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 Introduction: Among the environmental pollutants which have involved many 

parts of the world, one can observe the pollution caused by heavy metals such as 

hexavalent chromium (Cr6+) , the presence of which in water causes many 

problems such as dysfunction of the skin, kidneys and liver as well as cancer. 

Thus, its removal from aqueous environments seems necessary. The present study 

has been conducted to investigate the efficiency of hard pistachio shell as a natural 

and inexpensive adsorbent for the removal of Cr6+ from aqueous solutions. 

Materials and Methods: The study was performed experimentally and on a 

laboratory scale, and it was attempted to investigate the effect of effective 

parameters such as reaction time, solution pH, adsorbent amount (hard pistachio 

shell) and Cr6+ concentration on removal efficiency. Kinetic studies and 

adsorption isotherms were also investigated. 

Results: The results showed that the maximum removal of Cr6+ was 98.2% under 

optimal conditions including reaction time of 60 minutes, pH of 9, adsorbent 

amount of 2 g/L and Cr6+ concentration of 10 mg/L. Kinetic studies showed greater 

agreement with second order kinetics (R2= 0.9929). Also, the Cr6+ adsorption 

process followed Langmuir adsorption isotherm (R2= 0.9965). 

Conclusion: According to the obtained results, it can be concluded that hard 

pistachio shell can be used as a cheap and suitable and also environmentally 

friendly adsorbent to remove Cr6+ from aquatic solutions. 
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1. Introduction 
Access to safe and clean water is essential for 

maintaining human health and the development 

of communities. The growth of urbanization and 

industrialization has led to a sharp increase in the 

volume of wastewater. Environmental 

destruction due to the disposal of polluted 

wastewater from sources of production is a 

serious problem in various countries, which is 

more critical in developing countries due to the 

fact that wastewater is discharged without being 

treated or is inefficiently treated. Water pollution 

is mainly due to the rapidly declining source of 

this vital substance and is one of the most serious 

challenges in the 21st century [1, 2]. The 

presence of various pollutants in water sources 

can be a serious threat to human health. Heavy 

metals are among the most dangerous and 

growing pollutants, and among heavy metals, 

chromium is of special importance for its high 

toxicity in very small amounts [3, 4]. Based on 

epidemiological studies, the relationship 

between chromium and cancer has been 

confirmed, including the investigation of this 

element in lung, stomach, prostate and central 

nervous system cancers [5, 6].  

The absorption of this metal in organisms 

depends on its capacity, so that the absorption of 

Cr6+ in drinking water is 9 times higher than the 

absorption of Cr3+ [7, 8]. Complications of being 

exposed to Cr6+ include skin irritation and skin 

ulcers, respiratory tract irritation, and liver and 

kidney disorders. Cr6+ at 10 mg/kg body weight 

also causes liver necrosis, nephritis, and 

gastrointestinal and lung cancer (9, 10). WHO 

has also confirmed the carcinogenicity of Cr6+ in 

humans and has set the recommended maximum 

for Cr6+ in drinking water to be 0.01 mg/L. To 

prevent increased Cr concentrations in water 

resources, the United States EPA has set the 

acceptable level of Cr6+ of wastewater in surface 

water to be 0.01 mg/L. Also, in order to maintain 

and improve the level of public health in the 

community, this agency has set an acceptable 

level in drinking water to be 0.05 mg/L. The 

maximum allowed amount of Cr6+ in drinking 

water according to the Standard 1053 of the 

Iranian Institute of Standards and Industrial 

Research is 0.05 mg/L [11-13].  

So far, various processes have been used to 

remove Cr6+, including electrochemical, 

ozonation, coagulation and sedimentation 

processes, and membrane processes, including 

reverse osmosis, as well as adsorption processes, 

each of which has certain advantages and 

disadvantages [14-16]. As for biological 

processes, heavy metals in high concentrations 

have a toxic effect on the microorganisms 

involved in the purification process and reduce 

the efficiency of the system. Membrane 

processes, despite their considerable efficiency, 

have high operating and utilizing costs, and they 

are not very, thus, welcomed in developing 

countries. Among all technologies, the 

adsorption method is less important due to its 

environmental friendliness, economical, high 

removal efficiency, ease of operation and 

management, and the ability to the production of 

an adsorbent that produces less sludge. Various 

adsorbents such as powdered and granular 

activated carbon, carbon nanotubes and alumina, 

etc. have been used for this purpose [17, 18]. 

