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ABSTRACT 

The main purpose of the present study is sorption/preconcentration of trace amounts of cadmium 

using magnetic activated carbon nanocomposite (MAC) as an adsorbent in various water 

samples using graphite furnace atomic absorption spectrometry (GFAAS). The advantages of 

this method include the elimination of organic solvent and easily separation of magnetic 

nanocomposites from the bulk of solution by applying a magnet without any preliminary 

centrifugation and filtration steps. Initially, MAC was prepared by sonochemical approach and 

characterized by FT-IR and TEM. Cadmium ions from 100 mL sample solution was then 

adsorbed on the prepared sorbent by batch mode at pH 7. After sedimentation of MAC, 

quantitative desorption occurs using 0.5 mL of 0.5 mol L
-1

 HCl. The effects of various 

parameters on solid-phase extraction procedure efficiency including pH, sample volume, 

equilibrium time, type and concentration of eluent have been thoroughly investigated and 

optimized. Under the optimal experimental conditions, detection limit (LOD) based on three 

times of the standard deviation of the blank signals (n=8) was 4 ng L
-1

. The relative standard 

deviation (RSD) resulting from the analysis of five replicate solutions containing 100 ng L
-1 

Cd(II)
 
was 3.5%. The effect of potentially interfering ions on the percent recovery of cadmium 

ions was also studied. The accuracy of the method was verified using the analysis of a certified 

reference material. The proposed method was successfully applied to determine Cd(II) ions in 

aqueous real solutions. 

Keywords: Cadmium(II), Water samples, Graphite furnace atomic absorption spectrometry 

(GFAAS), Magnetic activated carbon nanocomposite 
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1. Introduction 

Determination of ultratrace amounts of heavy metals due to their impacts in environmental water 

pollution is of great importance. Analysis of cadmium as a heavy metal is highly demanded 

because of its high level of toxicity and wide distribution.
1
 Cadmium is widely used in various 

industries such as alloys, batteries, metal pleating and also as stabilizer and pigments in 

plastics.
2,3

 Entering cadmium to surface water, as a result of industrial activities, has increased 

the probability of human exposure to this element. Due to high toxicity of cadmium, even at low 

concentrations, its acceptable level in drinking water by World Health Organization (WHO) has 

been declared to be 3 µg L
-1

.
4
 Cadmium accumulation in the body, due to its high biological half-

life, causes numerous damages to organs such as the lungs, liver and kidney.
5,6

 Therefore, 

determination of trace amounts of cadmium in environmental water samples by employing a 

sensitive, selective and reliable analytical method is of great importance. 

Many methods mainly spectrophotometry,
7-9

 flame atomic adsorption spectrometry (FAAS),
10-13

 

electrothermal atomic adsorption spectrometry (ETASS)
14,15

 and inductively coupled plasma 

optical emission spectrometry (ICP-OES)
16-18

 have been used for determination of cadmium in 

different samples. However, low concentration of cadmium in real samples, as well as high 

matrix effects has hindered its analysis. In this respect, some pretreatment steps for separation 

and preconcentration of cadmium to lower detection limit and enhance the sensitivity of detection 

techniques are inevitable.
19

 These include liquid liquid extraction (LLE)
20,21

 and solid phase 

extraction (SPE).
22-25

 SPE is superior to LLE for complex matrices, due to its simplicity and 

speed, ease of automation, improved sensitivity, high enrichment factor and low consumption of 
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organic solvents.
26

. Recently, solid phase extraction have been widely used for environmental 

sample pretreatment in order to separate/enrich cadmium ions.
27-33 

The most commonly used adsorbent in SPE is activated carbon (AC) for its large surface area, 

high adsorption capacity and porous structure.
34,35

 Nowadays, biomass is considered superior for 

production of activated carbon because it is inexpensive and renewable and represents a greener 

technology compared to fossil fuels.
36-38

 The AC regeneration from sample solution due to 

carbon fouling and generation of secondary waste has limited its applications in many fields. To 

overcome these drawbacks, magnetic composite was prepared by combination of activated 

carbon with magnetic particles.
39

 Synthesized magnetic composites could be rapidly separated 

from the bulk of solution using an external magnetic field.  

