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A B S T R A C T
In-vitro speciation of inorganic selenium (SeIV and SeVI) in serum 
blood and urine of hyperthyroidism and hypothyroidism patients 
based on isopropyl 2-[(isopropoxycarbothiolyl) disulfanyl] ethane 
thioate (IICDET) as a complexing agent were studied by ultrasound-
assisted dispersive liquid-liquid bio-microextraction procedure (USA-
DLLMBE).  In first stage, 100 μL (≈0.1 g) of hydrophobic ionic liquid 
of [C8MIM][PF6] mixed with IICDET ligand and 100 μL of acetone. 
Then, the mixture injected to 10 mL of human samples at pH=4. After 
shacking, the Se (IV) ions were complexed by IICDET and extracted 
to IL at pH=4 (R-S: …Se). The IL phase was separated from sample 
by centrifuging and inorganic selenium (Se IV) in remained samples 
was determined by electro thermal atomic absorption spectrometry 
(ET-AAS) after back extraction of Se (IV). As speciation, the Se (VI) 
reduced to Se (IV) in acidic pH (HCl, 130OC) and the total Se(T-
Se) was obtained at pH=4. Therefore, the Se (VI) was calculated 
by difference of T-Se and Se (IV). After optimized conditions, the 
enrichment factor (EF), Linear range and limit of detection (LOD) 
for inorganic Se (IV) were obtained 20.1, 0.75- 20 μg L-1 and 0.18 
μg L-1 in serum and urine samples respectively. The results showed 
us, the concentration of selenium was decreased in thyroid patients 
as compared to healthy peoples. The validation of methodology was 
achieved by certified reference material (CRM) and ICP-MS. 
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1. Introduction
Selenium is an essential trace element in humans. 
The soluble selenium compounds can be easily 
absorbed through the lungs and the gastrointestinal 
tract. Selenium is mainly excreted in human urine 
[1]. When the exposure is very high it can also be 
excreted in exhaled air as dimethylselenide vapor 
(DMSe). Normal selenium concentrations in serum 

and urine are dependent on daily intake, which may 
vary considerably in different parts of the world but 
are usually below 15 μg  per 100 mL-1 and 25 μg 
g-1 creatinine, respectively [2-5]. The concentration 
of selenium in urine is mainly a reflection of recent 
exposure. The relationship between the intensity of 
exposure and selenium concentration in urine has not 
been established yet. It seems that the concentration 
in plasma (or serum) and urine mainly reflects to 
short-term exposure, whereas the selenium content 
of erythrocytes reflects more long-term exposure 
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[6]. Measuring selenium in blood or urine gives 
some information on selenium status. Currently it is 
more often used to detect a deficiency rather than an 
overexposure. Since the available data concerning the 
health risk of long-term exposure to selenium and the 
relationship between potential health risk and levels 
in biological media are too limited. So, the biological 
threshold value for Se wasn’t reported [7]. The thyroid 
is the organ with the highest selenium content per gram 
of tissue because it expresses specific selenoproteins. 
The value of selenium supplementation in 
autoimmune thyroid disorders has been emphasized. 
Most authors attribute the effect of supplementation 
on the immune system to the regulation of the 
production of reactive oxygen species and their 
metabolites [8-10]. The mechanism and role of 
selenium in inflammation, immunity and hepatocytes 
was reported [11, 12]  In patients with Hashimoto’s 
disease and in pregnant women with anti-TPO 
antibodies, selenium supplementation decreases anti-
thyroid antibody levels and improves the ultrasound 
structure of the thyroid gland [13]. Although clinical 
applications still need to be defined for Hashimoto’s 
disease, they are very interesting for pregnant 
women given that supplementation significantly 
decreases the percentage of postpartum thyroiditis 
and definitive hypothyroidism. In Graves’ disease, 
selenium supplementation results in euthyroidism 
being achieved more rapidly and appears to have a 
beneficial effect on mild inflammatory orbitopathy 
[14]. A risk of diabetes has been reported following 
long-term selenium supplementation, but few data 
are available on the side effects associated with such 
supplementation and further studies are required. 
One of the diseases that affect the thyroid gland is 
subclinical hypothyroidism, which is characterized 
by elevated serum levels of thyroid-stimulating 
hormone (TSH) at a concentration recommended 
for prohormone thyroxine (T4) and active hormone 
triiodothyronine (T3). The decompensated levels of 
thyroid hormones may contribute to atherosclerotic 
events and an increase in cardiovascular-related 
mortality [15]. Also, observational longitudinal 
studies   have shown an inverse association between 
selenium exposure and risk of some cancer types 

but still to be confirmed [16]. It is estimated that 
subclinical hypothyroidism affects 3–8% of the 
general population and is more common in women 
than in men. In Brazil, an epidemiological study 
in elderly reported that prevalence of subclinical 
hypothyroidism was 6.5%.  The thyroid gland 
contains high levels of selenium (Se) and expresses 
a variety of selenoproteins that are involved in 
protection of oxidative stress and metabolism of 
thyroid hormones (TH) [17]. Selenium deficiency 
impairs regular synthesis of selenoproteins and 
adequate TH metabolism. Therefore selenium species 
in serum and urine must be evaluated and determined 
by favorite techniques. The different methods such 
as, flame atomic absorption spectrometry [18], 
electrothermal atomic absorption spectrometry [19], 
liquid chromatography and liquid chromatography 
inductively coupled plasma mass spectrometry (LC 
and LC-ICP- MS) [20-22] and high-performance 
liquid chromatography coupled to hydride generation 
atomic fluorescence spectrometry [23,24] were used 
for Se determination in different human and water 
samples. A sample preparation is required to extract 
metals ions in different biological samples. The sample 
preparation such as microextraction techniques [25], 
suspended dispersive solid phase microextraction 
[26], ultrasonic assisted dispersive liquid-liquid 
microextraction method [27] and ultrasound assisted- 
ionic liquid-solid phase microextraction [28] were used 
for extraction metals in human samples. In this study, 
the mixture of hydrophobic ionic liquid of [C8MIM]
[PF6], IICDET ligand and acetone was used for 
selenium speciation /extraction based on ultrasound-
assisted dispersive liquid-liquid bio-microextraction 
procedure (USA-DLLMBE) and determined by ET-
AAS. The Se (IV) ions were complexed by IICDET 
and extracted to IL at pH=4. Then speciation of Se 
was obtained by total determination of selenium. 
Validation methodology was confirmed by spiking of 
standard samples and ICP-MS.

2. Experimental
2.1. Instrument and Reagents
The electrothermal atomic absorption
spectrophotometer  (ET-AAS, GBC 932 plus, Australia)
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equipped with a graphite furnace (Pal GF3000) were 
used for the validation and determination of selenium 
(Se) in samples (Wavelength 349.9 nm; slit 0.2 nm; 
current 10 mA). The working range as peak area and 
height was obtained 15- 400 μg L-1 and 15-210 μg L-1, 
respectively.  The linear range was achieved for peak 
area of 0.3 Abs for sample injection. Based on the 
manual book of ET-AAS, the Se determination was 
achieved by injecting 20 µL of sample to graphite tube 
with auto-sampler in three steps of drying, ashing, 
and atomization for Se. The ICP-MS (Perkin Elmer, 
USA) as ultra-trace analysis with high sensitivity was 
used for determining of Se(IV) and Se(VI) in human 
blood and water samples (1100 W; 15 L min-1; 1.5 sec 
per mass; auxiliary gas 1.12 L min-1). The Metrohm 
pH meter based on the glass electrode was used for 
measuring pH in serum, urine and blood samples 
(E-744, Switzerland). The vortex mixer were used 
for shaking of human samples based on 300 rpm 
speeds and centrifuged by Falcon accessory by 4000 
rpm speeds (Thermo, USA). An ultrasonic bath was 
used for blood and urine samples with heat controller 
between 30- 120oC (Thomas, USA). The standard 
solution of Se (VI, VI) was purchased from Merck 
CO. (Germany) with a concentration of 1000 mg L-1 
in 1 % HNO3. The different concentration of Selenium 
was prepared by dilution of deionized water (DW) 
and ultrapure water was purchased from Millipore 
Company. The 1-Hexyl-3-methylimidazolium 
hexafluorophosphate as hydrophobic ionic liquid was 
purchased from Sigma Aldrich ([HMIM][PF6],  CAS 
N: 304680-35). Isopropyl 2-[(isopropoxycarbothioyl) 
disulfanyl] ethane thioate was synthesized and purified 
by Azad university laboratories (IICDET; (CH3)4 

(CO)2 S4). The acetate (CH3COOH/ CH3COONa) and 
phosphate buffer was used to adjust the pH between 
2.8–6.2 and 6.2–8.2, respectively. The analytical grade 
of reagents such as polyoxyethylene octyl phenyl 
ether (TX-100) as the anti-sticking agent, HNO3, HCl, 
acetone, and ethanol were purchased from Sigma 
Aldrich, Germany. 

2.2.  Preparation of human samples
All glass or PCV tubes were cleaned with a 1.0 
mol L-1 HNO3 solution for at least one day and 

then washed for ten times with ultrapure water. As 
low concentrations of Se(IV) and Se(VI) in human 
serum, blood and urine samples, the cations or 
anions contamination at any stage of sample 
preparation, saving and analytical processes can be 
affected on the results accuracy. Heparin was used as 
anticoagulants for human blood samples into 
Eppendorf (5 mL) tubes and kept at -20OC for two 
weeks.  Each blood samples were prepared by 10 
μL of pure heparin (free Se) to blood sample. The 
serum, blood and urine samples were collected from 
hypothyroidism patients (50) and healthy peoples 
(50) with aged between 25 - 60 years, Tehran 
(IRAN). In this study, the world medical association 
declaration of Helsinki (WMADH) based on 
guiding physicians in human body research was 
obtained by the Ethical Committee of Azad 
University (E.C.: R.IAU.PS.REC.1399.106).  The 
human samples were prepared based on WMADH 
law and absolutely protected the life and health of 
the human subject.

2.3.  Synthesis of IICDET ligand
The 2.0×10-3 mol of potassium O-isopropyl 
(ditiocarbomate) was dissolved in 20 mL of  DW 
and cooled in an ice bath for 10 minutes. The 
2.0×10-3 mol of iodine solution and potassium iodide 
as drop wise was added to 20 ml of DW. After stirring 
of mixture for 1h, the aqueous phase was extracted 
with CH2Cl2 and washed with 30 mL of aqueous 
Na2S2O3(10%) and DW. The organic phase was dried 
and evaporated with powder anhydrous calcium 
chloride Ca Cl2 (99.99%; CAS Number: 
10043-52-4). The purification was obtained by 
recrystallization in hexane. A pale yellowish crystal 
of isopropyl 2-[(isopropoxycarbothiolyl) disulfanyl] 
ethane thioate with a yield of 95% was achieved. The 
structure and isopropyl 2-[(isopropoxycarbothiolyl) 
disulfanyl] ethane thioate were confirmed by NMR 
spectroscopic methods (Fig. 1). 1H NMR (CDCl3). δ 
(ppm): 1.43 (d, 12H, CH3), 5.63 (m, 2H, CH).  13C 
NMR (CDCl3). δ (ppm): 22.2, 80.6, 207.1. IR 
(KBr). νmax (cm−1): 2979.8 (s), 2869.9 (w), 
1463.9 (s), 1442.7 (s), 1373.0 (s), 1271.1 (s, b), 
1145.6 (s), 1082.2 (s), 1048.0 (s, b) 898.8 (s), 796. 5 
(s), 690. 5 (m).
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Fig.1. NMR spectroscopic for isopropyl 2-[(isopropoxycarbothiolyl) disulfanyl] ethane thioate

2.4. Extraction Procedure
The Se (IV) based on IICDET ligand was extracted 
by ultrasound-assisted dispersive liquid-liquid bio-
microextraction procedure (USA-DLLMBE). By 
procedure, 100 μL (≈0.1 g) of hydrophobic ionic 
liquid of [C8MIM][PF6] mixed with 0.35×10-6 mol 
L-1 of IICDET solution and 100 μL of acetone at 
pH of 4. The mixture based on Triton X-100, an 
emulsifier and anti-sticking agent was injected to 5 
mL of blood, serum and urine samples which was 
diluted with 5 mL of DW. For optimizing, 1.0 μg 
L-1 and 20 μg L-1 of standard solution of Se (IV) as 
LLOQ and ULOQ was used instead of the blood 
and serum samples. After shacking, the Se (IV) 
ions were complexed by IICDET and extracted 
to IL at pH=4 (R-S: …Se). By centrifuging (3 
min), the IL phase was separated from sample and 
inorganic selenium (Se IV) was back- extracted 
from IL phase in basic pH (0.25 mL of 1.0 mol 
L-1 NaOH). Finally, the remained samples was 
determined by electro thermal atomic absorption 
spectrometry (ET-AAS). the Se (VI) reduced to Se 

(IV) in acidic pH (HCl, 130OC) and the total Se(T-
Se) was obtained at pH=4.  Therefore, the Se (VI) 
was calculated by difference of T-Se and Se (IV) 
amount (Fig.2).

3. Results and Discussion
The human blood, serum and urine samples based 
on IICDET  was used for selenium speciation with 
high accuracy by  USA-DLLMBE  procedure. 
The results showed us, the mean concentrations 
of Se (IV and VI) in human biological samples in 
hypothyroidism patients (50) were significantly 
higher than the healthy peoples (50). As linear 
range of selenium between 0.75-20 μg L-1, the 
human samples can be diluted before using by 
proposed procedure.  Based on results, the mean 
concentration of total selenium in urine and serum 
of hypothyroidism patients was obtained 11.8 μg 
g-1 creatinine and 52.6 μg L-1, respectively which 
was less than 25 μg g-1 creatinine for urine samples 
and 150 μg L-1 for serum samples as TLVs in 
standard references.
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3.1. Effect of ETAAS 
The effect of pyrolysis temperature on the 
absorbance of Se was studied up to 1000 ºC. The 
maximum absorbance was achieved within a range 
of 600–800 ºC. Therefore, 700 ºC was selected as 
the working pyrolysis temperature for selenium by 
nickel nitrate as modifier at concentration of 0.05 to 
0.1% Ni. In addition, a drying as a 25 s was chosen 
for water evaporation, and a long ramp time of 40 
s was chosen as it allowed gradual elimination of 
trace ionic liquid solution in liquid phase (350 ºC) 
and avoided Se loss in pyrolysis temperature. The 
effect of atomization temperature on chromium 
signal was studied within the range of 2000–2500 
ºC, and the maximum signal was obtained at 
approx. 2400 ºC. Cleaning time and temperature 
were ordered at 2 s and 2500 ºC, respectively, and 
argon flow rate was 350 mL min-1 

3.2.  Optimization of pH 
The sample pH for extraction Se(IV) ions based 
on IICDET ligand was studied and optimized in 

different pH ranges between 2-11 for 0.75μg L-1 

as a lower limit of quantification (LLOQ) and 20  
μg L-1 selenium as upper limit of quantification 
(ULOQ). The complexation Se with sulfur of 
IICDET ligand was strongly depended on the pH 
of serum, blood and urine samples and caused to 
increase the recovery of extraction by ligand. Based 
on experimental results, the extraction efficiency 
of Se(IV) ions was perfectly achieved at pH =3.5-
4.5. Therefore, the USA-DLLMBE procedure 
was used to speciation of selenium at pH=4 by 
IICDET ligand. The mechanism of Se extraction 
was obtained based on the complex formation of 
IICDET ligand between Se(IV) ions and sulfur 
covalence bonding of IICDET at optimized pH. 
The sulfur groups can be deprotonated (SH-) at pH 
range of 3.5-8 and pH=4 was used as favorite pH 
for extraction of Se(IV) from human biological 
samples which was shown in Figure 3. As hydroxyl 
form of Se(OH)4 in above pH (more than 6), the 
extraction capacity of Se(IV) in basic pH may be 
attributed to the affinities of OH groups.

Fig. 2. Separation of selenium (IV) by ultrasound-assisted dispersive liquid-liquid bio-microextraction 
procedure (USA-DLLMBE)
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3.3. Optimization of IICDET ligand 
The concentration of IICDET ligand as important 
parameters must be studied and optimized by 
USA-DLLMBE procedure. For optimizing, the 
concentration of 0.1×10-6-1.0 ×10-6 mol L-1 of 
IICDET ligand was used for evaluation. Due 
to results, the more concentration of 0.33×10-6 
mol L-1 of IICDET, has no effect on recoveries. 
So, the concentration of 0.35×10-6 mol L-1 
of IICDET was selected as optimum ligand 
concentration for high extraction efficiency. 
The signal remained constant from 0.35×10-6 
mol L-1 up to at least 1.0 ×10-6 mol L-1 IICDET 
for 0.75μg L-1 Se as a LLOQ range. Therefore 
0.35×10-6 mol L-1 of IICDET concentration 
was used for further works. As 20 μg L-1 of Se 
as a ULOQ range, the signal remained constant 
from 0.4×10-6 mol L-1 up to at least 1.0×10-6

mol L-1 and 0.4×10-6 mol L-1 was selected 
as an optimized IICDET concentration. 
By adjusting pH, the best performance of 
the Se extraction was achieved between
0.3-0.4 μmol L-1 (Fig. 4).

3.4. Optimization of volume and ionic liquid 
amount 
The sample volume as main parameters for Se 
extraction based on IICDET ligand and must 
be optimized at pH=4. So, the different volume 
of sample urine, blood and serum from 1-20 
mL was used for extraction of Se ions by USA-
DLLMBE procedure as 0.75 μg L-1 and 20 μg L-1 
of selenium (IV). Perfect extraction more than 95% 
was achieved by sample volume of 1 - 10 mL. 
By increasing of sample volumes, the extraction 
efficiency was reduced. On the other hand, in 
high sample volumes, the partially solubilized the 
ionic liquid phase was increased and decreased 
accuracy and precision of results. So, a sample 
volume of 5 mL was selected as optimum volume 
for Se(IV) extraction based on ICDET ligand by 
USA-DLLMBE procedure (Fig. 5). Furthermore, 
the amount of ionic liquid effected on extraction 
recovery of Se in serum, blood, urine samples. 
Therefore, the different amount of ([C8MIM][PF6] 
as hydrophobic ionic liquid was studied from 
the range of 0.05–0.35 g. Quantitative extraction 
was observed at higher than 0.08 g. So, 0.1 g of 

Fig.3. The effect of pH on Extraction Se(IV) based on IICDET ligand by USA-DLLMBE procedure
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Fig. 4. The effect of IICDET ligand on Extraction Se(IV) by USA-DLLMBE procedure

Fig. 5. The effect of sample volume on Extraction Se(IV) by USA-DLLMBE procedure
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[C8MIM][PF6] was chosen as optimum mass for Se 
extraction in 10 mL of samples at pH=4 (Fig. 6). The 
results showed, the amounts of IL have changes a 
little mass in different samples. The amounts of IL 
for serum, blood and urine samples were obtained 
0.09 g, 0.1 g and 0.07 g, respectively. 

3.5.  Optimization of Eluent
The ionic liquids cannot apply directly by 
ETAAS as a viscose solution with high ash point 
temperature. So, the se ions were back-extracted 
from [C8MIM][PF6]  by different eluents such as a 
mineral acidic/basic solution. By changing pH, the 
complexation of Se-ligand leads to dissociation and 
Se ions release into the aqueous phase. Therefore, 
the varying concentration of mineral reagents such 
as HCl, HNO3, H2SO4, KOH and NaOH from 0.5─3 
mol L-1 were used for Se back-extraction from IL 
by elution processes (Fig. 7). Based on results, 
1.0 mol L-1 of NaOH at 25OC can be back-extracted 
Se (IV) from the IL phase). By procedure, 0.25 mL 
of 1.0 mol L-1 of NaOH was added and shacked 
for I minute at 25 OC. Finally, Se(IV) the remain 
solution determining by ET-AAS after dilution 

with DW up to 0.5 mL.