Meanwhile, activated carbon is used in many 

refining processes due to its adsorption capacity 

and high efficiency, but its production and 

regeneration costs are expensive. Some waste 

products from industrial and agricultural 

operations, and natural materials and bio-

absorbents are potentially cost-effective 
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alternatives. Agricultural products are 

economical absorbents because they are 

abundant in environment, and are effective 

sorbents [19, 20]. Agricultural wastes include: 

maize wood, sugarcane pulp, sugarcane kernels, 

rice hulls and pistachio shells, coal, sawdust, 

charcoal, bituminous coal, straw and agricultural 

waste are cheaper and more renewable sources of 

additional activated carbon. These wastes have 

little or no economic value and there is often a 

problem with their disposal [21, 22]. 

In a study using pistachio shells, Yetilmezsoy 

et al removed lead from aqueous solutions. 

Under optimal conditions including pH of 5.5, 

adsorbent amount of 1 g, initial lead 

concentration of 30 mg/L, and temperature of 30 

°C, the lead removal percentage was 93% (23). 

Aghajani et al have used soft pistachio shells as 

agricultural by-products to remove lead (II) and 

mercury (II) from aqueous and wastewater 

solutions. Their results have indicated that the 

maximum removal of lead was 90.9% at pH 6, 

the reaction time of 80 minutes, at a temperature 

of 25 °C, and the maximum removal of mercury 

was 91.5% at pH 6 and a temperature of 25°C for 

100 minutes [24]. Therefore, special attention 

should be given to these low-cost products. Iran, 

with 440,000 hectares of area under cultivation 

of pistachio, currently accounts for about 57% of 

world production of this product and is known as 

the largest and most important pistachio-

producing country. Consequently, one of the by-

products of pistachio is hard shell of pistachio 

that should be disposed of after being consumed. 

Therefore, one of the problems we are facing is 

the disposal and management of pistachio waste. 

Thus, this study attempts to investigate using 

hard shell of pistachio as an adsorbent to remove 

Cr6+. 

 

2. Materials and methods 

This study, hard pistachio shells were 

collected from Kerman city. The shells were then 

crushed in a mill, washed with distilled water and 

dried. To remove possible pollutants, the 

resulting material was washed in 2% 

hydrochloric acid and then rinsed with distilled 

water to remove acid residue, and then dried at 

80 °C for 4 hours. After being dried, using the 

standard sieves (with a mesh size of 60-100 μm) 

meshing was conducted, and it was then used as 

an adsorbent to remove Cr6+. Then, it was 

attempted to investigate the effect of various 

parameters including reaction time, solution pH, 

the amount of adsorbent (hard pistachio shell) 

and the concentration of Cr6+. A certain amount 

of adsorbent (hard pistachio shell) was in contact 

with the amount of chromium in certain 

concentrations at different pHs. After the 

reaction time, the samples were collected and 

analyzed. Cr6+ removal percentage (R) and 

adsorbent adsorption capacity (qe) were 

measured using Equations 1 and 2 [25]. 

(1)    

 % R  =  
C0−Ce

C0
× 100 

qe =
(C0−Ce)×V

m
              

(2) 

In order to analyze and determine the control 

mechanism of adsorption processes such as 

adsorption on the surface, chemical reaction and 

adsorption of Cr6+ on hard pistachio shell, first 

and second order kinetic models were 

investigated. Also in this study, two isotherms 

were studied. The Langmuir model has uniform 

and limited adsorption sites for single-layer 

adsorption. The equation of Langmuir isotherm 

is equation 3 [25]. 
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(3)         
Ce

qe
=

1

bqm
+

Ce

qm
             

qe is the amount of Cr6+ adsorbed in the 

adsorbent mass in terms of mg/g and qm 

indicates the adsorption capacity, Ce is the 

equilibrium concentration of Cr6+ in solution 

after adsorption in terms of mg/L and b is 

Langmuir constant. In other words, the 

Freundlich equation expresses adsorption at a 

heterogeneous level in terms of adsorption 

energy and it is defined as Equation (4) [25]. 