Now days, special attention has been made towards magnetic nanocomposites as newly 

synthesized nanoadsorbents due to their large surface area, highly active surface sites and ease of 

separation.
40,41

 Magneic nanocomposites are superparamagnetic and hence the adsorbed analytes 

on their surface can be quickly removed from the matrix by the use of a magnet. They have been 

extensively employed for dyes and organic compounds removal from aqueous solutions.
42-44 

To the best of our knowledge, no work has been reported dealing with the application of 

magnetic activated carbon nanocomposites for separation and preconcentration of metal ions so 

far. This paper reports the synthesis of magnetic activated carbon nanocomposites (MAC) from 

carrot dross and evaluates the feasibility of employing this nanocomposite for preconcentration 

of Cd(II) ions in water samples for the first time. The structure of this sorbent were confirmed 

using transmission electron microscopy (TEM) and Fourier transform infrared (FT-IR). The main 
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factors influencing the adsorption process such as pH, sample volume, contact time, etc. were 

thoroughly investigated and optimized 

2. Experimental 

2.1. Instrumentation 

Cadmium ions was determined by Graphite Furnace atomic absorption spectrometry (GF-AAS) 

using a Shimadzu model AA-670 apparatus. Deuterium background correction was employed to 

correct the nonspecific absorbance. The heating program applied for cadmium determination is 

given in Table 1. The synthesis of nanocomposite was carried out with Sonics and Material, 750 

watt, 20 kHz. Ultrasonic irradiation was performed in a water-jacketed rosette-cell with 6 cm 

internal diameter and 11 cm height. The 20 kHz wave was emitted by titanium probe (diameter 

1.1 cm) and power supply of VCX 750 W, with piezoelectric lead zirconate titanate crystal 

(PZT). The pH values was adjusted using a Metrohm Model 632 pH meter supplied with a glass-

combined electrode. An ultrasonic bath (Branson 1510, Danbury, CT) was used to disperse the 

nanoparticles into the solution. A Nd-Fe-B magnet (10.0 cm × 5.0 cm × 2.0 cm) was used for 

magnetic separation. 

2.2. Standard solutions and reagents 

Analytical grade reagents were purchased from Merck unless otherwise specified and deionized 

water was used throughout (18.2 MΩ cm
-1

). All glasswares were soaked in diluted nitric acid for 

more than 12 h and washed with deionized water before use. A stock solution of 1000 mg L
-1

 

Cd(II) was prepared by dissolving an appropriate amounts of Cd(NO3)2 in deionized water with 

the addition of  nitric acid. Working solutions of the cadmium were prepared freshly by suitable 
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dilutions of the stock solution with deionized water. Standard stock solutions (1000 mg L
-1

) of 

other metal ions were prepared from their salts. 

2.3. preparation of magnetic activated carbon 

The magnetic activated carbons was prepared by Entezari et.al
45

 as follows: definite amounts of 

iron(II) chloride and iron(III) chloride with a mole ratio of 1/2 with respect to metal ions was 

dissolved in 50 mL of milli-Q water and transferred into a 100 mL beaker followed by adding 4 

mL of ammonia solution (25%). The solution was vigorously stirred until the pH of the solution 

has reached 9 and the black magnetite sol was obtained. The magnetite sol was then poured into 

a rosette-cell followed by addition of 7 g AC powder and the mixture was sonicated for 30 

minutes at 40 °C. Finally, the solid phase containing MAC was separated by a magnet, washed 

several times with milli-Q water and then dried at room temperature. 

2.4. Extraction and preconcentration procedure 

Batch adsorption studies were performed as follows: 100 mL of aqueous sample solution was 

transferred into a glass beaker. 30 mg of MAC was added to the solution and pH of the mixture 

was adjusted at 7 by drop-wise addition of diluted NaOH solution. The adsorbent was dispersed 

into the sample solution by ultrasonication for 3 min in order to facilitate the adsorption of Cd(II) 

ions. The MAC was then isolated from the suspension under an external field via a piece of 

permanent magnet. The adsorbed cadmium(II) ions on nanoparticles were eluted by 0.5 mL of 

0.5 mol L
-1

 HCl and analyzed for its cadmium content using GFAAS. 

2.5 Sample preparation 
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Tap water from our research laboratory (Ferdowsi University, Mashhad, Iran), sea water 

(Caspian Sea), spring water (Dehsorkh, Neyshaboor, Iran) and mineral water from local store 

were collected analyzed after pH adjustment.  

