133 Lot 061204 6.50 ± 0.29 6.38 ± 0.33 98.2
Mean value ± standard deviation based on three replicate measurements.

samples. Mercury concentrations in workers have 
higher than threshold limit value (TLV) and all of 
them have almost clinical problem. Validation of 
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controlled and determined in industrial workers. In 
this study the precise and accurate method based 
on BPDC was used for mercury determination 
in blood and urine samples by ULLME coupled 
with FI-CVAAS. The experimental showed, the 
concentration mercury in worker were higher than 
OSHA/ACGHI references.
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1. Introduction high vapor pressure creates a notable amount of the 
molecules to evaporate and release in the air [5, 6]. 
Their health effects on humans are very important, 
these compounds can irritate the respiratory system 
and eyes, cause headaches and nausea, damage the 
kidneys, liver, the central nervous system and even 
in chronic exposure cause cancer [7-10]. Some of 
the major industries producing volatile organic 
compounds include petroleum refineries, chemical 
industries, automotive industries, paint industry, 
pharmaceuticals, cable and wire industries, 
printing, aerospace, textile, etc. [1, 11]. BTEX 
(Benzene, toluene, ethylbenzene, and xylene) are 
the most common VOCs and usually used in the 
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One of the most important issues facing human 
beings today and even endangering their health is 
air pollution. Volatile organic compounds (VOCs) 
are one of the most important pollutants, and 
these compounds are listed as toxic [1, 2]. Global 
warming, ozone depletion, photochemical smog, 
and contributor of haze is the effect of this material 
[3, 4]. The boiling point range of volatile organic 
compounds is from 50 to 250 °C and because of
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A B S T R A C T
Luminescent graphene quantum dots (GQDs) and multi wall carbon 
nanotubes (MWCNTs) as photocatalytic sorbent based on was used for 
removal of toxic ethylbenzene from air in present of UV-radiation. A novel 
method based on solid gas removal (SGR) based on GQDs and MWCNTs 
as an efficient adsorbent was used for ethylbenzene removal from air in 
Robson quartz tubes (RGT). After synthesized and purified of GQDs and 
MWCNTs, a system was designed for generation of ethylbenzene in air 
with difference concentrations, and then the mixture was moved to quartz 
tubes with UV radiation in optimized conditions. The ethylbenzene in 
air was absorbed on the 25 mg of GQDs or MWCNTs, desorbed from 
sorbent at 146oC and determined by GC-FID. The main parameters such 
as, temperature, ethylbenzene concentration, amount of GQDs / MWCNTs 
and flow rate were studied and optimized. The recovery of ethylbenzene 
removal from air (more than 95%) and absorption capacity of adsorbent 
(186.4 mg g-1) were achieved in present of UV radiation at room temperature 
by GQDs. The flow rate and temperature were obtained at 300 mL min-1 
and less than 42 0C, respectively. Based on results, the special surface area 
and favorite porosity of GQDs caused to efficient removal of ethylbenzene 
from air in present of UV as compared to other carbon compounds such as 
MWCNTs, and graphene.
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petrochemical industry and as reagents for the 
synthesis of multiple C-based products [11-13]. 
Among BTEX, ethylbenzene is mainly used in the 
manufacture of styrene. The release of Ethylbenzene 
into the air could be carcinogenic, cause secondary 
aerosol and photochemical smog. Ethylbenzene is a 
colorless liquid that smells like gasoline. The odor 
threshold for ethylbenzene is 2.3 parts per million 
(ppm). The chemical formula for ethylbenzene is 
C8H10, and the molecular weight is 106.16 g mol-1. 
The vapor pressure for ethylbenzene is 9.53 
mm Hg at 25 °C, and its octanol/water partition 
coefficient is 3.13. In petrochemical factories, 
BTEX and mercury vapor released in air and can be 
absorbed in humans via the inhalation and dermal 
routes of exposure. So determination BTEX and 
mercury in air, water and human matrixes is very 
important [14-17]. Previous study reported the 
carcinogenic effects of ethylbenzene in humans. 
EPA has classified ethylbenzene as a Group D, not 
classifiable as to human carcinogenicity. ACGIH 
recommends a TLV-TWA of 100 ppm and STEL/C 
of 125 ppm for ethylbenzene based on irritation 
and central nervous system effects [18-20]. Acute 
(short-term) exposure to ethylbenzene in humans 
results in respiratory effects, such as throat irritation 
and chest constriction, irritation of the eyes, and 
neurological effects such as dizziness. Chronic 
(long-term) exposure to ethylbenzene by inhalation 
in humans has shown conflicting results regarding 
its effects on the blood. Animal studies have 
reported effects on the blood, liver, and kidneys from 
chronic inhalation exposure to ethylbenzene [21-
23]. There are many successful techniques which 
have been developed and applied to control the 
VOCs emission, such as condensation, membrane, 
absorption, adsorption, thermal combustion, 
catalytic, photocatalytic oxidation, non-thermal 
plasma, and biofiltration [24-27]. Photocatalytic 
oxidation (PCO) as the most current generation 
of air cleaning technology has a magnificent 
potential to eliminate vaporous pollutants even at 
low concentrations [28]. Exceptional features of 
this method are operating at ambient temperature 
without notable energy supply, environmentally 

friendly final products (CO2 and H2O), and 
applicable for various pollutants [29]. PCO 
implemented using photocatalyst, ultraviolet (UV) 
light and oxygen to decay chemical pollutants[30]. 
Numerous researchers have reviewed the materials 
for the removal of VOCs [27, 31]. Most sources 
have been reviewed based on a particular kind 
of material, such as TiO2 [32], graphene-based 
materials [33], zinc indium sulfide [34] and silica-
nanosphere-based materials, etc., or concentrating 
on the catalytic oxidation processes in a specific 
condition such as low-temperature, visible light, 
or based on a review of the aspect of different 
VOCs[35].
	 In this study, a novel analytical method based 
on UV- GQDs or UV-MWCNTs was used for 
ethylbenzene removal from air by SGR technology. 
All of important parameter for photocatalytic 
process were optimized and the results validated 
by spiking standard concentration of ethylbenzene 
to real samples. The mixture of ethylbenzene vapor 
in air was generated and storage in polyethylene 
bags and its concentration determined by GC-
MS before moved to quartz tubes. The removal 
efficiencies were calculated in UV- GQDs, GQDs 
and MWCNTS by SGR procedure.

2. Experimental
2.1. Gas Chromatography (GC-FID)
The gas chromatography with flame ionization 
detector (GC-FID) based on air sample loop 
injection was used for ethylbenzene determination 
in gas phase (Agilent GC, 7890A, FID, Netherland). 
Before injection to GC-FID, Slide the plunger 
carrier down and tighten. An air sample introduced 
into the carrier gas by sampling valves which was 
used to sample gases or liquids. Air sampling 
bags were used by valve and septum port (Tedlar, 
Germany). GC with a split injector (200oC), flame 
ionization detector (250°C), and a column with 
methylsiloxane was used. The oven temperature 
was adjusted from 25°C to 250°C which was held 
for 15 min. The carrier gas of hydrogen with flow 
rate of 1.2 mL min-1

–1
were tuned. For batch system, 

the vials (PTFE) with air-tight cap (parker) were 
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prepared. TGS 2180 (China) and Dräger 3500 
(Lübeck, Germany) as gas detectors was used for 
determination of H2O vapor and O2 in air. The 
ethylbenzene was evaporated and mixed with 
purified air at 135oC in chamber. 

