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1 Introduction
Industrial development and subsequent production of various 

industrial products in the world have led to many environmental 
pollutions, which is one of the worrying problems of this century 
(Seyyedi & Ayati, 2021). Untreated effluents in industries and 
mines are often the most dangerous types of effluents (Fan et al., 
2019). Heavy elements entering water and soil resources are 
absorbed by plants and animals and enter the human food chain, 
leading to dangerous and incurable diseases (Youssef et al., 2018). 
Heavy metals are one of the dozens of sustainable materials that 
do not decompose in nature and can enter the environment with 
wastewater or sewage from various industries (Odobašić et al., 
2020). These metals are usually needed in small quantities for 
normal body function, but their excessive entry into the body 
will cause poisoning (Seğmenoğlu & Baydan, 2021). Studies 
show that heavy metals can affect human health in India, so the 
removal of heavy metals is essential, and various methods for 

the removal of heavy metals in the form of physical, chemical, 
and biological methods such as membrane methods are used, 
chemical precipitation, electrochemical purification, ion therapy, 
surface adsorption and bioremediation (Herrera-Barros et al., 
2021). Researchers have always stated that heavy metals have 
destructive effects and that it is necessary to remove and purify 
these metals from water and soil (Hamid et al., 2021). Offering the 
advantages and disadvantages of heavy metal removal methods, 
it is possible to easily choose the appropriate method in terms 
of cost and access to technical knowledge (Onac et al., 2021). 
Excessive amounts of heavy metals in soil and water are important 
issues that can threaten ten aquatic ecosystems, agriculture, 
and public health (Singh Sankhla et  al., 2016). Environment 
through human activities such as mining, production of metal 
ingots such as lead, zinc, copper, cadmium, etc., production of 
fuel and energy, use of agricultural pesticides, battery industry, 
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Abstract
Due to the high capacity of food factories, a lot of waste is generated. Due to the presence of nutrients in them can increase 
pollution in the sewerage network and cause environmental problems. To animal feed, grain waste can be used to produce 
fertilizer, compost, fuel, soil cover, etc. The natural pigment lycopene, thickeners, proteins, etc., can be produced from the seeds 
and skin of the tomato paste factory waste. In the present paper, soybean oil residue was used to remove cadmium, zinc, and 
lead ions from aqueous solutions. Discontinuous experiments to investigate the effect of initial concentration (100-300 ppm), 
solution pH (1-5), contact time (1-60 min), adsorbent amount (0.02-2 g) on the uptake of cadmium, zinc, and lead ions by 
soybean oil residues. The results showed that with increasing the pH, the value of the contact time, the amount of adsorbent, and 
the adsorption rate increases with increasing the initial concentration of metal ions, the adsorption rate decreases. According 
to the results, the best pH for adsorption of metal ions is about 3-5, and the equilibrium time for cadmium ions is 40 minutes, 
for zinc ions is 20 minutes, and for lead, the ion is 10 minutes.

Keywords: soybean oil waste; heavy metals; absorbents; adsorption; food industry waste.

Practical Application: Soybean oil residue is used to remove cadmium, zinc, and lead ions from aqueous solutions.
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and dyeing with heavy metals it is possible (Sheng et al., 2021). 
These metals can enter the body directly through water, air, and 
soil (drinking water and inhaling heavy metal-contaminated air) 
or indirectly (eating products, fruits, and meat of heavy metal-
fed animals) be human. Due to the lack of decomposition and 
decomposition, these metals accumulate in the body and cause 
many problems in the body (Tadesse et al., 2018). The most 
important toxicity properties of heavy metals include A) these 
toxic elements are abundant in the environment and in the 
body, b) the toxicity of some heavy metals such as mercury in a 
particular environment increases over time, c) accumulation of 
heavy metals and increasing the concentration of heavy metals 
in the body increases their toxicity and damages the body’s 
physiological activities, d) the concentration and toxicity of 
heavy metals are different; but arsenic, cadmium, and mercury 
can be toxic even at very low levels (Fomina & Gadd, 2014). 
Contact with heavy metals can cause skin, digestive, respiratory, 
kidney, liver, and cancer problems (Jan et al., 2015). Heavy metals 
such as chromium, arsenic, cadmium, mercury, and lead have 
a greater potential for harm to health (Matta & Gjyli, 2016). 
Due to the destructive effects and serious problems of heavy 
metals in drinking water and agriculture for human health, 
action should be taken to eliminate and reduce heavy metals. 
There are several methods used to remove heavy metals in the 
world (Hamid et al., 2020).