A standard reference material, JR-1 (Igneous rocks), was analyzed to validate the accuracy of the 

method. 0.2 g of this material was weighted accurately in a Teflon beaker and dissolved in a 

mixture of 7 mL HF, 0.7 mL HNO3 and 2.3 mL H2SO4. The resulting solution was heated on a 

hot plate at low temperature for 12 h until completely decomposed and evaporated nearly to 2 

mL. 8 mL concentrated HNO3 was then added to the solution together with heating until a clear 

solution obtained and it was diluted to 25 mL with deionized water. 

3. Results and discussion 

The optimization study for preconcentration process was carried out in order to achieve maximal 

recovery for an efficient extraction of ultratrace amounts of Cd(II) ions. 

Characterization of the adsorbent 

The synthesized MAC was characterized by TEM and FT-IR. Fig. 1 shows TEM images of 

MAC nanocomposites. As can be seen, the nanocomposite particles are very fine and diameter of 

the particles is estimated to be less than 10 nm. The FT-IR spectrum of Fe3O4, AC and MAC are 

shown in Fig. 2. The AC spectrum shows three distinct peaks at 3440 cm
-1

,1620 cm
-1

  and 1120 

cm
-1

 which could be assigned to OH, C=O and C-O vibrations, respectively. In the case of MAC, 

the peaks at 3440 cm
-1

 and 1583 cm
-1

 belong to OH and C=O vibrations, respectively. The broad 

peak at 1123 cm
-1

 is suggested to be as the result of coating of magnetic nanoparticles on the 

surface of AC. The FT-IR spectrum of Fe3O4 nanoparticles shows a peak at 550 cm
-1

 which is 
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due to the M-O band. Therefore, the small peak at 590 cm
-1

 in MAC spectrum could be 

attributed to the Fe3O4 nanoparticles coated on the surface of AC.  

Effect of pH 

The pH of the aqueous solution is an important controlling parameter for improving the 

adsorption efficiency and reduction of interferences from the matrix because pH affects the 

distribution of active sites on the surface of sorbent.
46

 The effect of pH on the extraction 

recovery of cadmium ions was studied in the pH range of 1-10 according to the recommended 

procedure. The results show that the adsorption efficiency increased by increasing the pH up to 

5.0 (Fig. 3) and leveled off at higher pHs. Lower recoveries at pH values below 5 can be 

explained by competing H
+
 with Cd

+2
 ions in the solution for the active sites of sorbent.

2,47
 

Hydroxide ions at higher pHs than 10 would complex and precipitate Cd(II) ions, and therefore 

the separation may not be due to adsorption phenomena.
48,49 

Zeta potential measurement at different pHs was also used for justification of the above results. 

The pH value at which the Zeta potential equals zero is called the isoelectric point and it is used 

for qualitative assessment of the absorbent surface charge. The IEP of MAC was found to be 

around 4.5.  At pHs lower than 4.5, the adsorbent has positive surface charge and consequently 

the interactions between the adsorption sites on nanocomposite and cadmium ions are 

electrostatically repulsive. On the other hand, the cadmium adsorption capacity will increase at 

pHs above the IEP due to columbic attraction which can readily take place between cadmium 

ions and negatively charged surface of the nanoadsorbent. 

To ensure the highest recovery of adsorption, pH of 7 was employed as the optimum value. 

Effect of eluent 
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Because the adsorption of cadmium was low at pHs lower than 4.5, HCl at different 

concentrations was tested for desorption of the Cd(II) ions from the adsorbent surface. The 

results indicate that, 0.5 mol L
-1

 HCl provided higher recovery for elution of Cd(II) ions. The 

volume of HCl for quantitative elution of Cd(II) ions was also examined and quantitative 

recoveries (>90%) was obtained with 0.5 mL of 0.5 mol L
-1

 HCl. 

Effect of sample volume 

In order to improve the preconcentration factor, a large volume of sample solution is required. 

For this purpose, different volumes of sample solutions in the range of 25-200 mL was examined 

by applying the general procedure (Section 2.4). As shown in Fig. 4, quantitative recoveries 

(>90%) was obtained with sample volumes up to 100 mL. Therefore, sample volume of 100 mL 

was selected as the optimum value for subsequent experiments. Using elution volume of 0.5 mL, 

a 200-fold preconcentration factor was achieved by this method. 