2.2. Reagents
The ultra-pure chemicals were purchased from 
Merck and Sigma Aldrich (Germany). The 
Deionized Distilled water (DDW) was prepared 
by (Millipore, CAS 7732-18-5).  The standard 
of ethylbenzene (C₆H₅C₂H₅) was generated 
with ultra-pure air in chamber. The accuracy and 
precision of the pilot was investigated by injecting 
a concentration of ethylbenzene in chamber and 
determination of ethylbenzene in air bags by 
GC-MS before moved to RGT which was filled 
with GQDs or MWCNTs. The high purity of 
ethylbenzene was purchased from Merck (CAS 
N: 100-41-4, EC N: 202-849-4, Germany) and the 
calibration solutions of 0.1, 0.2, 0.5, 1.0, 1.5 and 2.0 
% (v/v) were prepared. The GQDs and MWCNTs 
were synthesized by RIPI. 

2.3. Pilot of gas generation
By pilot design, the purified air was prepared 
based on HEPA filter and activated carbon (HEPA-
AC) with electro air cleaner (EAC, Canada). The 
HEPA-AC removed VOCs and the particles dust 
from 200 to 300 nm. The pure air passed through 

connection of PVC tubes and storage in 1-5 liter 
of bulk bag. After adjusting of H2O, the mixture 
moved to GQDs or MWCNTs in optimized flow 
rate and temperature. All of lines and bags were 
covered with heating jackets capable of controlling 
the temperature up to 70 °C to prevent condensing.

2.4. Synthesis of LGQDs and MWCNTs
High-purity MWCNTs were synthesized by use of 
camphor, an environment-friendly hydrocarbon as 
a carbon source using chemical vapor deposition 
(CVD) method on Co-Mo/MgO Nano-catalysts 
[36]. We prepared GO from graphite adopting a 
modified Hummers’ method [37, 38]. The GO 
was used for synthesizing of GQDs by Dong et al. 
Firstly, the amount of GO was refluxed with HNO3 
(10 M) at 120oC for one day. When the reaction was 
completed the color of solvent darkened. Then, the 
suspension was centrifuged for 15 min after being 
cooled at 25oC. The suspension was collected after 
washing of product with DW and then centrifuged. 
Secondly, the obtained GO was dispersed in 20 
mL DW, heated hydrothermally in a Teflon-lined 
stainless steel at 220oC for 10 hours and centrifuged 
(3500) for 20 min (brown color). So, GQDs were 
obtained in this procedure by green fluorescence 
under 365 nm UV light irradiation [39]. 

2.5 Characteristics
After hydrothermal method for synthesis nano 

Fig. 1b. TEM of MWCNTsFig. 1a. SEM of MWCNTs
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materials, the SEM and TEM images of the 
MWCNTs and GQDs were shown in Figure 1 (a, 
b) and 2(a, b). The surface area and pore size of
GQDs and MWCNTs based on nitrogen adsorption
was evaluated by Brunauer-Emmett-Teller
(BET) method. The surface area and porosity of
the MWCNTs and GQDs, before and after heat
treatment were similar values. Raman spectra of
GQDs and MWCNTs show the G and D bands
that are characteristic for carbon structures. Raman
spectra show quality of nanostructure which was
deepened on IG/ID (Fig. 3). The pore size, length,
BET surface area and textural properties of GQDs
and MWCNTs were shown in Table 1 and 2.

2.6. Removal Procedure
The 25 mg of different GQDs and MWCNTs, 
was used as sorbents for removal of ethylbenzene 
from air in optimized conditions (flow rate 300 
mL min-1, 42 OC). The different concentration 
of ethylbenzene in air (bulk bag) was passed 
through the GQDs and MWCNTs sorbents. After 
efficient adsorption in present of UV radiation, the 
ethylbenzene concentration in air was determined 
by GC-FID. Also, the removal efficiency calculated 
after desorption of ethylbenzene from GQDs and 
MWCNTs by thermal accessory at 150 OC.  For 
sample blank, 1 mL of air in bulk bag was injected 

Fig. 3. Raman spectroscopy of a) GQDs and b) MWCNTs

Fig. 2b. TEM of GQDsFig. 2a. SEM of GQDs

a b
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to injector of GC-FID by Hamilton syringes and the 
concentration of ethylbenzene was determined by 
GC-FID and GC-MS (Agilent 7890A, USA). So, 
SGR procedure based on GQDs can be efficiently 
removed ethylbenzene from air. 

2. Results and Discussion
3.	 1. Optimizing of parameters
In optimized conditions, the adsorption capacity of 
ethylbenzene in an air is the amount of adsorbate 
ethylbenzene (mg) on GQDs sorbent (g). The 
removal efficiency of GQDs is the ratio of removed 
ethylbenzene to initial ethylbenzene concentration 
in air. The removal efficiency and adsorption 
capacity are depended on the important parameters 

such as; kind of sorbent, size of nanoparticles, 
temperature, flow rate, ethylbenzene concentration 
and humidity which were optimized. The effect 
of ethylbenzene concentration was investigated 
by SGR method from 1.0 to 100 ppm. The results 
showed us, high concentration of ethylbenzene, 
based on the GQDs was saturated early graphene 
dot sites. In optimized conditions, the ethylbenzene 
concentration for 25 mg of GQDs and MWCNTs 
was achieved, 4.66 ppm and 2.54 ppm, respectively 
in 25oC (Fig. 4). So, the absorption capacity was 
achieved 186.4 mg g-1 and 102.4 mg g-1, respectively 
(Fig. 5). For ethylbenzene removal from air, the 
effects of humidity on removal efficiency of GQDs 
and MWCNTs were studied between 10% - 70%. 

Table 2. Pore size, length and BET surface area of GQDs and MWCNTs
Carbon Diameter (nm) Length (um) *IG/ID Surface Area (m2/gr)

MWCNT 4-20 8-14 0.77 375

GQDs 3-15 8-12 0.68 346

*(IG/ID): LG band originates from ordered, well-graphitized carbon, D band is the disorder-activated band

Table 1. Textural properties of GQDs and MWCNTs
Carbon SBET

a (m2/g) dsp
b(nm) dlp

c (nm) Vsp
d (cm3/g) Vlp

e(cm3/g) PA (A)

MWCNT 375 5.54 15.08 0.51 1.04 117.52

GQDs 343 4.65 14.17 0.53 0.89 101.18
aBET specific surface area, bdiameter of small pores, cdiameter of large pores, dVolume of small 
pores, eVolume of large pores,  pore Diameter (PA)

Fig. 4. The effect of ethylbenzene concentration on air removal
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The results showed, by increasing of humidity up to 
10%, the removal efficiency wasn’t decreased. The 
temperature has effected on adsorption capacity and 
recovery of GQDs for ethylbenzene removal from 
air. The effect of temperature was studied between 
25─150 OC. The results showed us, the absorption 
efficiency of ethylbenzene by GQDs was achieved 
under 420 oC and desorption was obtained at 
146oC (Fig. 6). In optimized flow rate value, the 
maximum recovery was happened by GQDs by 
SGR procedure. So, the effect of different flow 
rates between 50 to 800 mL min-1 was evaluated 

based on GQDs for ethylbenzene removal from air. 
The results showed, the recovery of removal was 
decreased in more than 350 mL min-1. Therefore, 
300 mL min-1 was selected as optimum flow rate 
(Fig. 7). The inside of quartz tubes was filled with 
GQDs and MWCNTs as a sorbent for ethylbenzene 
removal from air.  Diameter and length of quartz 
tubes and physical and chemical properties of 
GQDs and MWCNTs is important factor for 
adsorption efficiency of ethylbenzene which must 
be optimized. Based on results, 0.3 cm of diameter 
and 5 cm of length selected as optimum column for 

Fig. 6. The effect of temperature on ethylbenzene removal from air by GQDs

Fig. 5. The effect of temperature on absorption capacity for ethylbenzene removal from air by GQDs
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further study. 
3.2. Analyzing and Validation 
The GQDs was selected as a novel sorbent for 
removal of ethylbenzene vapor from air in present 
of UV radiation by SGR method. By procedure, 
a mixture of 1─100 ppm of ethylbenzene in air 
which was generated in chamber was validated 
by GC-MS and then, passed through GQDs. 
After absorption ethylbenzene on GQDs at room 
temperature, the ethylbenzene desorbed from it 
at 146oC and determined by GC-FID. Since, the 
standard reference material (SRM) for ethylbenzene 
in air aren’t available, the standard ethylbenzene 
concentration was generated in a bag (5 Li) by 

chamber and used for validation by spiking of real 
samples (Table 3). 

