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ABSTRACT 
The hexavalent chromium as a heavy metal is a persistent, non-degradable biological pollutant that can enter into the 
environment and water sources by the treated wastewater or the sewages of different industries. And according to its 
toxicity, it is considered as a high priority pollutant. Chromium (VI) can be produced and enter to water sources from 
industrial sources such as leather making, electroplating industries, leather tanning, pigment, protective materials, 
caning and etc. Various methods for removing heavy metals especially chromium from aqueous solutions are used to 
achieve the standards of wastewater and drinking water. Some of the common methods for removing heavy metals are 
chemical sedimentation, electro dialysis and reversed osmosis and due to the high cost, producing chemical sludge and 
environmental problems, it is needed to be replaced with new, low cost and economical methods. In recent years, the use 
of natural absorbents such as walnut shells, rice husks, sawdust and pomegranate seeds and etc. in removing chromium 
is considered by researchers. Their performance is affected by different parameters that most notably including the 
absorbent concentration, the absorbate concentration, pH and the reaction time, and they are comprehensively 
discussed in this review. 
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INTRODUCTION 
One of the indicators of the world health organization is providing safe drinking water for people around 
the world[1]. Now in addition to microbial contaminations, chemical pollutants like heavy metals are 
considered as the permanent and durable environmental pollutants that entered into the cycle of nature 
through water, soil and air by different natural and artificial sources and it can create short term and long 
term effects on them, so it is considered as a serious risk in the survival of living organisms[2,3]. 
One of the most important heavy metal that has been the focus of attention of public health specialists is 
chromium. Chromium is a gray, odorless and without taste, hard and shiny metal that has a high 
resistance against oxidation even at high temperatures. Chromium cannot be evaporated, but it can be 
like small suspended particles in the air. This material is not degradable and destructive and it is found 
naturally in the rocks, plants, animals, soils, gases and also particles that are emitted by volcanoes[4]. 
Chromium mainly exists in 2 forms, Cr (VI) and Cr (III) in the nature. Chromium (VI) at the concentrations 
more than 0.05 mg/l is toxic for more microorganisms. Chromium (VI) is carcinogenic for living 
organisms. This compound stimulates human skin and causes abrasion. Chromium (VI) is highly soluble 
in water and can be used in different pH of bivalent anions such as chromium (CrO4

2-), dichromate 
(Cr2O7

2-) and hydrogen chromate (HCrO4
-) that can’t easily be sediment by ordinary methods[5]. The 

