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Abstract 

Contamination of water sources with chromium has become a pervasive global problem due to its wide use in industry. In 

this research, low-cost commercial sodium bentonite and synthesized nano bentonite were used to remove chromium ions 

from aqueous solutions along with electro thermal atomic absorption spectroscopy (ETAAS) and Ultraviolet-Visible 

Spectrophotometry (UV-Vis) were used. The morphology of the bentonite samples was studied using XRD, FTIR and 

scanning electron microscope (SEM) analyzes. To screen the relative importance of variables, parameters including pH, 

adsorption time, amount of adsorbent, volume of desorption solvent and stirring speed were studied using the Plackett 

Burman Design (PBD) using the Minitab 20 software. In the following, optimization was performed by using the central 

composite design (CCD), and the responses were evaluated. The calibration curve was plotted by drawing the absorbance 

against standard concentration. The linear dynamic range of 0.003-100 μg L-1 (DLR) and the correlation coefficient (R2) of 

0.999 were obtained for chromium. Limit of detection (LOD) and limit of quantification (LOQ) for chromium were 

obtained equal to 0.002 and 0.0039 μg L-1, respectively. The relative standard deviation (RSD) of 6.93% and the relative 

recovery for chromium in real samples were obtained in the range 96.041% to 103.445% for ETAAS method. The values 

of detection limit (LOD) and limit of quantification (LOQ) by UV-Vis method were 0.007 and 0.021 µg L-1 respectively, 

and the dynamic linear range was (DLR) 0.05-50.00 µg L-1 with a correlation coefficient (R2) 0.998. The relative standard 

deviation (RSD) was 14.27% and the relative recovery of this method in real samples was attained from 95.103% to 

103.692%. 
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1.INTRODUCTION 

In order to protect public health, it is necessary to 

control and monitor the concentration of pollutants 

in water resources [1]. Chromium is a metallic 

element that is found naturally in rocks, soils, 

plants, animals, gases and volcanic dust [2]. In 

addition to natural resources, it is one of the major 

industrial wastes. In general, chromium exists in 

two forms; trivalent (Cr (III)) and hexavalent 

chromium (Cr (VI)) [1, 2]. According to national 

standards of Iran (No. 1053), maximum 

contaminant level of total chromium in drinking 

water is 50 μg L-1 (50 ppb) for public waters [3]. 

Biological treatment is one of the available 

techniques for chromium removal [4], chemical 

methods, reduction [5, 6] and adsorption 

approaches [7] can also be effective methods for 

chromium elimination. Most of these methods are 

expensive and time consuming. In the recent years, 

the removal of various groundwater pollutants has 

been carried out using nano-adsorbents. Higher 

reactive surface, faster and more complete 

reactions are among the advantages of nano-

adsorbents including iron magnetic adsorbers [8]. 

However, there are issues such as low stability, 

limitations imposed by high reactivity and 

aggregation of magnetic particles [9]. Lately, to 

increase the dispersion of Fe3O4 nanoparticles, 

porous materials have been used as mechanical 

supports [10].  

Bentonite is a low-cost traditional adsorbent that is 

used for the removal of heavy metals from 
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wastewater due to its abundance, high absorbance, 

unique structural properties, chemical and 

mechanical stability, and high potential [11]. 

Bentonite has been used to remove metal ions 

based on adsorption and ion exchange mechanisms 

due to its specific surface area and relatively high 

cation exchange capacity [11]. 

Bentonite with chemical Formula of (Na, Cao) (Al, 

Mg) (Si4O10)3 (OH)6 nH2O is a mineral substance 

from the category of clays or pseudo-clays. It 

generally contains montmorillonite and a small 

amount of beidellite. Therefore, the clay that has 

85-90% of montmorillonite mineral is bentonite, 

and the properties and quality of bentonite vary 

according to the amount of montmorillonite. The 

structure of bentonite is aluminosilicate which is a 

three-layer silicate and has two tetrahedral layers 

and one octahedral layer (Fig. 1). In the tetrahedral 

form, the silica unit is the tetrahedral unit and the 

common unit of all clay minerals, and it is a 

pyramidal tetrahedron in which one silicon atom is 

surrounded by four oxygen atoms. The tetrahedral 

units are connected to each other in a planar way 

and form a hexahedral structure that holes are 

formed in between this hexagonal structure. And if 

sufficient electric charge is provided on the surface 

of oxygen, they provide a suitable place to stabilize 

interlayer ions for the clay surface. 

In the octahedron form, the cations in bentonite are 

surrounded by six hydroxyl units in a planar form 

in an octahedron. Between the octahedral and 

tetrahedral planes, the connection takes place 

through the sharing of the oxygen at the vertex of 

the tetrahedral unit and the placement of the central 

element in the aluminum octahedral unit. The 

existence of weak van der Waals bonds between 

bentonite layers causes them to easily slide on each 

other. Therefore, bentonite feels greasy. Also, the 

absorption of water by bentonite particles in the 

aqueous environment is between seven to twenty 

times their volume and they swell. The main reason 

for swelling is the absorption of water in the 

surface layers due to the hydration of exchangeable 

cations and the separation of the network layers in 

the interior as a result of the similar repulsion 

force, which is called osmotic swelling [12- 14]. 