3.6. Effect of ultrasound and matrix
By procedure, the different ultrasound times was 
studied for selenium extraction in urine, blood 
and serum samples from 30 to 300 seconds. The 
results showed us, the extraction efficiency of Se 
improved by increasing the ultra-sonication time 
and then the relative response increased. Based 
on results, the maximum extraction was shown at 
132 seconds and then remained constant. So, 2.2 
minutes was selected as optimum time as ligand 
complexation (IICDET). Many techniques such as 
ETAAS have low sensitivity to metal interference 
ions. Therefore, the most interference ions can be 
occurred during the pre-concentration or extraction 
processes which was effected on accuracy of 
results. So, the important metals based on potential 
interfering ions for selenium determination were 
studied and optimized by procedure. 10 mL sample 
containing 20 μg L-1 of Se and 1–4 mg L-1 different 
concentration of matrix ions was used. The tolerate 
amounts of each ion were tested and results showed 
the absorbance alteration of interfering metals 

Fig. 6. The effect of amount of ionic liquid on Extraction Se(IV) based on IICDET ligand by
USA-DLLMBE procedure



13Speciation of selenium (IV, VI) in human urine and serum           Elham Mosafayian Jahromy et al

were less than 5%. So, the interfering metals don’t 
effected on extraction Se in optimized conditions 
(Table 1).

3.7.  Analytical features
Analytical figures of merit were evaluated by 
USA-DLLMBE procedure for 10 mL of standard 
aqueous solutions, serum, urine and blood samples 
at pH=4 (Table 2).  After preconcentration steps, 
the calibration curve was linear from 0.75 – 20 μg 
L-1 as a lower limit of quantification (LLOQ) and 
upper limit of quantification (ULOQ). Detection 
limits (LOD) and precision (RSD %) was evaluated 
for selenium extraction by proposed ligand. 
The LOD were calculated as the concentration 
providing an analytical signal three times higher 
than the background noise. The LOD was obtained 
186 ng L-1 and 174 ng L-1 for 10 mL of human 
and standard samples, respectively (MLOD=180 
ng L-1). As precision (RSD %), it was calculated 
from ten individual standards. The RSD (%) of 
Se (IV) in different concentrations of 0.75, 1.0 
5.0, 10, and 20 µg L-1 were obtained 3.8, 3.2, 2.7, 
2.6 and 2.45, respectively (MRSD% =2.95). The 

enrichment factor (EF), calculated as the ratio of 
the concentration of Se after preconcentration to 
that prior preconcentration based on curve fitting 
calibration rule. The EF of 21.2 and 18.9 for human 
and standard samples, respectively (M PF=20.1).

3.8. Validation of Results
 The selenium was extracted and determined 
in human samples based on IICDET ligand 
with USA-DLLMBE procedure for 10 mL of 
hypothyroidism patients (50) and healthy peoples 
(50) with aged between 25 - 60 years (Table 3). The 
mean concentration of Se(IV) more than Se(VI) 
in human samples and the mean concentration 
of Se(IV) and Se(VI) in hypothyroidism patients 
lower than healthy peoples. The coloration analysis 
(r) of total Se(IV and VI) in hypothyroidism 
patients and healthy peoples were less than 0.19  
in blood samples. The spiked urine, serum and 
blood were used to demonstrate the reliability of 
the method for determination of Se(IV) and Se(VI) 
in hypothyroidism patients by USA-DLLMBE 
procedure (Table 4). The recovery of spiked 
samples showed a satisfactorily results with the 

Fig. 7. The effect of different eluents on Extraction Se(VI) based on IICDET ligand by USA-DLLMBE procedure
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Blood, Serum (I)
Mean ratio
(CI /C  Se(IV))

Recovery (%)

Se(IV)  Se(IV)  

Al3+  , Cr3+  550 96.8

Zn2+, Cu2+, Ni2+,  Co2+, Pb2+ 750 - 850 97.6

I- , Br-, F-, Cl- 1250 98.9

Na+, K+, Ca2+, Mg2+ 1100 97.7

CO3
2-,  PO4

3-, NH4
+ 950 99.3

Mn2+, As3+ 150 - 250 98.1 -  97.5
Cd2+ 200 98.4
Hg2+ 45 97.3

Urine (I)
Mean ratio

(C I /C Se(IV) )
Recovery (%)

Se(IV)     Se(IV)  

Cl-, NO3
- 1200 98.2

Na+, K+ 1200 98.6
Ca2+, Mg2+ 1000 98.0
Zn2+, Cu2+ 700 97.5
CO3

2-,  PO4
3-, NH4

+ 900 96.9
Hg2+ 50 97.4
Pb2+ 800 98.3
Ni2+,  Co2+ 700 97.2
Cd2+ 150 98.5
Mn2+ 100 96.6

Table 1. The effect of interferences ions on extraction of Se(IV) in human samples
by USA-DLLMBE procedure

Features value
Working pH 4.0
Concentration of IICDET 0.35×10-6 mol L-1

Sample volume of Blood, Serum, Urine (mL) 10 .0
Volume of sample injection 20 μL
Linear range (Peak Area)
Linear range (Peak Height)
 Mean RSD %, n=10

0.75-20 μg L-1

0.75-10.4 μg L-1

2.95
LOD for human sample 0.187 μg L-1

LOD for standard sample 0.174 μg L-1

Enrichment factor for human blood or serum 21.2
Enrichment factor for standard 18.9
Volume and concentration of NaOH 0.25 mL,1M
Shaking/Centrifuging time 2.2 min, 3.0 min
Correlation coefficient R2 = 0.9997

Table 2. The analytical features for selenium determination
by USA-DLLMBE procedure
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ability of procedure for determination of Se(IV) and 
Se(VI) in hypothyroidism patients. Furthermore, 
the real blood, serum and urine samples were 
analyzed with ICP-MS and used as a CRM by 
USA-DLLMBE procedure. The results showed, 
the favorite efficiency and reliability of proposed 
method for determination and speciation of Se(IV) 
and Se(VI) in hypothyroidism patients (Table 5).  

4. Conclusions
A simple and efficient method based on 
IICDET ligand was used for the speciation and 
determination of trace amount of Se(IV) and 
Se(VI) in hypothyroidism patients by USA-
DLLMBE procedure coupled to ET-AAS. The main 

parameters such as sample volume, pH and ligand 
amount were optimized. This procedure introduced 
a sensitive, efficient and low cost method for 
speciation and separation of the Se(IV) and Se(VI) 
in human biological samples. The performance 
of USA-DLLMBE procedure for quantification 
extraction of Se(IV) and Se(VI) in blood, urine 
and serum samples was satisfactory. The favorite 
LOD, LOQ and RSD% achieved 0.18, 0.75 and 
2.95, respectively and are comparable to previous 
reported methods. Based on results, the selenium 
concentration in thyroid patients was decreased 
as compared to healthy peoples. The method was 
validated by certified reference material (CRM) 
and ICP-MS analysis in real samples. 

Sample
        Patients  (n=50) Healthy peoples  (n=50) Patients /healthy    

Se(IV) Se(VI) Se(IV) Se(VI) r   P value
Serum 77.9 ± 11.9 16.8 ± 4.8 130.7 ± 21.7 21.8 ± 4.3 0.202     <0.001
Urine 14.5 ± 3.7 2.7 ± 0.9   22.7 ± 7.8 3.6 ± 0.8 0.187     <0.001
Whole Blood 81.8 ± 13.8 17.4 ± 5.6 122.4 ± 18.6 34.5 ± 6.6 0.194     <0.001
*Correlations are based on Pearson coefficients (r). Statistical significance will be observed  if P < 0.05
Mean of three determinations of samples ± standard deviation (P = 0.95, n =10)

Table 3. Speciation and determination of Se(IV) and Se(VI) in serum, blood and urine samples based on IICDET 
ligand by USA-DLLMBE procedure (Serum and blood: µgL-1, Urine: µg g-1)

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

Se(IV) Se(VI) Se(IV) Se(VI) T-Se T-Se Se(IV) Se(VI) T-Se

Blood
----- ----- 67.5 ± 3.3 12.8± 0.6 80.3 ± 4.2 79.2 ± 2.7 ---- ---- ----
50 ----- 115.3 ± 5.6 12.6 ± 0.5 127.6 ± 6.1 129.3 ± 3.5 95.6 ----- 94.6

----- 10 67.3 ± 3.4 22.7 ± 1.1 90.0 ± 4.7 88.8 ± 2.9 ----- 99.0 97.0

Serum
----- ----- 81.6 ± 3.8 17.5 ± 0.8 99.1 ± 5.1 100.3 ± 3.4 ----- ----- ----
100 ----- 180.2 ± 8.5 17.2 ± 0.7 197.4 ± 9.3 195.6 ± 5.8 98.6 ----- 98.3
----- 20 82.2 ± 4.2 37.2 ± 1.8 119.4 ± 5.5 120.5 ± 3.6 ----- 98.5 101.5

Urine
----- ----- 12.6 ± 0.6 3.8 ± 0.2 16.4 ± 0.8 15.8 ± 0.3 ----- ----- -----
10 ----- 22.4 ± 1.2 3.7 ± 0.2 26.1±1.3 26.5 ± 0.5 98.0 ----- 97.0

----- 5 12.7 ± 0.6 8.6 ± 0.4 21. 3 ± 1.1 20. 8 ± 0.6 ----- 96.0 98.0
* Mean of three determinations ± standard deviation (P= 0.95, n=5) 
All blood and serum samples diluted with DW (1: 10)

Table 4. Analytical results of Se(IV), Se(VI) and T-Se determination in serum, blood and urine 
samples with USA-DLLMBE procedure and ICP-MS (μg L-1)
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1. Introduction
Zirconium is used in the nuclear industry as a fuel
rod cladding, as a catalyst in organic reactions and,
additionally, in the manufacture of water repellent
textiles, in metal alloys and in dye pigments and
ceramics [1, 2]. Most of zirconium compounds
have low solubility and as a result have low
toxicity. However, chronic exposure to the soluble
compounds of zirconium such as zirconium
tetrachloride may cause skin and lung granulomas
[3, 4]. Industrial wastewater can increase the amount 
of zirconium in the environment. Contaminated
soil and water can expose humans to this metal.
Therefore, extraction and determination of trace
levels of zirconium is necessary.

Spectrophotometric methods are most commonly 
used for the determination of zirconium [5, 6]. 
However, the direct determination of zirconium at very 
low concentrations by traditional spectrophotometric 
techniques is difficult because of insufficient 
sensitivity of this technique as well as the matrix 
interferences occurring in real samples, and an initial 
sample pretreatment, such as preconcentration of the 
analyte and matrix separation, is often necessary. 
Several methods have been reported for the 
separation and preconcentration of metal ions, such 
as liquid–liquid extraction (LLE) [7], coprecipitation 
[8], solid phase extraction (SPE) [9, 10] and cloud 
point extraction (CPE) [11], but the disadvantages 
such as time-consuming, unsatisfactory enrichment 
factors, large organic solvents and secondary 
wastes, limit their applications. 
Dispersive liquid–liquid microextraction 
(DLLME) is a modified solvent extraction method 
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and provides the advantages of ease of operation, 
rapid extraction, and use of small volume of 
organic solvent [12, 13]. In DLLME, a water-
immiscible organic extractant and a water-miscible 
dispersive solvent are two key factors to form fine 
droplets of the extractant, which disperse entirely 
in the aqueous solution, for extracting analytes. 
The cloudy sample solution is then subjected to 
centrifuge to obtain sedimented organic extractant 
containing target analytes. This method has been 
applied for the determination of trace organic 
pollutants and metal ions in the environmental 
samples [14-17].
Xylenol orange (XO) is a metal indicator, which is 
widely used for analytical determination [18, 19]. It 
can react with many metal ions in various oxidation 
states and the solution chemistry of its chelates is 
known to be complex [20]. However the utility of 
XO for extraction of metal ions is reported rarely. 
As the XO is a nonselective methallochromic 
indicator it’s complexes with the cited ion has 
severe spectral interferences and this makes the 
determination to be very difficult or practically 
impossible. For a successful determination a prior 
separation step is mandatory for elimination of the 
cationic interferences.  
In the present study we introduce a simple and fast 
dispersive liquid–liquid microextraction (DLLME) 
method for the separation and preconcentration 
of trace amounts of zirconium, prior to 
spectrophotometric determination. The point of 
the present method is using of an accessible and 
inexpensive reagent, XO, with a cationic surfactant 
as a new extractant. 

2. 2. Experimental
2.1. Reagents
All reagents were of analytical grade, purchased 
from the Merck Company. Standard stock solution 
(1000 μg mL−1) of Zr(IV) was prepared by 
dissolving appropriate amounts of ZrOCl2·8H2O, 
in water. Stock solutions of diverse elements were 
prepared from the high purity salts of the cations 
(all from Merck, Germany). A solution of 1.0×10−3 
mol L−1 xylenol orange was prepared by dissolving 

appropriate amounts of this reagent in distilled 
water. 

2.2. Instrumentation
A Perkin Elmer (Lambda 25) spectrophotometer 
with 10 mm quartz cells (500 µL) was used for 
UV−Vis spectra acquisition. A Metrohm model 
744 digital pH meter, equipped with a combined 
glass-calomel electrode, was employed for the 
pH adjustments. A Hettich centrifuge model EBA 
20 (Oxford, England) was employed for phase 
separation.

2.3. Dispersive liquid–liquid microextraction 
procedure
A 5 mL sample or standard solution containing 
Zr(IV) (pH 3.0), XO (3.0×10−5 mol L−1), and 
CTAB (2.0×10−5 mol L−1) was transferred in a 10 
mL conical-bottom polypropylene centrifuge tube. 
Then 1.5 mL ethanol (disperser solvent) containing 
120 µL chloroform (extraction solvent) was 
injected rapidly into the sample solution using a 
syringe and a stable cloudy solution (water, ethanol 
and chloroform) was formed. In order to separate 
the phases, the cloudy solution was centrifuged 
for 5 min at 3000 rpm and the aqueous phase was 
removed with a transfer pipette. Afterwards, the 
sedimented phase was dissolved in 500 µL of pure 
ethanol and transferred to a quartz cell and then the 
absorbance was measured at 592 nm.

2.4.  Analysis of the real samples
A 5 mL of tap water, well water, and mineral 
water samples were filtered through 0.45 µm 
membrane filter, adjusted to the optimum pH and 
subjected to the recommended procedure for the 
preconcentration and determination of metal ions. 
To 1.0 g of ceramic samples in a platinum crucible, 
10 mL of HF, 1 mL of H2SO4, and 1 mL of HClO4 
were added and heated to 150 ◦C on a hot plate. 
The process was repeated three times. The residue 
was cooled and dissolved in 50 ml of 0.1 mol L–1 
HCl and made up to 100 mL. Suitable aliquots 
were taken and subjected to preconcentration and 
determination by the procedure described above.
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3. 3. Results and discussion
3.1. Effect of pH
The formation of metal chelate and its chemical 
stability are the two important influence factors for 
the extraction of metal ions, and the pH plays a unique 
role on metal chelate formation and subsequent 
extraction. The effect of pH on the complex formation 
and extraction of zirconium was studied in the range of 
1.0–5.0 using hydrochloric acid or sodium hydroxide. 
As can be seen in Fig. 1, the highest signal intensity 
was obtained at pH 3.0–4.0. In more acidic or more 
alkaline solutions, absorbance decreased because of 

incomplete complex formation and hydrolysis of 
the complex. Therefore, pH 3.0 was selected for 
further study.

3.2. Effect of xylenol orange concentration
The effect of xylenol orange concentration on 
the absorbance was studied, and the results are 
shown in Fig. 2. We investigated xylenol orange 
concentration in the range of 5.0×10−6 to 5.0×10−5 
mol L−1. Maximum absorbance was obtained at a 
concentration of 3.0×10−5 mol L−1 of the ligand and 
after that, absorbance approximately stays constant.

Fig. 1. Effect of pH on the absorbance of
metal–xylenol orange complex.

Fig. 2. Effect of xylenol orange concentration on the absorbance of
 metal–xylenol orange complex.
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3.3. Effect of CTAB concentration
Effect of CTAB concentration on the extraction 
and determination of zirconium was investigated 
in the range of 0 to 1.0×10−4 mol L−1. The results 
are shown in Fig. 3. The amount of the absorbance 
for sample increased by increasing CTAB 
concentration. The blank signal also increased 
by increasing CTAB concentration. This is due to 
more extraction of xylenol orange by increasing 
CTAB concentration, but the difference between 
the sample and blank signals increased by 
increasing CTAB concentration up to 2.0×10−5 

mol L−1 and decreased at higher concentrations. 
Therefore, 2.0×10−5 mol L−1 CTAB was chosen as 
the optimum.

3.4. Effect of type and volume of the extraction 
solvent
Selecting the extraction solvent by paying attention 
to its characteristic properties is very important. 
Chloroform and carbon tetrachloride were 
compared in this extraction and obtained recoveries 
were higher for chloroform. To examine the effect 
of the extraction solvent volume, 1.5 mL of ethanol 

Fig. 3. Effect of CTAB concentration on the absorbance of
metal–xylenol orange.

Fig. 4. Effect of amount of chloroform on the absorbance of
metal–xylenol orange.
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Ion Tolerance limit (µg mL−1)
Li+, Na+, K+, Cl−, NO3

− 1000
Ca2+, Mg2+, Ba2+, SO4

2− 50
Co2+,Cr3+, Zn2+, Cd2+, Ni2+ , Pb2+ 5
Cu2+, Hg2+, La3+, Ce3+, UO2

2+ 2
Fe3+ 0.5

Table 1. Tolerance limits of some cations and anions on the determination of zirconium

containing different volumes of chloroform in the 
range of 60–150 µL were subjected to the same 
procedures. According to Fig. 4, increasing the 
volume of chloroform, initially increases the 
absorbance until at 120 µL it reaches the maximum 
amount. Thereby, the 120 μL of chloroform was 
employed to extract the zirconium from the 
aqueous samples.

3.5. Effect of type and volume of the disperser 
solvent
The main criterion for the selection of the disperser 
solvent is its miscibility in the extraction solvent 
and aqueous solution. In addition, the type of 
disperser directly influences the viscosity of the 
binary solvent. Thus, this solvent can control 
droplet production and extraction efficiency. 
To study this effect, two different solvents such 
as acetone and ethanol were tested. A series of 
sample solutions were studied using 1.5 mL of 
each disperser solvent with 120 µL of chloroform 
as the extraction solvent. The obtained enrichment 
factors for these two dispersers show no statistically 
significant differences between them; however we 
selected ethanol as the disperser because it was 
cheaper and more accessible than acetone. The 
effect of the volume of ethanol on the extraction 
recovery was also studied. The different volumes 
of ethanol (0.50, 1.00, 1.50, 2.00 and 2.50 mL) 
containing 120 µL chloroform were examined. 
For the first two tests, the droplets were big and 
the surface area was low, so the droplets rapidly 
settled at the bottom of the tube and low extraction 
efficiencies were obtained. Maximum extraction 
was observed when the disperser solvent volume 
was 1.5 mL. Thus 1.5 mL of ethanol was chosen as 
the proper amount.

3.6. Effect of diverse ions on the recovery
In order to assess the possible analytical 
applications of the recommended procedure, the 
effect of common coexisting ions in natural water 
samples on the preconcentration and determination 
of zirconium was studied. In these experiments, 5.0 
mL solutions containing 0.10 μg mL−1 of zirconium 
and various amounts of interfering ions were 
treated according to the recommended procedure. 
Tolerable limit was defined as the highest amount 
of foreign ions that produced an error not exceeding 
±5% in the determination of investigated analyte. 
The results are summarized in Table 1. As it is seen, 
large numbers of ions used have no considerable 
effect on the determination of zirconium.