Effect of sorbent amount 

Nanoparticles have high surface area and therefore low amounts of nanosorbent can achieve 

satisfactory results than conventional sorbents for quantitative adsorption of ions. In order to 

investigate the influence of MAC amounts on the recovery of cadmium, the extraction was 

carried out by varying the amounts of sorbent in the range of 1 to 50 mg. The results are shown 

in Fig. 5. It can be seen that 30 mg of sorbent was adequate for quantitative retaining of the 

Cd(II) ions and so this amount was chosen for further experiments. 

Effect of ultrasonication time 

Page 8 of 15Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



9 

 

In the SPE process, the contact time is an important factor in order to realize complete extraction. 

Therefore, the effect of ultrasonication time was investigated in the range of 1-15 min time 

intervals for both adsorption and desorption stages. The results show that quantitative recoveries 

for both processes was achieved when ultrasonic time was 3 min due to high surface area to 

volume ratio of MAC nanocomposites. Hence, 3 min was selected as the optimum time for 

subsequent experiments. 

Effect of sedimentation time 

Due to the superparamagnetism properties of MAC, adsorbent could be completely separated 

from the bulk of solution using an external magnetic field in a very short time. No significant 

benefit was observed for quantitative recovery of Cd(II) ions when the sedimentation time was 

greater than 1 min. Therefore, 1 min sedimentation time was taken as the optimum value for 

subsequent experiments. 

Adsorption capacity 

One of the important parameters for assessment of adsorbent characteristics is adsorption 

capacity, which is defined as the amount of adsorbent required for quantitative recovery of 

analyte from the solution. According to Maquieira et al
50

 criteria, the profile of adsorption 

isotherm is assessed by plotting the concentration of analyte versus the amount of sorbed analyte 

per gram of nanoparticle (Fig. 6). As can be seen, the maximum value of adsorption capacity for 

MAC was found to be 93.8 mg g
−1

 for cadmium. A comparison between adsorption capacity of 

synthesized MAC nanocomposite in this work with some adsorbents in literature for extraction 

of cadmium is summarized in Table 2. It is clear that the proposed magnetic nanocomposite has 

adsorption capacity superior to some of the reported adsorbents.  
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Regeneration of sorbent 

In order to check the stability and applicability of synthesized nanoparticles at the experimental 

conditions, they were subjected to several cycles of extraction and back extraction. The results 

show that, 30 mg of MAC can be reused up to five times without any loss of recovery for 

cadmium adsorption. 

Effect of coexisting ions 

The existence of coexistence ions may affect the preconcentration of cadmium by competitive 

adsorption. Therefore, the effect of common elements on the recovery of Cd(II) ions was 

investigated. An ion was considered to interfere when its presence produced a variation in the 

absorbance of the sample by more than 5%. The results given in Table 3 show that various 

potentially interfering ions in 100 fold excess had no obvious influence on the recovery of 100 

ng L
-1

 Cd(II) ions under the optimum conditions. Therefore, the recommended method is suitable 

for preconcentration and determination of cadmium in various water samples. 

Analytical figures of merit 

Under the optimum conditions, the calibration curve was linear in the range of 10-700 ng L
-1

 of 

cadmium. The detection limit based on three times of the blank signals (n=8) was 4 ng L
-1

. The 

relative standard deviation (RSD) for five replicate analysis of 100 ng L
-1

cadmium
 
was found to 

be 3.5%. The enrichment factor, calculated as the ratio of the slope of calibration curve for 

cadmium submitted to the recommended extraction procedure and that obtained without the 

preconcentration step, was 150. Comparison of the proposed method with other approaches in 

the literature for preconcentration and determination of cadmium is given in Table 4. Generally, 
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this method is comparable to those of reported methods and exhibits relatively high enrichment 

factor and very low detection limit. 

Analytical applications 

The accuracy of the developed method was evaluated by the analysis of a certified reference 

material, JR-1. The determined value of
 
25±0.9 ng g

-1
 was in good agreement with the certified 

value of 26 ng g
-1

. The method was applied to determine cadmium in different water samples. 

The analytical results, along with the recoveries for the spiked samples, are presented in Table 5. 

As shown, the proposed method is reliable for determination of cadmium in environmental water 

samples. 

4. Conclusion 

In this work, synthesized magnetic activated carbon nanocomposite as a solid phase extractor 

was employed for separation/preconcentration of Cd(II) ions at ultratrace levels in water samples. 

The MAC was prepared from carrot dress with low cost and shows very high adsorption capacity 

without any harm to environment. These nanoparticles are magnetically separable due to their 

superparamagnetic characteristics and  therefore makes the SPE method time saving. The 

proposed preconcentration procedure was validated using a certified reference material. The 

method provides high enrichment factor and low detection limit and is suitable for cadmium 

determination with good accuracy in aqueous samples when dealing with large volumes of sample 

solutions and complex matrixes. 