Due to the side effects of these effluents, removal, and control 
of some heavy metals from these effluents are recommended 
(Abbas, 2020). In order to remove heavy metals from the factory 
output, different methods such as reverse osmosis, chemical 
deposition, ion exchange, membrane processes, evaporation, 
and solvent extraction are suggested. Most of these methods 
face disadvantages such as the cost of equipment and sludge 
production operations. Also, the need for energy and a lot of space 
is another disadvantage of these methods, which has led to their 
limited use. Therefore, recognizing and diagnosing inexpensive 
methods to eliminate water pollution is very appropriate for 
this reason; the use of adsorbents to remove heavy metals is a 
cheap and convenient method that has attracted the attention 
of many researchers today (Xu et al., 2018). In the past decades, 
activated carbon was the most common and efficient adsorbent 
used to adsorb pollutants, but due to orientation and problems 
in its preparation, it forced researchers to replace it with other 
adsorbents that, in addition to it is cheaper, cheaper, and easier 
to prepare. In this regard, mineral, natural adsorbents, and food 
industry and agricultural wastes such as diatomite, pulp, olive, 
chitosan, sawdust, red mud, etc., are used to remove heavy 
metal contamination. In this study, soybean, which is one of 
the absorbers of the food industry, was used. Oil extracted 
from soybeans is one of the most important types of oils. This 
oil contains very high linoleic acid; soybean oil waste is a by-
product of the lubrication industry and is used for human and 
animal consumption. It also contains a significant amount of 
linoleic acid. With different hydroxyl groups and fatty acids, 
this material has a good potential for adsorption of metal ions 
(Bitonto  et  al., 2019). In this study, soybean oil residue has 
been used to remove cadmium, zinc, and lead metals from 
aqueous samples, and the influence of various factors such as 

metal concentration, adsorbent amount, contact pH, etc., in the 
adsorption process has been investigated.

Heavy metals are commonly found in wastewater from 
various industries. Plating has resulted in significant amounts 
of effluents containing heavy metals such as cadmium, zinc, 
lead, chromium, nickel, copper, vitamin A, platinum, silver, and 
titanium. Metals such as cadmium, zinc, copper, nickel, lead, 
mercury, and chromium there are several examples of heavy 
metals that originate not only from metal plating activities but 
also from mining activities, battery production, oil refining, and 
paint production. In addition, wastewater from the leather, textile, 
pigment, and paint industries, products, wood, and photographic 
film production contain significant amounts of heavy metals, 
which are toxic and harmful to humans and animals. Low-cost 
attractions in general, an adsorbent is called low-cost because 
it requires few processing methods or is abundant in nature 
and can even be a by-product of industry. Natural materials or 
effluents from industrial or agricultural operations are one of 
the important sources of low-cost absorbers (Wang et al., 2019). 
In general, these materials are available in large quantities and are 
cheap. The removal of heavy metals using low-cost adsorbents 
is very practical; the development of these attractions has 
been done using agricultural and industrial wastes (Guo et al., 
2018). Commercially, an adsorbent should have high selectivity 
to facilitate separation, easy transport, kinetic properties, 
heat and chemical stability, mechanical strength, deposition 
resistance, regenerative capacity, and low solubility in the liquid. 
The adsorption process has many advantages over conventional 
heavy metal removal methods. The advantages of the adsorption 
process include economic efficiency, metal selectivity, playability, 
naught of toxic algae, metal recovery, and, most importantly, the 
effectiveness of this method. Absorbents are mainly agricultural 
wastes, industrial by-products, natural materials, or modified 
biopolymers. (Rangabhashiyam & Balasubramanian, 2019).