3.7. Analytical performance of the method
The linear working range of the method for 
determination of Zr(IV) was found to be 0.04−0.35 
µg mL−1. The limit of detection (LOD) of the 
proposed methodology was calculated as three times 
the standard deviation of 8 blank solution readings 
over the slope of the calibration graph. The LOD for 
the determination of Zr(IV) was found to be 0.010 
µg mL−1. The relative standard deviation (R.S.D) for 
analysis of 0.10 µg mL−1 Zr (IV) (n= 10) was 2.7 %.
3.8. Applications
The accuracy of the proposed method was tested 
by separation and determination of Zr(IV) ion in 
tap water, well water and mineral water samples. 
In order to validate the method, analytes were 
determined in spiked real samples. Also this method 
was applied to the determination of zirconium in 
ceramic materials. The results obtained are shown 
in Tables 2 and 3. The results demonstrated that the 
proposed method was suitable for the determination 
of Zr(IV) in real samples.
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4. Conclusions
In the present study, a novel method for the 
preconcentration and spectrophotometric 
determination of zirconium in water samples is 
proposed. Dispersive liquid–liquid microextraction 
is a sensitive, efficient, and simple method for 
preconcentration and separation of trace metals 
with the use of low sample volumes. The proposed 
preconcentration and determination method gives a 
low limit of detection and good R.S.D. values. The 
method can be successfully applied to the separation 
and determination of zirconium in real samples. 
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A B S T R A C T
In this study, feasibility of magnetic bentonite nanocomposite for 
removal of amoxicillin from wastewater samples was evaluated 
by high performance liquid chromatography (HPLC). Magnetic 
bentonite synthesized by co-precipitation of bentonite and Fe3O4 
and used for removal of amoxicillin from water samples. Response 
surface methodology on central composition design (CCD) was 
applied for designing of experiment and building of model. Three 
factors including pH, adsorbent dose and temperature were studied 
and used for quadratic equation model to prediction of optimal points. 
By solving the equation and considering regression coefficient (R2 

=0.98).  The optimal points of main parameters were obtained as a pH 
of 4.68, the adsorbent dosage of 1.50 g and the temperature of 48.90 C. 
Results showed that three factor are significant on removal efficiency 
and experimental data are in good agreement with predicted data. 
Proposed methods were used to analysis of amoxicillin in three real 
samples.
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1. Introduction
Nowadays, antibiotic residual is a serious concern 
for many of environmental researchers. Because 
of insufficient ability of conventional sewage 
treatment, some antibiotics such as ampicillin, 
erythromycin, tetracycline and penicillin are not 
even removed in sewage treatment processes and 
cause many environmental hazards [1]. Recent 

studies have shown that some antibiotics have toxic 
effects on the life of microorganisms and, over the 
long term, have undesirable effects on ecological 
sustainability [2]. Amoxicillin (C16H19N3O5S3) is a 
β- lactam antibiotic with a molecular weight of 365 
gram per mole is used to treat bacterial infections 
[3]. The concentration of this type of antibiotics 
groups in surface waters is 48 ng L-1 and in the 
hospital sewage between 28 -82 mg L-1 have been 
reported. In many pharmaceutical effluent output 
higher concentration of these drugs can also be 
found. Several methods such as; the ozonation [4], 
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the Fenton process [5], electrochemical methods 
[6], the nano filtration [7] and the adsorption 
process [8] were applied for removal of antibiotics 
from aqueous environments samples. Absorption 
is one of the most effective methods to removal 
of antibiotics compounds from water and sewage 
even at low concentrations (less than 1 mg L-1).  
Adsorption is very simple  and low cost method 
in comparison to other techniques that applied 
for removal of common pollutants from aqueous 
samples [9]. Natural clay compounds are one of 
the best adsorbents to removal of contaminants 
from air and water samples. This ability obtained 
from their high surface area, the porous structure, 
the chemical stability, and their layered structure. 
Bentonite is a natural clay that used as an adsorbent 
to removal of pollutants from water and wastewater 
samples. Response surface methodology (RSM) 
is appropriate technique that used in many fields 
[10]. The main objective of RSM is to determine 
optimum operating conditions for the system or 
designated area of the practical satisfaction [11]. 
Experimental data points were obtained during our 
optimization and used to build a model for CCD 
which was ideal for sequential testing and allows 
the right amount of information to test the lack 
of fit a large number of unusual design points. 
In this study, removal of amoxicillin by nano-
composite made of multi-walled carbon nanotubes 
and iron nanoparticles were studied. Design of 
Experiments were conducted using the RSM as 
well as factors affecting on absorption process 
of amoxicillin such as pH, amount of adsorbent, 
and the temperature were optimized. Finally, the 
data obtained from experiments compared with 
model output to optimize and predict the results. 
The concentration of amoxicillin determined by 
high performance liquid chromatography. HPLC 
is simple, accurate and precise technique that used 
for separation, identification and analysis of drugs.  
It can be successfully and efficiently adopted for 
routine quality control analysis of drugs in bulk and 
pharmaceutical dosage form. It can also be used 
in combination with other analytical methods to 
further elucidate the components of mixtures.

2. Material and methods
2.1. Apparatus and reagent
The measurement of amoxicillin was performed 
using high performance liquid chromatography  
accessory (CECIL Corporation, HPLC, England) 
equipped ACE C18 column and UV-VIS detector at 
230 nm. The mobile phase is ACN: water (60:40). 
Analytical grade of different reagents such as; HCl 
and NaOH were purchased from Merck (Darmstadt, 
Germany). The amoxicillin was prepared from 
Aldrich chemical Co. HPLC grade of acetonitrile 
and water purchased from Sharloa (Espain). 
Bentonite clay was purchased and from Merck 
(Darmstadt, Germany) and used for further work. 
The bentonite samples were powdered and sieved 
by 80-mesh sieve and washed with double distilled 
water (DDW) for 4 times before using by procedure.

2.2. Synthesize of adsorbent
Synthesize of magnetic bentonite are performed by 
co-precipitation methods by Hashem et al. First, 20 g 
of bentonite was added into 100 ml of distilled water 
containing FeCl2 (0.02 mol L-1) and FeCl3 (0.04 mol 
L-1). The pH of solution was set around 10 by adding 
NH4OH buffer solution (1 mol L-1) and stirred for 30 
min at 300 rpm. Next, 40 ml of HNO3 solution (2 M) 
was added with stirring for 5 minutes and then 60 
ml of Fe(NO3)3 solution (0.35M ) was added to the 
previous solution and solution boiled for one hour. 
After settling suspension, the residual was filtered 
and solid of magnetic bentonite was separated by 
washing of DDW for  3-5 times. Finally, the product 
was heated in an oven at 80ºC for 24 h [12].

2.3. Removal Procedure
Experiments were performed with the central 
composite design (CCD) methodology. A standard 
solution of 1000 mg L- 1 amoxicillin was prepared 
by dissolving of 1 g of amoxicillin in 1 liter of 
deionized water. All standard working prepared 
from this solution. Experiments were performed at 
a batch reactor in 500 ml beaker that containing of 
50 ml of amoxicillin concentration and the solution 
was shaked for the 30 minutes in incubation shaker 
at 200rpm by controlling of temperature. The pH 
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of the solution was adjusted by adding 0.1 M of 
NaOH and HCl. After completion of experiments, 
magnetic nanocomposite was removed by an 
external magnet and remaining amoxicillin was 
measured. The removal percentage of Amoxicillin 
(% removal) was calculated as Equation 1:

(Eq. 1)

Where Ce and C0 are initial and final Amoxicillin 
concentration (mg l-1) in solution, respectively.
2.4. Experimental design 
A central composition design  (CCD)  was carried 
out in this research for evaluate the variables for 
adsorption of amoxicillin from aqueous solution 
using in a batch reactor. The CCD method for 
three variables (pH, amount of nanocomposite and 
temperature), with two levels (the minimum and 
maximum) was used as experimental design model. 
In the experimental design model, the pH between 

2-9, the adsorbent dosage from 0.5 g to 1.5 g and 
the temperature between 20-60o C were employed 
as the input variables. Percentage removal of 
amoxicillin was the response of the system. Table. 
1 showed the experimental design matrix that 
obtained from CCD procedure. The amoxicillin 
concentration determined by HPLC. The quadratic 
equation model for predicting the optimal point of 
adsorption processes was expressed by Equation 2.

(Eq.2)

Where Y is the response of the system and Xi and 
XJ are the variables of action.   R2 is coefficient of 
determination of  polynomial model . The statistical 
significance was verified with adequate precision 
ratio and by the F-test. Design expert (version 8) 
program was used for regression and graphical 
analysis. A total of 19 experiments were necessary 
to estimate of the full model (Table 1)

Predicted Value(%)Actual Value (%)adsorbent( g)T(oc)pHRun

92.20981455.51
19.20201.0045.0011.392
92.20961.0045.005.503
60.2957.05065.009.004
92.20831.0045.005.505
92.20951.8445.005.506
91.64991.5065.002.007
77.97971.5025.002.008
92.20981.0045.005.509
100861.0011.365.5010

65.08830.5065.002.0011
100900.1645.005.5012

66.82701.50659.0013
74.58830.5025.009.0014
84.41970.5025.002.0015
100931.0078.645.5016

92.20921.0045.005.5017
48.14461.5025.009.0018
92.20901.0045.005.5019

Table 1. Central composite design matrix with experimental and predicted values
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3. Result and discussion
3.1. Regression model and statistical analysis
The CCD method has been successfully used for 
optimizing affecting factor that influenced on the 
percentage of amoxicillin removal. For the best 
response of system, the experimental results were 
analyzed through RSM to obtain an empirical 
model. The regression model equations (second-
order polynomial) relating the removal efficiency of 
amoxicillin and related parameters were developed 
as Equation 3:

%Removal=+35.00926+7.71191×pH+
0.91252×T+23.48479×Dose-7.14286e-    

004×pH × T+0.38571 × pH* × Dose+5.e-3 × T × Dose-
0.68596 × pH2-0.013048 × T2-8.99753 × Dose2

(Eq. 3)

The coefficients of Equation 3 are determined 
by using software Design-Expert 8. The optimal 
parameters are as follows: pH = 4.68, the adsorbent 
dosage = 1.5 g, and the temperature = 48.90o C. 

The model prediction of the amoxicillin removal 
was obtained %99.48 while the experimental 
amount of removal efficiency achieved %99. These 
results confirmed that the RSM could be effectively 
applied to optimize the factors and parameters in 
complex processes. The term of encoded factor 
expressed relation between the independent 
variables and dependent response of system. 
Apart from the line are effects of the parameter 
for the amoxicillin removal, the RSM also gives 
an insight in to the quadratic and interaction effect 
of the parameters. Table 2 showed the results of 
regression analysis of obtained quadratic model. 
The F-values and p-values are related to significant 
of each coefficient (Table 2). High magnitude of 
the F-values and small magnitude of the p-values 
indicated that corresponding coefficients was 
more significant. Also, Values of “probe> F” less 
than 0.0500 implied high significant regression 
at 95 percent confidence level. According to the 
F-value and p-values, the amount of adsorbent was 
found more effective on the adsorption process 
of amoxicillin. The “Lack of Fit F-value” of 0.26 

Mean P-value
Source sum of square df Square F Value Prob> F
Model 3120.63835 14 222.902739 148.517383 < 0.0001
A-pH 84.4231475 1 84.4231475 56.2501161 < 0.0001
B-adsorbent dose 537.787036 1 537.787036 358.320959 < 0.0001
C-temperature 0.66785645 1 0.66785645 0.44498463 0.5091
D-time 116.402257 1 116.402257 77.5574075 < 0.0001
AB 0.01125 1 0.01125 0.00749574 0.9315
AC 25.56125 1 25.56125 17.0311499 0.0002
AD 4.5 1 4.5 2.99829525 0.0922
BC 15.40125 1 15.40125 10.2616655 0.0029
BD 29.645 1 29.645 19.7521028 < 0.0001
CD 26.645 1 26.645 17.7532393 0.0002
A^2 1107.54922 1 1107.54922 737.946571 < 0.0001
B^2 225.03502 1 225.03502 149.938096 < 0.0001
C^2 745.166816 1 745.166816 496.495584 < 0.0001
D^2 897.389678 1 897.389678 597.919825 < 0.0001
Residual 52.52985 35 1.50085286
Lack of Fit 5.00385003 10 0.500385 0.26321645 0.9840
Pure rror 47.526 25 1.90104

Table 2. ANOVA analysis for removal of amoxicillin
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indicated that the Lack of Fit is not significant. 
The fitness of the model was expressed by 
the determination coefficient (R2). The “Pred 
R-quared” of 0.9848 is in agreement with the “Adj 
R-Squared” of 0.9768. “Adeq Precision” expressed 
the value of signal to noise ratio. A ratio greater 
than 4 is favorable. In this case “Adeq Precision” 
of 30.63 indicates an adequate signal. Thus, as a 
result of the statistical analysis, quadratic model 
was found suitable for demonstrate the adsorption 
process and useful for developing empirical 
relationships. Removal efficiency of amoxicillin 
was sensitively depended to the amount of 
adsorbent. The removal efficiency was sharply 
increased when the amount of adsorbent increased 
from 0.5 g to 1.5 g. The increase in yield due to 
increase in adsorbent dosage was more dominated 

than other significant factors. The pH of the solution 
was another factor that influenced the response of 
system. As can be seen on Figure 1, when the pH 
increased from 2 to 5, the removal efficiency of 
amoxicillin was increased. Temperature is a key 
factor which effect on adsorption process. In this 
study, effect of temperature on removal efficiency 
of amoxicillin was investigated. Results showed 
that by increasing of temperature, the removal 
efficiency of amoxicillin decreased and in 48oC the 
highest removal efficiency was obtained.
The parity plot are presented in Figure 2. As 
shown in Fig. 2, there was a satisfactory correlation 
between the observed and fitted values. In addition, 
a normal distribution of residual were observed in 
Figure 2 which indicated the data points can be 
formed approximately straight line.

Fig.1. Response of surface by CCD method

Magnetic bentonite nanocomposite for removal of amoxicillin            Mohammad Reza Rezaei Kahkha et al
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Fig. 2. The normal probability plot of the residuals and parity plot show the 
correlation between the observed and predicted values.

Sample Added (mg L-1) Initial Amount (mg L-1) Final Amount (mg L-1) Recovery (%)

Sample 1
--------- --------- 56.6 ± 2.1 ---------

50 --------- 105.4 ± 4.7 97.6

Sample 2
--------- --------- 66.3 ± 2.8 ---------

50 --------- 117.1± 5.6 101.4

Sample 3
--------- --------- 23.9 ± 0.9 ---------

20 --------- 43.5 ± 1.7 98.0

CRM 1
--------- 23.4 22.2 ± 1.1 94.8

20 --------- 41.6 ± 1.9 97.0

CRM 2
--------- 58.9 56.8 ± 2.3 96.4

50 --------- 107.2 ± 5.1 100.8

CRM 3
--------- 102.5 98.7 ± 4.8 98.9

100 --------- 96.9 ± 4.6 96.9

CRM 4
--------- 47.1 48.2 ± 1.7 102.3

50 --------- 96.8 ± 1.7 97.2

Mean of three determinations ± standard deviation (P = 0.95, n = 5)
Sample 1: Wastewater Drug Factory
Sample 2: Wastewater Hospital
Sample 2: Wastewater Drug Razi
CRM 1, 2, 3 and 4 analysis with HPLC-MS with concentration of 23.4, 58.9, 102.5 and 47.1 respectively

Table 3. Adsorption of amoxicillin in real samples based on magnetic bentonite nanocomposite
using response surface methodology
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3.2. Application of proposed methods to real 
sample
To verify the potential application of proposed 
method to real samples, three real wastewater 
samples were selected and used by proposed 
procedure. Different concentrations of amoxicillin 
include 100, 150 and 200 mg L -1 were spiked to the 
samples and removal efficiency of amoxicillin was 
tested using proposed methods. Results are shown 
in Table 3.  As expected, the magnetic bentonite 
nanocomposite has good recovery for adsorption of 
the spiked amoxicillin from all three real samples.

4. Conclusions
In this work, a magnetic bentonite nanocomposite 
was synthesized and applied for adsorption of 
amoxicillin from wastewater. A central composition 
design was applied for study of the effects of 
parameters such as; pH, temperature and amount 
of adsorbent which was influenced on the removal 
efficiency of amoxicillin. A quadratic model was 
solved and developed to correlate the independed 
variables  and the response of system. Through 
the analysis of response surfaces, was found that 
amount of adsorbent was most significant variable 
on removal efficiency of amoxicillin by HPLC. 
Process optimization was performed and results 
showed that the experimental data were found to 
agree with the predicted values.
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1. Introduction
Copper and zinc are essential ions for the human 
body. Copper has different forms such as CuS, 
CuS2, CuFeS2 and CuSO4.5H2O in environment. 
The high concentrations of Cu and Zn more than 
2 ppm in human blood are toxic and the range 
between essentiality limit and toxicity form is 

very small. Copper and zinc has normal ranges 
between 0.8-1.6 mg L-1 in different ages for the 
human serum and urine samples [1].  Zinc is 
used as cofactor for many enzymes in the human 
body. Zinc effect on cell structure of human body, 
the structure of protein, the gene expression, 
the immune system, and the growth in children. 
Zinc deficiency cause to many diseases such as, 
diarrhea, a compromised immune system, night 
blindness, hair loss, and the taste alterations [1-
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A B S T R A C T
In this work the effect of amoxicillin on copper and zinc (Cu and Zn) 
deficiency was evaluated by determining of Cu and Zn concentration 
in human serum and urine samples. By dispersive ionic liquid cloud 
point extraction procedure (DIL-CPE), 0.03 g of pure amoxicillin 
drug was added to mixture of 0.1 g of hydrophobic ionic liquid and 
0.2 mL acetone which was injected to 2 mL of serum or urine samples 
which was diluted with DW up to 10 mL. The cloudy solution was 
shacked for 7 min and Cu and Zn ions was extracted based on sulfur 
group on amoxicillin ligand at pH of 7 by DIL-CPE. Then, the solution 
centrifuged and after back extraction with I mL of nitric acid (0.2 M), 
the remained solution was determined by flame atomic absorption 
spectrometry (F-AAS). The enrichment factor (EF), LOD and linear 
range (LR) for copper and zinc was obtained (9.92; 9.81), (28.5 µg 
L−1; 15.2 µg L−1) and (100 -505 µg L−1; 41- 153 µg L−1), respectively. 
The results showed us, the concentration of the Cu and Zn ions can be 
decreased by increasing amoxicillin drug dosage in human body. The 
mean value for serum copper/zinc ratio was obtained 1.11 ± 0.28. The 
DIL-LME method was validated by ICP-MS analysis  and spike of 
real samples for Zn and Cu ions in serum and urine samples.
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2]. Total zinc is about 40 mg per day for adults 
over 20 years. Copper helps to transportation of 
iron, energy production, the pigmentation of skin, 
hair, and eyes. Copper acts as an antioxidant for 
defending of cell damage which was caused by free 
radicals. Copper deficiency cause to anemia, low 
white blood cell count, loss of myelin, multiple 
sclerosis (MS), the loss of pigmentation, the 
impaired growth and osteoporosis [3]. The copper 
intake from food/water or supplements has 10 mg 
per day and over limit accumulates in the liver. 
Based on previous studies, a ratio of 8-15 mg of 
zinc for every 1 mg of copper reported. However, 
this ratio seems to be more important for human 
bodies mechanism [1-4]. Zinc is absorbed in the 
small intestine by a carrier-mediated mechanism. 
Under normal physiologic conditions, transport 
processes of uptake are not saturated. The mean 
value for serum copper was normal range (17.47 ± 
3.31 μmol L-1; 111.32 μg dL-1), and the mean value 
for serum zinc was at the lower edge of the normal 
value (12.24 ± 1.04 μmol L-1; 80.01 μg dL-1), while 
the mean value for serum copper/zinc ratio was 
1.44 ± 0.31 ranging from 0.65 to 2.67 [5-7]. Copper 
and zinc concentration in liquid phase can be 
determined directly by inductively-coupled plasma 
atomic emission spectrometry (ICP-AES) [8] or 
electrothermal atomic absorption spectrometry 
(ET-AAS) [9] with low detection limit (LOD). The 
conventional flame atomic absorption spectrometry 
(F-AAS) [10] was used in many laboratories and 
had low interferences ions as compared to ICP-
AES or ETAAS. As difficulty matrix in human 
blood or serum patients a sample preparation is 
require for preconcentration/separation/extraction 
of ions from samples before determination. Many 
procedures for metal determination in water and 
human matrix was used with different analytical 
techniques and reagents [11,12]. The Liquid–
liquid extraction by using salophen as an complex 
reagents [13], the sandwich supported liquid 
membrane [14], the modified carbon based solid 
phase extraction [15], the solid-phase extraction 
on MWCNTs - D2EHPA-TOPO [16], dispersive 
liquid–liquid microextraction of copper (II) by 

oxinate chelate [17] and dispersive liquid-liquid 
microextraction-slotted quartz tube-flame atomic 
absorption spectrometry [18] are well-known 
procedures for preconcentration and separation of 
trace copper or zinc from different matrix.
        In this work, the pure amoxicillin antibiotic 
drug was used as chelating agent for copper and 
zinc (Cu/Zn) extraction in human serum and urine 
samples by DIL-CPE procedure at optimized 
pH. The Cu and Zn deficiency was evaluated by 
determining its concentration in human serum/
urine samples by F-AAS. The Cu and Zn ions can 
be separated from liquid phase by hydrophobic 
ionic liquid as green solvent.