3.3. Discussion
Fei Yu et al. investigated the removal of TEX from 
aqueous system by the functionalized magnetic 
nanoparticle-carbon nanotubes composites that 
were synthesized, characterized and applied. 
The APCNTs-KOH composites exhibited high 
adsorption capacity for TEX onto APCNTs-KOH 
in a decrease order of ethylbenzene > m-xylene 
> o-xylene > p-xylene > toluene (227.05,138.04, 
63.34, 249.44, and 105.59 mg g-1), which was 
higher than current study [40]. In another research, 

Table 3. Validation of methodology with GC-FID/SGR for ethylbenzene removal from air by UV-GQDs (ppm)
* Bag   GC-MS Added   Ethylbenzene UV-GQDs a Recovery (%)
1.38 ± 0.08 ------ 1.34 ± 0.09 97.1

1.0 2.32 ± 0.12 98.0
5.58± 0.31 ------ 5.51± 0.32 98.7

5.0 10.38 ± 0.47 97.4
10.43 ± 0.44 ------ 10.07 ± 0.52 96.5

10.0 19.96 ± 0.93 98.9
20.65 ± 1.02 ------ 19.89 ± 1.13 96.3

20.0 40.11 ± 2.15 101.1
80.48 ± 3.88 ------ 78.65 ± 4.23 97.7

80.0 157.33 ± 7.86 98.4
a Mean of three determinations ± confidence interval (P = 0.95, n = 5)
* (Air bag; 1-80 ppm in 5 Li bag, 300 mL min-1 air flow rate, Peak Area, 25 mg, T=25oC)

Fig.7 . The effect of flow rate on ethylbenzene removal from air by GQDs
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Natarajan et al. used the biofiltration method for 
the removal of the ethylbenzene-xylene mixture 
while the total inlet loading rate range was 25.408 
g m-3 per hour. The maximum removal capacities 
attained for ethylbenzene and toluene were 85.63 
and 63.2 g m-3 per hour respectively, which was 
lower than our proposed method. The elimination 
capacities were evaluated at different loading rates 
and found to vary in a linear pattern. Based on result 
removal capacities was lower than this study [41]. 
Ye and Ariya used Fe3O4 nanoparticles (NPs) at 
different relative humidities (RH) as adsorption for 
removal of gaseous benzene, toluene, ethylbenzene 
and m-xylene (BTEX) and sulfur dioxide (SO2). 
X-ray diffraction, Brunauer–Emmett–Teller, and 
transmission electron microscopy were deployed 
for nanoparticle surface characterization.  Using 
gas chromatography equipped with flame 
ionization detection, Adsorption experiments of 
BTEX on NPs were measured, which under dry 
conditions indicated high removal efficiencies (up 
to (95 ± 2)%), which are similar to our result [42]. 
Bina et al. used multi-walled, single-walled, and 
hybrid carbon nanotubes (MWCNTs, SWCNTs, 
and HCNTs) for removal of ethylbenzene (EB) 
from aqueous solution. Ethylbenzene has a higher 
adsorption tendency on CNTs so that more than 
98% of it adsorbed in the first 14 min, which is 
related to the low water solubility and the high 
molecular weight. Isotherm’s study indicates 
that the BET isotherm expression provides the 
best fit for ethylbenzene sorption by SWCNTs 
[43]. Kamaei et al. used nitrogen-doped 
commercial TiO2 nano-catalysts for photocatalytic 
decomposition of ethylbenzene in the air using a 
packed-bed annular photoreactor. The removal 
efficiency of ethylbenzene under UV irradiation 
using N-doped catalyst was more than 90% for the 
initial concentrations up to 0.586 gm-3 (135 ppm) 
at 1 min residence time Moreover the removal 
efficiency under visible light radiation could be 
obtained for the initial concentrations up to 0.1 
gm-3 (about 25 ppm) at 3 min residence time, 

which is lower than this article[44]. Hadi et al. used 
nano-magnetic particles (Fe3O4) as an adsorbent to 
eliminate ethylbenzene from aqueous solutions. 
	 The characterization of the adsorbent was 
investigated by transmission electronic microscope 
(TEM) and X-ray diffraction (XRD) pattern. 
The results showed that the most amounts of 
ethylbenzene adsorption and distribution ratio 
in optimum condition were 49.9 mg g-1(which 
was lower than our method) and, 261.9 Lg-1 
respectively. The results explained that the removal 
rate of ethylbenzene was higher in batch (99.8 
%) rather than continuous (97.4%) conditions 
[8]. Ahmed et al. used nZVI for eliminating 
benzene, toluene, ethylbenzene, and xylene 
(BTEX) contaminants from aqueous solutions. 
X-ray diffraction (XRD), UV spectrophotometry, 
and scanning electron microscopy (SEM) were 
used for nZVI characterization. The effects of 
contact time, initial BTEX mixture concentration, 
adsorbent dose, temperature, and pH on the amount 
of BTEX absorbed were studied. The highest 
removal efficiency of 97% for the BTEX mixture 
was achieved at a stirring rate of 100 rpm, the 
temperature of 60°C, and pH 7, which is higher 
than our study. The minimum effective time for 
efficient removal was 30 min, while the effective 
dose for BTEX compounds removal was 0.22 
gL-1[45]. Yan et al. used CuMgFe layered double 
hydroxide (CuMgFe-LDH), for the degradation 
of ethylbenzene. the degradation efficiency of 
0.08 mmol L-1 ethylbenzene was 93.7%  under 
the optimized conditions at 0.2 g L−1, CuMgFe-
LDH and 4.0 mmol L−1 persulfate at pH 7.6, 
which is lower than our result [46]. Azizi et al. 
used the graphene oxide grafted with polymethyl 
vinyl ketone and aniline (GO-MVK-ANI), for 
the elimination of ethylbenzene. The synthesized 
material was characterized via FTIR, SEM, energy-
dispersive X-ray spectroscopy and Brunauer–
Emmett–Teller analysis.
Based on the result with initial ethylbenzene 
concentration of 20 mg g-1 under the optimum 
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conditions (the contact time of 11 min, pH of 5.64 
and adsorbent dose of 3.75 g L-1), ethylbenzene 
could be adsorbed (73%), which is lower than 
our result [47]. Samarghandi et al. investigated 
Catalytic Ozonation Process (COP) to treat polluted 
air streams containing ethylbenzene. Respectively 
at 50 ppm of this pollutant, for single ozonation and 
single modified pumice, the best removal efficiency 
of ethylbenzene was 58–80%, while the maximum 
removal efficiency of ethylbenzene was 90% for 
COP (6 L min-1 of flow rate of inlet air, 15 g of the 
adsorbent, and 50 ppm of ethylbenzene), which is 
lower than this study[48]. Also samarghandi et al. 
used ozone and carbosieve in the catalytic removal 
of ethylbenzene from the polluted airstream.  GC –
FID was used for sampling and analysis. The results 
of this study showed that the removal effectiveness 
of a single ozonation process is averagely less 
than 25%. Also, whit the concentration increase of 
ethylbenzene the efficiency of absorbent decreased. 
The increase ratio of the efficiency in the catalytic 
ozonation process to the efficiency of carbosieve 
adsorbent was averagely 45% which is lower than 
the current study[49].