According to their characteristics, bentonites are 

mainly divided into two categories, sodium-

containing or swollen bentonites and the second 

type, calcium-containing or non-swollen 

bentonites. Sodium bentonites have the ability to 

absorb water up to several times their normal 

volume, and due to the excellent colloidal 

properties of this compound, it is often used in 

geotechnical and environmental research and 

drilling fluid for oil and gas wells [15-18]. 
 

Fig. 1. Bentonite structure (Wikipedia) 
 

Calcium-containing bentonites adsorb ions in 

solution and can adsorb fats and oils in an 

environment. This material is the main 

composition of the earth's crust and is considered 

one of the first industrial cleaning materials. 

Bentonites can be activated. Active bentonite 

refers to soils that are modified with a chemical 

substance. The activation of bentonites is mostly 

by using salt water solution to exchange calcium 

ions with sodium, which increases the swelling and 

suspend ability properties of bentonites. It is also 

possible to convert the calcium bentonite to the 

sodium type. For this purpose, calcium cations are 

interlayered. Of course, this substitution depends 

on the temperature, time and amount of sodium salt 

and is never complete [15-18]. 

This paper aims to evaluate the effect of sodium 

bentonite on chromium ions adsorption. The 

experimental results and adsorption process are 

explained by the variation of effective factors. The 

effect of cation replacement on the absorption of 

heavy metals is rarely investigated in detail, it is 

investigated in this research. This study on the 

adsorption mechanism of chromium ions by 

sodium bentonite has certain significance for 

modified clay minerals applications. 

 

2.EXPERIMENTAL 

2.1. Chemicals 

  Sodium bentonite, commercial types; Z.B (type 

1), and APIF (type 2), obtained from Ferdous and 

Qain clay mines, South Khorasan province, Iran.  

Sodium chloride (purity; 99%), sulfuric acid 

(purity;97%), nitric acid (purity;65%), acetic acid 

glacial, ethanol (purity ≥ 99.9 %), chromium 

standard solution (purity;1000 mgL-1), and 

arsenic, nickel, lead, cobalt, cadmium, and iron 
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Standard Solutions (As 100 mgL-1) all purchased 

from Merck, Germany too. The deionized water 

(< 18,2 MΩ) used in the experiments was Milli-Q 

gradient (Millipore). 

 

2.2. Equipment 

Atomic absorption spectrometer (PG Instruments 

Ltd, made in England) equipped with graphite 

furnace model PG 990 with chromium hollow 

cathode lamp (wavelength 357.9 nm) (Cr HCL), 

slit width 0.7 nm, lamp current 8 mA, background 

correction method BGC-D2, peak height signal 

processing, input speed 130 μL /sec, output speed 

150 μL/sec, injection volume 20 μL, injection 

speed 25 μL/sec, cooling temperature 15°C were 

used for the analyses.  Exciton model furnace with 

a voltage of 220 volts and a maximum 

temperature of 1200 degrees, an analytical 

balance with ALC-110.4 model ACCU LAB 

Sartorius group, Germany, an Explorer model 

XRD device from GNR, Italy with a Dectris 

V=40KV detector, current 20 mA, a VELP 

Scientifica magnetic stirrer Europe model 

(F20520162), scanning electron microscope 

(SEM) device with the ability to produce images 

with a magnification of 10 to 300,000 times to 

identify the morphology of polymer particles 

model Hip ace 10 PFEIFFER-Vacuum, FT-IR 

device (Fourier transform infrared spectroscopy) 

Shimadzu 8400 made in Japan, German pH meter 

WTW inolab level 2, spectrophotometer UV1800 

Shimadzu Japan were other tools used in this 

research. 

 

2.3. Preparation of acid-activated bentonite 

Bentonite can be activated by using strong acids 

such as hydrochloric acid for enhanced surface 

properties and replacing the exchangeable ions of 

bentonite throughout chemical procedure. During 

acid leaching of bentonite, at first interlayer 

cations are substituted with H+ ions of the acid and 

subsequently dissolution of structural cations 

occurs. This process leads to the layering of the 

clay structure, thereby increasing the specific 

surface area of the clay and its adsorption 

capacity.  
At first, among the bentonite samples, undesirable 

and heterogeneous materials include quartz, 

zeolites, carbonates, etc. that could be visually 

recognized were removed.  

Sodium bentonites are very sensitive to the salty 

environment, so a significant reduction in 

swelling was observed when sodium chloride 

solutions were replaced. The effects of salt 

concentration will produce higher quality 

bentonite, which will have a higher swelling 

capacity, a more obvious cation exchange 

capacity, exchangeable sodium percentage and 

specific surface area. That's why, 5 ml of 1.0 M 

NaCl solution was added to 1.0 g bentonite and 

the mixture was stirred for three hours, after that 

the drying process was performed in an oven at a 

temperature of 60 C°. Subsequently, 2 mL sulfuric 

acid 2 M was added and stirred at 95 C° for 2 

hours. Next, the product was washed several times 

with double distilled water and it was dried at a 

temperature of 60 C°. Particles with a diameter of 

about 0.8 to 1.2 mm were gained and then the 

obtained material were calcinated at the 

temperature of 200° C for one hours in the air 

atmosphere [19]. 