2. Experimental 
2.1. Apparatus and Reagents
A flame atomic absorption spectrometer model, with 
an air-acetylene flame, was used for copper (II) and 
zinc (II) determination in human serum and urine 
samples (Shimadzu, F-AAS, model 680, Tokyo, 
Japan).  Copper based on wavelength 324.7 nm, slit 
0.5 nm and lamp current 3.0 mA (1-5 mg L-1) were 
selected.  Zinc lamp with wavelength 213.9 nm, slit 
0.5 nm and current 5.0 mA (0.4-1.5 mg L-1) were 
used. A pH meter with glass electrode was adjusted 
the pH of human samples (Metrohm, E-632). For 
validation, the electrothermal atomic absorption 
spectrophotometer (ET-AAS, GBC 932) and ICP-
MS in real samples as certified reference material 
(CRM) was used for determination of copper (II) 
and zinc (II) in serum and urine samples.  The 
calibration curve of copper (II) and zinc (II) with 
injecting 20 µL of standard solution to graphite 
tube were used. All the reagents with analytical 
grade were used. Deionized-distilled water (DW, 
Millipore, USA) was prepared for experimental 
run. The copper (II) and zinc (II) solutions were 
prepared by appropriate diluting a 1000 µg L-1 
of Cu and Zn solution (Merck) with DW. The 
pure amoxicillin (Fig.1), acetone and ionic liquid 
purchased from Sigma Alderich (Switzerland) 
and Merck Company (Germany). Buffer solutions 
were prepared by standard methods. The 
pKa1 = 2.68 carboxyl, (pKa2 = 7.49 amine, and 
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pKa3 = 8.49) for amoxicillin (CAS N:26787-78-
0) was considered. 1-Methyl-3-octylimidazolium 
hexafluorophosphate (CAS Number: 304680-36-
2; C12H23F6N2P; [MOIM][PF6]) was purchased 
from Sigma, Germany. The pH of the samples was 
adjusted up to 7 with a phosphate buffer (HPO4/
H2PO4; 0.2 M).

Fig. 1. The schema of amoxicillin

2.2. Characterizations
Amoxicillin, as organic compounds with 
the penicillin core structure was used as 
ligand in this study. Amoxicillin is structurally 
characterized by a penam ring (C5H7NOS) bearing 
two methyl groups and an amide group. Fourier 
transform infrared (FT‐IR) spectra were recorded 
from KBr pellets using a spectrophotometer 
FTIR Shimadzu (Kyoto, Japan). For amoxicillin, 
the C-O stretching vibrations show intense IR 
absorptions, due to the considerable change in 
the molecular dipole moment produced by this 
vibration mode (Fig. 2). Powder X-ray diffraction 
(XRD) was conducted on a  X-ray diffractometer. 
X-ray diffraction analysis of pure amoxicillin and 
the optimized formulation was done by X-ray 
powder diffractometer (PW 3040/ 60 Xpert PRO, 
Panlytical, Netherlands). The X-ray diffraction 
patterns were recorded using Cu Kα radiations 
(λ=1.5405980Ả), a current of 30 ma, and a voltage 
of 50 Kv. The samples were analyzed over 5–35 
(2θ range) with a scan step size of 0.02s and 0.5s 
per step (Fig. 3). Scanning electron microscopy 
(SEM) images were obtained using a Tescan Mira-
3 Field Emission Scanning Electron Microscope 
(FE-SEM). The external and internal morphology 

of the amoxicillin was studied by scanning electron 
microscopy (Fig. 4). 

 

Fig. 2. FT‐IR spectra of pure amoxicillin

Fig. 3. XRD spectra of pure amoxicillin    

Fig. 4. FE-SEM for pure amoxicillin
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2.3. Sample Preparation
Serum potentially contains elements and proteins 
which were produced in the human body. 
Sample preparation helps to reduce time, errors 
and interferences in analytical chemistry. The 
sample collection and handling have improved 
the sensitivity, selectivity, and reproducibility of 
Cu/Zn analysis in serum samples. For increasing 
accuracy and precision of results, the human serum 
samples were prepared. First, the glass laboratories 
placed in mixture of sulfuric acid and nitric acid 
(ultra pure grade; 0.5 molar: 0.5 molar) for 24 
hours and washed for ten times with DW. The Cu 
and Zn concentrations in serum have an important 
limit concentration (~0.8-1.5 mg L-1) and So, the 
human serum sampling, storage and analysis must 
be carefully done. In addition, 10 mL of the human 
serum were prepared from personnel of multiple 
Sclerosis patients in Iran (MS; 25 Men, 25 women, 
25-55 age), based on the world medical association 
declaration of Helsinki (WMADH). Clean and 
sterilized syringes with plastic needles were 
purchased for Merck, Germany for serum blood 
sampling. The human biological samples were 
maintained frozen in refrigerator (below -4°C). 
For long-term storage of serum samples, we placed 
samples at −20, −80 °C or using liquid nitrogen. 
Urine samples were prepared and storage based on 
standard method in human samples.

2.4. Extraction Copper and Zinc Procedure
As shown in Figure 5, the copper and zinc were 
simultaneously extracted based on pure amoxicillin 
by DIL-CPE procedure.  Firstly, 0.1 g of hydrophobic 
ionic liquid [MOIM][PF6] and 0.2 mL acetone was 
mixed together and then 0.03 g of pure amoxicillin as 
a antibiotic drug was added.  The mixture was injected 
to diluted serum or urine sample (2:10) by 2 mL of 
syringe with PVC needle. The cloudy solution was 
obtained and shacked for 7 min by shaker accessory.  
Then, the Cu or Zn ions was extracted from serum or 
urine samples based on sulfur bonding of amoxicillin 
at pH of 7 by DIL-CPE procedure (Cu─:S:─Zn). 
After centrifuging for 3 minute (3500 rpm), ionic 
liquid separated from serum sample in end of conical 
tube. The Cu or Zn ions were simply back extracted 
with 0.5 mL of nitric acid (0.2 M) and diluted with 
DW up to 1 mL. Finally, the remained solution was 
determined by flame atomic absorption spectrometry 
(F-AAS). The recovery of proposed method based on 
pure amoxicillin antibiotic drug was achieved for Cu 
and Zn extraction by the recovery equation (mean of 
RSD% < 2.2; more than 95%). The Cp is the primary 
concentrations of Cu or Zn in sample and CF is the 
final concentration of Cu or Zn by DIL-CPE/F-AAS 
procedure (n=10, Eq. A).

Recovery % = (Cp-CF)/Cp×100

(EQ.A)

Fig. 5. Simultaneously extracted of Cu and Zn in serum and urine samples  based on amoxicillin
by DIL-CPE procedure 
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3. Results and Discussion
The DIL-CPE procedure provides novel and 
interesting approach based on amoxicillin drug for 
extraction of copper and zinc from human serum 
and urine samples. In order to obtain favorite 
separation and quantitative extraction of Cu and 
Zn ions with high sensitivity and precision, the 
analytical parameters of proposed DIL-CPE 
method must be optimized. 

3.1. Optimization of pH 
The pH of human serum or urine is main factor 
for efficient extraction of Cu and Zn ions by 
DIL-CPE procedure. The retention of Cu 
and Zn ions by amoxicillin ligand has been 
investigated at different pH from 2 to 11 with 
buffer solutions containing (100 µg L−1, 500 
µg L−1) and ( 50 µg L−1, 150 µg L−1) for copper 
and zinc as LLOQ and ULOQ concentrations. 
It showed that amoxicillin ligand (pHPZC = 5.6), 
the extraction efficiencies of Cu (II) and Zn(II) 
were improved with the increase of pH values 

more than 6 and the quantitative extraction 
were obtained at pH 6-8 and then the recoveries 
were reduced at pH more than 9. Consequently, 
the Cu and Zn ions quantitative extracted at 
pH 7 (Fig.6). Due to serum pH, the extraction 
mechanism of Cu (II) and Zn(II) ions based on 
amoxicillin ligand is mainly depended on the 
electrostatic attractions of deprotonated sulfur 
groups of amoxicillin ligand with the positively 
charged Cu2+ and Zn2+ cations. At low pH (pH< 
pHPZC), the amoxicillin ligand have positively 
charged (SH2

+) as a protonation system. So, 
the extraction efficiency can be decreased 
due to the electrostatic repulsion between the 
Cu2+ and Zn2+ cations and positively charge 
of ligand. In addition, by increasing pH, the 
sulfur groups in amoxicillin ligand becomes 
negatively charged (R-S:2-….Cu/Zn) and so 
the electrostatic attraction between negatively 
charged sulfur groups and positively charged 
Cu2+ and Zn2+ cations increased. In more pH 
(pH>9) the extraction were decreased due to the 

Fig. 6. The pH effect on simultaneously copper and zinc extraction with  pure amoxicillin
by DIL-CPE procedure
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formation of hydroxyl complexes of Cu (II) and 
Zn(II) ions.

3.2. Effect of amoxicillin dose
Different amounts of amoxicillin ligand 
(AMOX-L) in the range of 5 to 50 mg were 
tested on the recoveries of Cu (II) and Zn(II) 
ions for the presented DIL-CPE procedure. The 
results were shown in Figure 7. It was found that 
30 mg and 25 mg  of AMOX-L was sufficient 
for quantitative recoveries of copper and zinc 
ions in serum and urine samples, respectively. 
So, 30 mg of AMOX-L was used as optimum 
amount of AMOX-L for further works.  Higher 
amount of AMOX-L had no significant effect 
on the extraction of Cu (II) and Zn(II) ions. 
Due to capture of Cu (II) and Zn(II) on surface 
of AMOX-L and the metal concentration in 
solution, it came to equilibrium with each other. 
Eventually, 30 mg of AMOX-L was used as 
ligand for further work.

3.3. Effect of the IL amount
In the presented DIL-CPE method, 1-Methyl-3-  
octylimidazolium hexafluorophosphate 
(C12H23F6N2P; [MOIM][PF6]) as hydrophobic ionic 
liquid was used as  green extraction solvent in 
order to separate the Cu (II) and Zn(II) ions which 
was complex with AMOX-L as a coordination 
complex ions in the serum and urine samples.
The effect of [MOIM][PF6] amounts on the 
extraction efficiencies of presented method 
was studied within the range of 0.05-0.25 g for 
10 mL of standard solution, serum and urine 
samples containing 30 mg of AMOX-L, copper 
values (100 µg L−1, 500 µg L−1) and zinc values 
( 50 µg L−1, 150 µg L−1)  as LLOQ and ULOQ 
concentrations. The results showed that the 
quantitative recoveries were obtained with 0.08 g 
of [MOIM][PF6]. Therefore, in order to achieve a 
suitable preconcentration, 0.1 g of IL was chosen 
as optimum leading to a final IL for serum and urine 
samples (Fig.8). Moreover, the effect of IL for 

Fig. 7. The effect of AMOX-L on simultaneously copper and zinc extraction
by DIL-CPE procedure
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Cu and Zn extraction with the same experiments 
were evaluated without and AMOX-L. Based on 
results, the efficient extraction for Cu and Zn ions 
were obtained less than 24% and 19% for urine 
and serum as complexation Cu and Zn with amino 
acids  such as cysteine (Cys) and proteins (Cu/
Zn….Pr /Cys). Therefore the IL had low effect 
on Cu and Zn extraction at optimum conditions. 
In addition, by increasing the ultrasonication 
time up to 60 min, the almost 27% and 31% of 
Cu and Zn ions extracted by 0.1 g of IL without 
any AMOX-L. These results confirm the critical 
role of AMOX-L as complex agent for Cu and Zn 
extraction.  

3.4. Effect of eluents
The elution solutions were optimized in order to 
obtain the maximum back-extraction Cu and Zn 
ions from IL with the minimum concentration 
and volume of the elution solution. By DIL-
CPE method, the different elution solutions were 
selected with high recovery. The coordination 
of Cu and Zn cations with AMOX-L was 
dissociated and ions released into the aqueous 
phase in acidic pH. For evaluation of the type, 
the concentration and the volume of acid 

solutions for back extraction ions from ligand, 
1000 µL of different mineral acids solutions such 
as HCl, H3PO4, HNO3 and H2SO4 (0.1-0.5 mol 
L-1) were examined by DIL-CPE procedure. The 
results showed that 0.2 mol L-1 HNO3 (0.5 mL) 
quantitatively back-extracted Cu and Zn from 
ligand/IL (Fig. 9). 

3.5. Effect of sample volume  
As shown in Figure 10, the effect of sample 
volume on the extraction of copper and zinc in 
serum and urine samples were evaluated and 
optimized by different volumes from 1- 25 mL 
containing copper values (100 µg L−1, 500 µg 
L−1) and zinc values ( 50 µg L−1, 150 µg L−1)  as 
LLOQ and ULOQ concentrations by DIL-CPE 
procedure. As shown in Fig. 10, satisfactory 
recoveries were obtained between 2-10 mL for 
urine and serum samples. In addition, the high 
sample volume caused to significantly decrease 
the extraction Cu and Zn in human samples. 
Therefore, 10 mL of human samples was used for 
further investigation.

3.6. Effect of time 

Fig. 8. The effect of [MOIM][PF6] on simultaneously copper and zinc extraction
by DIL-CPE procedure
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Dispersion is main factors for DIL-CPE procedure 
and allows to perfectly contacting of the Cu and Zn 
cations with AMOX-L as complex agent. Due to 
the favorite dispersion of the ligand into the liquid 
phase, the recovery of extraction phase increased. 
The effect of the ultrasonication time on the DIL-
CPE procedure based on AMOX-L was studied 

within the range of 1–10 min. The results showed, by 
increasing time up to 2.5 min, the relative extraction 
increased and after this time remained constant. So, 
the time of 2.5 min selected for Cu and Zn  extraction 
for further studies. On the other hand, after complex 
ions with AMOX-L, the centrifugation was needed 
to accelerate the separation IL from liquid phase. 

Fig. 10. The effect of sample volume on extraction of copper and zinc by DIL-CPE procedure

Fig. 9. The effect of eluents on back-extraction of copper and zinc extraction
by DIL-CPE procedure
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Therefore, different times for centrifuging were 
examined between 1-5 min at 3500 rpm. The result 
showed that 2.0 minutes is sufficient to perfect 
separation phase.

3.7. Interference study
For evaluating of the analytical application in real 
samples, the important interference of coexisting 
ions effected on copper and zinc extraction in 
serum and urine samples were studied by the DIL-
CPE procedure. For this proposed, the different 
amounts of the interfering ions added to 10 mL of 
liquid solution containing 500 µg L−1 of  copper and 
150 µg L−1 of zinc. The results showed, the most of 
the coexisting cations and anions had no effect on 

the extraction of Cu and Zn ions under optimum 
conditions (SD of recovery < ±5%). In fact, the 
tolerable concentration ratio of interference of 
coexisting ions (M) per Cu and Zn (M/Zn2+ or M/
Cu2+) for Hg2+, Ag+ and Au3+ - was less than 50 and 
30 for zinc and copper, respectively. This ratio was 
almost 100-200 for Ni2+, Pb2+ and Co 2+ ions. The 
results showed that the AMOX-L have favorite 
ligand for Cu and Zn extraction despite the high 
concentrations of the coexisting ions (Table 1).
.

3.8. Analytical figures of merit
The analytical characteristics for Cu and Zn 
extraction in human serum and urine samples were 

Interfering  Ions in serum (M)
Mean ratio
(CM /C Cu(II))

Recovery (%)

Cu(II)     Cu(II)

V3+, Fe 3+ 800 97.2

Cd2+, Mn2+ 600 98.1
I- , Br-, F-, Cl- 1200 99.3
Na+, K+ 1000 98.4
Ca2+, Mg2+ 750 97.1

CO3
2-,  PO4

3-, NO3
- 900 97.7

Ni2+,  Co2+ 100 96.9

Pb2+ 700 98.2

Hg2+,  Ag+,  Au3+ 30 97.3

Interfering  Ions in serum (M) 
Mean ratio

(C M /C Zn(II))
Recovery (%)

    Zn(II)   Zn(II)

V3+, Fe 3+ 900 98.7

Cd2+, Mn2+ 750 97.6
I- , Br-, F-, Cl- 1100 98.8
Na+, K+ 900 98.2
Ca2+, Mg2+ 950 96.6
CO3

2-,  PO4
3-, NO3

- 1100 98.7
Ni2+,  Co2+ 200 97.5
Pb2+ 800 96.7
Hg2+,  Ag+,  Au3+ 50 98.0

Table 1. The effect of interferences ions on extraction of Cu(II) and Zn (II)  in serum samples
by DIL-CPE procedure
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studied by the purposed DIL-CPE procedure. The 
intra-day analytical performance was shown in 
Table 2 for the multiple sclerosis patients (50) and 
healthy peoples (50).  Under the optimal conditions, 
the linearity for the Cu (II) and Zn(II) concentration 
ranges between 100 -505 µg L−1 and 41- 153 µg 
L−1, respectively as a lower limit of quantification 
(LLOQ) and upper limit of quantification (ULOQ) 
with mean correlation coefficient of R2=0.9997 
for Intra-day analysis. The LOD and LOQ are as 
an analytical signal three times higher than the 
background noise and three times higher than 
LOD, respectively. The precision of the AMOX-L/
DIL-CPE procedure showed by the relative 
standard deviation (RSD %) for ten replicate 
determination containing 100 µg L−1 of Cu and 
Zn concentration which was obtained lower than 

2.2%. The enrichment factor was calculated based 
on calibration curve and curve fitting rule (tga=m1/
m2). According to proposed method, a favorite 
linear ranges and satisfactory EF were achieved for 
determination of Cu(II) and Zn (II) ions in human 
samples. The mean value for serum copper/zinc 
ratio in MS patients was obtained 1.11 ± 0.28 which 
was lower than normal range as 1.44 ± 0.31.