4. Conclusions
In this study, the GQDs and MWCNTs as nano
sorbents were used for ethylbenzene removal from
air in present of UV-radiation by SGR method.
According to experimental procedure, the simple,
reliable and sensitive method based on GQDs
was demonstrated in real samples. In optimized
conditions, the concentration of ethylbenzene,
air flow rate, amount of GQDs and MWCNTs,
temperature, and humidity were studied. The
results showed, the flow rate (300 ml L-1) can
more effected on capacity adsorption by GQDs
as physical adsorption.  However, in optimized
conditions, the removal efficiency and adsorption
capacity of GQDs were obtained more than 95%
and 186.4 mg g-1, respectively as compared to
MWCNTs.

5. Acknowledgments
We are thankful to Kerman University of Medical
Sciences (KUMS) and Iranian Petroleum Industry
Health Research Institute (IPIHRI).

6. Reference
[1] R.K. Nath, M.F.M. Zain, M. Jamil, An environment-

friendly solution for indoor air purification by using
renewable photocatalysts in concrete: A review, 
Renew. Sust. Energ. Rev., 62 (2016) 1184-1194. 

[2] J. Yan, Y. Chen, W. Gao, Y. Chen, L. Qian, L. Han,
M. Chen, Catalysis of hydrogen peroxide with Cu
layered double hydrotalcite for the degradation of
ethylbenzene, Chem., 225 (2019) 157-165.

[3] M. Li, Z. Huang, F. Kang, Progress of volatile
organic compounds control technology, Chem. Ind.
Eng., 32 (2015) 2-9.

[4] H. Wang, Z. Xiang, L. Wang, S. Jing, S. Lou, S. Tao,
J. Liu, M. Yu, L. Li, L. Lin, Emissions of volatile
organic compounds (VOCs) from cooking and
their speciation: A case study for Shanghai with
implications for China, Sci. Total Environ., 621
(2018) 1300-1309.

[5] M. Feiz-Arefi, F. Ghorbani-Shahna, A. Bahrami, H.
Ebrahimi, A. Mahjub, Photocatalytic Removal of
Methylbenzene Vapors by MnO2/Al2O3/Fe2O3 
Nano composite, Iran. J. Health Safe. Environ., 6 
(2019) 1158-1166.

[6] S. Zhang, J. You, C. Kennes, Z. Cheng, J. Ye, D.
Chen, J. Chen, L. Wang, Current advances of
VOCs degradation by bioelectrochemical systems:
a review, Chem. Eng. J., 334 (2018) 2625-2637.

[7] A.N. Baghani, A. Sorooshian, M. Heydari, R.
Sheikhi, S. Golbaz, Q. Ashournejad, M. Kermani,
F. Golkhorshidi, A. Barkhordari, A.J. Jafari, A case
study of BTEX characteristics and health effects by
major point sources of pollution during winter in
Iran, Environ. pollut., 247 (2019) 607-617.

[8] M. Hadei, M. Aalipour, N. Mengli Zadeh, H.
Pourzamani, Ethylbenzene removal from aqueous
solutions by nano magnetic particles, Arch. Hyg.
Sci., 5 (2016) 22-32.



68 Analytical Methods in Environmental Chemistry Journal; Vol. 2 (2019)

[9] A. Masih, A.S. Lall, A. Taneja, R. Singhvi, Exposure
levels and health risk assessment of ambient BTX
at urban and rural environments of a terai region of 
northern India, Environ. Pollut., 242 (2018) 1678-
1683.

[10] L. Wang, C. Yang, Y. Cheng, J. Huang, H. Yang,
G. Zeng, L. Lu, S. He, Enhanced removal of
ethylbenzene from gas streams in biotrickling
filters by Tween-20 and Zn (II), J. Environ. Sci., 26
(2014) 2500-2507.

[11] A. Carvajal, I. Akmirza, D. Navia, R. Pérez, R.
Muñoz, R. Lebrero, Anoxic denitrification of
BTEX: Biodegradation kinetics and pollutant
interactions, J. environ. manage., 214 (2018) 125-
136.

[12] M.H. El-Naas, J.A. Acio, A.E. El Telib, Aerobic
biodegradation of BTEX: progresses and prospects, 
J. Environ. Chem. Eng., 2 (2014) 1104-1122.

[13] R. Moolla, C.J. Curtis, J. Knight, Assessment of
occupational exposure to BTEX compounds at a bus 
diesel-refueling bay: A case study in Johannesburg,
South Africa, Sci. Environ., 537 (2015) 51-57.

[14] H.Z. Mousavi, A. Asghari, H. Shirkhanloo,
Determination of Hg in water and wastewater
samples by CV-AAS following on-line
preconcentration with silver trap, J. Anal. Chem.,
65 (2010) 935-939.

[15] H. Shirkhanloo, A. Khaligh, H.Z. Mousavi, M.M.
Eskandari, A.A. Miran-Beigi, Ultra-trace arsenic
and mercury speciation and determination in
blood samples by ionic liquid-based dispersive
liquid-liquid microextraction combined with flow
injection-hydride generation/cold vapor atomic
absorption spectroscopy, Chem. Paper., 69 (2015)
779-790.

[16] H. Shirkhanloo, M. Osanloo, M. Ghazaghi, H.
Hassani, Validation of a new and cost-effective
method for mercury vapor removal based on silver
nanoparticles coating on micro glassy balls, Atmos.
Pollut. Res., 8 (2017) 359-365.

[17] L. Zhao, X. Qin, X. Hou, Y. Li, K. Zhang, W. Gong,
J. Nie, T. Wang, Research on determination of
BTEX in human whole blood using purge and trap-

gas chromatography-mass spectrometry combined 
with isotope internal standard, Microchem. J., 145 
(2019) 308-312.

[18] Ethylbenzene, International Agency for Research
on Cancer (IARC), 77 (2000) 227-266.

[19] Threshold limit values for chemical substances and
physical agents and biological exposure indices, in,
American Conference of Governmental Industrial
Hygienists(ACGIH), 1995.

[20] S. Wilbur, S. Bosch, Interaction profile for: benzene,
toluene, ethylbenzene, and xylenes (BTEX),
Agency for Toxic Substances & Disease Registry
(ATSDR), 2004.

[21] M. Delikhoon, M. Fazlzadeh, A. Sorooshian,
A.N. Baghani, M. Golaki, Q. Ashournejad, A.
Barkhordari, Characteristics and health effects of
formaldehyde and acetaldehyde in an urban area in
Iran, Environ. pollut., 242 (2018) 938-951.

[22] F. Golkhorshidi, A. Sorooshian, A.J. Jafari,
A.N. Baghani, M. Kermani, R.R. Kalantary, Q.
Ashournejad, M. Delikhoon, On the nature and
health impacts of BTEX in a populated middle
eastern city: Tehran, Iran, Atmos. Pollut. Res., 10
(2019) 921-930.