Acknowledgment 

Page 11 of 15 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



12 

 

The authors would like to thank the Ferdowsi University of Mashhad for the financial support of 

this work (Code: 20185/3, Dated: December 2011). 

References 

1 M. Stoeppler, Hazardous Metals in the Environment. Techniques and Instrumentation in  

Analytical Chemistry, Elsevier, Amsterdam, 1992. 

2 T. A. Salah, A. M. Mohammad, M. A. Hassan and B. E. El-Anadouli, J. Taiwan Inst. Chem.  

Eng., 2014, 45, 1571-1577. 

3 M. Chamsaz, A. Atarodi, M. Eftekhari, S. Asadpour and M. Adibi, J. Adv. Res., 2013, 4, 35- 

41. 

4 S. Şahan and U. Şahin, Talanta, 2012, 88, 701– 706. 

5 Naeemullah, T. G. Kazi, M. Tuzen, F. Shah, H. I. Afridi and D. Citak, Anal. Chim. Acta., 2014,  

812, 59-64. 

6 S. Gunduz, S. Akman and M. Kahraman, J. Hazard. Mater., 2011, 186, 212–217. 

7 A. S. Amin and A. A. Gouda, Food Chem., 2012, 132, 518–524. 

8 Y. M. Sung and S. P. Wu, Sens. Actuators, B, 2014, 201, 86–91.  

9 X. Wen, Q. Deng, J. Guo and S. Yang, Spectrochim. Acta, Part A, 2011, 79, 508-512. 

10 N. Pourreza, S. Rastegarzadeh and A. Larki, J. Ind. Eng. Chem., 2014, 20, 2680-2686. 

11 H. Lü, H. An, X. Wang and Z. Xie, Int. J. Biol. Macromol., 2013, 61, 359–362. 

12 C. Karadaş and D. Kara, J. Food Compos. Anal., 2013, 32, 90-98.  

13 R. Galbeiro, S. Garcia and I. Gaubeur, J. Trace Elem. Med. Biol., 2014, 28, 160-165. 

14 M. C. Barciela-Alonso, V. Plata-García, A. Rouco-López, A. Moreda-Piñeiro and P.  

Bermejo-Barrera, Microchem. J., 2014, 114, 106–110. 

15 I. López-García, Y. Vicente-Martínez and M. Hernández-Córdoba, Talanta, 2013, 110, 46– 

52. 

16 M. H. Mashhadizadeh, M. Amoli-Diva, M. R. Shapouri and H. Afruzi, Food Chem., 2014,  

151, 300-305. 

Page 12 of 15Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



13 

 

17 M. S. El-Shahawi, A. S. Bashammakh, M. I. Orief, A. A. Alsibaai and E. A. Al-Harbi, J. Ind.  

Eng. Chem., 2014, 20, 308–314. 

18 L. Zhang, Z. Li, X. Du, R. Li and X. Chang, Spectrochim. Acta, Part A, 2012, 86, 443-448. 

19 L. M. Costa, E. S. Ribeiro, M. G. Segatelli, D. R. D. Nascimento, F. M. d. Oliveira and C. R.  

T. Tarley, Spectrochim. Acta, Part B, 2011, 66, 329-337. 

20 L. Kocúrová, I. S. Balogh and V. Andruch, Microchem. J., 2013, 107, 3-9.  

21 X. Wen, Q. Yang, Z. Yan and Q. Deng, Microchem. J., 2011, 97, 249–254. 

22 J. Wang and F. Liu, Chem. Eng. J., 2014, 242, 117–126. 

23 H. Bagheri, A. Afkhami, M. Saber-Tehrani and H. Khoshsafar, Talanta, 2012, 97, 87-95. 

24 F. d. S. Dias, J. S. Bonsucesso, L. S. Alves, D. C. d. S. Filho, A. C. S. Costa and W. N. L. d.  

Santos, Microchem. J., 2013, 106, 363–367. 

25 M. H. Mashhadizadeh and Z. Karami, J. Hazard. Mater., 2011, 190, 1023-1029. 

26 H. Xu, Y. Wu, J. Wang, X. Shang and X. Jiang, J. Environ. Sci., 2013, 25, S45-S49. 

27 M. Behbahani, A. Esrafili, S. Bagheri, S. Radfar, M. Kalate Bojdi, A. Bagheri, Meas., 2014,  

51, 174-181. 