 

2.3.1. Preparation of nano bentonite 

 To prepare nano bentonite, sodium bentonite 

commercial types Z.B (type 1), and APIF (type 2), 

were activated according to above section. So 

that, about 1.6 g of activated sodium bentonite 

was added to 100 ml of ethanol and then it was 

placed under ultrasonic with a power of 50 watts 

for 4 hours at a temperature of 20 ° C. Next, the 

synthesized nano bentonite was dried in an oven 

(90 °C for 24 h). Then it was calcined at 800 °C 

for 4 hours [20]. 

 

2.3.2.   Chromium measurement 

0.5 g of each activated sodium bentonite samples 

(type 1, and type 2), and 0.5 g of nano bentonites 

prepared from those two sources were weighed 

separately and 100 ml chromium standard 

solution (500 µgL-1) was added to each and the 

mixtures were shaken for 5 minutes. After 

completing the chromium adsorption process by 

the clay adsorbent, the mixture was centrifuged 

and the supernatant was discarded. Then, 1 mL 

nitric acid (0.14M) was added to each of the 

adsorbents in order to desorb the analyte. The 

steps of stirring and centrifugation were 

performed. In final step, the chromium 

concentration of the supernatant was measured 

using the mentioned spectroscopic methods [21]. 
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Table 1.   Factors, Symptoms and Levels for Plackett–Burman design for two types of nano-bentonites 

Levels Sign Agents 

1 0 -1 

9 5.5 2 pH pH 

5 3.5 2 Sorbent (mg) Amount of sorbent (mg) 
50 30 10 Time(min) Adsorption time (min) 
10 5.5 1 V.ads. Adsorption solvent volume 

 (mL) 
2000 1050 100 Rate(rpm) Stirring speed (rpm) 

 

 

Table 2.   Plakett Burman Design-Minitab 20 -nano bentonite (Type 1) 

StdOrder RunOrder PtType Blocks pH Sorbent(mg) Time(min) 
V.ads. 

(ml) 
Rate(rpm) 

Result 1 

(absorbance) 

11 1 1 1 9 5 10 1 2000 0.757 

13 2 0 1 5.5 3.5 30 5.5 1050 0.795 
5 3 2 1 9 5 30 10 100 0.733 
3 4 2 1 9 3.5 50 1 100 0.719 
6 5 2 1 2 2 30 1 2000 0.989 
12 6 1 1 2 2 50 10 100 0.928 
9 7 2 1 9 2 10 10 1050 0.749 
7 8 2 1 9 2 50 5.5 2000 0.787 
2 9 2 1 5.5 2 10 1 100 0.932 

1 10 2 1 5.5 5 50 10 2000 1.492 
10 11 2 1 2 5 50 1 1050 1.994 
4 12 2 1 2 3.5 10 10 2000 1.987 
8 13 2 1 2 5 10 5.5 100 2.298 

  

Table 3.   Plakett Burman Design-nano bentonite  (Type 2) 

StdOrder RunOrder PtType Blocks pH sorbent(mg) time(min) V.ads.(ml) Rate(rpm) 
Result 

sample2 

(absorbance) 

11 1 1 1 9 5 10 1 2000 0.717 
13 2 0 1 5.5 3.5 30 5.5 1050 0.832 
5 3 2 1 9 5 30 10 100 0.751 
3 4 2 1 9 3.5 50 1 100 0.698 
6 5 2 1 2 2 30 1 2000 0.996 
12 6 1 1 2 2 50 10 100 0.925 

9 7 2 1 9 2 10 10 1050 0.754 
7 8 2 1 9 2 50 5.5 2000 0.801 
2 9 2 1 5.5 2 10 1 100 0.944 
1 10 2 1 5.5 5 50 10 2000 1.695 
10 11 2 1 2 5 50 1 1050 1.999 
4 12 2 1 2 3.5 10 10 2000 1.981 
8 13 2 1 2 5 10 5.5 100 2.324 

 

2.4. Extraction and optimization conditions 

Considering that the optimization methods of one-

variable-at-a-time, require spending a long time 

and cost, and also there is no proper understanding 

of the mutual effects of the variables, the 

optimization was done using the factorial design 

and the response surface methodology [22, 23].  

According to previous experiences, the type of 

desorption solvent and desorption conditions were 

optimized as one factor at a time. Different 

solvents such as nitric acid, acetic acid, mixture of 

nitric and acetic acid was used, and based on the 

results, nitric acid was selected as the optimal 

desorption solvent. In the screening design, 

primary tests and variables were selected, 

designed, tested and the optimal conditions were 

determined. In the following, Plackett–Burman 

design (PBD) used to effectively screen the most 

important factors. Various influential factors and 

designed experiments showed reliable results. 