toxicity, carcinogenicity and mutagenicity of chromium (VI) are approximately 100 times more than 
chromium (III). Due to the higher oxidation of chromium (VI) than its other biological compounds, it can 
easily enter into the biological organs and causes dysfunction in liver, kidney and lungs. Other symptoms 
of chromium (VI) are damaging the nasal mucosa, skin inflammation, dizziness, stomach ulcers and 
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seizures[6]. The carcinogenesis of chromium (VI) in humans has been confirmed by the world health 
organization[7]. 
The national and international organizations such as the world health organization formulate different 
standards in order to reduce the hygienic effects of chromium, so that the daily entry and absorbed 
amount of chromium into the body through drinking water is respectively 0.8-16 and more than 1 
microgram. The world health organization has identified the maximum allowable standard amount of 
chromium in drinking water which is 0.01 mg/l[7]. The US environmental protection agency has 
expressed the maximum allowable concentration of chromium (VI) in drinking water based on trivalent 
and hexavalent chromium that is 0.01 mg/l. The lethal dose of chromium (VI) is estimated about 7 
mg/Kg[8]. 
In recent decades different methods for removing heavy metals especially chromium were used in order 
to achieve the drinking water standards and to prevent discharging industrial wastewater into water 
sources that causes polluting them. Table 1 shows some methods for removing chromium that were used 
in different studies through biological, chemical and physical methods. According to inability of the 
biological process especially sensitivity of microbes to environmental factors, the researchers focus on 
physical and chemical methods more and of course the chemical methods need too much chemicals for 
full reductionof chromium (VI), which causes forming sludge in a high volume and also releasing sulfur 
dioxide, and it makes problems in two environmental and hygienic dimensions. Therefore, physical 
methods have lots of usages such as absorption which has a wide usage in removing pollutants especially 
heavy metals. On the other hand, commercial methods such as commercial activated carbon, silica gel and 
activated alumina are more used because of their less high costs. 
Today the carbons made from garden waste have been used extensively in developing countries that has 
a lot of reasons like its low cost, higher performance, availability and being native. Therefore, the aims of 
this study are to analyze the most important sources of chromium, the mechanisms of absorption and 
effective parameters on absorption process, which can provide comprehensive information for 
researchers. 
The sources of chromium 
Chromium (VI) is one of the heavy metals that is usually produced from environmental sources such as 
chemical industries, the incinerator facilities, chemical industry wastewater, disposal of waste that is 
polluted by chromium, the cement dust, road dust caused by catalytic transformers erosion, the erosion of 
linings with Esther asbestos, the wastewater of electroplating industries, tanning the hide, pigments, 
cannery, industrial ink and paints, chromite melting, electronics, cooling towers, paint, wood and leather 
protectors, and cigarette smoke and some career resources such as welding steels and alloys, which 
contain chromium, leather tanning, producing chromium alloys, textile industry, dyeing and producing 
pigment, founding the alloys containing chromium, protective materials and wood preservatives[5,9,10]. 
In different studies, the concentrations of chromium in different wastewater sourced have been studied 
and reported; so that Amin et al (2010) pointed out that the concentration of chromium (VI) in 
electroplating wastewater is in the range of 10 to 200 mg/l[11], Azimi et al (2004) reported that the 
concentration of chromium in diluted sewages of leather factories is about 160 mg/l[12]and Farazmand 
et al (2005) noted that the concentration of chromium in electroplating industries is 14.51 mg/l[10]. 
The chromium removal methods 
According to the hazards of hexavalent chromium in the environment and also in some cases being 
valuable for recycling from wastewater, various methods including chemical precipitation process[13], 
reversed osmosis[14], electro dialysis [15], and ion exchange [16] has been studied by the researchers to 
remove or recycle chromium. Some methods have disadvantages such as being non-economic, not 
removing chromium completely, needs for high energy and chemical materials, needs for equipment and 
monitoring systems with high costs and sludge or waste producing, and they all need subsequent 
refinement or final disposal or obliteration[3]. The chemical methods such as reduction sodium 
metabisulfate or SO2 and sediment with lime were used extensively for removing chromium (VI), but this 
method requires a lot of chemicals for full reduction of chromium (VI) and makes a high volume of sludge 
and release dioxide sulfur, which are some of the related problems of this method. The advanced 
processes are often costly and leading them requires professional experts. Such problems have prompted 
researchers to look for new methods in this field[3]. In Table 1, the advantages and disadvantages of 
these methods on removing heavy metals are mentioned. 
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Table 1: Advantages and disadvantages of some methods in removing heavy metals 
Method Advantages Disadvantages Reference 

Chemical sediment Simple, cheap and removing 
most of the metals 

Producing excessive amounts of sludge, 
problems in sludge disposal 

[13] 

Chemical coagulation Sludge sedimentation, 
dewatering 

High cost, high consumption of 
chemicals 

[17] 

Ions exchange High reduction methods High costs, the number of removed ions 
is less 

[16] 

Electrochemical 
methods 

Selective removal of metals, not 
using chemicals, obtaining pure 
metals 

High investment costs, high costs in 
setting up 

[18] 

Absorption by activated 
carbon 

Removing most metals, high 
efficiency (over 99%) 

The costs of activated carbon, no need 
for reduction, the dependency of 
absorbent performance 

[19] 

Natural zeolites Removing most metals, partly 
low-cost methods 

Low performance [20] 

The membraneand 
ultrafiltration process 

Producing less solid waste, 
consuming less chemicals, high 
performance 

Initial costs, setup costs, reducing its 
percentage by the presence of other 
metals 

[21] 