2 Material and methods
To prepare other solutions, dilute an appropriate amount 

of the initial solution of cadmium, zinc, and lead, which was 
prepared by dissolving their nitrate salts in distilled water, was 
used. A five-digit decomposition scale was used for weighing 
in this study. Dilute hydrochloric acid, and sodium hydroxide 
solutions were also used to adjust the pH.

In the present paper, the soybean oil residue was first 
washed two to three times with distilled water and then dried 
at a temperature of 60 °C. It was then ground to the exact size 
of the particles and used in an aqueous solution for heavy metal 
adsorption experiments.

2.1 Adsorption method

Methods for removing heavy metals from aqueous solutions 
include physical, chemical, and biological processes (Gunatilake, 
2015). Adsorption is the process of adsorption of atoms and 
molecules in a fluid by a solid surface away from equilibrium, 
in which the solid tends to capture some of these ions to reach 
equilibrium. The adsorption process usually begins with the blade 
force of the rolling board and ends with the short force such as 
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metal and ionic bonds. The surface adsorption method is one of 
the most widely used methods for the removal of heavy metals 
due to its high yield and ease of application. In this process, the 
contaminated water is passed through a substrate or filter, and 
the arsenic and heavy metal are separated from the water by the 
bonds they make with the adsorbent. Activated alumina, activated 
carbon, and iron oxide are among the solids that are widely used 
as adsorbents (Azimi et al., 2017). The greater the temperature 
difference between the solid surface and the adsorbent, the faster 
the adsorption occurs because the thermal energy of the material 
is the driving force of the adsorption on the surface. In general, 
ten adsorption pads occur due to their properties on the solid 
surface (Marczewski et al., 2016). Advantages of the adsorption 
method include the extraction of the removed metal in case of 
recovery from the adsorbent surface, a suitable method for the 
removal of heavy metals in dilute solutions, low cost, and simple 
process design. Disadvantages of this method include the loss 
of adsorbent efficiency over time and the inability to activate 
dozens of adsorbents in many cases (Rahel & Bhatnagar, 2017).

2.2 Method of performing adsorption tests

All adsorption experiments were performed intermittently. 
To do this, adsorbent and solution containing metal ions with a 
certain concentration were poured into a human and placed on a 
shaker at a suitable speed, after the required time, the adsorbent 
particles. It was separated from the solution using a strainer 
and an atomic absorption device; it was used to determine the 
concentration of metal ions in the initial solution and after 
adsorption. The adsorption capacity or the amount of adsorbed 
material on the adsorbent surface in milligrams per gram of 
adsorbent, as well as the adsorption percentage, are obtained 
from Equation 1.

0( )t
t

c c v
q

w
−

=  (1)

In this regard, “ tq ” with adsorption capacity, the amount of 
adsorbed material in equilibrium in mg/g of adsorbent, “ tc ” 
the equilibrium concentration of metal in mg/L, “ 0c ” its initial 
concentration in mg/L, “ v ” the volume of the solution in liters, 
” w ” is the mass of adsorbent used in grams.

3 Results and Discussion
In this section, the results related to the effect of pH, contact 

time, solution concentration, and adsorbent amount are discussed.