In the initial experiments of this method, the effect 

of factors such as: pH, amount of adsorbent, 

adsorption time, volume of desorption solvent and 

stirring speed was investigated on the extraction 

efficiency process. Three levels were considered 

for all factors (Table 1). 
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Plackett–Burman matrix was designed using 13 

tests in Mini Tab 20 software for both samples 1 

and 2 of sodium nano bentonite (Table 2 and 

Table 3). Each experiment was repeated 3 times. 

 

3. STATISTICAL ANALYSIS F 

The impact value of significant tested factors was 

performed for both samples 1 and 2 of sodium 

bentonite using Mini Tab 20 software (Fig 2 and 

3) . 

 
Fig. 2.   Pareto chart drawn using Burman's sample 1 

design in screening influencing factors 

 

 
Fig. 3.   Pareto chart drawn using Burman's sample 2 

design in screening influencing factors 

 

The degree of influence of each parameter on the 

desired response is shown along the columns. The 

parameters whose height is lower than the critical 

line drawn in the Pareto diagrams do not have a 

significant effect on the response and are at a 

significant level of 5%. And therefore, there is no 

need for their subsequent optimization. In 

addition, as it is known, the improvement of 

responses at high levels compared to low levels, 

i.e., factors including pH=2 and the amount of 

adsorbent at the level of 5 mg for both samples, 

have the greatest effect on the extraction rate of 

chromium, respectively. On the other hand, 

factors such as desorption time, volume of 

desorption solvent, and stirring speed, which are 

less than the critical line drawn, have less effect. 

And there is no need for re-optimization and they 

are considered constant in the continuation of the 

work [24]. 

The investigation of the factors influencing the 

response was carried out again at a significant 

level of 5%. The optimal value of these factors 

(pH) and the amount of adsorbent to perform the 

experiment was evaluated and optimized in the 

next step using the central composite design. And 

the effect of these factors was determined in the 

Mini Tab 20 software by drawing the ANOVA 

diagram (Fig 4 and 5). 

 

 
Fig. 4. The effect of the main factors on the response 

PBD sample1 

 

Fig. 5. The effect of the main factors on the response 

PBD sample2 

 

Quadratic models (response-procedure schemes) 

were used to determine the optimal conditions that 

consider three levels for each factor in Minitab 20 

software. [25, 26] 

In order to obtain the best conditions, the central 

orthogonal composite design was used. In this 

plan, each factor is evaluated independently from 

other factors. A star design (Na=2f), a two-level 

factorial design and a set of repeated points are 

proposed in this model. 

Three levels were considered for each factor using 

the Plackett–Burman design. The levels and 

effective factors of this stage are listed in Table 4. 
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Table 4.  Factors, signs and levels of CCD 

Agents Sign Levels 
-1 0 1 

pH pH 1.5 3.5 5.5 

Amount of 
sorbent 

(mg) 

Sorbent 
(mg) 

3.5 1.5 6.5 

By using the equation N=Na+NF+N0, the number 

of all tests for the implementation of Plackett–

Burman design is obtained. (The number of tests 

in the center of the NO design, the number of tests 

related to the factorial design NF, the star design 

Na). The number of tests in the center of this 

project is equal to 13 for both bentonite samples 1 

and 2. Tables 5a and 6a show the experiments 

designed at this stage for two samples, along with 

3 repetitions for each experiment and their 

responses. According to the results of the tables, 

the best response was chosen as the optimal ideal 

conditions to continue the work. The analysis of 

the results to continue the work for both samples 

was performed according to the optimal ideal 

conditions obtained from the samples in the Mini 

Tab 20 software. The confirmed values are at the 

bottom of tables 5b and 6b. According to the 

available results for two samples, it can be seen 

that there is not much difference between the two 

samples. Therefore, one of the samples was used 

to continue the process and analysis. 

Table 5a. The matrix of the central composite design (CCD) for nano bentonite (Type 1)-minitab 20 

StdOrder RunOrder PtType Blocks pH sorbent(mg) 
Result 

1 (Abs) 
% Remove 

1 1 1 1 1.5 3.5 1.978 83.25% 
6 2 -1 1 6.32 5 1.894 79.71% 
4 3 1 1 5.5 6.5 2.061 86.74% 
9 4 0 1 3.5 5 2.322 97.73% 
5 5 -1 1 0.67 5 1.801 75.80% 
2 6 1 1 5.5 3.5 1.737 77.65% 

7 7 -1 1 3.5 2.87 1.845 77.65% 
3 8 1 1 1.5 6.5 1.773 74.62% 
8 9 -1 1 3.5 7.12 1.952 82.15% 
12 10 0 1 3.5 5 2.321 97.69% 
10 11 0 1 3.5 5 2.321 97.69% 
13 12 0 1 3.5 5 2.376 100.00% 
11 13 0 1 3.5 5 2.343 98.61% 

 