3.9. Analysis of real and certified samples
The DIL-CPE procedure was used for 
determination of copper and zinc in serum and 
urine samples by AMOX-L ligand. The validation 
of method was obtained based on spiking samples 
by known concentration of Cu (II), and Zn(II). 
The efficient recovery was achieved by spiking 
samples, which confirms the accuracy of the 

Table 2.  Determination of copper and zinc in serum by DIL-CPE procedure (Mean intra-day
and inter –day analysis for 50 MS and 50 healthy peoples (HP); µgL-1) 

Serum Sample
a Mean of MS (n=50) a Mean of  HP (n=50) Data Subject

Intra-day Inter day Intra-day Inter day           r   P value
Copper 965.4 ± 51.6 972.1 ± 58.7 1154.5 ± 62.6 1168.7 ± 71.4 0.107    <0.001

Zinc 658.4 ± 29.5 666.2 ± 33.8   875.3 ± 44.6   861.9 ± 48.8 0.123    <0.001

Mean of three determinations of samples ± confidence interval (P = 0.95, n =10) 
Correlations are based on Pearson coefficients (r). Statistical significance will be observed if P < 0.001

Table 3. Validation of developed the DIL-CPE procedure based on AMOX-L for Cu
and Zn determination by spiking real samples (µgL-1)

Sample Added Cu Added Zn Found Cu* Found Zn* Recovery(%)Cu Recovery(%)Zn
Serum ------ ------ 235.5 ± 11.2 189.6 ± 9.3 ------ ------

200 200  429.6 ± 20.8 380.4 ± 18.7 97.1 95.4
Urine ------ ------ 197.3 ± 10.1 201.2 ± 9.4 ------ ------

200 200 394.8 ± 17.6 404.7 ± 18.9 98.7 101.7
Serum ------ ------ 252.7 ± 11.2 168.8 ± 8.3 ------ ------

250 150 499.8 ± 23.6 315.5 ± 14.7 98.8 97.8
Urine ------ ------ 171.4 ± 8.1 142.3 ± 6.6 ------ ------

150 150 324.2 ± 13.5 288.7 ± 14.2 101.8 97.6
* Mean of three determinations of samples ± confidence interval (P = 0.95, n =10)
All samples (2 mL) diluted with DW up to 10 mL( Dilution factor: DF=5) 
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DIL-CPE procedure (Table 3). The recoveries of 
spiked samples for Cu and Zn were ranged from 
96 to 105%, which demonstrated that the DIL-
CPE procedure was satisfactory for determination 
copper and zinc in urine and serum samples. On 
the other hand, the certified standard reference 
materials (CRM) were prepared in serum and urine 
sample by ICP-MS and used for the validation 
methodology (Table 4). 

4. Conclusions
A simple, rapid, reliable and sensitive method 
was developed for separation and extraction of Cu 
(II) and Zn(II) in serum and urine samples based 
on AMOX-L by the DIL-CPE procedure. The 
[MOIM][PF6]  ionic liquid as a trapping phase was 
used for separating of Cu/Zn-loaded AMOX-L 
from liquid phase.  IL helps to reducing the sample 
preparation and separation time for extraction 
process. Using a small amount of AMOX-L 
with high extraction recovery, good precision, 
minimal acid elution (500 µL) and green solvent 
caused to make the efficient e xtraction b ased on 
environmentally friendly for determining of Cu 
and Zn in urine and serum samples.  Also, the low 
LOD and RSD% values as well as the quantitative 
recoveries (more than 95%) were obtained in 
optimized conditions. Therefore, the developed 
method based on AMOX-L can be used as favorite 
sample preparation in human biological samples 
in short time. As obtained results, the amoxicillin

can be affected on copper and zinc deficiency in 
human body at human pH when the patients used it 
by over dosage for many times.
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A B S T R A C T
Antibiotics and pharmaceutical products cannot remove by 
conventional sewage treatment. In this work, an effective adsorbent 
magnetic multiwalled carbon nanotube (Fe3O4@MWCNTs; 
MMWCNTs) was synthesized by co-precipitation of MWCNTs with 
Fe3O4 and used for removal of Metronidazole from aqueous solutions. 
Response surface methodology on central composition design (CCD) 
was applied for designing of experiments and building of models for 
Metronidazole removal before determination by HPLC. Four factors 
including pH, the adsorbent dose, time, and temperature were 
studied and used for the quadratic equation model to the prediction 
of optimal points.  By solvent the equation and considering the 
regression coefficient (R2 =0.9997), the optimal points obtained 
as follows: pH =2.98; adsorbent dosage =2.16 g; time =22 min 
and temperature = 37.9 oC. The isotherm study of adsorption showed 
that the metronidazole adsorption on Fe3O4@MWCNTs follows the 
Langmuir model. The maximum adsorption capacity (AC) is 215 
mg g-1 obtained from Langmuir isotherm. The results showed that 
three factors including pH, amount of adsorbent, and temperature 
are significant on removal efficiency and an experimental point was 
found to agree satisfactorily with the predicted values. The proposed 
methods coupled to HPLC were used to analysis of metronidazole in 
six real samples. The results showed the best removal efficiency was 
obtained at optimal points. Moreover, the reusability of adsorbent 
showed that the Fe3O4@MWCNTs can be efficiently removed 
the Metronidazole from aqueous solutions as compared to other 
adsorbents.
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1. Introduction
Antibiotic residual in environmental ecosystems

is a serious concern for human’s health. The
conventional sewage treatment cannot remove

antibiotics and pharmaceutical products and hence, 
a serious ecological risk that occurs by discharging 
of these effluent in environmental ecosystems and 
aquatic [1, 2].  Metronidazole (C6H9N3O3) is an 
antibiotic that used to treat a wide variety bacterial 
infections [3]. Recently, researchers reported that 
average concentration of metronidazole in river 
water and wastewater was approximately about 0.5 
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and 1.3 ng L-1, respectively [4]. In addition, many 
pharmaceutical industries discharge this antibiotic 
in environmental water by higher dosage [5]. Several 
methods such as fenton process, filtration and 
adsorption were used for removal of metronidazole 
from different matrix and determined with HPLC [6]. 
Due to cost and simplicity methods, the adsorption 
techniques are favorite method for removal of 
metronidazole in water and biological samples. 
Many techniques based on metal nanoparticles, 
the polymer structures, the nanosheets, MWCNTs 
modified with  and neural network-genetic 
algorithm were used and developed for separation 
and determination metronidazole and other drug 
in different matrixes [7].  Adsorption is simple, 
effective and economic way with high recovery, 
easy operation and low cost technique for removal 
of contaminants such as antibiotic within water or 
wastewater even at large concentration. The type 
and size of adsorbent is a key factor for adsorption 
process that influences on removal efficiency of 
pollutant [8].  Carbon nanotubes (SWCNTs and 
MWCNTs) and functionalized of CNTs are widely 
used as an adsorbent in the removal, extraction 
and preconcentration of many contaminants 
including medicinal compounds, pesticides, and 
other molecules [9]. High surface area, high 
permeability, good mechanical and thermal stability 
and repeatability are some of the unique properties 
of nanotubes. Also, the absorption capacity is could 
be increased by modifying the surface of CNTs by 
NH2, COO, SH, C6H5 groups and adsorption of 
contaminants would be more specific [10]. Response 
surface methodology (RSM) is a most applicable 
method used in many fields such as antibiotics and 
pharmaceutical products [11]. RSM is a technique 
that used for statistical analysis of complicated 
processes and can be utilized for investigating of 
relative significance of important factors even in 
the presence of complex interactions [12].
High performance liquid chromatography (HPLC) 
is a suitable method for isolation, identification and 
measurement of many drugs. Combining liquid 
chromatography with mass spectrometer(LC-MS, 
HPLC-MS) is the most appropriate method for 

identifying different species of organic compounds 
in complex matrixes. Examples of these 
compound are amino acids, proteins, nucleic acids, 
hydrocarbons, carbohydrates, drugs, terpenoids 
and pesticides, antibiotics, steroids, any organic or 
inorganic metal and a group of various materials.
 Experimental data points were obtained during 
optimization based on Fe3O4@MWCNTs and a 
model for central composition design (CCD). It is 
good method for the consecutive experimentation 
and illustrate accurate information for testing 
several parameters while not involving an unusually 
large number of data points. The adsorption 
Metronidazole  based on Fe3O4@MWCNTs was 
determination by HPLC instrument.

2. Experimental
2.1. Reagent and material
All reagent and solutions were analytical grade 
and purchased from Merck (Darmstadt, Germany). 
Metronidazole (CASN: 443-48-1) was obtained 
from Aldrich chemical Co. (Germany). HPLC 
grade of acetonitrile (ACN) and DW purchased 
from Sharloa (Spain). Carbon nanotubes with outer 
diameter of 3–20 nm, length between 1–10 nm, 
number of walls 3–15 and surface area of around 
350 m2 g-1 were prepared from Plasma Chem. 
GmbH (Berlin, Germany). Also, The pristine 
MWCNTs (308068, 98% carbon base, O.D= 10 nm, 
L=5-20 μm) was purchased from Sigma Aldrich. 
A standard solution of 1000 mg L-1 metronidazole 
prepared by dissolving of 1 gr metronidazole 
in 1liter deionized water. All standard working 
solutions prepared daily by dilution of DW. )  The 
shacking and centrifuging of blood samples were 
used based on 300 rpm and 3500 rpm speeds by 
vortex mixer (Thermo, USA) and Falcon centrifuge 
(20 mL of polypropylene conical tubes, Thermo, 
USA), respectively. The pH was adjusted pH by 
0.25 mol L-1 of sodium phosphate buffer solution 
(Merck, Germany) for pH of 5.5 to 8.2 (Na2HPO4/
NaH2PO4).

2.2. Synthesis of MMWCNTs 
Synthesis of magnetic carbon nanotube was 
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performed by co-precipitation methods that 
reported previously [13].  Briefly, 10 mg of 
pristine MWCNTs  were added to 2 ml solution 
composed of 4.33 mmol Fe +2 and 8.66  mmol Fe 
+3 solution was stirred in ultrasonic bath for 10
min at 50°C while 10 ml concentrated ammonia
(8 M) was added drop by drop to the solution. The
pH of final solution should be alkaline in order
to deposition of Fe3O4 on  multi-walled carbon
nanotubes. The adsorbent was washed for 7 times
with distilled water and separated by a permanent
magnet.

2.3. Metronidazole removal by MMWCNTs
Batch adsorption experiments were carried out 
as per the design developed with the central 
composite design methodology. Experiments 
were performed at a batch reactor in 500 ml beaker 
that containing 50 ml of given concentration 
of metronidazole. Beakers were shaken during 
that shaked for the specified time period in a 
temperature controlled incubation shaker at 200 
rpm. The pH was adjusted by addition of  0.1 M 
NaOH or HCl. After completion of experiments 
adsorbent was removed by an external magnet 
and remaining metronidazole was measured. The 
measurement of metronidazole was performed 
using Cecil HPLC (CECIL Corporation, 
England) equipped ACE C18 column and UV-
VIS detector at 230 nm. The mobile phase is 
ACN: WATER (60:40). The removal percentage 
of Metronidazole (%removal) was calculated as 
follow by equation 1:

(Eq.1)

Where Cf and C0 are initial and final metronidazole 
concentration (mg L-1) of solution, respectively.

2.4. Experimental design 
CCD was applied in this work to investigation 
of variables for adsorption of metronidazole on 
to MMWCNTs. The CCD for four variables (pH, 

adsorbent dosage, time and the temperature), with 
two levels (minimum and maximum), was used for 
experimental design model. In the experimental 
design model, pH (2-10), adsorbent dosage (0.5-
2.5 g), time (5-30 min) and temperature (20-60o 

C) were taken as input variables. Percentage
removal of (30 mg L-1) of metronidazole was
selected as response of the system. The quadratic
equation model for prediction of optimal point
was expressed by Equation 2.

(Eq. 2)

Where Y is the response of the system and Xi 
and XJ are the variables of action, β0, βi, βii, βij 

are constant coefficient, linear effects, quadratic 
effects and interaction effects, respectively. The 
coefficient of determination, namely, R2 and 
Adj-R2 were used for the explanation of quality 
of the model. The statistical significance was 
expressed with adequate precision ratio and the 
F-test. Design expert (version 8) program was
used for regression and graphical analysis. A total
of 31 experiments were necessary to estimate of
the full model (Table 1)

3. Result and discussion
In this work, removal of metronidazole by a nano-
composite made of multi-walled carbon nanotubes 
and iron nanoparticles were studied. Design of
Experiments were conducted using the RSM as
well as factors affecting on absorption process of
metronidazole such as pH, adsorbent dosage, time,
and the temperature were optimized. Finally, the
data obtained from experiments compared with
model output to optimize and predict the results.

3.1. Regression model and statistical analysis
The CCD has been successfully used for 
optimizing conditions of Metronidazole removal. 
A second-order polynomial regression model 
equations relating the removal efficiency and 
process variables are given in Equation 3.
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%Removal=+41.66308+2.39902 (pH)+9.57629 
(adsorbent dose)+0.7686

(temperature)+1.00897 (time)-4.68750×
10-3 (pH.×adsorbent dose)+0.011172 (pH×

temperature)+7. 5×10-3( pH×time) -0.034687  
(adsorbent×temperature)+0.077000 ( adsorbent 
×time) -3.65×10-3 (temperature×time)-0.27659 

(pH2)-1.99484(adsorbent2)-9.07506×
10-3 (temperature2)-0.025495(time2)

(Eq.3)

Design-Expert 8 software was applied for 
determination of the coefficients in Equation 3. 
The optimal points were as follows: pH = 2.98; 
adsorbent dosage = 2.16 g; time = 22.2 min and 
temperature = 37.88 oC. The model prediction 
of the metronidazole removal recovery is 82.8% 
while the experimental amount of removal 
efficiency is 83.4%. These results confirmed 
that RSM effectively used for the investigation 
of parameters in complex process could be 
utilized to optimize the process parameters. 

Column1 Factor 1 Factor 2 Factor 3 Factor 4 Actual Predicted

Run A:pH B:adsorbent dose C:temperature D:time Actual 
Value Predicted Value

1 2 2.5 60 5 65 65.79284266
2 6 1.5 40 10 59 60.50063264
3 6 1.5 40 10 74 72.34013804
4 10 0.5 60 5 66 66.97292803
5 2 0.5 60 15 67 68.94958105
6 2 0.5 60 5 68.7 66.96949568
7 2 2.5 20 15 70.8 70.74179107
8 10 2.5 20 15 70 68.94958105
9 2 2.5 60 15 69.1 68.22151495

10 6 1.5 40 10 65 64.42930494
11 2 0.5 20 5 73 74.75160032
12 10 2.5 60 15 63 65.53095796
13 2 0.5 20 15 74 73.37046337
14 2 0.5 60 5 73 73.07825335
15 10 2.5 60 5 67 65.74816798
16 10 2.5 20 15 74 73.07825335
17 6 1.5 40 15 63 63.19805057
18 6 1.5 40 15 80.5 79.9594382
19 10 0.5 60 15 81 82.86325088
20 10 2.5 60 15 83.4 82.86325088
21 2 2.5 60 5 63 62.62408038
22 2 2.5 20 5 62 62.0334084
23 10 0.5 60 15 56 56.42972396
24 6 1.5 40 10 65 64.22776481
25 10 2.5 60 5 83.5 82.86325088
26 2 2.5 60 5 83.2 82.86325088
27 10 0.5 20 5 82.9 82.86325088
28 10 0.5 20 15 82.4 82.86325088
29 2 0.5 60 15 83.1 82.86325088
30 2 2.5 20 15 83.2 82.86325088
31 6 1.5 40 10 83 82.86325088

Table 1. Central composite design matrix with experimental and predicted values
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The mathematical expressions of relationship 
between the independent parameters and 
response of system are given in terms of encoded 
factors. The results of regression analysis on 
quadratic model are given in Table 3. The 
significance of each coefficient was expressed 
by F-values and p-values (Table 2). The larger 
of the F-values and the smaller of the p-values, 
indicated more significant of the corresponding 
coefficients. Values of “prob > F” less than 
0.0500 also indicated high significant regression 
at 95 percent confidence level. According to the 
F- and p-values, temperature, time and adsorbent
dose were found more effective on the adsorption
process. The “Lack of Fit F-value” of 0.26 implies
the Lack of Fit is not significant relative to the
pure error.  There is a 98.40% chance that a “Lack
of Fit F-value” this large could occur dueto noise.
The fit of the model was checked by the
determination coefficient (R2).The “Pred 
R-quared” of 0.9660 is in  satisfactory accordance

with the “Adj R-Squared” of 0.9768.”Adeq 
Precision” measures the signal to noise ratio.  A 
ratio greater than 4 is desirable.  In this case “Adeq 
Precision” of 42.257 indicates an adequate signal.  
Thus, as a result of the statistical analysis, quadratic 
model was found satisfactory for describing 
the process and useful for developing empirical 
relation. Metronidazole removal showed to be 
very sensitive to changes in the adsorbent dosage 
and time of adsorption. Magnitude of F-value in 
Table 2 was expressed in comparison of these 
two factors adsorbent dosage was more effective 
on removal efficiency of metronidazole than time 
of experiments. Figure 1 showed 3D plots of 
interaction effects of all parameters on removal 
efficiency. As can be seen in Figure 1 when the 
pH increased from 2 to 6, the removal efficiency 
increased about 4%. Also (Figure 1), the results 
of the study showed that removal efficiency 
decreased in alkaline solutions. Adsorption 
time has more effect than pH on metronidazole 

Mean P-value
Source Sum of square Df Square F-Value Prob > F
Model 3120.63835 14 222.902739 148.517383 < 0.0001
A-pH 84.4231475 1 84.4231475 56.2501161 < 0.0001

B-adsorbent
dose

537.787036 1 537.787036 358.320959 < 0.0001

C-temperature 0.66785645 1 0.66785645 0.44498463 0.5091
D-time 116.402257 1 116.402257 77.5574075 < 0.0001

AB 0.01125 1 0.01125 0.00749574 0.9315
AC 25.56125 1 25.56125 17.0311499 0.0002
AD 4.5 1 4.5 2.99829525 0.0922
BC 15.40125 1 15.40125 10.2616655 0.0029
BD 29.645 1 29.645 19.7521028 < 0.0001
CD 26.645 1 26.645 17.7532393 0.0002
A^2 1107.54922 1 1107.54922 737.946571 < 0.0001
B^2 225.03502 1 225.03502 149.938096 < 0.0001
C^2 745.166816 1 745.166816 496.495584 < 0.0001
D^2 897.389678 1 897.389678 597.919825 < 0.0001

Residual 52.52985 35 1.50085286
Lack of Fit 5.00385003 10 0.500385 0.26321645 0.9840
Pure Error 47.526 25 1.90104

Table 2. ANOVA analysis for removal of metronidazole
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removal in this investigation. It  was found that 
nearly 22.2minute was enough to obtain highest 
yield. 
In addition, Figuer 2 showed the parity plot of 
obtained results and predicted results that explains 
a satisfactory correlation between the observed 
results and fitted values. In this work, the plotted 

residuals indicate normal distribution; the data 
points form an approximately straight line. The data 
points farther from the line, expressed departure 
from normality [14, 15]. In this study, the residuals 
are approximately plotted along straight line for 
response, indicating no evidence of non-normality 
or unidentified variables.

Fig.1. Response surface modeling obtained by CCD.



50 Anal. Method Environ. Chem. J. 3 (3) (2020) 44-53

3.2. Isotherm study 
The adsorption isotherms for metronidazole 
adsorption on MMWCNTs were obtained with 
different metronidazole concentrations (1–30 mg 
L-1). The Freundlich and the Langmuir adsorption 
isotherm models were used for evaluation 
experimental data. The Langmuir model and 
Freundlich model are given in Equation 4 and 5 
as follows:

(Eq. 4)

(Eq. 5)

Where Cf (mg L-1) is the equilibrium concentration 

of metronidazole, qf (mg g-1) is adsorption capacity 
at equilibrium, qm (mg g-1) is the maximum 
adsorption capacity, b (L mg-1) is a constant related 
to the adsorption energy, Kf  and n are Freundlich 
constants which characterize a particular adsorption 
isotherm. All the constants obtained according to the 
slope and intercept of the related lines and they are 
listed in Table 3. As shown in Table 3, the Langmuir 
isotherm plot fits better to the experimental 
adsorption data with higher correlation coefficient 
(R2 = 0.9994), which expressed that the adsorption 
of metronidazole ions onto MMWCNTs follows 
the Langmuir model (Fig. 3).
 The qm and b calculated from the slope and 
intercept of the regression line are 215.4 mg g-1 
and 0.52 L mg-1, respectively (Table 3). Langmuir 
model depends on the acceptation of homogeneous 
distribution of metronidazole molecules on to 
surface of adsorbent.

