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ABSTRACT 
 
Background and Aim: Undoubtedly, controlling the maximum entry of heavy metals into the food is 
one of the measures which should be taken into account in order to maintain the food consumers' 
health and achieve the food safety. The sensitivity and importance of this issue are doubled due to 
the irreparable, acute and chronic complications of heavy metals which are classified according to 
the effects on the nervous system until the carcinogenesis in the human body. On the other hand, 
this issue is significantly important since these metals differently enter to crops such as tea, water, 
and rice and generally the food and beverage that are widely consumed. Therefore, the aim of this 
study is to remove heavy lead metal from aqueous solution by Fenton method. This study is an 
experimental study. The samples are synthesized in a collection of laboratories at the Faculty of 
Health, and the pH parameters, contact time and lead elimination rate and the optimal Fenton ratio 
are investigated. Results are analyzed using SPSS software and Charts are plotted by excel. The 
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results showed that the best pH for removal of lead 5 and its best concentration is 30 mg/ L, and the 
optimal Fenton ratio is 1 to 5, as well as the best contact time for removal of lead from aqueous 
media for 10 minutes. The present study showed that the pH factor, contact time, Fenton 
concentration and lead in all four were effective in removing lead from aquatic solution. 

 
 
Keywords: Heavy metals; lead; fenton; water solutions. 
 
1. INTRODUCTION 
 
When an allowed amount of wastewater 
containing heavy metals enters into the 
environment, they are condensed under the 
influence of physical, chemical and microbial 
factors and pollute the underground and surface 
water [1]. Wastewater produced from process 
industry generally contains inorganic pollutants 
and other organic contaminants [2-4]. Heavy 
metals constitute a group of metals which have 
different chemical and biological properties. This 
group of metals has specific weights greater than 
5 grams per cubic centimeter. They cannot be 
easily decomposed in the environment, and they 
cause severe disorders and illnesses by 
accumulation in living organisms [5]. Heavy 
metals are put in the group of the first grade toxic 
pollutants [6]. Lead is applicable in the battery 
manufacturing industry (waste), water tanks, roof 
coatings, production of metal wires, weapon and 
ammunition manufacturing, welding, soldering, 
crystal production, paintings, food industry, 
pesticides and petroleum production industry 
[6,7]. Lead is very toxic and causes diseases 
such as anemia, hepatitis and kidney syndrome 
in the case of entry to water (drinking). Lead 
causes abortion and premature births [8]. Heavy 
metals tend to accumulate in the food chain; 
hence, they can seriously threaten the animal 
and plant life [9]. The World Health Organization 
(WHO) recommended the standard amount of 
lead equal to 0.01 mg per liter in drinking water 
[10,11]. Various methods have been offered for 
removing heavy metals from aqueous media 
including chemical deposition, Ion exchange, 
membrane processes, evaporation, and other 
processes [12,13]. Given the population and 
industry growth, the uncontrolled increase in the 
use of underground water is one of the basic 
needs of society. Both the increasing agricultural 
activities and the lack of attention to 
environmental standards have led to the entry of 
most pollutants into the water sources, but the 
treatment of this water is expensive and requires 
advanced equipment [14]. In recent years, the 
advanced oxidation processes such as 
ozonation, Ultrasound and Fenton oxidation are 

introduced for treating wastewater containing 
non-biodegradable materials as well as 
wastewater with high concentrations of pollutants 
[15,16]. Fenton process is one of the most 
effective processes for removal of pollutants due 
to the advantages such as high oxidation 
capacity, rapid oxidation, cost effectiveness, 
material transferability, and production of toxic 
and hazardous by-products in comparison with 
other methods, as well as reduced energy 
consumption due to the catalytic properties of 
iron [17,18]. Disadvantages of Fenton method 
include the production of color, deposition and 
clogged pores of facilities [18]. In the Fenton 
process, iron ions, especially ferrous ion, 
produce hydroxyl radicals due to their catalyst 
roles in an acidic medium and reaction with 
hydrogen peroxide [18]. Different studies have 
been conducted on the role of Fenton in 
removing metals and elements. For instance, 
Nakhzari-Moghadam et al. [19] studied the 
removal of Cadmium by Fenton and found that 
the removal percentage of Cadmium was 75%. 
Wang et al. [20] reduced the amount of LAS in 
detergent factory wastewater to less than 5mg/l 
through pretreatment with Fenton oxidation and 
biological treatment. The aim of this study was to 
determine the optimum conditions for Fenton 
removal in lead by studying the effect of various 
parameters such as pH, H2O2 on Fe, contact 
time and various concentrations of lead. 
 