 Table 5b. Analysis of Variance  

Source DF Adj SS Adj MS F-Value P-Value 

Model 5 0.726816 0.145363 273.32 0 
  Linear 2 0.013118 0.006559 12.33 0.005 

  2-Way Interaction 1 0.06996 0.06996 131.54 0 
Error 7 0.003723 0.000532     

  Lack-of-Fit 3 0.00143 0.000477 0.83 0.542 

  Pure Error 4 0.002293 0.000573     
Total 12 0.730539       

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 
0.0230617 99.49% 99.13% 98.12% 

  

Table 6a. The matrix of the central composite design (CCD) -nano bentonite (Type 2)-minitab 20 

StdOrder RunOrder PtType Blocks pH sorbent(mg) 
Result 

sample2 (Abs) 
% Remove 

7 1 -1 1 3.5 2.87 1.859 77.85% 
3 2 1 1 1.5 6.5 1.789 74.92% 
10 3 0 1 3.5 5 2.342 98.07% 
4 4 1 1 5.5 6.5 2.155 90.24% 
8 5 -1 1 3.5 7.12 1.973 82.62% 

11 6 0 1 3.5 5 2.326 97.40% 
5 7 -1 1 0.67 5 1.8999 79.56% 
1 8 1 1 1.5 3.5 1.981 82.96% 
13 9 0 1 3.5 5 2.333 97.70% 
12 10 0 1 3.5 5 2.388 100.00% 
9 11 0 1 3.5 5 2.362 98.91% 
6 12 -1 1 6.32 5 1.947 81.53% 
2 13 1 1 5.5 3.5 1.761 73.74% 
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 Table 6b.   Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 5 0.675878 0.13518 268.9 0 

  Linear 2 0.022141 0.01107 22.02 0.001 
  2-Way Interaction 1 0.085849 0.08585 170.78 0 
Error 7 0.003519 0.0005     
  Lack-of-Fit 3 0.001002 0.00033 0.53 0.685 
  Pure Error 4 0.002517 0.00063     
Total 12 0.679397       

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 
0.0224208 99.48% 99.11% 98.37% 

 

 

 

4. RESULTS AND DISCUSSION 

4.1. Characterization of the adsorbents 

Scanning Electron Microscopic (SEM), Energy 

dispersive X-ray spectroscopy (EDS), X-Ray 

Diffraction (XRD), FT-IR spectra were taken for 

the prepared samples in order to investigate the 

characterization of the adsorbents. 

 

4.1.1. SEM analysis for the nano-bentonite 

structure  

The characterization of the adsorbents was done 

with Scanning electron microscopes. Below are 

the SEM and EDX images of the synthesized nano 

bentonite before and after trapping the chromium 

(Fig. 6, 7). SEM images of nano bentonite show 

particles with dimensions of about 12-29 nm. 

 

4.1.2. X-ray diffraction (XRD) spectroscopy of 

nano bentonite before and after chromium 

adsorption 

Materials are divided into amorphous and 

crystalline groups. If a peak is observed, in the 

XRD diagram indicates a crystalline substance. 

Using Scherrer equation, the size of nanocrystals 

(La) was calculated through X-ray diffraction 

spectroscopy (XRD) and with a specific 

wavelength (λ nanometer). 

The total width of the peak at half the height of 

the maximum peak located at 2 θ was known and 

measured in units of radians. 

𝐷 =
𝐾λ

β cosθ
 

Average crystal size D (angstroms or 

nanometers), peak width at half maximum height 

β (radians) and, peak location on the horizontal 

axis of the diffraction pattern θ, parameter λ, 

wavelength 1Kα of the X-ray anode (154 nm), K 

value related to the crystal form factor (0.9). 

To calculate the value of θ, if the horizontal axis 

is 2θ, it is divided by 2. The terms K and cos θ are 

dimensionless in Scherrer equation. As a result, to 

calculate β to convert degrees to radians, the 

number of the peak width at half the maximum 

height is calculated from the following equation. 

β =
𝜋 × 𝐹𝑤𝐻𝑀𝐷

180
 

Fig. 8a, 8b show the images of nano-bentonite 

before and after adsorbing chromium. The value 

of 186.86 for nano bentonite before the addition 

of chromium and the value of 93.02 for nano 

bentonite after the trapping chromium were also 

obtained by Scherrer equation. 

Calculations and images taken by X-ray 

spectroscopy as well as the values calculated 

through Scherrer equation show that the results 

are in good agreement with JCPDS data for nano-

bentonite before and after addition of chromium. 

The plans are indicated on the side of the XRD 

diagram. 
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Fig. 6. SEM(up) and EDX (down) pattern image of nano Bentonite 
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Fig. 7. SEM(uo) and EDX (down) pattern image of nano Bentonite after the chromium adsorption process 
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Fig. 8.(a)  XRD image of nano bentonite  and  (b)  XRD image of nano bentonite after the chromium sorption 

 

 

 
Fig. 9.  FT-IR spectrum of bentonite, nano bentonite, bentonite containing adsorbed chromium and nano bentonite 

containing adsorbed chromium. 
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4.1.3. FT-IR analysis 

The spectrum of the samples by Fourier-transform 

spectroscopy obtained based on the measurement 

of the coherence radiation source using time-

domain measurements of the radiation. Samples 

were prepared by mixing and grinding an 

appropriate amount of each analyte powder with 

potassium bromide. 