Fig.2 The normal probability plot of the residuals and parity plot show the correlation
between the observed and predicted values

Table 3. Adsorption isotherm parameters of Langmuir and Freundlich models for adsorption
of the metronidazole on the MMWCNTs 

Langmuir isotherm Ferundlich isotherm
qm(mg g-1) b(L mg-1) R2 Kf(l g

-1) n R2

215.14 0.52 0.991 65.815 2.063 0.879
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Fig.3. Fitting results of Langmuir and Ferundlich 
models with experimental data for adsorption of the 

metronidazole on the MMWCNTs

3.3. Desorption and reusability study
Desorption studies of metronidazole were carried 
out by using different volume of methanol 
containing NaOH 1% as eluent solvent. 
For desorption studies, when adsorption of 
metronidazole was completed, the adsorbent was 
magnetically separated and washed with deionized 
water. Then, (0.5-5) mL of the eluent was added 
to the adsorbent. After 30 min samples were 
collected to evaluate the metronidazole recoveries. 
Based on results, the best volume of eluent with 
high recovery of metronidazole was obtained by 2 
mL. To assess the reusability and stability of the 
adsorbent, the adsorption–desorption experiment 
with eluent (methanol containing NaOH 1%) was 

repeated with 30 mg L-1 metronidazole several 
cycles. After 15 cycles, the adsorption capacity of 
the MMWCNTs decreases from 163 to 87 mg g-1. 
This result shows that the adsorbent can be applied 
effectively in a real process such as pharmaceutical 
industries wastewater treatment. Moreover, in 
order to investigate the inter-day validation of the 
results, the method was used for the determination 
of metronidazole (30.0 mg l-1) in three consecutive 
days by HPLC, and the Relative Standard Deviation 
percent was found to be 4.1%. These results 
indicate that MMWCNTs are usable and stable for 
the extraction of metronidazole and the method 
has high reproducibility and repeatability for the 
determination and extraction of the antibiotics by 
HPLC.

3.4. Application of proposed methods to real 
sample
To verify the potential application of proposed 
method to real samples, the adsorption performance 
within real wastewater that spiked with different 
amount of metronidazole in optimum condition 
that obtained from model is also provided in 
Table 4. As expected, magnetic carbon nanotubes 
therefore show high removal efficiency (95-102 
%) for the tested concentrations. It must be noted; 
the adsorbent cannot completely removed the 
metronidazole due to the competition between 
other substances which is also present in the 
wastewater. 

Table 4. Adsorption of metronidazole in wastewater samples
by spiking of metronidazole at different concentration by HPLC (mg L-1)

Sample Added Initial concentration *Found %Removal Efficiency

Sample A ----- 100 3.7 ± 0.2 96.3

50 150 5.2 ± 0.3 96.5

Sample B 200 10.8 ± 0.5 94.6

100 300 14.2 ± 0.7 95.3

Sample C 30 0.5 ± 0.03 98.3

30 60 1.9 ± 0.9 96.8

*Mean of three determinations of samples ± confidence interval (P = 0.95, n =8) 



52 Anal. Method Environ. Chem. J. 3 (3) (2020) 44-53

4. Conclusions
In this study, a central composition design (CCD) was 
used for evaluation of four variables of adsorption 
(time, temperature, initial ion concentration and 
amount of adsorbent) for Metronidazole by Fe3O4@
MWCNTs. Quadratic model was developed to 
correlate the variables to the response. Through 
the analysis of response surfaces, adsorbent 
dose, pH and adsorption time were found to have 
significant effects on removal efficiency, whereas 
adsorbent dose showed that most significant. All 
removal analysis of Metronidazole were done 
based on Fe3O4@MWCNTs by HPLC in water and 
wastewater samples. Optimization was carried out 
and the experimental values were found to agree 
satisfactorily with the predicted values. Isotherm 
study of process showed maximum adsorption 
capacity of Fe3O4@MWCNTs for removal of 
metronidazole (215 mg g-1). Also, application 
of proposed method for real wastewater sample 
showed high removal efficiency of proposed 
sorbent.
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1. Introduction
Molybdenum as inorganic material belongs to

transition metal. Molybdenum (Mo) exists in 
environment with different oxidation numbers and 
complex compounds. The high concentration of 
Mo has toxic effects in humans and cause to many 
diseases in human body like central nervous system, 
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A B S T R A C T
Molybdenum (Mo) ions enter to human body from the diet or 
drinking waters and have a potentially toxic effect on human. The 
thiol-functionalized mesoporous silica nanoparticles (HS-MSNPs) 
was used for determination and speciation of Mo (II, VI) in human 
biological samples by dispersive ionic liquid-micro-solid phase 
extraction (DIL-μ-SPE) coupled to electrothermal atomic absorption 
spectrometry (ET-AAS). Firstly, the mixture of HS-MSNPs (15 
mg), the hydrophobic ionic liquid (1-Hexyl-3-methylimidazolium 
tris(pentafluoroethyl) trifluorophosphate; [HMIM][T(PFE)PF3]) and 
acetone injected to 10 mL of human blood and serum samples. After 
shaking for 5 min, the Mo(II) and Mo(VI) ions were extracted with 
thiol group of MSNPs at pH 6 and 2, respectively and collected through 
IL in bottom of conical tube by centrifuging. Then, the Mo(II,VI) ions 
were back-extracted from HS-MSNPs with elent based on changing 
pH, and remained solutions were determined by ET-AAS after 
dilution with DW up to 0.5 mL, separately. So, the total of Mo(T-
Mo) was simply calculated by the summation  of Mo(II) and Mo(VI) 
content. In optimized conditions, the linear range (LR), the limit of 
detection and enrichment factor (EF) for Mo(II) and Mo(VI) were 
obtained (0.41-3.82 µg L−1; 0.48–4.55 µg L−1), (0.1 µg L−1; 0.12 µg 
L−1) and (19.6; 16.5) for 10 mL of human blood samples, respectively 
(Mean of RSD%=3.3). At optimized pH, the adsorption capacities of 
the HS-MSNPs for Mo(II) and Mo(VI) was obtained 68.7 mg g-1 and 
55.8 mg g-1, respectively. In purposed study, a new analytical method 
for rapid speciation and determination of trace amount of Mo (II, VI) 
was used in human blood and serum samples. The developed method 
was successfully validated by ICP-MS analysis.
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liver and renal disorder. Molybdenum has low 
concentration in seawater and high concentrations 
in kidney, liver, and adrenals of human [1]. In human 
body, the concentration of Mo in serum is almost 
0.6 µg L–1 and depends on dietary intake. Normal 
serum concentrations are between 0.3-2.0 µgL–1. 
Normal whole blood concentrations are between 
0.6-4.0 µg L–1 in unexposed peoples and 1.2-4.8 µg 
L–1 in exposed peoples [2]. The, molybdate can be 
chemically adsorbed onto positively charged iron, 
aluminium or manganese oxides [3]. Therefore, 
high molybdenum intake causes a secondary 
copper deficiency and is called molybdenosis or 
hypocuprosis [4]. Molybdenum toxicity caused 
to diarrhea, anorexia, graying of hair, anemia and 
these symptoms are readily reversed by copper 
supplementation. The tetrathiomolybdates interact 
with copper and caused to the treatment of copper 
disorders such as Wilson’s disease [5]. The 
intracellular pool of cysteine is relatively small 
as compared to the glutathione (GSH) [6]. By 
oxidizing, cysteine is oxidized to cystine  and so, the 
cysteine in plasma has low concentration between 
10–25 μM as compared to cystine concentration 
from 50 to 150 μM [7]. The cells have different 
transport for cysteine (Cys) and cystine by different 
membrane carriers and both of them can be 
reaction with Mo and complex with Mo as R-Mo 
[8]. Molybdenum cofactor deficiency (Moco) is 
a metabolic disorder and cause to defects in the 
biosynthesis of Moco leading to loss of activity 
of Mo enzymes [9]. Molybdenum has seen in 
brain and can be measured in urine, blood, and 
cerebrospinal fluid (CSF). Mo(II) locates in the 
mitochondria and cytoplasm of cells. Mo helps 
to involve the metabolism pathway of sulfate and 
sulfite oxide deficiency. Mo(VI) as MoO4

2− or 
MoO3 binds strongly to amino acids, enzymes 
(aldehyde Oxidase, sulfite oxidase and xanthine 
oxidase), metallothionein (MT), molybdenum 
cofactor (Mo(VI), molybdopterin), cysteine 
(Cys), proteins (Pr) and metabolized in the brain 
and other tissues.  So, the organic Mo(R-Mo) is 
important in human body and must be determined 
[10-12]. Many developed methods included, 

flame atomic absorption spectrometry (F-AAS) 
[13], the stripping voltammetry [14], the UV 
visible spectrophotometer [15-17] were used for 
determination Mo in different matrixes such as 
water and human biological samples. As difficulty 
matrix in human blood samples, we have to use 
the extraction techniques for preparation of human 
blood samples. The ionic liquids (ILs) as an 
organic salts have the various advantages such as 
thermal stability, high viscosity and good solvent 
for separation phase. The ILs as a green solvent 
were used for extraction or separation ions from 
liquid phases. Recently, the sample preparation 
such as liquid-liquid microextraction (LLME) [15, 
17], flow injection chemiluminescence method 
combined with controlled potential electrolysis 
technique [18] and solid phase extraction based 
on inductively coupled plasma-optical emission 
spectrometry (ICP-OES (SPE) [19-21] reported for 
extraction Mo from samples. 
In this study, the speciation of Mo(II) and Mo(VI) 
in human blood samples was obtained based on HS-
MSNPs nanostructure by DIL-μ-SPE procedure. 
The concentration of Mo was determined by ET-
AAS and hydrophobic Ionic liquid (1-Hexyl-
3-methylimidazolium tris (pentafluoroethyl) 
trifluorophosphate; [HMIM][T(PFE)PF3]) can be 
used for separating and collecting of HS-MSNPs 
adsorbent from liquid phase. In optimized 
conditions, a simple, fast and sensitive procedure 
was demonstrated for speciation and determination 
of trace Mo(II) and Mo(VI) in human biological 
samples.

2. Experimental
2.1. Instruments
Determination of Mo was performed with a GBC 
atomic absorption spectrometer (GBC 932– 
HG3000- Australia) equipped with a graphite 
furnace module (GF-AAS) and deuterium-lamp 
background corrector.  A hollow cathode lamp of 
Mo with wavelength of 313.3 nm (7 mA, and 0.2 
nm slit) was used. The temperature programming 
adjusted as the ash and atomize points of 1200oC 
and 2700oC, respectively. Argon is the preferred as 
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a carrier gas for Mo with flowrate of 0.4 ng mL-1. 
The concentration of standard solutions of Mo (20 
μL, 30 µg L−1) has a 0.3 absorption (Abs) by ET-
AAS. The pH values of the solutions were measured 
by a digital pH meter (PeakTech, model P5310, 
China, CAS No:  9027802000). A refrigerated 
centrifuge, from 1.5 per 2 mL microtubes was used 
for separation IL from solution. Long and short 
blood collection tubes for 15 mL and 50 
mL of tubes were used with RCF of 2.6×g 
(4000rpm, model S300TR, Japan). The ultrasonic 
bath with heating system has been designed for 
performance, control, durability and reliability to 
disperse nanoparticles in liquid phase.  (Branson, 
Tomas Scientific, Swedesboro, U.S.A.). The crystal 
structure studies of the solids were carried out 
by X-ray diffractions (PW 1840, Phillips X-ray 
diffractmeter, Netherland) with Cu-Kα radiation 
source.

2.2. Reagents
All reagents with high purity and analytical 
grade were purchased from Merck (Darmstadt, 
Germany). The ethanol, acetone and toluene all 
were purchased from Merck, Germany. All aqueous 
solutions were prepared in ultra-pure deionized 
water from water purification system (Millipore, 
Bedford, MA, USA). The powder standard of MoO3 
(VI) (CAS: 1313-27-5) was purchased from Sigma,
Aldrich, Germany (1 g of powder dissolved in one
liter of DW as 1000 mg L-1 in 1% nitric acid). The
Molybdenum (II) acetate dimer as di-molybdenum
tetraacetate (CAS: 14221-06-8) was purchased
from Merck, Germany. The general procedure
for synthesis of thiol-functionalized bimodal
mesoporous silica nanoparticles (HS-MSNPs) was
done in RIPI, Iran. The reagents; HCl, CH3COOH,
tetraethyl ortho-silicate (TEOS, CAS: 8006580025),
cetyltrimethylammonium bromide (CTAB, CAS:
57-09-0), and 3-mercaptopropyltriethoxysilane
was purchased from Sigma Aldrich (Darmstadt,
Germany) .1-Hexyl-3-methyl imidazol ium
hexafluorophosphate ([HMIM][PF6]; CAS No.:
304680-35-1),1-Hexyl-methylimidazolium
tris(pentafluoroethyl) trifluorophosphate ([HMIM]

[T(PFE)PF3]; CAS No: 713512-19-7) and 1-Butyl-
3-methylimidazolium  hexafluorophosphate
([BMIM][PF6]; CAS No: 174501-64-5) purchased
from Sigma, Germany.

2.3. Synthesis of thiol functionalized MSNPs 
The general procedure for synthesis of MSNPs 
is the atrane route, in which the presence of the 
polyalcohol is the key to balancing the hydrolysis and 
condensation reaction rates [22]. After preparation 
MSNPs, 1.4 g of 3-Mercaptopropyltriethoxysilane 
(C9H22SO3Si) and 1.5 g of pure MSNPs were added 
to appropriate volume of toluene and then the 
mixture was refluxed for two days and  followed 
by filtering and washing of product with ethanol 
and water for many times. The thiol functionalized 
MSNPs (HS- MSNPs) was created after drying at 
80oC for 8-10 h.

2.4. Characterization
Functional groups of SH on MSNPs were analyzed 
by Fourier transform infrared spectrophotometer 
(FTIR, IFS 88, Bruker Optik GmbH, Germany) 
using KBr pelleting method in the 4000–300 cm−1. 
The scanning/ transmission electron microscopy 
was obtained in this study. Scanning electron 
microscopy (SEM, Phillips, PW3710, Netherland) 
was used for morphology and surface image 
analysis of the sorbents. The nanoparticles size for 
HS- MSNPs was examined by transmission electron 
microscopy (TEM, CM30, Philips, Netherland). 
The X-ray diffraction (XRD) patterns continued 
with the Shimadzu XRD which are designed with 
the concept of provide solution to XRD analysis by 
ease of use and versatility. Basic system with high 
precision goniometer can be varied with optional 
items to adapt to the purpose (MAXima-X XRD- 
7000).

2.5. DIL-μ-SPE Procedure
The DIL-μ-SPE Procedure was performed with 
10 mL of human blood and serum samples. 
For adjusting of the parameters, the standard 
aqueous solution containing Mo(II) and Mo(VI) 
with concentration in the range of 0.5-3.0 μg L−1 
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was used in optimum pH of 6 and 2 with buffer 
solution, respectively before moved to centrifuge 
conical tube. After adjusting pH, the HS-MSNPs 
(15 mg), 0.15 g of [HMIM][T(PFE)PF3] and 200 
µL of acetone were  mixed and rapidly injected 
by a syringe into the sample solution. Then, the 
sample was dispersed in solution by ultrasonic 
bath for 7 min at room temperature (50 kHz, 100 
W). Mo(II) and Mo(VI) species were extracted 
and preconcentrated by HS-MSNPs at pH of 6 
and 2, separately. The loaded sorbent (Mo—HS-
MSNPs) was collected with IL by centrifuging 
at 4000 rpm for 5 min. The adsorbed Mo(II) and 
Mo(VI) on HS-MSNPs/IL was back-extracted in 
different pH (acidic pH=2.5 for Mo2+ and pH=7.5 
for Mo6+) and concentration of Mo(II) and Mo(VI) 

ions determined by ET-AAS ( Fig. 1). lso, the 
total Mo was calculated by the summation  of 
Mo(II) and Mo(VI) content [Mo(II)+ Mo(VI)]. 
By DIL-μ-SPE Procedure, the matrix effect in 
human blood and serum samples were achieved 
by ratio of extracted Mo(II) or Mo(VI) in human 
blood sample to standard solution as a matrix-
free solution which was shown in below equation.
Matrix Effect (%) = (Signal of the Mo extraction in 
blood / signal of Standard solution)×100

3. Results and discussion
3.1. The XRD and FT-IR analysis
The XRD patterns of calcined HS-MSNPs and
MSNPs are shown in Figure 2. There are three
resolved diffraction peaks in XRD patterns,

Fig. 1. The speciation of Mo(II) and Mo(VI) based on HS-MSNPs by DIL-μ-SPE Procedure

Fig.2. The XRD patterns of of MSNPs and HS- MSNPs
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which can be indexed as the (100), (110), (200) 
and (210) reflections associated with hexagonal 
symmetry (d110 and d200 were overlapped with 
each other). After the attachment of HS on the 
silica wall of MSNPs, the main three diffraction 
peaks are still clear and similar which means that 
functionalization of HS on MSNPs did not had 
worth effect on the structural order of MSNPs 
(Fig. 2). The FTIR spectra patterns of MSNPs 
and HS- MSNPs was shown in Figure 3. A peak 
of absorption about 3550 cm−1 and 1640 cm−1  
related to OH bonding, the peak at  1100 cm−1  
showed silicon dioxide (SiO2) and  peak at 2565 

cm−1 was confirmed the SH group on the walls 
of MSNPs.

3.2. SEM and TEM imaging 
The SEM was performed to illustrate the 
morphology and particle size distribution of the 
calcined HS-MSNPs. As shown in Fig. 4a, HS-
MSNPs has a highly porous morphology and the 
mesoporous silica particles are in nanometer range 
(40 nm). Moreover, functionalization of HS did 
not lead to bulky silica nanoparticles. TEM image 
also illustrates the size and pore structure of HS-
MSNPs. As shown in Fig. 4b, the mesoporous 

Fig. 3. The FT-IR spectra patterns of MSN and HS- MSN

Fig. 4. The SEM (a) and TEM (b) of HS-MSNPs
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are clearly visible in the silica nanoparticles and 
particle size of the samples is in nanometer range 
around 25 to 50 nm.

3.3. The pH and sample volume optimizations
By DIL-μ-SPE technique for determination and 
speciation of Mo in human blood samples, the 
pH must be studied and optimized. The pH effect 
on quantitative recoveries of Mo(II) and Mo(VI) 
ions by changing of the surface charge of the thiol 
group on HS-MSNPs adsorbent as the negative or 
positive charges which can attract with Mo(II) and 
Mo(VI) ions.  So, the influence of sample pH on 
the extraction efficiency of Mo(II) and Mo(VI) ions 
was investigated in pH ranges from 1 to 11 by using 
favorite buffered solutions and containing 0.4-3.0 
µg L-1 of Mo(II) and Mo(VI). The results showed 
us, the Mo(II) and Mo(VI) ions were efficiently 
extracted at pH of 5-7 and pH of 1-3. Therefore, the 
pH 2 and 6 was used as optimum pH for extraction 
of Mo(II) and Mo(VI)  ions from blood samples by 
HS-MSNPs adsorbent (Fig. 5). Also, the effect of 
blood sample volume for extraction of Mo(II) and 
Mo(VI) ions based on HS-MSNPs adsorbent was 
studied from 2-25 mL. The results of extraction 
showed us, the best recovery was obtained for 12 
mL of blood samples. So, 10 mL of blood samples 
was used for further study. 

3.4.  Speciation mechanism 
The thiol functionalized mesoporous silica 
nanoparticles (HS-MSNPS) can be adsorbed Mo(II) 
and Mo(VI) ions from blood samples. The thiol 
groups can be deprotonated (SH─) more than pH=5 
and Mo(II) can be absorbed as a rule of opposite 
charge at optimized pH. So, the interaction of HS 
groups of sorbent with cationic form of Mo2+ was 
occurred at pH 5-7. In addition, the positive charge of 
thiol (SH2+) was obtained at acidic pH (1-3) and so, 
Mo(VI) anions adsorbed on HS-MSNPS by positive 
charged of thiol group in human blood samples.  
Therefore, the pH of 2 and 6 was selected as optimum 
pH for extraction and speciation Mo(II) and Mo(VI) 
ions from blood samples by DIL-μ-SPE procedure.