 
The mechanism of absorbance 
Today absorbance is a well-known process and it is considered as an effective method for removing 
pollution of water. In comparison with other techniques, the absorption process has a simple design, high 
flexibility, easy operation and insensitivity against toxic pollutants. This process isn’t affected by the 
toxicity of the targeted pollutants and doesn’t need dangerous chemicals. In addition in this method, the 
absorbed pollutant (if it is appropriate) can be recycled. Absorption on solids especially on activated 
carbon is widely used in water and wastewater treatment[20]. Chemical surface is the main process in 
absorption and since the absorption process consists of a set of operations in surface chemistry, so the 
materials with high surface activity per the unit of weight can be used as absorbents especially in the field 
of water and wastewater refinement. Low costs, easy access and good absorption properties are the most 
important criteria in selecting an absorbent for removing a pollutant[22]. The famous absorbent, 
activated carbon, has the most consumption in absorbance process, which has a high capacity and 
absorption surface but some problems such as high costs in producing them, the needs for skilled 
personnel and its reduction have caused that using them as an absorbent doesn’t be affordable[23]. And 
on the other hand surface absorption as a good and simple, low cost and effective method for removing 
heavy metal ions in low and medium concentrations has always been focused by many researchers[24]. 
Activated carbon is provided by some processes such as dewatering raw materials and then 
carbonization and activation, so the resulted product will be introduced as activated carbon. Activated 
carbon generally has a porous structure and a wide surface about 600-2000 m2/g. The property of 
absorbing activated carbon is related to its structural properties and its pores that give it more surfaces 
and also to its chemical nature that can be changed by chemical refinement[25,26]. Activated carbon is 
used for removing persistent organic compounds, inorganic compounds such as nitrogen, sulfides, heavy 
metals, taste and odor[27]. Hence researchers tries to solve the abovementioned problems and to develop 
the low cost absorbents with higher performance, more accessibility and native that has economic 
justification in large scales and can be considered as a replacement for standard activated carbon. If the 
absorbent needs less producing process and be native, it will be cheaper. And since that economic factors 
play a major role, so often some efforts were taken place to improve the utilization of cheap absorbents. 
Accordingly over the past 3 decades, several studies have been done about producing activated carbon 
from valueless waste products. In this regard the efficiency of different absorbents for producing 
activated carbon from the walnut shells[28], the hazelnut shells[29], the bagasse[30], cotton stalks[31], 
rice stalk[32], grapes[33], palm shells[34], the dewatered pomegranate seeds [35] and wastes of tea 
[36]and etc. were examined. 
The effect of pH  
In different studies, the pH effect was surveyed as a main variable on the process of heavy metals 
absorption especially chromium (Table 2); in 2011 Farokhi et al. studied the kinetics and equilibrium 
removal of chromium (VI) from aqueous solutions by absorption on the sawdust of modified alder and 
showed that if the pH changes from 2 to 12, the removal efficiency of chromium (VI) decreases from 
99.95 to 21.06 percent[37].Samarghandi et al (2009) studied the removal of hexavalent chromium from 
aqueous solutions using sawdust of modified holly and showed that the removal of hexavalent chromium 
decreases by increasing pH, so that if pH increases from 2 to 12, the removal efficiency changes from 
99.67 % to 29.78%[17]. In 2003 Bishnoi et al studied the hexavalent chromium absorption on activated 
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carbon of rice hull and activated carbon of alumina. The maximum chromium removing by activated 
carbon of rice hull and alumina was obtained when the pH was respectively 2 and [38]. The maximum 
absorption of chromium (VI) in acidic pH was on activated carbon of sawdust of rubber wood so that 
when acidic pH was 4, the highest absorption percentage was obtained[39]. The high efficiency of 
chromium absorption that was tested in other studies has been approved by natural absorbents[3,40,41]. 
The results of these studies showed that in acidic environments, the hydrogen ions can surround the 
absorbent surface. Thus the efficiency of absorbing the negatively charged ions, Cr2O7

-2 which is the result 
of approaching absorbates to the surface increases [42].Low pH of the solution resulted increasing H+ 
ions on the surface of carbon that is related to high electrostatic absorption between the chromium ions 
and the positively charged surface of activated carbon. In this study the maximum absorption was 
occurred in pH 2[37]. The results show that pH is a determining factor for absorption capacity that is 
because of the effects of absorbent surface and also creating different ions of chromium in the solution. In 
different values of pH, the form of chromium ion is different. So that when pH is 1, it exists in the form of 
H2CrO4 in the solution. While when pH is 1 to 6, the chromium is more in the forms of Cr2O7-, HCrO4-, 
Cr3O10

-2 and Cr4O13
-2 and among these forms HCrO4- is the predominant form (Equations 1 and 3). 

However by increasing pH, its shape changes to CrO4
-2 and Cr2O7

-2 (Equation 2). Absorption of chromium 
(VI) on activated carbon is not considerable when pH is more than 6, which is because of the competition 
among CrO4

-2 and OH- ions and this is due to the predominance of OH- ions on the absorbents. In below 
equations, the different forms of chromium in solutions are mentioned[38,43]. 
H2CrO4⇔ H+ +HCrO4        (1) 
HCrO4⇔ H+ +CrO42−        (2) 
2HCrO4 −⇔ Cr2O7

2− +H2O        (3) 
 