Bentonite is an important impure clay contains 

montmorillonite. The absorption bands obtained 

at 3436-3632 cm-1 and 1629.74 -1728cm-1 are 

related to the stretching and bending vibrations of 

the OH group of the water molecules that are 

adsorbed on the bentonite surface. The peak 

around 463 cm-1 corresponds to the Si-O-Si 

bending vibration, which is related to the Si-O 

tetrahedral state [27, 28]. The peak at 1475 cm-1 

shows the presence of carbonate [29]. Vibrations 

observed in 1029-1044 cm-1 corresponds to the Si-

O group, the peak at 524 cm-1 is due to bending 

vibration and the peak at 796 cm-1 corresponds to 

the stretching vibration is Al-O-Si [30, 31]. 

Finally, the peak observed at 836 cm-1 belongs to 

the Al-Mg-OH group [32] ) Fig. 9). 

 

4.2. Method validation 

Calibration curve of chromium measured by 

ETAAS within the concentration range from 

0.003 to 100 µgL-1 is shown in Fig. 10. The 

optimal conditions in which the calibration curve 

is drawn are 5 mg of adsorbent, extraction time of 

10 minutes, pH = 3.5, volume of desorption 

solvent of 5.5 ml, and stirring speed of 100 rpm. 

The linearity of the curve was obtained in the 

range of 0.003 to 100 µgL-1. The linear equation 

of calibration was (Y = 0.0253 X + 0.0578, R2 = 

0.999). 

The method detection limit value was found 

0.0020 µgL-1 (±0.0001). The limit of 

quantification was found to be 0.0039 µgL-1 

(±0.0001). The standard deviation was 7.5×10-5, 

and the RSD value was 6.93%. Using the flexible 

Error bar tool, the standard error value of data 

measurement was determined on the calibration 

chart. 

Calibration curve of chromium measured by UV-

Vis within the concentration range from 0.05 to 

50 µgL-1 is shown in Fig. 11. The linear 

calibration equation for UV-Vis method y = 

0.0273x + 0.0097   ،  R² = 0.998, LOD= 0.007, 

LOQ= 0.021, standard deviation =0.0007 and 

the RSD value was 14.27% The value of the 

standard error of data measurement was 

determined with the flexible tool Error bar on 

the graph. 

 The LOD defined as 3 × standard deviation of the 

blank, and at the LOQ defined as 10 × standard 

deviation of the blank, divided to the slope 

(analytical sensitivity) of the calibration plot. 

 

 
Fig. 10.   Calibration Curve for Hexavalent Chromium (VI) in optimization Conditions by ETAAS method 
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Fig. 11.   Calibration Curve for Hexavalent Chromium (VI) in optimization Conditions by UV-Vis method 

 

 

Table 7.   Summary output and ANOVA by ETAAS method 

Regression Statistics          

Multiple R 0.9996244          

R Square 0.9992488          

Adjusted R 

Square 
0.9991952          

Standard 

Error 
0.025193          

Observations 16          

ANOVA           

  df SS MS F Significance F Significance 

F< F 

    

Regression 1 11.820462 11.82046 18624.03154 2.82726E-23 TRUE    

Residual 14 0.0088856 0.000635        

Total 15 11.829347            

  Coefficients 
Standard 

Error 
t Stat P-value 

Lower 

95% 
Upper 95% 

Lower 

95.0% 

Upper 

95.0% 
    

Intercept 0.0196713 0.0093214 2.110327 0.053304236 
-

0.000321 
0.039664 -0.0003212 0.0396638 TRUE 

P-value 

>0/05 

con. 0.0257149 0.0001884 136.4699 2.82726E-23 0.025311 0.026119 0.0253108 0.0261191 TRUE 
P-

value<0/05 

 

 

Table 8.   LINEST function by ETAAS method  

b 0.0257149 0.019671303 a ta 2.11032675 ta<t ceritical TRUE 

Sb 0.0001884 0.009321449 Sa tb 136.4698924 tb>t ceritical TRUE 

R^2 0.9992488 0.025193028 Sr   t ceritical 14 2.16 

F 18624.032 14 df     

SS 11.820462 0.008885641 residuals         

 

 

y = 0.0273x + 0.0097
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Table 9. The Real samples analysis 

  ETAAS   UV-Vis   

Sample 

Spiked 
solution of 

Cr(µgL-1)  