3.5. Effect of the amount of adsorbent and ILs 
In this work, the effect of HS-MSNPs mass on 
the recoveries of Mo(II) and Mo(VI) ions was 
investigated. So, the various amounts of HS-MSNPs 
in the ranges of 2 to 20 mg of adsorbent were studied 
and optimized. The results showed us, the extraction 
efficiency for speciation of Mo(II) and M0(VI) ions 
were obtained more than 14 mg of HS-MSNPs.  
By same conditions, the recovery of extraction for 
MSNPs was obtained less than 28% and 23% for 
Mo(II) and Mo(VI) ions, respectively.  So, 15 mg 
of HS-MSNPs were used or further works (Fig. 6).

Fig. 5. The effect of pH on speciation of Mo(II) and Mo(VI) ions by HS-MSNPs adsorbent
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Moreover, the effect of kind and amount of ILs were 
studied by proposed procedure. So, the different amount 
of hydrophobic ionic liquids such as; 1-Hexyl-3-
methylimidazolium hexafluorophosphate; [HMIM]
[PF6], Hexyl-methylimidazoliumtris(pentafluoroet
hyl) trifluorophosphate; [HMIM][T(PFE)PF3] and 
Butyl 3- methyl imidazolium hexafluorophosphate; 
[BMIM][PF6] were studied between 0.05-
0.25 g. The results showed, 0.15 g of [HMIM]
[T(PFE)PF3] had the favorite recovery more than 
95% as compared to others. The recovery for 
extraction Mo(II) and Mo(VI) ions for 1-Hexyl-
3-methylimidazolium hexafluorophosphate and
1-Butyl-3-methylimidazolium hexafluorophosphate

were obtained 79% and 74%, respectively. Therefore, 
0.15 g of [HMIM][T(PFE)PF3] was selected as 
optimum amount of IL for this work (Fig. 7).

3.6. Effect of matrix 
The effect of interference ions concentration for 
extraction of Mo(II) and Mo(VI) ions must be studied 
by DIL-μ-SPE Procedure. So, the effect of some 
interfering ions for the determination of Mo(II) and 
Mo(VI) ions were investigated. The procedure was 
done for 10 ml of sample containing 3.5 μgL-1 of 
Mo(II) and Mo(VI) ions with different concentration 
of interference ions between 0.5-2 mg L-1. Based on 
results, the interference ions in blood samples such 

 Fig. 7. The effect of ILs on speciation of Mo(II) and Mo(VI) ions by DIL-μ-SPE Procedure

Fig. 6. The effect HS-MSNPs adsorbent on speciation of Mo(II) and Mo(VI) ions by DIL-μ-SPE Procedure
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as Cu2+, Mn2+, Mg2+ , Zn2+, CO3
2-,  PO4

3- and HCO3- 
do not interfere for extraction of Mo(II)/ Mo(VI) 
ions under optimized conditions (Table 1). 

3.7. Validation in real samples
 The DIL-μ-SPE method was used to determine Mo(II) 
and Mo(VI) ions in 10 mL of human blood samples. 

For validation in real samples, the serum and blood 
samples were spiked to demonstrate the accuracy and 
precision of the method for determination of Mo(II) 
and Mo(VI) ions. The spiked samples is satisfactorily 
recoveries between 95-102% and was confirmed 
using addition method (Table 2).
By procedure, the calibration curve for Mo(II) and 

Blood Interfering ions (BII) Mean ratio
(CBII /C Mo)

Recovery (%)

 Mo(II)     Mo(VI)  Mo(II) Mo(VI)

Mn2+, Cd2+, 800 650 97.7 98.2

Cr3+,  Al3+,  700 700 98.8 96.5

V3+ 850 500 97.1 97.6
Ca2+, Mg2+ 900 1000 98.9 99.2

Na+, K+, 1100 1100 98.2 98.5

Zn2+, Cu2+ 750 600 97.5 96.4

I- , Br-, F-, Cl- 1200 1100 99.4 98.3
CO3

2-, SO3
2- 900 1000 97.5 98.6

HCO3
-, PO4

3- 800 700 97.0 96.4

Ni2+,  Co2+ 450 600 95.7 97.2
Pb2+ 350 500 98.1 98.4
Hg2+ 50 80 96.3 97.2

Table 1. The effect of interferences ions on extraction of Mo(II) and Mo(VI) ions in blood 
samples by DIL-μ-SPE Procedure

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

Mo (II) Mo(VI) Mo (II) Mo(VI) T-Mo Mo (II) Mo(VI)

----- ----- 0.72 ± 0.04 0.56 ± 0.03 1.28 ± 0.06 ----- -----
Blood A 0.5 ----- 1.20 ± 0.05 0.54 ± 0.02 1.74 ± 0.08 96.0 -----

----- 0.5 0.69 ± 0.04 1.07 ± 0.04 1.76 ± 0.09 ----- 102
----- ----- 1.74 ± 0.03 0.83 ± 0.03 2.57 ± 0.12 ----- -----

Blood B 1.5 ----- 3.19 ± 0.16 0.80 ± 0.04 3.99 ± 0.19 96.6 -----
1.0 1.76 ± 0.04 1.81 ± 0.05 3.57 ± 0.17 ----- 98

----- ----- 0.92 ± 0.05 2.05 ± 0.11 2.97 ± 0.16 ----- -----
Serum C 1.0 ----- 1.89 ± 0.09 1.99 ± 0.09 3.88 ± 0.21 97.0 -----

2.0 0.89 ± 0.04 3.98 ± 0.22 4.87 ± 0.25 ----- 96.5
----- ----- 2.12 ± 0.11 1.33 ± 0.06 3.45 ± 0.18 ----- -----

Serum D 1.5 ----- 3.60 ± 0.17 1.29 ± 0.05   4.89 ± 0.24 98.6 -----
1.5 2.16 ± 0.12 2.76 ± 0.15 4.92 ±.0.25 ----- 95.3

a Mean of three determinations ± SD (P= 0.95, n=5) 

Table 2. Validation of methodology based on HS-MSNPs adsorbent for speciation of Mo(II) and Mo(VI) 
ions  in serum and blood samples by spiking to real samples
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Mo(VI) ions was linear between 0.41-3.82 µg L−1 

and 0.48–4.55 µg L−1 , respectively. In addition, 
the ICP-MS analysis was used for speciation of 
Mo(II) and Mo(VI) ions in standard solutions 
(Table 3).  Also, the ICP-MS analysis was used 
for determination of total Mo(T-Mo) in human 
blood and serum samples as certified reference 
material (CRM) which compared to DIL-μ-SPE 
method. The ICP-MS analysis confirmed the 
accuracy and precision of proposed procedure 
for determination and speciation of Mo(II) and 
Mo(VI) ions in human blood samples (Table 4).

4. Conclusions
In this research, a simple, sensitive, accurate
and precise method was used to demonstrate the
separation /speciation and determination of trace
Mo(II) and Mo(VI) ions in human blood samples.
By DIL-μ-SPE procedure, the effect of main
factors on extraction process such as pH and amount
of adsorbent and IL were optimized. The mean of
enrichment factor and recovery was obtained 18.05
and 98.6 %, respectively. The mean of LOD and LR
was achieved 0.11 µg L−1 and between 0.445-4.19 µg

L−1, respectively in optimized pH. Based on Table 4, 
the results of DIL-μ-SPE method for determination 
of total Mo in blood and serum samples were 
comparable to ICP-MS technique. The adsorption 
capacities of the HS-MSNPs and MSNPs for total 
Mo was obtained 62.3 mg g-1 and 18.2 mg g-1, 
respectively. Also, the relative standard deviation 
(RSD%) for speciation and determination of trace 
Mo(II) and Mo(VI) ions in human blood samples was 
obtained 2.3 and 2.8, respectively. The validation of 
the methodology was confirmed by spiking to real 
samples and ICP-MS analysis in standard solution 
or human blood samples.  
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A B S T R A C T
A novel method based on the synthesis of dithioglycerol immobilized 
on carbon nanotubes (CNTs@DTG) was used for speciation of 
chromium (Cr III and Cr VI) in human blood samples by dispersive 
micro solid-phase bioextraction (D-μ-SPBE). By procedure, a 
mixture containing acetone and 1-octyl-3-methylimidazolium 
hexafluorophosphate ([OMIM][PF6]) and CNTs@DTG were injected 
into 5 mL of standard and blood sample containing 1.0 μg L-1 of Cr 
III and Cr VI which was diluted with DW up to 10 mL at optimized 
pH. The Cr (VI) anions and Cr (III) cations were efficiently extracted 
by HS of CNTs@DTG at pH 2 and 6, respectively (HS.....Cr) and 
trapped into IL phase at the bottom of the conical tube. Then, Cr (III) 
and Cr(VI) ions were back-extracted from the IL/ CNTs@DTG to the 
aqueous phase by changing pH for each of them before determined 
by electrothermal atomic absorption spectrometry (ETAAS). Total 
chromium was calculated by summarizing Cr III and Cr VI content. 
The enrichment factor (EF), linear range and limit of detection (LOD) 
were obtained 9.85, 0.12-3.88 μg L-1 and 30 ng L-1, respectively. 
Validation of the methodology was confirmed with standard addition 
to real samples and ICP-Ms analysis.

Keywords:
Chromium, Speciation,
Blood sample,
Dithioglycerol immobilized on carbon 
nanotubes,
Dispersive micro solid phase 
bioextraction

A R T I C L E  I N F O :
Received 5 Jun 2020 
Revised form 3 Aug 2020 
Accepted 27  Aug 2020 
Available online 30 Sep 2020

Corresponding Author: Jamshid Rakhtshah 
Email:jamshid_rakhtshah@yahoo.com 
https://doi.org/10.24200/amecj.v3.i03.114

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

1. Introduction
Heavy metals accumulate in different human tissues
as non biodegradability property. Many of them
enter to the human body from foods and waters
and absorb them by the gastrointestinal system.
Moreover, even with low concentration in the
human biological matrix have a toxicological effect
in human body and cause chromosomal aberration,
cancer, and changes in DNA. The main source of
chromium pollutants in the environment is chemical

factories, steelworks and industrial electroplating. 
[1, 2]. The chromium has two species (Cr III and Cr 

VI) in the environment with different toxicity and 
physiological effects in humans. The metabolism of 
glucose, protein and lipids in the human body depend 
on Cr (III) compounds in humans [3-5]. But the Cr 
(VI) is toxic and causes cancer in humans. Due to the
high oxidation of Cr (VI), it can be simply entered
cells and damage the proteins and DNA of the
nucleolus. Also, the Cr (VI) is harmful to different
organs such as the lungs, liver and kidneys [6, 7].
The World Health Organization (WHO) reported
the concentration chromium in water less than 2
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µg L-1 and 50 μg L−1 as normal range and toxicity 
in waters [8].  Also, the national health company 
announced that the value of 0.1-1.7 µg L-1 and 
0.24-1.8 µg L-1 for normal chromium in blood and 
urine samples [9, 10]. So, as different toxicity and 
exposure, the favorite and efficient procedure must 
be used for chromium speciation. Many efficient 
techniques such as inductively coupled plasma 
mass spectrometry [11], flame atomic absorption 
spectrometry (F-AAS) [12], inductively coupled 
plasma optical emission spectrometry (ICP-OES) 
[13], inductively coupled plasma-mass spectrometry 
(ICP-MS) [14], energy dispersive X-ray fluorescence 
spectrometry [15] and electrothermal atomic 
absorption spectrometry (ETAAS) [16] were used for 
chromium determination and speciation. However, 
the high cost of instrumental and difficulty matrix 
in human samples caused to use of these techniques 
with sample preparation methods. Recently, green 
analytical chemistry based on ionic liquids (ILs) as 
a simplification and authors reported miniaturization 
of the sample preparation with green solvent. 
Therefore, some of sample preparation procedures 
such as the liquid-liquid microextraction (LLME) 
[17], the solid-phase extraction (SPE) [18], the 
dispersive micro solid phase extraction [19] and the 
magnetic solid-phase extraction (MSPE) [20] applied 
as sample preparation. The ILs as an organic salt 
has various advantages such as low vapor pressure, 
thermal stability about 200-350 °C, large viscosity, 
good extractability and separation phase [21]. The 
different adsorbents such as multi-walled carbon 
nanotubes (MWCNTs) [22], silica nanoparticles 
[23], MIL-101(Fe) and dithiocarbamate-modified 
magnetite nanoparticles  [24], and fabrication 
of magnetic particles imprinted cellulose based 
biocomposites  [25] were used for extraction and 

separation of chromium ions in a different matrix.
In this study, the D-μ-SPBE procedure was used to 
develop a new procedure based on CNTs@DTG 
adsorbent for the speciation of trace amount of Cr (III) 
and Cr (VI) in human blood samples. Experimental 
parameters were optimized for chromium speciation, 
and the performance of the proposed method was 
evaluated by ET-AAS. As a high efficient recovery, 
the [OMIM][PF6] was used for collecting and 
separation nanoparticles of CNTs@DTG from blood 
samples.

2. Experimental
2.1. Apparatus
Chromium determination was done based on a spectra 
electrothermal atomic absorption spectrometer
(ET-AAS, GBC 932, Aus.) by a graphite furnace
accessory. All operating parameters were set based on
manufacturer book of GBC. A multi hollow cathode
lamp (MHCL) with a current of 6 mA, wavelength of
357.9 nm with 0.2 nm slit was adjusted. All volumes
from 20 to 100 μL were injected to furnace tubes by
auto-sampler 3000. The instrumental and extraction
conditions are listed in Table 1. The temperature
programming for chromium was shown in Table
2. The pH of the solutions and human samples
were tuned by a digital pH meter (Metrohm 744).
Microwave digestions were carried out with a multi-
wave 3000 (Anton Paar, 100 mL, 20 bar; Austria). The
ICP-MS (Perkin Elmer, USA) as ultra-trace analysis
with high sensitivity was used for determining of
chromium ions in human blood samples (1200 W;
1.0 L min-1; 2.0 sec per mass; auxiliary gas 1.2 L min-

1). An ultrasonic bath for molecular biology such as
blood samples with temperature controlling in real-
time was prepared (Thomas, HB120 LED digital dry
bath, USA).

Table 1. Instrumental conditions for chromium by ET-AAS 

ValuesParameters
357.9 nm
0.2 nm
6 mA
Automatic
20 μL
Peak Area

Wavelength
Slit
Lamp current
Injection mode
Volume Injection
Mode
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2.2. Reagents and materials
All reagents with ultra-trace analytical grade 
purchased from Merck, Germany. Cr(III) and Cr(VI) 
stock solution were prepared from an appropriate 
amount of the nitrate salt of this analytes as 1000 mg 
L-1 solution in 0.02 mol L-1 HNO3 (Merck). Standard 
solutions were prepared daily by dilution of the stock 
solution. The dithioglycerol material (DTG, CAS. 
N: 59-52-9) was purchased from Sigma Aldrich, 
Germany. The buffer solution was 0.3 mol L-1 
CH3COOH adjusted to pH 5.5-6.0 with 0.14 mol L−1 
of NaOH solutions (Merck). The pH was adjusted to 
0.2 molL-1 of sodium phosphate buffer solution from 
the pH of 5.5 to 8.2 (Na2HPO4/NaH2PO4). TX-100 
as the anti-sticking agent, HNO3, HCl, and acetone 
were purchased from Merck. Ultrapure water (18 
MΩ.cm) was prepared from Millipore Water System 
(Bedford, USA), and 1-octyl-3-methylimidazolium 
hexafluorophosphate ([OMIM][PF6]) was prepared 
from Sigma Aldrich (Germany).

2.3. Sample preparation of human blood
For sampling, all glass tubes were washed with 
a 1.0 mol L-1 HNO3 solution for one day and 
thoroughly rinsed for 6 times with DW. As 
chromium, concentrations in human blood are 
very low, even minor contamination at any step of 
sampling, storage and analysis has the potential to 
affect on the accuracy of the results. For analysis 

in human blood samples, 20 μL of pure heparin 
(not chromium) was added to a 5 mL blood sample. 
The human blood sample was maintained at -20 
°C in a PVC tube. The world medical association 
declaration of Helsinki (WMADH) in human blood 
samples was considered for sampling and analysis 
with permit form for all patients.

2.4. Synthesis of CNTs@DTG
First, the CNTs@COOH was prepared according 
to the acid oxidation method [26] and the CNTs@
COOH convert to CNTs@OH by Sodium 
borohydride. Then, the 0.5 g of CNTs@OH and 40 
mL of dry xylene were sonicated for 15 minutes in 
a 100 mL round-bottomed flask (RBF). Then, the 3 
mL of (3-chloropropyl) trimethoxysilane (CPTMS) 
was added to the mixture. After sonicating, the 
resulting mixture was refluxed at 60 °C under N2 
atmosphere to remove the produced HCl. The 
product of CNTs@Cl was cooled down to room 
temperature, and then filtered and washed with 
ethanol. In a 100 mL RBF, 1 g of CNTs@Cl and 1 
mL of DTG were mixed in 60 mL ethanol using an 
ultrasonic bath. Then, a few drops of triethylamine 
were added to the above slurry, and the mixture was 
refluxed at 60 °C for 3 h. The product was separated 
from the reaction mixture by a PTFE membrane 
filter and washed with ethanol three times and 
finally dried under vacuum at 100 °C (Fig. 1).  

Table 2. The temperature program for chromium determination by ET-AAS

Ar flow rate (mL min−1)Hold time (s)Ramp time (s)Temperature (◦C)Step

3001515120Dry 
30015301150Ash              
0.0212500Atomize      
300212600Clean            

Pristine CNTs CNTs@OH

HO

HO

HO

HO

CNTs@DTGCNTs@Cl

O
OSi

MeO

O

O
OSi

MeO

Cl

S
S

Cr
OH

SH
HS

1. HNO3, H2SO4

2. NaBH4
Methanol

CPTMS

Dry Xylene NEt3

Fig. 1. Representation of the formation of CNTs@DTG.
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2.5. The extraction procedure   
By D-μ-SPBE method, 5 mL of human blood 
samples were used for speciation and determination 
of Cr (III) and Cr (VI) at optimized pH. By 
procedure, the mixture of 25 mg of CNTs@DTG 
adsorbent, [OMIM][PF6] as hydrophobic IL and 
acetone added to standard and human blood samples 
with Cr (III) and Cr (VI) concentration between 
0.05-1.8 µg L−1 at pH=6 and 2, respectively. After 
sonication for 3.0 min, the Cr (III) and Cr (VI) ions 
were extracted with the HS group of CNTs@DTG 
(as a dative covalent bond) in optimized pH (pH=6; 
CrIII+→:͞(SH-SH)@CNTs) (pH=2; CrVI͞→+:(SH2-
SH2)@CNTs). After extraction, the nanoparticles 
of CNTs@DTG were trapped in [OMIM][PF6] 

in the bottom of the conical tube by centrifuging 
samples for 5 min. The upper phase was removed 
and then, the Cr (III) and Cr (VI) ions back-extracted 
from adsorbent in acidic pH (HNO3, 1M, 0.1 mL) 
for Cr (III) and basic pH (NaOH, 0.5M, 0.1 mL) for 
Cr (VI), respectively. Finally, the remained solution 
determined by ET-AAS after diluted with DW up 
to 0.2 mL. The total chromium (T-Cr) was simply 
calculated by summarizing Cr (III) and Cr (VI) 
content (Table 3). The procedure used for a 10 blank 
solutions by D-μ-SPBE method. The enrichment 
factor (EF) calculated by curve fitting of calibration 
curves before and after preconcentration process 
(tga=m1/m2). Validation of method followed by ICP-
MS and CRM for chromium in real samples. 