The effect of initial concentration 
The initial concentration of absorbents have always been focused by researchers as an effective 
parameter in the absorption process; Siloy et al (2001) studied the removal efficiency of chromium (VI) 
from aqueous solutions by activated carbon that was made of sawdust of coconut trees. The results 
showed that when the initial concentration of chromium increases from 5 to 25 mg/l, the removal 
efficiency decreases from 98.8% to 84%[44]. Samarghandi et al (2009) studied the removing the 
hexavalent chromium from aqueous environments using modified sawdust of holly and showed that the 
removal efficiency of hexavalent chromium decreases by increasing the initial concentration, so that by 
increasing the initial concentration of hexavalent chromium from 20 mg/l to 100 mg/l in stable and fixed 
conditions, the removal efficiency decreases from 99.37% to 40.24%[17]. Levankumar et al (2009) 
studied the American basil seed pods and expressed that when its concentration increases from 100 to 
150 and then 200 mg/l, the removal efficiency increases too [45]. The results of Gupta et al (2010) studies 
on the waste of fertilizer industry in order to absorb chromium confirmed the proportionality of 
removing and increasing concentration[46]. The results of Khosravi et al (2014) showed that the removal 
efficiency decreases by increasing the concentration from 25 mg/l to 100 mg/l and it is more clearly 
evident for granular seeds. The removal efficiency for granular and powdered seeds in the concentration 
of 25 mg/l is respectively 79% and 100%. So that when the concentration is 100 mg/% the removal 
efficiency for granular and powdered seeds is respectively 42.1% and 91.92% [47].The effect of 
increasing concentration on decreasing removal efficiency by different absorbents has been approved in 
the studies of Farrokhi et al (2011)[37], Pehlivan et al (2008)[40], Bishnoi et al (2003)[38], Hamedi et al 
(2001).[43]. (Table 2). The reason of increasing the concentration of absorbates on decreasing removal is 
probably the distinct and limited absorption places in the absorbent, so that in low concentrations, more 
absorption places are available on the absorbent surface and causes the quick absorption of metals and 
increasing the removal efficiency. But in high concentrations and by increasing the absorbates on the 
absorbents, the absorption places quickly suffuse the higher surfaces on the absorbent and the removal 
efficiency of the absorbent material decreases. Nevertheless, when other variables are constant, the 
absorption rate increases by increasing the absorbate concentration. The main reason of this case is the 
effect of concentration on absorption rate and the density of these metal atoms in the solution on higher 
concentrations of metal create more pressure on absorbing these metals and thus it causes metal 
absorption even on more than one absorption surface[11]. Increasing the chromium concentration can 
decrease the available places for absorbing on the absorbent and fewer places exist in the environment 
for inserting metal contaminants, so the efficiency of absorption process decreases [44]. 
 