Average 
absorbanc

e 

%Relativ
e 

Recovery  

STDEV
A 

Average 
absorbanc

e 

%Relativ
e 

Recovery  

STDEV
A 

Cr(30µgL-1)  - 0.821 -   0.829 -   

Water 1 - 0 - 0 0  0 

10 0.819 99.756 0.001 0.815 99.269 0.007 

100 0.826 100.609 0.003 0.836 101.827 0.0035 

500 0.804 97.929 0.008 0.798 97.199 0.0155 

Water 2 - 0 - 0.4105 0 - 0.4145 

10 0.823 100.244 0.001 0.829 100.974 0 

100 0.826 100.609 0.003 0.833 101.462 0.002 

500 0.829 100.974 0.004 0.837 101.949 0.004 

Water3 - 0.108 - 0.357 0.1 - 0.3605 

10 0.929 100.000 0.000 0.911 98.914 0.009 

100 0.932 100.323 0.002 0.940 102.063 0.0055 

500 0.961 103.445 0.016 0.955 103.692 0.013 

Wastewater 1 - 1.1924 - 0.186 1.211 - 0.191 

10 1.986 98.639 0.014 1.991 97.982 0.0245 

100 1.999 99.285 0.007 1.988 97.835 0.026 

500 1.971 97.894 0.021 1.974 97.146 0.033 

Wastewater 2 - 2.135 - 0.657 2.131 - 0.651 

10 2.947 99.696 0.004 2.920 98.916 0.02 

100 2.929 99.087 0.014 2.865 97.053 0.0475 

500 2.859 96.719 0.048 2.836 96.070 0.062 

Wastewater 3 - 2.098 - 0.639 2.111 - 0.641 

10 2.918 99.966 0.000 2.915 99.420 0.0125 

100 2.916 99.897 0.001 2.882 98.295 0.029 

500 2.859 97.945 0.030 2.836 96.726 0.052 

Treatment 
plant1 

- 1.124 - 0.152 1.119 - 0.145 

10 1.922 98.817 0.012 1.914 98.660 0.017 

100 1.911 98.252 0.017 1.901 97.990 0.0235 

500 1.868 96.041 0.039 1.845 95.103 0.0515 

Treatment 
plant2 

- 1.124 - 0.152 1.117 - 0.144 

10 0.998 99.846 0.002 1.921 99.123 0.0125 

100 0.981 98.100 0.414 1.939 98.100 0.411 

500 0.965 96.500 0.005 1.922 96.500 0.012 

Dam number 1 - 2.109 - 0.644 2 - 0.5855 

10 2.925 99.829 0.003 2.912 103.226 0.0415 

100 2.851 97.304 0.040 2.812 99.681 0.0085 

500 2.849 97.235 0.040 2.741 97.164 0.044 

Dam number 2 - 1.148 - 0.164 1.125 - 0.148 

10 1.968 99.949 0.000 1.953 100.360 0.0005 

100 1.964 99.746 0.002 1.922 98.767 0.016 

500 1.907 96.851 0.031 1.872 96.197 0.041 
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Table 10. Effect of interfering Ions 

Interference Ion 
Interference to metal ion 

ratio(µgL-1) 

ETAAS UV-Vis 

Abs 
Recovery 

% 
Abs 

Recovery 
% 

- Just chromiuma 0.824 - 0.83 - 
pb 10.0 0.822 99.76 0.819 98.67 
pb 100.0 0.849 103.03 0.851 103.28 
pb 300.0 0.801 97.21 0.795 96.48 
Zn 10.0 0.825 100.12 0.818 99.27 
Zn 100.0 0.821 99.64 0.811 98.42 
Zn 300.0 0.826 100.24 0.807 97.94 
As 10.0 0.824 100.00 0.815 98.91 
As 100.0 0.819 99.39 0.81 98.30 

As 300.0 0.803 97.45 0.792 96.12 
Ni 10.0 0.823 99.88 0.82 99.51 
Ni 100.0 0.82 99.51 0.815 98.91 
Ni 300.0 0.818 99.27 0.809 98.18 
Co 10.0 0.827 100.36 0.822 99.76 
Co 100.0 0.833 101.09 0.813 98.67 
Co 300.0 0.835 101.33 0.801 97.21 
Cd 10.0 0.832 100.97 0.827 100.36 

Cd 100.0 0.821 99.64 0.808 98.06 
Cd 300.0 0.817 99.15 0.802 97.33 
Fe 10.0 0.826 100.24 0.819 99.39 
Fe 100.0 0.835 101.33 0.841 102.06 
Fe 300.0 0.814 98.79 0.804 97.57 

a Initial chromium standard solution concentration 30.0 µgL
-1 

 

In order to confirm the state of the calibration 

chart, the regression output was calculated using 

ANOVA (Table 7) and the LINEST function 

(Table 8) in the Excel environment. In these tables, 

df is the degree of freedom, SS is the fluctuation 

between the Y values calculated from the 

calibration line, MS is the mean square, and SS is 

the residual fluctuation between the observed Y 

values and the Y values obtained from the 

calibration line. The significance test F was used 

to evaluate the appropriate linear relationship 

between X and Y. 

The standard deviation of the slope and width from 

the origin, the value of the slope and y - intercept, 

the regression standard deviation and the 

regression coefficient, F dispersion, degree of 

freedom, and the sum of squares based on the 

regression and the residual were calculated and 

confirmed in the LINEST function. 