[23] S. Hazrati, R. Rostami, M. Fazlzadeh, F. Pourfarzi,
Benzene, toluene, ethylbenzene and xylene
concentrations in atmospheric ambient air of
gasoline and CNG refueling stations, Air Qual.
Atmos. Health, 9 (2016) 403-409.

[24] M. Bahri, F. Haghighat, Plasma-based indoor air
cleaning technologies: the state of the art-Review,
Clean Soil Air Water, 42 (2014) 1667-1680.

[25] M. Sansotera, S.G.M. Kheyli, A. Baggioli,
C.L. Bianchi, M.P. Pedeferri, M.V. Diamanti,
W. Navarrini, Absorption and photocatalytic
degradation of VOCs by perfluorinated ionomeric
coating with TiO2 nanopowders for air purification,
Chem. Eng. J., 361 (2019) 885-896.

[26] K.W. Shah, W. Li, A Review on Catalytic
Nanomaterials for Volatile Organic Compounds
VOC Removal and Their Applications for Healthy
Buildings, Nanomaterials., 9 (2019) 910.

[27] C. Yang, G. Miao, Y. Pi, Q. Xia, J. Wu, Z. Li, J.



69Removal of ethylbenzene from air        Baharak Bahrami Yarahmadi et al

Xiao, Abatement of various types of VOCs by 
adsorption/catalytic oxidation: A review, Chem. 
Eng. J., 370 (2019) 1128-1153.

[28] L. Zhong, F. Haghighat, Photocatalytic air 
cleaners and materials technologies–Abilities and 
limitations, Buid. Environ., 91 (2015) 191-203.

[29] M. Malayeri, F. Haghighat, C.-S. Lee, Modeling 
of volatile organic compounds degradation by 
photocatalytic oxidation reactor in indoor air: A 
review, Buid. Environ., 154 (2019) 309-323.

[30] A.H. Mamaghani, F. Haghighat, C.-S. Lee, 
Photocatalytic oxidation technology for indoor 
environment air purification: the state-of-the-art, 
App. Catal. B: Environ., 203 (2017) 247-269.

[31] M. Hussain, P. Akhter, J. Iqbal, Z. Ali, W. Yang, N. 
Shehzad, K. Majeed, R. Sheikh, N. Russo, VOCs 
photocatalytic abatement using nanostructured 
titania-silica catalysts, J. Environ. Chem. Eng., 5 
(2017) 3100-3107.

[32] C.H.A. Tsang, K. Li, Y. Zeng, W. Zhao, T. Zhang, 
Y. Zhan, R. Xie, D.Y. Leung, H. Huang, Titanium 
oxide based photocatalytic materials development 
and their role of in the air pollutants degradation: 
Overview and forecast, Environ. int., 125 (2019) 
200-228.

[33] M. Hu, Z. Yao, X. Wang, Graphene-based 
nanomaterials for catalysis, Ind. Eng. Chem. Res., 
56 (2017) 3477-3502.

[34] Y. Pan, X. Yuan, L. Jiang, H. Yu, J. Zhang, H. Wang, 
R. Guan, G. Zeng, Recent advances in synthesis, 
modification and photocatalytic applications of 
micro/nano-structured zinc indium sulfide, Chem. 
Eng. J., 354 (2018) 407-431.

[35] A. Truppi, F. Petronella, T. Placido, M. Striccoli, 
A. Agostiano, M.L. Curri, R. Comparelli, Visible-
light-active TiO2-based hybrid nanocatalysts for 
environmental applications, Catal., 7 (2017) 100.

[36] A. Rashidi, M. Akbarnejad, A. Khodadadi, Y. 
Mortazavi, A. Ahmadpourd, Single-wall carbon 
nanotubes synthesized using organic additives to 
Co–Mo catalysts supported on nanoporous MgO, 
Nanotech., 18 (2007) 315605.

[37] Y. Xu, H. Bai, G. Lu, C. Li, G. Shi, Flexible 

graphene films via the filtration of water-soluble 
noncovalent functionalized graphene sheets, J. Am. 
Chem. Soc., 130 (2008) 5856-5857.

[38] N.I. Kovtyukhova, P.J. Ollivier, B.R. Martin, 
T.E. Mallouk, S.A. Chizhik, E.V. Buzaneva, A.D. 
Gorchinskiy, Layer-by-layer assembly of ultrathin 
composite films from micron-sized graphite oxide 
sheets and polycations, Chem. mater., 11 (1999) 
771-778.

[39] Y. Dong, H. Pang, S. Ren, C. Chen, Y. Chi, T. Yu, 
Etching single-wall carbon nanotubes into green 
and yellow single-layer graphene quantum dots, 
Carbon, 64 (2013) 245-251.

[40] F. Yu, J. Ma, J. Wang, M. Zhang, J. Zheng, Magnetic 
iron oxide nanoparticles functionalized multi-
walled carbon nanotubes for toluene, ethylbenzene 
and xylene removal from aqueous solution, 
Chemosphere, 146 (2016) 162-172.

[41] R. Natarajan, J. Al-Sinani, S. Viswanthan, R. 
Manivasagan, Biodegradation of ethyl benzene and 
xylene contaminated air in an up flow mixed culture 
biofilter, Int. biodet. biodeg., 119 (2017): 309-315.  

[42] Z.Y. Connie, P.A. Ariya, Co-adsorption of gaseous 
benzene, toluene, ethylbenzene, m-xylene (BTEX) 
and SO2 on recyclable Fe3O4 nanoparticles at 
0–101% relative humidities, J. Environ. Sci., 31 
(2015) 164-174.

[43] B. Bina, H. Pourzamani, A. Rashidi, M.M. Amin, 
Ethylbenzene removal by carbon nanotubes from 
aqueous solution, J. environ. pub. health, 2012 
(2012).

[44] M. Kamaei, H. Rashedi, S.M.M. Dastgheib, S. 
Tasharrofi, Comparing photocatalytic degradation 
of gaseous ethylbenzene using N-doped and pure 
TiO2 nano-catalysts coated on glass beads under 
both UV and visible light irradiation, Catal., 8 
(2018) 466.

[45] A.S. Mahmoud, M.K. Mostafa, S.A. Abdel-Gawad, 
Artificial intelligence for the removal of benzene, 
toluene, ethyl benzene and xylene (BTEX) from 
aqueous solutions using iron nanoparticles, Water 
Suply., 18 (2018) 1650-1663.

[46] J. Yan, Y. Chen, L. Qian, W. Gao, D. Ouyang, 



70 Analytical Methods in Environmental Chemistry Journal; Vol. 2 (2019)

M. Chen., Heterogeneously catalyzed persulfate
with a CuMgFe layered double hydroxide for the
degradation of ethylbenzene. J. hazard. mater., 338
(2017) 372-380.

[47] A. Azizi, A. Torabian, E. Moniri, A.H. Hassani,
H. Ahmad Panahi, Investigating the removal
of ethylbenzene from aqueous solutions using
modified graphene oxide: application of response
surface methodology, Int. J. Environ. Sci. Tec., 15
(2018) 2669-2678.

[48] M.R. Samarghandi, Z. Daraee, G. Shekher, G.
Asgari, A. Reza Rahmani, A. Poormohammadi.,
Catalytic ozonation of ethyl benzene using modified
pumice with magnesium nitrate from polluted air.
Int. J. Environ. Stutdies, 74 (2017), 486-499.

[49] M.R. Samarghandi, G. Asgari, F. Ghorbani, S.A.
Babaee., The study of effect the combined use
of ozone and carbosieve in the catalytic removal
of ethylbenzene from the polluted airstream, J.
Neyshabur UN. Medical. Sci., 5 (2017) 86-98.