Table 3. Extraction conditions based on CNTs@DTG by D-μ-SPBE procedure

ValuesFathers
6.0
2.0
5 mL
0.12-3.88 μg L-1

R = 0.9996
30 μL
0.5 mL
1 and 0.5 mol L-1

100 μL, 0.1 g
500 μL
3 min
5min

Working pH of Cr(III)
Working pH of Cr (VI)
Sample volume of D-μ-SPBE
Linear range of D-μ-SPBE
Correlation coefficient 
Volume of Triton X-100
Volume of back-extraction (eluent)
Concentration of back-extraction (HNO3, NaOH)
Amount of IL
Volume of dispersant solvent (Acetone)
Shaking time
Centrifugation time

Fig.2. The SEM of CNTs@DTG adsorbent    Fig.3. The TEM of CNTs@DTG adsorbent
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3. Results and discussion
3.1. Characterizations
The hydroxyl-functionalized CNTs are used for the
synthesis of CNTs@DTG adsorbent.  The SEM and
TEM of CNTs@DTG showed low nanoparticles size
about 80 nm, that was showed in Figures 2 and 3,
respectively.
The FT-IR spectrum of CNTs@DTG shows an
absorption band corresponding to the C=C bond
at 1570 cm-1. The C=O stretching vibration band
of the OH-functionalized CNTs was seen at 1722
cm-1

, corresponding to the primary COOH group of 
the CNTs. Figure 4 saw the absorption band of the 
O-Si-O in adsorbent seen at 1110 cm-1. Moreover,
the absorption bands at the range of 2500-3000
cm-1 related to C–H bond, which indicates the
successful functionalization of CNTs with Cl-
alkylsilane material. The appearance of a band at
2625 cm-1 confirms the presence of HS groups in
the CNTs@DTG adsorbent.

3.2. Effect of ETAAS conditions
For increasing accuracy and repeatability of the 
procedure, the triton X-100 was used in human 
blood samples. First, we selected a drying time 
of 30 s for water evaporation with 40s of ramp 
time. Then, the effect of pyrolysis temperature on 

Abs was studied within a range of 600-1400 ◦C. 
The maximum Abs was obtained from 1000 to 
1200 ◦C. So, 1150 ◦C was selected as the optimum 
point. Also, the effect of atomization on chromium 
determination was examined between 2000–3000 ◦C, 
and the maximum signal was obtained at 2.500 ◦C. 
Cleaning time and temperature were ordered at 3 s 
and 2.600 ◦C, respectively with Ar flow rate of 300 
mL min−1. 

3.3. Effect of pH on the extraction 
The influence of pH on adsorption of Cr (III) and 
Cr (VI) ions on CNTs@DTG was investigated 
in different pH between 2-11 for 1.0 μg L−1 

of chromium concentration. The chemical and 
physical adsorption was strongly conditioned by the 
pH of solutions. The results show that the highest 
extraction efficiency for Cr (VI) was achieved in pH 
ranges from 1 to 3, but the recovery values for Cr 
(III) were below 5% in this pH. On the other hand,
the efficient extraction for Cr (III) was achieved in
pH ranges from 5 to 7, but the recovery values for
Cr (VI) were below 5%. Thus, the procedure was
applied to the speciation of two forms of chromium
at pH 2 and 6 as optimum points for Cr (VI) and
Cr (III) extraction, respectively, by D-μ-SPBE
procedure (Fig. 5).

Fig.4. The FTIR of CNTs@DTG adsorbent
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3.4. Effect of sample volume and amount of 
ionic liquid
Sample volume is one of the most important 
parameters to be studied. The effect of sample 
volume between 2-20 mL was studied for 1.0 
μg L−1 of Cr (III) and Cr (VI) ions. Quantitative 
extraction was observed between 2 ml and 10 ml. 
The recovery was decreased by more than 10 mL of 
blood samples. Moreover, in high sample volumes, 
the ionic liquid is partially solubilized in the 
liquid phase and leads to non-reproducible results. 
Therefore, a sample volume of 5 mL was selected 
for further works by D-μ-SPBE procedure (Fig. 
6). On the other hand, the extraction efficiency of 

the procedure was remarkably dependent on the 
ionic liquid amount as a separating phase. So, 
the amount of [OMIM][PF6], [HMIM][PF6] and 
[EMIM][PF6] as hydrophobic ILs was studied 
between 0.05-0.2 g. The results showed us, and 
the quantitative extraction was obtained more than 
0.08 g of [OMIM][PF6]. Therefore, the amount 
of 0.1 g was selected as optimum mass for ionic 
liquid for collecting and separating CNTs@DTG 
from the liquid phase (Fig. 7).

3.5. Effect of CNTs@DTG mass
By procedure, the amount of CNTs@DTG adsorbent 
studied and optimized. Therefore, the amounts of 

Fig. 5. The effect of pH on extraction and speciation of Cr (III)
and Cr (VI) based on CNTs@DTG adsorbent by the D-μ-SPBE procedure

Fig. 6. The effect of sample volume on extraction and speciation of
Cr (III) and Cr (VI) based on CNTs@DTG adsorbent by the D-μ-SPBE procedure
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CNTs@DTG adsorbent between 5-35 mg were 
examined for Cr (III) and Cr (VI) extraction by 
the D-μ-SPBE procedure. Based on results, the 
quantitative recoveries in human blood samples were 
obtained with 20 mg and 25 of CNTs@DTG for Cr 
(III) and Cr (VI) extraction, respectively. So, 25 mg of
CNTs@DTG was used as an optimum mass for D-μ-
SPBE procedure (Fig. 8).

3.6. Effect of eluent on recovery 
The Cr (III) and Cr (VI) were back-extracted from 
CNTs@DTG sorbent based on changing pH by D-μ-
SPBE procedure. By decreasing and increasing the 

pH, the covalence bonding in Cr (III) and Cr (VI) 
dissociate and release into the liquid phase. Different 
mineral reagents such as NaOH, HCl, HNO3, 
H2SO4 were selected for investigating of chromium 
back-extraction from the CNTs@DTG /IL phase. 
The research showed that 1 mol L−1 of HNO3 and 
0.5 mol L−1 of NaOH quantitatively extracted Cr 
(III) and Cr (VI) from the CNTs@DTG /IL phase.

3.7. Effect of interference ions on extraction
By procedure, the interference ions can be affected 
by the extraction chromium in blood samples. 
Due to human blood samples, the most probable 

Fig. 7. The effect of ionic liquids mass on extraction and speciation of
Cr (III) and Cr (VI) based on CNTs@DTG adsorbent by the D-μ-SPBE procedure

Fig. 8. The effect of CNTs@DTG mass on extraction and speciation of
Cr (III) and Cr (VI) by the D-μ-SPBE procedure
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metal ions in blood were selected for evaluating 
of potential interfering ions on the extraction of 
chromium. So, the 5 ml of the sample containing 
3.5 μgL-1 of Cr (III) and Cr (VI) and 1-2 mg L-1 
of different ions in the matrix were used. The 
tolerate amounts of each ion had less than 5% of 
the absorbance alteration. The results showed 
interference ions do not decrease the extraction of 
chromium in optimized conditions. The results are 
shown in Table 4.

3.8. Validation of D-μ-SPBE procedure
The D-μ-SPBE method was applied to determine Cr 
(VI) and Cr (III) in 10 mL of human blood samples
at pH of 2 and 6, respectively. Since no standard
reference material (CRM) for Cr (III) and Cr (VI)
are currently available, So, ICP Ms analysis in blood
samples as CRM was used to spike real samples (Table
5). Also, the spiked samples have demonstrated the

reliability, precision and accuracy of the method 
for determination of Cr (III) and Cr (VI) in human 
blood samples by D-μ-SPBE procedure (Table 
6). The extraction efficiency of spiked samples is 
satisfactorily reasonable and was confirmed using 
the addition method, which indicates the capability 
of the system in the determination of Cr (VI) and Cr 
(III) in human blood samples. The calibration curve
of the D-μ-SPBE method was linear between 0.12-
3.88 μg L−1 after the preconcentration process. The
Cr (VI) enters to the cytoplasm of red blood cells
(RBC) and is reduced to Cr(III) by Cys and ascorbic
acid. So, the concentration of chromium in the red
blood cells related to exposure of Cr (VI). Thus, the
total concentration of Cr in blood was calculated
by summarizing of Cr (VI) and Cr (III) which was
determined by ET-AAS. Therefore, The Cr (VI) has
a low concentration in serum or plasma samples as
compared to blood samples.

Table 4. The effect of matrix ions on the determination of Cr (III)
and Cr (VI) by D-μ-SPBE procedure

Ions        Maximum tolerance ratio
      (matrix ion conc./Cr conc.)

     Recovery (%)

Cr (VI)               Cr (III) Cr (VI)        Cr (III)

K+, Na+, Li+, Ca2+, Mg2+ 1100                  900 97.4             98.3

Mn2+, Cu+2, Zn2+ 850                   700 98.2             96.5
Cd2+,  Pb2+ 500   600 99.2              97.7
Cl-, F-, I-, NO3

-, CH3COO - 1200              1000 98.1             96.8
PO4

3-, CO3
2-, SO4

2- 900   750 97.5             98.2
Ag+, Ni2+, Hg2+ 200   250 95.3             97.6
Fe3+, V3+ 500   650 96.8            98.9

Table 5. Method validation for chromium in human blood samples by ICP-MS
and compared to the D-μ-SPBE method (n=5)

a Sample Added (μg L-1) *ICP-MS (μg L-1) *Found (μg L-1)a Recovery (%)
A ------ 1.22  ± 0.02 1.19 ± 0.06 97.5

1.0 ------ 2.15 ± 0.07 96.0
B ------ 1.51  ± 0.03 1.54  ± 0.08 101.9

1.5 ------ 2.97 ± 0.14 95.3
C ------ 2.04  ± 0.05 1.98 ± 0.11 97.1

1.5 ------ 3.43 ± 0.16 96.6
D ------ 0.55 ± 0.01 0.58 ± 0.02 105.4

0.5 ------ 1.06 ± 0.05 96.0
*Mean of three determinations ± confidence interval (P = 0.95, n =5)
a A,B,C,D are real blood samples which analysis with ICP-MS as CRM of total chromium
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4. Conclusion
In this work, the D-μ-SPBE procedure combined
with ET-AAS to develop a new procedure for the
speciation and determination of trace amount of
Cr (III) and Cr (VI) in blood samples. Moreover,
the factors influencing the D-μ-SPBE procedure
such as; the sorbent mass, the sample volume,
the amount of IL and pH were studied and
optimized. The [OMIM][PF6] as hydrophobic
ionic liquid helps to provide a reliable and
efficient extraction for speciation of Cr (III) and
Cr (VI) in blood samples as an environmentally
friendly solvent for collecting of CNTs@DTG
adsorbent from the liquid phase. The enrichment
factor and recovery was 9.8 and 95-105%,
respectively. The limit of detections (LOD) of
32 ng L-1 and 28 ng L-1 for Cr (III) and Cr (VI)
were achieved at pH 6 and 2, respectively. In this
study, a simple, efficient extraction and sensitive
procedure were used for speciation of Cr (III)
and Cr (VI) in human blood samples in a short
time as compared to other methods. The mean of
PF, reusability, RSD%, and LOD were obtained
9.85, 24 times, 2.53 and 30 ng L-1 for 5.0 mL of
human blood samples, respectively. Validation
of the methodology was confirmed by spiking
and ICP-Ms analysis as CRM to samples. The
proposed procedure was successfully used to
speciation and separation of Cr (III) and Cr (VI)
in human blood samples.

5. Acknowledgements
The authors wish to thank Semnan University, 
Iran and the Department of Inorganic Chemistry, 
Faculty of Chemistry, University of Tabriz, Iran 
for supporting this work. The authors wish to 
thank the workers for their kindness and voluntary 
participation in this study. This study was supported 
by Semnan University by a grant and approved 
by the Ethics Committee of Semnan University 
(ECSU, Project No. 8051127-01). Before starting, 
the goals and stages of the study were explained 
to the participants and they were asked to sign the 
informed consent form.

6. References
[1] Y. Wang, H. Su, Carcinogenicity of

chromium and chemoprevention: a brief
update, Onco. Targets Ther., 10 (2017)
4065–4079.

[2] P. Singh, D.K. Chowdhuri,  Environmental
presence of hexavalent but not trivalent
chromium causes neurotoxicity in exposed
drosophila melanogaster, Mol Neurobiol., 54
(2017) 3368-3387.

[3] A. Swaroop, M. Bagchi, H.G. Preuss, S.
Zafra-Stone, T. Ahmad, D. Bagchi, Benefits
of chromium (III) complexes in animal and
human health, the nutritional biochemistry of
chromium (III), Cambridge, MA: Elsevier,
pp. 251-78, 2019.

Table 6. Validation of chromium speciation based on CNTs@DTG in human serum
and blood samples by D-μ-SPBE method

Sample Added (μg L-1) Found (μg L-1)a Totala Recovery (%)
Cr (III) Cr (VI) Cr (III) Cr (VI) Cr (III) Cr (V)

Blood --- --- 1.45 ± 0.08 0.26 ± 0.02 1.71 ± 0.09 --- ---
1.5 --- 2.93 ± 0.15 0.24 ± 0.01 3.17 ± 0.29 98.6 ---
--- 0.2 1.47 ± 0.09 0.45 ± 0.02 1.92 ± 0.11 --- 95.0

Blood --- --- 1.61 ± 0.11 0.76 ± 0.03 2.37 ± 0.12 --- ---
1.5 --- 3.09 ± 0.14 0.73 ± 0.04 3.82 ± 0.20 98.7 ---
--- 1.0 1.59 ± 0.10 1.78 ± 0.08 3.36 ± 0.18 --- 102

Serum --- --- 1.92 ± 0.09 0.14 ± 0.01 2.06 ± 0.12 --- ---
1.5 ---  3.38  ± 0.19   0.16 ± 0.01 3.56 ± 0.16 97.3 ---
--- 0.2  1.89  ± 0.10 0.33 ± 0.01 2.22 ± 0.11 --- 95

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



Anal. Method Environ. Chem. J. 3 (3) (2020) 65-75

[4] J.B. Vincent JB, New evidence against
chromium as an essential trace element, J.
Nutr., 147 (2017) 2212-2219.

[5] E.M. Hamilton, S.D. Young, E.H. Bailey, M.J.
Watts, Chromium speciation in foodstuffs: A
review, Food Chem., 250 (2018)105-12.

[6] K. Yatera, Y. Morimoto, S. Ueno, S. Noguchi,
T. Kawaguchi, F. Tanaka, H. Suzuki,
T. Higashi, Cancer risks of hexavalent
chromium in the respiratory tract, J. UOEH.,
40 (2018)  157–172.

[7] P.L. Abreu, T. Cunha-Oliveira, L.M.R.
Ferreira, A.M. Urbano, Hexavalent
chromium, a lung carcinogen, confers
resistance to thermal stress and interferes
wif heat shock protein expression in human
bronchial epithelial cells, Biometals, 31
(2018) 477–487.

[8] World Health Organization. Inorganic Cr(VI)
compounds., concise international chemical
assessment document, Geneva, World Health
Organization,78, 2013.

[9] American Conference of Governmental
Industrial Hygienists (ACGIH), U.S
documentation of the threshold limit values
and biological exposure indices, 7th Edition,
2011.

[10] Agency for Toxic Substances and Disease
Registry (ATSDR), Chromium, public health
service, US Atlanta GA, 2018.

[11] Q.y. Zhu, L.y. Zhao, Speciation analysis of
chromium by carboxylic group functionalized 
mesoporous silica with inductively coupled
plasma mass spectrometry, Talanta, 195
(2019) 173-180.

[12] A. Islam, H. Ahmad, N. Zaidi, S. Kumar,
A graphene oxide decorated with
triethylenetetramine-modified magnetite for
separation of chromium species prior to their
sequential speciation and determination via
FAAS, Microchim. Acta, 183 (2016) 289–
296.

[13] T.S. Munonde, N.W. Maxakato, P.N.
Nomngongo, Preconcentration and speciation 
of chromium species using ICP-OES after

ultrasound-assisted magnetic solid phase 
extraction with an amino-modified magnetic 
nanocomposite prepared from Fe3O4, 
MnO2 and Al2O3, Microchim. Acta, 184 
(2017) 1223– 1232. 

[14] H. M. Huang, L. J. Zhao, B. S. Chen, B. Hu,
Advanced functional materials in solid phase
extraction for ICP-MS determination of trace
elements and their species: A review, Anal.
Chim. Acta, 973 (2017) 1–24.

[15] L.A. Meira, Multi-element determination
of Cd, Pb, Cu, V, Cr, and Mn in ethanol
fuel samples using energy dispersive
X-ray fluorescence spectrometry after
magnetic solid phase microextraction using
CoFe2O4 nanoparticles, J. Microchem., 142
(2018) 144–151.

[16] Z. Sarikhani, M. Manoochehri, Determination
of Ultra Trace Cr(III) and Cr(VI) species
by electrothermal atomic absorption
spectrometry after simultaneous Magnetic
solid phase extraction with the aid of a
novel imidazolium-functionalized magnetite
graphene oxide nanocomposite, Bull. Chem.
Soc. Jpn., 90 (2017) 746–753.

[17] N. Campillo, P. Viñas, J. Sandrejova, V.
Andruch, Ten years of dispersive liquid-
liquid microextraction and derived
techniques, Appl. Spect. Rev., 52 (2017)
267–415.

[18] B. Hu, M. He, B. Chen, In solid phase
extraction, (ed Colin, F. Poole) Elsevier, pp.
235–284, 2020.

[19] M. Ghorbani, M. Aghamohammad
hassan, M. Chamsaz, H. Akhlaghi,
T. Pedramrad, Dispersive solid phase
microextraction,  TrAC, Trends Anal.
Chem., 118 (2019) 793–809.

[20] K. M. Diniz, C. R.  Teixeira Tarley, Speciation
analysis of chromium in water samples
through sequential combination of dispersive
magnetic solid phase extraction using
mesoporous amino-functionalized Fe3O4/
SiO2 nanoparticles and cloud point extraction,
J. Microchem., 123 (2015)185–195.



75Speciation of chromium by CNTs@DTG nanostructure             Jamshid Rakhtshah et al

[21] L. Zhiyong, Y. Feng, L. Xiaomin, W. Huiyong, 
P. Yuanchao, H.Q. Nimal Gunaratne, W. 
Jianji, Light-triggered switchable ionic liquid 
aqueous two-phase systems, ACS Sustain. 
Chem. Eng., 8 (2020) 15327-15335.

[22] S. M. Yousefi, F. Shemirani, Carbon 
nanotube-based magnetic bucky gels in 
developing dispersive solid-phase extraction: 
application in rapid speciation analysis of 
Cr(VI) and Cr(III) in water samples, Int. J. 
Environ. Anal. Chem., 97 (2017) 1065–1079. 

[23] M. H.  Mashhadizadeh, M. Amoli-
Diva, Atomic absorption spectrometric 
determination of Al3+ and Cr3+ after 
preconcentration and separation on 
3-mercaptopropionic acid modified silica 
coated-Fe3O4 nanoparticles, J. Anal. At 
Spectrom., 28 (2013) 251–258. 

[24] A. Saboori, A nanoparticle sorbent composed 
of MIL-101(Fe) and dithiocarbamate-
modified magnetite nanoparticles for 
speciation of Cr(III) and Cr(VI) prior 
to their determination by electrothermal 
AAS, Microchim. Acta, 184 (2017) 1509–
1516.    

[25] S. Periyasamy, V.Gopalakannan, N. 
Viswana, Fabrication of magnetic particles 
imprinted cellulose based biocomposites 
for chromium(VI) removal, Carbohydr. 
Polym., 174 (2017) 352–359.   

[26] M.B. HosseinAbadi, H. Shirkhanloo, J. 
Rakhtshah, The evaluation of TerphApm@
MWCNTs as a novel heterogeneous sorbent 
for benzene removal from air by solid phase 
gas extraction, Arab. J. Chem., 13 (2020) 
1741-1751.