  logqe = logKf + (
1

n
) logCe   

  (4) 

In which Ce is the equilibrium concentration 

of Cr6+ in solution after adsorption in terms of 

mg/L, qe is the adsorption capacity at 

equilibrium (mg/g), and Kf andn are Freundlich 

constants. The experimental data were evaluated 

by Microsoft Excel to determine the removal 

percentage and investigate isotherms and 

kinetics. 

3. Results 

Effect of reaction time 

In order to determine the appropriate time, the 

sampling adsorption process was investigated at 

10 to 90 minutes at constant conditions (pH 

equal of 7.5, Cr6+ concentration 5 mg/L, and 

adsorbent amount of 1.5 mg/L). As Figure 1 

indicates, the removal percentage increases with 

increasing reaction time. Elimination 

efficiencies at 10, 20, 30, 45, 60, and 90 minutes 

were reported to be 13.1%, 31.4%, 56.8%, 

74.3%, 78.8%, and 79.3%, respectively. As 

shown in Figure 1, with increasing the contact 

time from 10 to 60 minutes, the removal 

percentage increases rapidly, but with increasing 

the reaction time to 90 minutes, the increase in 

efficiency has been confirmed with a relatively 

small slope; minute 60 has been thus introduced 

as the optimal time. 

 

 

Figure 1. Effect of reaction time on Cr6+ removal efficiency.

0

20

40

60

80

100

0 20 40 60 80 100

R
e
m

o
v

a
l 
(%

)

Reaction time (min)



Ruhollah Akbarpour et al./ Removal of chromium (Cr6+) from aqueous solutions 

 

Pistachio and Health Journal/ Vol. 4, No. 4, Autumn 2021, 80-90 

 

84 

The effect of solution pH 

pH is effective parameters in the adsorption 

process. In this study, it was attempted to 

investigate the effect of soluble pH on Cr6+ 

removal in the range of 4 to 11 under constant 

conditions including Cr6+ concentration of 5 

mg/L, adsorbent amount of 1.5 g/L and reaction 

time of 60 minutes. As shown in Figure 2, with 

increasing pH, the removal efficiency increases 

significantly; by increasing pH from 4 to 11, the 

efficiency increased from 38.3% to 94.6%. 

Moreover, at the pH of 9 and 11, there was not 

much difference in removal efficiency (less than 

3%), so in the experiments, pH was considered 

to be 9. 

 

Figure 2. Effect of pH on Cr6+ removal efficiency. 

 

The effect of adsorbent amount (hard 

pistachio shell) 

In this study, it was attempted to investigate 

the effect of the amount of adsorbent in the range 

of 0.5 to 2.5 grams per liter. To evaluate the 

amount of adsorbent, all experiments were 

conducted at pH 9, the concentration of Cr6+ was 

5 mg/L, and reaction time was 60 minutes. 

According to Figure 3, when the amount of 

adsorbent increases, the removal percentage 
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Figure 3. Effect of adsorbent amount on Cr6+ removal efficiency. 

Effect of Cr6+ concentration 

The results of investigating the concentration 

of Cr6+ on the removal percentage at constant pH 

conditions of 9 and the adsorbent amount of 2 

g/L and reaction time of 60 minutes are shown 

in Figure 4. As can be seen in the diagram, the 

removal percentage decreases with increasing 

concentration. Cr6+ removal efficiencies at 

concentrations of 5, 10, 15, 20 and 30 mg/L were 

reported to be 100%, 98.2%, 84.6%, 75.3% and 

52.1%, respectively. 

 

Figure 4. Effect of Cr6+ concentration on Cr6+ removal efficiency. 
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Adsorption kinetics and isotherms 

First and second order kinetics and 

Freundlich and Langmuir adsorption isotherms 

were conducted under optimal conditions. The 

results are offered in Table 1. 

Table 1. The constant parameters for the kinetic and isotherm adsorption. 