Research Article, Issue 4
Analytical Methods in Environmental Chemistry Journal

Journal home page: www.amecj.com/ir

AMECJ

------------------------

1. Introduction used to make various products including, alkaline 
nickel-cadmium batteries, paints, alloys, plastics, 
electroplating protective coatings, solders, rods, 
television screens, lasers, pesticides, cosmetics and 
barrier in nuclear process [1, 2, 4-6]. Cadmium is 
an important industrial and environmental pollutant 
because it is widely used in many industrial activities 
(welding, smelting, mining, refining, soldering 
and etc.) [1, 2, 7]. So, many employments are in 
Cd exposure pollution. Approximately 512,000 
workers in the United States have may a cadmium 
exposure in each year [8]. Cadmium is one heavy 
metal because relatively high density and its toxic 
effects even at low concentration.  Cadmium has 
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Cadmium separation in human biological samples based on 
captopril-ionic liquid paste on graphite rod before determination 

by electrothermal atomic absorption spectrometry

Different chemical factories release toxic heavy 
metals such cadmium, lead and mercury in  air, 
water, soil and also, it slowly enter  to tissues of 
plants and animals by vary sources of erosion and 
abrasion of soils, forest fires and volcanic eruptions 
[1-3]. Cadmium with special properties such as, 
low melting temperature, corrosion resistance, 
rapid ion electrical exchange activity, high 
electrical and thermal conductivity can be used 
in battery factories [2]. Due to these properties is
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A B S T R A C T
A mixture of captopril nanoparticles (CAP-NPs) and ionic liquid (IL, 
[HMIM] [PF6]) paste on micro graphite rod (CAP-IL-MGR) and was 
used for separation cadmium in human serum and urine samples by 
micro solid phase extraction (μ-SPE). 0.01 g of CAP-NPs and 0.1 g 
of [HMIM] [PF6] mixed with 1 mL of acetone and mixture passed 
physically on micro graphite rod (MGR) at 55oC. Then, the graphite 
probe placed on 10 mL of human biological samples with 5 min of 
sonication, then cadmium ions complexed by thiol group of captopril 
(CAP-SH) at pH=5.5. The cadmium ions on micro probe were back 
extracted with 0.25 mL of nitric acid (0.5 M) which was diluted with 
DW up to 0.5 mL and finally, the cadmium concentration determined 
by ET-AAS. By optimizing of amount of captopril, the absorption 
capacity and recovery were obtained 132.4 mg g-1 and more than 
96%, respectively. The limit of detection (LOD), linear range (LR) 
and enrichment factor (EF) were achieved 2 ngL-1, 0.01-0.35 μg L-1 
and 19.7, respectively (RSD %<5%). The validation was done by 
certified reference material (CRM, NIST) and ICP-MS analysis.  
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received considerable concern because its potential 
accumulation in the environment and in living 
organisms leading to long term toxic effects as a 
non-essential element [9-12]. It is classified as a 
human carcinogen by the north Carolina national 
toxicology program (NTP), international agency 
for research on cancer, (IARC), occupational 
safety and health administration (OSHA) and 
national institute of occupational safety and health 
(NIOSH) [2, 6, 10, 13, 14]. Cadmium occupational 
exposure to occurs primarily via respiratory 
tract[15] or ingestion and absorbed by the body 
and usually connected to metallothionein [4]. 
Cadmium mainly store in the liver and kidneys, 
but to a lesser degree rest stored throughout other 
organs of the body [2, 4, 16]. Toxic effects of Cd 
depend on enter rout, quantity, rate of exposure 
[4]. The values NIOSH and OSHA standard 
for Cd exposure ceiling limit is lowest feasible 
concentration and 0.005 mg m-3 respectively 
[17]. Long-term exposures to low levels of can 
result in renal disease but short-term Exposures 
to high levels of cadmium liver accumulation and 
hepatocellular damage. Exposures to cadmium 
also can produce many health effects such as lung 
irritation, testicular damage, pulmonary edema, 
renal, hepatic dysfunction, multiple sclerosis (MS) 
and osteomalacia and in some cases death.  Various 
studies reported correlation between occupational 
Cd exposure and lung cancer and other cancers 
such as the prostate, renal, liver, hematopoietic 
system, urinary bladder, pancreatic, stomach and 
etc [3, 6, 10, 15, 18, 19]. In many studies,  different 
techniques were used for cadmium analysis in water 
and human blood samples such as, automated anodic 
stripping voltammetry (ASV) technique with flow 
injection system, atomic absorption spectrometry 
(AAS), laser-induced breakdown spectrometry, 
hollow cathode excitation coupled to vidicon 
detection, atomic-fluorescence spectrophotometry, 
neutron activation analysis (NAA), non-flame 
atomic absorption spectrometry. [20-27]. Also, 
other methods were reported for separation and 
preconcentration of heavy metal in waters and 
blood urine of neuropsychological and multiple 

sclerosis patients [28-31]. Recently, the mesoporous 
silica nanoparticles, silver nanoparticles, nano 
carbon material, graphene and carbon nanotube 
were widely used for separation heavy metals in 
waters and human biological samples by different 
analytical technology such as ultrasound-assisted 
dispersive micro-solid-phase extraction (USA-
DμSPE) and  ultrasound assisted-Ionic liquid trap-
micro solid phase extraction (USA-ILT-μSPE) [32, 
33]. In this study,  a new sorbent based on CAP-NPs 
passed on MGR with IL was used for separation 
of cadmium from blood and urine samples by 
micro solid phase extraction(μ-SPE).All samples 
analyzed by electro-thermal atomic absorption 
spectrometer (ET-AAS).