28 M. Behbahani, N. A. Ghareh Tapeh, M. Mahyari, A. R. Pourali, B. Golrokh Amin, A.  

Shaabani, Environ. Monit.  Assess., DOI: 10.1007/s10661-014-3924-1. 

29 M. Zanetti Corazza, B. Fabrin Somera, M. Gava Segatelli and C. R. Teixeira Tarley, J.  

Hazard. Mater., 2012, 243, 326– 333. 

30 M. Behbahani, M. Barati, M. Kalate Bojdi, A. R. Pourali, A. Bagheri, N. Akbari Ghareh 

Tapeh, Microchim. Acta, 2013, 180, 1117-1125. 

31 M. Behbahani, A. Bagheri, M. M Amini, O. Sadeghi, M. Salarian, F. Najafi, M. Taghizadeh,  

Food Chem., 2013, 141, 48-53. 

32 M. R. Nabid, R. Sedghi, A. Bagheri, M. Behbahani, M. Taghizadeh, H. Abdi Oskooie and M.  

M. Heravi, J. Hazard. Mater., 2012, 203-204, 93-100. 

33 M. Behbahani, M. Najafi, M. M Amini, O. Sadeghi, A. Bagheri, M. Salarian, Microchim.  

Acta, 2013, 180, 911-920. 

Page 13 of 15 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



14 

 

34 X. Huang, N. Y. Gao and Q. L. Zhang, J. Environ. Sci., 2007, 19, 1287–1292. 

35 B. Feist and B. Mikula, Food Chem., 2014, 147, 302-306. 

36 C. Duran, D. Ozdes, A. Gundogdu, M. Imamoglu and H. Basri Senturk, Anal. Chim. Acta,  

2011, 688, 75-83. 

37 K. Yang, J. Peng, C. Srinivasakannan, L. Zhang, H. Xia and X. Duan, Bioresour. Technol.,  

2010, 101, 6163-6169.  

38 D. An, Y. Guo, B. Zou, Ya. Zhu and Z. Wang, Biomass Bioenergy, 2011, 35, 1227-1234. 

39 M. Schwickardi, S. Olejnik, E. L. Salabas, W. Schmidt and F. Schüth, Chem. Commun., 2006,  

3987-3989. 

40 S. Briceño, W. Brämer-Escamilla, P. Silva, J. García, H. Del Castillo, M. Villarroel, J. P.  

Rodriguez, M. A. Ramos,, R. Morales and Y. Diaz, J. Magn. Magn. Mater., 2014, 360, 67-72. 

41 E. Darezereshki, F. Tavakoli, Fe. Bakhtiari, A. B. Vakylabad and M. Ranjbar, Mater. Sci.  

Semicond. Process., 2014, 27, 56-62. 

42 J. Xu, P. Xin, Y. Gao, B. Hong, H. Jin, D. Jin, X. Peng, J. Li, J. Gong, H. Ge
,
 and X. Wang,  

Mater. Chem. Phys., 2014, 147, 915-919. 

43 K. A. Tan, N. Morad, T. T. Teng, I. Norli and P. Panneerselvam, APCBEE Procedia, 2012, 1,  

83-89. 

44 S. Han, F. Zhao, J. Sun, B. Wang, R. Wei and S. Yan, J. Magn. Magn. Mater., 2013, 341,  

 

133-137. 

 

45 T. Rohani Bastami and M. H. Entezari, Chem. Eng. J., 2012, 210, 510–519. 

 

46 O. Krivosheeva, A. Dėdinaitė and P. M. Claesson, J. Colloid Interface Sci., 2012, 379, 107- 

113. 

47 V.K. Gupta and A. Nayak, Chem. Eng. J., 2012, 180, 81–90. 

48 M. Machida, B. Fotoohi, Y. Amamo, T. Ohba, H. Kanoh and L. Mercier, J. Hazard. Mater.,  

2012, 221–222, 220–227. 

Page 14 of 15Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



15 

 

49 R.K. Sharma, A. Puri, Y. Monga and A. Adholeya, Sep. Purif. Technol., 2014, 127, 121–130. 

50 A. Maquieira, H. Elmahadi and R. Puchades, Anal. Chem., 1994, 66, 3632-3638. 

Page 15 of 15 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