Kinetic parameters 

First-order Second-order 

K1 (1/min) qe (mg/g) R2 K2 (g.min/mg) qe (mg/g) R2 

0.0074 43.7 0.9054 0.0093 32.2 0.9929 

Isotherm parameters 

Freundlich Langmuir 

Kf (L/g) n R2 qm (mg/g) b (L/mg) RL R2 

13.4 3.2 0.9036 53.1 1.39 0.063 0.9965 

 

4. Discussion 

Reaction time is an integral part of any 

process, especially the adsorption process. In 

this study, contact time of 10 to 90 minutes were 

studied. The results have indicated that the 

adsorption process has an increasing trend for up 

to 60 minutes and after that, the adsorption 

process reaches equilibrium and shows a 

relatively stable trend. The effect of contact time 

can be expressed in this way that with increasing 

the contact time, the probability of Cr6+ ions 

colliding with the adsorbent increases and as a 

result, the removal percentage increases; in other 

words, the residual value decreases and the 

adsorption capacity increases (26, 27). pH is 

important factor in the absorption of pollutants. 

The pH of the reaction environment between the 

adsorbent and the adsorbed material is important 

factors influencing adsorption experiments. pH 

affects the adsorption efficiency by affecting the 

number of positive and negative charges on the 

adsorbent surface as well as changing the ionic 

state of metals and their ionization. The pH of 

the solution has a large effect on the adsorption 

of heavy metals due to the surface charge and the 

degree of ionization of the adsorbent. A study 

conducted by Bozic et al, which investigated the 

uptake of heavy metal ions by deciduous 

sawdust, has also indicated that the removal 

percentage of heavy metals increased with 

increasing pH (28). Due to the fact that the hard 

shell of pistachio has a pHpzc of 5.2, at pHs lower 

than 2.5, it has a positive charge and at pHs 

above 2.5, the adsorbent has a negative charge. 

Also, Cr6+ has a positive and cationic charge. 

Therefore, at alkaline pHs, electrostatic 

attraction is established between the adsorbent 

(hard pistachio shell) and Cr6+; this increases the 

removal percentage (29, 30). 
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Determining adsorbent mass is one of the 

topics that should be considered in adsorption 

studies. The results showed that with increasing 

the adsorbent mass from 0.5 to 2.5 g/L, the 

removal percentage increases as well. Increasing 

the amount of adsorbent leads to increased active 

surface points and increased number of active 

adsorption sites. With increasing the amount of 

adsorbent, due to high adsorption sites, the 

surface area increases. It can also be stated that 

at a constant concentration of pollutants, with 

increasing the amount of adsorbent, the ratio of 

active sites, high adsorbent molecules will be 

high; efficiency will, thus, increase. While in 

low adsorbent amounts the ratio of active sites to 

molecules of the adsorbent decreases, and, as a 

result, the adsorption decreases (31-33). The 

concentration of the pollutant. The results 

showed that with increasing the concentration, 

the removal percentage decreases. This is 

because the adsorbent has a limited number of 

active sites, so at high concentrations, the active 

sites adsorbed by the pollutant saturate more 

quickly, and this will reduce the process 

efficiency, as well as, increasing the 

concentration will encourage adsorption 

capacity (34-36). 

 

 

5. Conclusion 

In this study, Cr6+ removal was conducted 

using hard pistachio shell, and it was attempted 

to investigate the effect of important variables 

including reaction time, solution pH, adsorbent 

amount and Cr6+ concentration on removal 

efficiency. The maximum removal percentage 

under optimal conditions was 98.2%. The 

amount of adsorbent (hard pistachio shell), 

reaction time and pH of the solution were 

directly associated with removal efficiency, but 

the concentration of Cr6+ as a pollutant had a 

negative effect on the removal process and with 

increasing concentration, the removal 

percentage decreased. Moreover, kinetic and 

adsorption isotherm studies indicated more 

agreement with quadratic kinetics and Langmuir 

isotherm. According to the obtained results, it 

can be concluded that hard pistachio shell can be 

a suitable and cost-effective adsorbent for the 

removal of Cr6+ from aqueous solutions and even 

Cr6+ contaminated wastewater. 
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