2. Experimental
2.1. Apparatus and Reagents
Cadmium was determined with electro-thermal
atomic absorption spectrometer (ET-AAS Varian,
USA) which was equipped with graphite furnace
accessory (GFA). The current, wavelength and
spectral bandwidth of multi hollow cathode lamp
(MHCL) were tuned (wavelength 228.8 nm, slit
0.5 nm, lamp current 3.0 mA).  All samples were
analyzed by auto-sampler injector of GFA. In
addition, the inductively coupled plasma mass
spectrometers (Varian ICP-MS, 810-MS, 820-MS
systems) with full PC control of all instrument
settings and compatible accessories. Varian ICP-
MS have gigahertz sensitivity (1000 Mc/s/mg/L)
and low background and interferences. The Varian
ICP-MS systems include a sample introduction
system and solid state 27 MHz RF generators.
Computer of Varian (ICP-MS) can be control of
plasma positioning, triple stage vacuum system,
all plasma gas flows, mass analyzer, and Discrete
Dynode Electron Multiplier (DDEM) detector. To
prepare the 1ppb multi-element test solution (1ppb), 
pipette 1mL of the 500ppb into a 500mL volumetric
flask and dilute up to the mark using 1% HNO3,
other concentration from 0.05-0.9 ppb prepared
by dilution of DW (LOD= 2 ng L-1 cadmium).  
The pH range of samples was determined by a
digital pH meter (M 744, Metrohm). The samples
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were shacked by a Vortex Mixer (Thermo USA). 
All reagents purchased from Sigma Aldrich and 
Merck Company from Germany.  The nitric acid, 
hydrochloric acid, polyoxyethylene octyl phenyl 
ether, acetic acid, acetone and toluene (HNO3, 
HCl, TX-100, CH3COOH, AC, C6H5 -CH3) were 
purchased from Merck, Darmstadt, Germany. The 
cadmium nitrate solution (500 mL, 1000 mg L−1, 
99.98%) as cadmium(II) nitrate stock solution 
(1% HNO3) was purchased from Merck(traceable 
to SRM from NIST Cd(NO₃)₂ in HNO₃ 0.5 mol 
L-1, CAS N: 119777 Germany). Standard solutions
(0.05, 0.1, 0.2, 0.5, 1 μg L-1 ) were prepared daily
by dilution of DW with 1% nitric acid. The pH
of the samples was adjusted with a phosphate
buffer (HPO4–H2PO4) for pH 5.5. Ultrapure water
(DW) was obtained from Millipore Continental
Water System (Bedford, USA). The CAP-NPs
(CAP, CASN: 62571-86-2, C₉H₁₅NO₃S) were
purchased from Sigma Aldrich (Germany). CAP
as an antihypertensive agent that competitively
inhibits angiotensin-converting enzyme (ACE;
IC50= 23-35 nM) act in human body.  Also, ACP
acts as a reversible and competitive inhibitor of
LTA4 hydrolase (Fig. 1).  Ionic liquids are made
up of charged species and imidazolium-based
ionic liquids have one of the nitrogen atoms in
the imidazolium ring in the cationic form. These
are generally synthesized by alkylation of an
N-alkylimidazole and further incorporation of
the desired anion by anion metathesis. 1-Butyl-
3-methylimidazolium hexafluorophosphate is 
an imidazolium-based, hydrophobic, room 
temperature ionic liquid (RTIL).1-Butyl-3-
methylimidazolium hexafluorophosphate{BMIM]
[PF6] is an ionic liquid employed in many 
environmentally friendly analysis (CASN: 70956, 
Sigma, Germany). 1-Methyl-3-(3-cyanopropyl) 
imidazolium bis(trifluoromethylsulfonyl)amide 
(CASAN: 38943 Sigma) as TSIL were purchased 
from Sigma, Germany. Graphite rod, L 150 mm(15 
cm), diam. 3 mm, low density(CASN: 496537,   
99.995% trace metals). Micro graphite rod as 5 
cm was used (micro rod of graphite, MGR, Sigma 
Alderich)

2.2. Preparing of solid phase
 First, 50 micro gram of CAP,  100 micro liter of 
ionic liquid and  2 mL of acetone mixed with MGR 
by shaking at 5 min (50 oC). After drying in oven 
(120oC), washing with DW at 25oC for 10 times 
and then drying for 10 min at 120 oC. The CAP 
physically passed on MGR based on IL was used 
as solid phase for extraction cadmium from blood 
samples. 

2.3. Extraction Procedure
By μ-SPE procedure, the CAP-IL-MGR was used 
for separation and determination cadmium in 
of blood/serum/urine samples by ET-AAS. The 
procedure was developed as follows: 10 mL of blood 
samples and standard solution containing 0.05-0.35 
μg L−1 of cadmium was used for further analysis 
after the pH adjusted up to 5.5 with phosphate 
buffer solution. Then, the graphite rod - IL/CAP 
was placed in real samples which were shaken for 
5 min. Cd (II) ions were extracted from samples 
by thiol group of CAP. Then, the rod was taking 
out from samples and eluted with nitric acid (0.25 
mL, 0.5 M) which was diluted with DW up to 0.5 
mL. Finally, the obtained solution was determined 
by ET-AAS.  The proposed method followed by 
MGR without CAP or IL at room temperature. The 
concentration of cadmium in DW as a blank sample 
was determined by μ-SPE method (Fig. 2). 

3. Results and Discussion
3.1. Characterizations of CAP-NPs
The characterization of CAP nanomaterials
on MGR were achieved by X-ray diffraction
spectroscopy (XRD) (Fig. 3), scanning electron
microscopy (SEM) (Fig. 4), Fourier transform

Fig. 1. The structural of captopril nanoparticles(CAP-
NPs)
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infrared spectroscopy (FTIR) (Fig. 5) and UV 
spectrum analysis (UV-Vis) with absorption in 
400 nm (Fig. 6). The X-ray diffraction (XRD) was 
used to determine the CAP-NP structure. Due to 
the XRD spectra of CAP-NPs, no change was seen 
after coating on MGR (Fig. 2). In the CAP-NP, the 
peaks at 2979 and 2877 cm-1 were assigned to the 
asymmetric CH3 and CH2 stretching vibration, and 
the peak at 2634 cm-1 was due to the symmetric 
CH3 stretching mode. The peak at 2567 cm-1 
corresponded to the SH stretching vibration. The 
peaks at 1747 and 1593 cm-1 were assigned to 
the C=O stretching vibration of carboxylic acid 
and amide band, respectively. The peaks at 1471 
and 1385 cm-1 were due to the asymmetric and 

symmetric CH3 bending vibrations, respectively. 
The peak at 1330 cm-1 was assigned to the OH 
bending vibration. The peaks at 1228–1200 cm-1 
also corresponded to the C-O and/or CN stretching 
vibrations (Fig 4). The SEM and TEM of graphite 
rod were showed in Figure 7(a) and 7(b) based 

Fig. 3. The X-ray diffraction spectroscopy (XRD) of 
CAP nanomaterials

Fig. 4. The scanning electron microscopy (SEM) of 
CAP nanomaterials

Fig. 6. The UV spectrum analysis (UV-Vis) of CAP in 
400 nm

Fig. 5. The Fourier transform infrared spectroscopy (FT-
IR) of CAP nanomaterials

Fig. 2. The schema of cadmium extraction based on 
CAP-IL-MGR by μ-SPE procedure 
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on nano lawyer of graphite (≈100 nm) which was 
coated with CAP/IL.

3.2. Optimization of methodology
The CAP-IL-MGR as a solid phased was used for 
separation and determination cadmium in of blood/
serum/urine samples by μ-SPE procedure. Blood 
samples and standard solution containing 0.05-0.3 
μg L−1 of cadmium was used at pH 5.5. The effects 
of parameters were studied and optimized for 10 
mL of samples by CAP/IL/MGR.

3.2.1. The effect of pH
The pH is an important factor for cadmium 
extraction in blood/urine sample.  By proposed 

procedure, the formation of the cadmium–CAP 
as chelate agent (HS group) was evaluated for 
different pH range from 2 to 11 for 10 mL standard 
solutions containing 0.05-0.3 μg L− 1 of Cd(II). 
Obviously, the efficient extraction for Cd(II) were 
achieved in the pH ranges of 5.0–6.0 by thiol group 
of CAP which was passed on MGR by butyl-3-
methylimidazolium hexafluorophosphate [BMIM]
[PF6]. Therefore, pH of 5.5 was selected as the 
optimum pH for cadmium extraction with CAP@
IL in real samples (Fig. 8). The results showed, the 
cadmium extracted by IL@MGR up to 33% by 
amino acids (Cys) in serum and blood samples and 
lower extracted in urine up to 18%.

Fig. 7(a).The SEM of graphite rod - CAP/IL Fig. 7(b).The TEM of graphite rod - CAP/IL

Fig. 8. The effect of pH on extraction of cadmium based on CAP by μ-SPE
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3.2.2. The effect of concentration of CAP
The optimizing of CAP concentration was 
achieved by minimum reagent which was lead to 
total complex formation with highest extraction 
efficiency for cadmium. The effect of CAP 
concentration on the recoveries of cadmium was 
investigated using various amounts of CAP in the 
range of 0.1–1 μmol L−1 for 0.35 μg L−1 of Cd(II) 
at pH 5.5. By increasing of CAP concentration, the 
extraction recoveries of cadmium ions gradually 
increased and the total Cd(II) were extracted using 
0.45 μmol L−1 of CAP. However, the extraction 
efficiencies of Cd(II) were not increased more 
than 0.45 μmol L−1  (Fig. 3). So, the 0.5 μmol L−1  
of  CAP were selected as optimum concentrations 
(Fig. 9). 