The effect of absorbent dose 
Increasing the amount of absorbent means increase in the surface and the accessibility of metal molecules 
to the absorbent parts in absorbent surface. On the other had increasing the absorbent dose means faster 
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absorption of metals from solutions and also means reducing the concentration of absorbates in the 
solution. This issue reduces the available metals for creating the maximum surface coating, which 
decreases the amount of absorbed ions per the unit of absorbent weight [48]. Krowika et al (2003) 
studied the heavy metals absorption from aqueous solutions on the peanut shells as a low cost absorbent. 
In this study the absorption of metallic ions on the absorbent in the concentration of 20 g/l increases 
linearly. They expressed that absorbed particles on the absorbance surface or the remained molecules 
absorbed by the internal holes or they cause the accumulation and integration of absorbent particles so 
that the activated zones for absorption decreases and if the concentration of the absorbent exceeds this 
value, the removal efficiency decreases [49]. In 2008 Pehlivan et al tested the chromuim (VI) ions 
absorption from aqueous solutions in a closed environment using walnut, hazelnut and almond shells. 
The results showed that the removal efficiency increases by increasing the amount of absorbents[40]. In 
2014 the results of Khosravi et al studies showed that if the dose of absorbent increases, the removal 
efficiency of chromuim for both absorbent, powdered and granular seed of peganum harmala increases 
too. So that the removal efficiency for powdered seed of peganum harmala at the dose of 1 g/l was 58.71 
% and at the dose of 15 g/l was 100 %. This process is also visible for granular seed of peganum 
harmala[47]. 
The effect of contact time 
The removal of chromium (VI) increases by increasing the contact time while we can find a balance 
between the absorbent and absorbate after a certain time and since then the absorption amount remains 
constant. It can be attributed to the comfortable use of metal from the absorbent and availability of 
absorption sites on the absorbent surface. So that in natural absorbents, the level of absorption increases 
in the initial contact times of the absorption process, which is due to the large number of places, the high 
concentration difference between absorbed materials in the solution and its amount in the absorbent 
surface but after a whilethe slope will be very equable that is due to being a absorbatelayer on the 
absorbent surface. Also over the time, it is hard to occupy the remaining vacant places, because the 
absorbed metals on the absorbent surface and the molecules in solution phase repulse each other [19]. 
Since the absorption processes are equilibrium reactions, so the contact time has an essential role in 
reaction progress. Also the reaction proceeds until attain to its equilibrium. If the absorbate parts access 
easily to the absorb places of the absorbent material, less contact time is required to have the maximum 
absorption. But when this access makes problems, the contact time should be increased to maximize the 
absorption[19]. 
Farrokhi et al (2011) studied the kinetic and equilibrium removal of chromium (VI) from aqueous 
solution by absorbing on sawdust of modified alder, and found that if the contact time increases from 5 to 
120 minutes, the removal efficiency of initial concentration of chromium (VI) increases from 67.3 % to 
94.88 %. This time is considered as the equilibrium time[37]. Nameni et al (2007) examined the 
equilibrium absorption of hexavalent chromium from aqueous solution using rice bran and stated that 
chromium absorption by rice bran reaches to equilibrium mode after 120 minutes[3]. Siloy et al (2001) 
examined the removal efficiency of chromium (VI) from aqueous solution by activated carbon made from 
sawdust of coconut trees. In this study it was stated that removing chromium (VI) from aqueous solution 
using activated carbon made from sawdust of coconut trees increases by increasing the contact time 
absorption. In this study the equilibrium time of hexavalent chromium was 180 minutes. Increasing the 
concentration of chromium causes that the available locations on the absorbent for the absorb process 
decrease and there are less places for inserting available metal pollutants in the environment, thus the 
efficiency of absorption process decreased. The equilibrium time is entirely depended on the initial 
concentration of chromium and the absorption decreases by increasing the metal concentration[3]. 
Mohan et al (2005)expressed that in the use of wood and coal absorbents of oak shells for removing 
hexavalent chromium, the removal efficiency increases by increasing the retention time[50]. The results 
of study by Khosravi et al (2014) showed that the amount of absorption of chromium by both absorbents 
increases by increasing the contact time. So that when the contact time is 2 minutes, the absorption of 
chromium for granular and powdered seeds are respectively 2.71 mg/g and 7.73 mg/g and when the 
contact time increases to 80 minutes, the absorption of chromium is respectively 5 and 9.98 mg/g[47].in 
2008 Poly wan et al tested the chromium (VI) ions absorption from aqueous solutions using walnut, 
hazelnut and almond shell in a closed environment. The equilibrium absorption in this study was 
determined based on 2 variables, the concentration and the contact time. The kinetic experiments 
showed that diluted solutions reach to equilibrium mode when the contact time was 100 minutes [40]. 
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Table2: The important studied parameters in the absorption process using natural absorbents 

Reference 
Removal 

% 
Equilibrium 

Time 
Adsorbent dosage 

Initial 
concentration 

PH Adsorbent 

[37] 99.95 120 1 100 2 Sawdust 
[17] 99.67 180 0.6 60 2 Sawdust 
[38] 88.88 60 1.4 10 2 Rice husk 
[39] 90 300 - 33.51 2 Sawdust 
[43] 99 120 - 150 2 Tyres and sawdust 
[3] 99.8 120 5 5 2 Rice husk 

[44] 84.06 180 7.5 15 3 Coconut  
[41] 90 - - - 3.5 Hazelnut  shell 
[51] 92 180 6 100 1 Pomegranate husk 
[45] 88.46 100 10 5 3.5 Almond shell 
[45] 100 120 8 150 1.5 Seed pods 
[49] 98 60 10 100 5 Peanut shell 
[47] 100 30 10 100 1.5 PeganumHarmal 
[24] 92 - 10.35 170 1 Hazelnut shell 

 
CONCLUSION 
Absorption is a process which showed its potentials and abilities in removing pollutants from aquatic 
environments in different studies. In this study the chromium ion absorption, which is a stable and toxic 
pollutant using natural absorbent as an alternative process is reviewed in order to replace it for the 
common methods in removing hexavalent chromium. These absorbents are low cost, native, available and 
renewable. In some studies the removal efficiency of pollutants can be increased by changing the 
absorbents. In most of these researches about chromium ion absorption, the level of absorption increases 
by decreasing pH, increasing the contact time and increasing the dose of absorbent while the removal 
efficiency decreases by increasing the concentration of absorbents. Most of the chromium absorption 
processes were evaluated in laboratory scale and as a pilot but for large scale they should be examined in 
terms of economic and performance aspects. 
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