 

5. ANALYSIS OF REAL SAMPLES 

Drinking water, wastewater, water sample behind 

the dam and water treatment plant samples were 

collected from different regions of the Khorasan-

e-Razavi province and their analysis was 

performed according to the mentioned 

methodology by ETAAS. The standard solution 30 

µgL-1 of chromium was considered. Then the 

standard concentrations of 10, 100 and 500 times 

were added to the real samples. The recovery 

interval was calculated in the acceptable range of 

96.041% to 103.445% and relative recovery values 

were attained in the range (95.103-103.692%) of 

UV-Vis method (Table 9). 

6. INFLUENCE OF INTERFERING IONS 

A solution of 30 µgL-1 standard chromium and 

interfering ions with different concentrations were 

used to investigate the effect of the interfering ions. 

Samples were analyzed using graphite furnace 

atomic absorption spectrometry. The maximum 

recovery range of chromium and its tolerable 

concentrations (10,100,300 µgL-1 of interfering 

ions) are shown in Table 10. The recovery range 

was found in the acceptable range of 97.21% to 

103.03% by ETAAS Method and the recovery 

range was found in the acceptable range of 96.48 

to 103.25% by UV-Vis Method. 

 

7. CONCLUSION 

In this research project, commercial and 

inexpensive sodium bentonite, and nano bentonite 

prepared from two commercial types of bentonites 

are used as the adsorbents to remove chromium 

ions from real samples such as drinking water, 

wastewater, water sample behind the dam and 

treatment plant samples, along with the ETAAS 

and UV-VIS method. The advantages of this 

method include the good removal effectiveness of 
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this mineral pollutant, repeatability, sensitivity, 

compatibility with the environment, and its 

economic efficiency. Using the Mini tab 20 

software, all optimization steps were performed 

using the Plackett-Burman (PBD) design and the 

central compound design (CCD) method. 

Chromium calibration curve was drawn in optimal 

conditions by plotting the absorbance against the 

standard concentrations. Detection limit and 

quantification limit, linear dynamic range and 

correlation coefficient were obtained for 

chromium by two mentioned methods.  
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 چکیده

ارزان  یتجار میسد تیاز بنتون قیتحق نیشده است. در ا لیتبد یجهان ریمشکل فراگ کیاستفاده گسترده از آن در صنعت به  لیمنابع آب به کروم به دل یآلودگ
 فرا یسنج فی( و طETAAS) یالکترو حرارت یجذب اتم یسنج فیبه همراه ط یآب یکروم از محلول ها یها ونیحذف  یسنتز شده برا تیو نانو بنتون متیق

( مورد SEM) یروبش یالکترون کروسکوپیو م XRD ،FTIR یزهایبا استفاده از آنال تیبنتون ینمونه ها ی( استفاده شد. مورفولوژUV-Vis) یمرئ -بنفش
و سرعت همزدن با استفاده از  واجذب ل، زمان جذب، مقدار جاذب، حجم حلاpHاز جمله  ییپارامترها رها،یمتغ ینسب تیاهم یغربالگر یقرار گرفت. برا یبررس

( انجام شد و CCD) یبا استفاده از طرح مرکب مرکز یساز نهیقرار گرفت. در ادامه، به یمورد بررس  20مینی تببا استفاده از نرم افزار بورمن -طراحی پلاکت 
بر  کروگرمیم 105تا 0.003 یخط یکینامیغلظت استاندارد رسم شد. محدوده د ردر براب ابزوربانسبا رسم  ونیبراسیکال یقرار گرفتند. منحن یابیپاسخ ها مورد ارز

و  0.002برابر با  بیکروم به ترت ی( براLOQ) ی( و حد کمLOD) صیکروم به دست آمد. حد تشخ یبرا 0.999 (R2) یهمبستگ بیو ضر (DLR)لیتر
درصد  96.041در محدوده  یواقع یکروم در نمونه ها یبرا ینسب یابیو باز صددر 6.93 (RSD) یبه دست آمد. انحراف استاندارد نسب تریبر ل کروگرمیم 0.0039

 021/0و  007/0 بیبه ترت UV-Vis( به روش LOQ) ی( و حد کمLOD) صیحد تشخ ریبه دست آمد. مقاد ETAASروش  یدرصد برا 103.445تا 
 (RSD) ی. انحراف استاندارد نسببود0.998 (R2)   یهمبستگ بیبا ضر تریدر ل کروگرمیم 50تا  0.005 (DLR) یکینامید یوده خطو محد تریدر ل کروگرمیم

 است. دهیدرصد رس 692/103 تا درصد  103/95از  یواقع یروش در نمونه ها نیا ینسب یابیدرصد و باز 27.14

 

 کلید واژه ها

 .کروم ؛یمیسد تیبنتوننانو   ;یفرابنفش مرئ یسنج فیط  ؛حرارتیالکترو یجذب اتم یسنج فیط
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