3.2.3. The effect of sample volume
Sample volume (SV) must be optimized for 
preconcentration and separation of cadmium from 
blood/urine/standard solutions. Under optimized 
conditions, the effect of sample volume was 
studied in the range of 1–20 mL containing 0.35 
μg L−1 of Cd(II). The results showed, the cadmium 
ions can be extracted quantitatively up to 14 mL of 
the sample. At higher volumes, the recovery values 
decreased. Also, in higher sample volumes (more 
than 14 mL), the CAP/ILs phase was partially 

solubilized in sample solution and lead to non-
reproducible results.  So, the sample volume of 10 
mL was selected for further experiments (Fig. 10). 

3.2.4. The effect of extraction time (CAP/Il-MGR)
For high precision and accuracy of results, the 
extraction time was optimized at pH=5.5. Under 
optimized conditions, the effects of shaking time 
on the recovery efficiency of cadmium were 
studied for 1–10 minutes. Based on obtained 
results, the cadmium ions were efficient extracted 
and separated from blood and urine samples after 5 
min of sonication. 

3.2.5. The effect of back extraction of MGR
After extraction process of cadmium by the 
proposed method, the MGR based on CAP/IL was 
back extracted with different acid solutions.  By 
decreasing of pH, the cadmium–CAP complexes 
lead to the dissociation of complexing bond and 
released into the aqueous phase. In order to identify 
the best eluent for back-extraction of Cd(II) from 
the solid phase, 0.2-1.0 mL of various mineral 
acids (HNO3, HCl and H2SO4) with different 
concentrations, 0.1– 1.0 mol L−1, were tested. The 
results show that HNO3 (0.25 mL, 0.5 M) provides 
higher recovery efficiency compared to the other 
acids (Fig.11). 

Fig. 9. The effect of concentration of CAP on extraction of cadmium based on CAP by μ-SPE 
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3.2.6. The Interference study
Matrix effects are a very problematic factor for 
cadmium extraction based on CAP/IL/MGR in 
blood samples and must be studied by different 
cations and anions. Since, the thiol group in 
CAP acted as good chelating agent for extraction 
of cadmium and other transition metals, so, the 
different concentration of transition metals was 
used and examined for evaluation of μ-SPE By 
procedure, the recoveries of 0.35 μg L−1 of Cd(II) 
were studied in present of individual interferences 
ions. The deviation of the recovery by more than 

5%was considered as the interference criterion. The 
results showed that many ions such as Co2+, Cu2+, 
Zn2+and Pb2+ can be tolerated up to at least 0.6-1 
mg L−1 when determining the Cd(II) ions based on 
CAP/IL/MGR by ET-AAS.  For concentrations of 
1 mg L−1 of K+, Na+, Mg2+, CO3

2−and PO3
− 4 which 

are usually found in human blood/serum samples, 
any interference was seen by proposed procedure. 
Moreover, Ni2+ and Hg2+ can be tolerated up to 
at least 0.03 mg L−1 and 0.045 mg L−1 for Cd(II) 
extraction by CAP. 

Fig. 10. The effect of sample volume on extraction of cadmium based on CAP by μ-SPE 

Fig. 11. The effect of inorganic acids on back extraction of cadmium from  CAP/IL/MGR 
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3.3. Validation
Validity of the developed method was obtained by 
using standard reference materials (SRM,) from 
the national institute of standards and technology 
(NIST, Gaithersburg, USA).The procedure based 
on CAP-NPs passed on MGR by ionic liquid was 
used for cadmium extraction in human blood and 
urine samples by μ-SPE. The results showed a good 
agreement with SRM (Table 1). Also, the accuracy 
and reliability of the results were verified by 
spiking of blood and urine samples (10 mL). High 
efficient recovery between the added and measured 
amounts of cadmium was obtained by CAP-NPs 
(Table 2). Recovery and absorption capacity for 
CAP-NPs were achieved more than 95 % and 136.7 
mg g-1, respectively. In optimized conditions, the 
efficiency of extraction with IL, MGR, and CAP/
IL/MGR were obtained 8.5%, 7.3%  and more than 
95%, respectively. 

3.4. Comparing to published methods
Since 2010, the different techniques for extraction 
and detemination cadmium in human biological 
fluids have been published. Different methology 
such as liquid–liquid microextraction (LLME), 
micro solid phase extraction (μ-SPE), magnetic 
solid phase extraction (MSPE), column solid phase 
extraction(CSPE) have already used for extraction 
and speciation cadmium in liquid phase [33-37]. 
The figures of merit of the μ-SPE method compared 
to recently published methods for cadmium 
determination in human samples (Table 3).

4. Conclusions
A new method for the separation and determination 
of ultra-trace levels of cadmium in human blood, 
serum, plasma and urine samples were developed 
by CAP/IL/MGR sorbent. Cadmium was 
preconcentraed based on nanoparticles of CAP 
pure and determined by μ-SPE coupled with ET-

Table 1. Validation of cadmium results was performed by standard reference material (SRM) by μ-SPE 
SEM ICP-MS (μg L−1) Added (μg L−1) Found by μ-SPE * (μg L−1) Recovery (%)

SRM a 0.032 ± 0.005 ------- 0.031 ± 0.002 96.9
0.03 0.06 2 ± 0.003 103.3

SRM b 0.211 ± 0.013 ------- 0.206 ± 0.013 97.6
0.1 0.303 ± 0.018 97.0

SRM C 0.262 ± 0.038 ------- 0.255 ± 0.012 97.3
0.1 0.351 ± 0.019 96.0

 Mean value ± standard deviation based on three replicate measurements
a Concentration Values for SRM 955c Caprine Blood, Level 1(0.032 ± 0.006)
b Concentration Values for SRM 955c Caprine Blood, Level 2 (2.140 ± 0.240, Dilution with DW,1:10)
C Concentration Values for SRM 955c Caprine Blood, Level 3 (5.201 ± 0.038, Dilution with DW,1: 20)
ICP-MS: Inductively Coupled Plasma Mass Spectrometer (ICP-MS)

Table 2. Evaluation of cadmium extraction based on CAP by μ-SPE method in human biological samples by spiking 
of cadmium standard 
Samples Added (ng L−1) Found * (ng L−1) Recovery (%)

Serum 68.76 ± 3.45 -------
50 117.53 97.5

Blood ------- 179.54± 8.32 -------
100 280.03± 15.11 100.5

Urine ------- 234.32± 12.24 -------
150 379.75± 18.36 96.9

Plasma ------- 148.66± 6.87 -------
150 291.82± 14.55 95.4

 Mean value ± standard deviation based on three replicate measurements
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AAS. The developed method provides relatively 
lower LOD, LOQ and RSD (< 2%, n=10) with 
favorite enrichment factor (19.7) and recoveries 
(more than 95 %). .As low cadmium concentration 
in blood and serum samples (< 0.2 μg L−1), a good 
linear range from 0.01 μg L-1 to 0.35 μg L-1 was 
used for a 10 mL sample by μ-SPE . In optimized 
conditions, the accurate / precise results with simple 
sample treatment and high efficient extraction 
were obtained with CAP/IL/MGR sorbent before  
cadmium concentration determined by ET-AAS. 
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