3.1 The effect of pH

Changes in the concentration of hydronium ions are a very 
important factor in the adsorption capacity, and the adsorption 
dependence is due to the competition for surface locations 
between metal ions and hydrogen ions. Figures 1 to 3 shows 
that as the pH increases, the adsorption of metal ions increases. 
Hydrogen ions compete with metal ions at low pH to occupy 
active sites on the adsorbent surface, so adsorption efficiencies 
are very low. As these results show, for all the studied pounds, 
the best pH for adsorption of metal ions is about 3-5, and 
with increasing the concentration of metal ions, the amount 

of adsorption decreases. According to the Figures, zinc has a 
higher adsorption rate than other ions. The effect of pH on the 
absorption of cadmium, zinc, and lead by soybean oil residues 
has been investigated, and test conditions are stirring speed 
1000 rpm, adsorbent value 0.6 g, stirring time 40 min, solution 
volume 60 mL, and test temperature 25 °C.

Figure 1. Effect of pH on the absorption of cadmium.

Figure 2. Effect of pH on the absorption of zinc.

Figure 3. Effect of pH on the absorption of lead.
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3.2 The effect of the contact time of the heavy metal solution 
with the adsorbent

Increasing the contact time of the adsorbent with the solution 
increases the amount of adsorption due to the possibility of 
more contact of the adsorbent material with the adsorbent. 
To study the effect of contact time on the amount of adsorption, 
adsorption tests were performed in the presence of a certain 
amount of adsorbent at different times, and other effective 
factors were kept constant.

The effect of time on the absorption of cadmium, zinc, and 
lead by soybean oil residues has been investigated. Test conditions 
are stirring speed 1000 rpm, pH of 5, solution volume 60 mL, 
adsorbent amount 2 g, and test temperature 25 °C.

The results of the experiments showed that the amount of 
adsorption increased with increasing contact time. Then, after a 
certain period of time, it reached equilibrium. The equilibrium 
time for cadmium ions is 40 minutes, for zinc ions is 20 minutes, 
and for lead, the ion is 10 minutes, after which time the amount 
of adsorption does not increase significantly (Figures 4 to 6).

3.3 The effect of the amount of adsorbent and concentration 
of heavy metals

According to the results, as the amount of adsorbent increases, 
more surface area of the active adsorbent sites is available, and 

the adsorption efficiency increases. Figures 7 to 9 show that the 
percentage of adsorption decreases with the increasing concentration 
of metal ions. The amount of adsorption increases with increasing 
the amount of adsorbent at a constant concentration. According 
to the results of this section, lead has the least impact.

The effect of the initial concentration of cadmium, zinc, 
and lead on their absorption by soybean oil residues has been 

Figure 4. Effect of time on the absorption of cadmium.

Figure 5. Effect of time on the absorption of zinc.

Figure 6. Effect of time on the absorption of lead.

Figure 7. Effect of initial concentration of cadmium.

Figure 8. Effect of initial concentration of zinc.
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investigated. Test conditions are stirring speed 1000 rpm, 
time 40 minutes, pH of 5, solution volume 55 mL, and test 
temperature 25 °C.

4 Conclusion
The results of experiments proved that biosorbents have a 

high ability to remove heavy metals from contaminated water. 
Also, these results showed that changes in the concentration 
of hydronium ions are a very important factor in adsorption 
capacity. It is the surface between metal ions and hydrogen ions. 
As the pH increases, the adsorption of metal ions increases. 
For all studied pounds, the best pH for absorption of metal 
ions is about 3-5 may, and with increasing the concentration of 
metal ions, the amount of absorption decreases. Increasing the 
contact time of the adsorbent with the solution increases the 
amount of absorption due to the possibility of more contact of 
the adsorbent material with the adsorbent. To study the effect of 
contact time on the amount of adsorption, adsorption tests were 
performed in the presence of a certain amount of adsorbent at 
different times, and other effective factors were kept constant. 
The results of these experiments showed that the amount of 
adsorption increased with increasing contact time. Then, after 
a certain period of time, they reach equilibrium; also, with 
increasing the concentration of metal ions, it decreases, and with 
increasing the amount of adsorbent at a constant concentration, 
the amount of absorption increases.
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