2. METHODS AND MATERIALS 
 
This is an experimental study that was conducted 
to remove lead from aqueous solutions. The 
needed water samples prepared synthetically 
and the required tests were done instead of the 
method of work, accuracy and accuracy 
according to standard methods for water tests. In 
this study, the stock solution is prepared using a 
lead acetate compound. And appropriate 
solutions were prepared using these solutions. In 
this study, a solution of H2O2 with a weight 
percent of 35%, a volumetric mass of 1.31 kg / l 
and iron sulfate (FeSO4, 7 H2O2) was used. This 
test has four variables (Fenton concentration, 
lead concentration, amount, and duration of 
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contact) and the percentage of deletion of each 
of the variables was determined in this 
experiment. It should be noted that each of the 
tests mentioned above was repeated 3 times. 
The concentration of lead in the initial solutions 
and analyzed by the spectrophotometer 5000-DR 
was measured. And used for drawing charts from 
Excel software. 
 
Step 1: Determine optimal lead concentration: 
The concentration of lead in the range of 10, 15, 
20, 25 and 30 mg /l, pH range was 3, 5, 7 and 
12, H2O2: Fe ratio was between 1: 1 and 1:10, 
and the contact time was 5 to 30 minutes. In the 
first part, the average value of each of these 
variables was considered constant (to obtain the 
optimal parameter value). This means that the 
lead content was 20 mg, pH = 7, H2O2: FeSO4 
ratio was 1: 5, and the contact time was 20 
minutes. In the first step, different concentrations 
of lead (10, 15, 20, 25, 30 mg / L) and time, PH, 
and constant time were assumed and each of the 
time variables, pH, and the Fenton ratio are 
considered to be mid-range. After preparation of 
the samples are stirred with around 300 RPM. 
The numbers obtained are plotted on the chart, 
which is derived from the plotting of the 
percentage of optimal lead elimination. 
 
Step 2: Determine of optimal pH: In the second 
step, pH varies. At this stage, the optimum lead 
concentration was assumed to be constant (as 
defined in the previous step) and adjusted their 
pH to 3, 5, 7 and 12 using acid and open 
solutions (NaOH and HCl). And the Fenton A 
ratio and the duration as in the previous step are 

constant. Finally, the specimens are placed on 
the spectrophotometer and the results are read. 
 
Step 3: Determine the optimal Fenton ratio: At 
this stage, using the previous experiments (lead 
concentration and pH specified in the previous 
steps), at this stage, the optimal Fenton ratio is 
determined in the range of 1/1, 1/5 and 1/7 and 
1/10. 
 
Step Four: Determine the optimal call time: In 
the final stage, the contact time is optimized. In 
this way, the concentration of lead, pH and 
Fenton ratios increased from previous 
experiments and performed at 5, 10, 15, 20, 25 
minutes, and the results were read by 
spectrophotometry. Finally, finally, using the 
obtained results, the diagrams are plotted. 
 

2.1 Finding 
 
The efficiency of the Fenton Process Depending 
on the various pollutants, pH, hydrogen peroxide 
concentrations, ferrite ion concentration, and 
initial concentrations of the pollutant are relevant 
[15]. In this study, the effects of pH parameters, 
lead concentration, H2O2 to Fe ratio and contact 
time on the efficiency of the Fenton process was 
tested. Fig. 1 shows the percentage of optimal 
lead elimination by the Fenton process. This 
graph shows that the percentage of lead 
elimination by increases with increasing 
concentrations and the highest percentage of 
lead elimination at 30 mg /l. The highest 
percentage of lead removal was observed at a 
concentration of 30 mg /l in about 90%.

 

 
 

Fig. 1. The effect of primary concentration on lead elimination by the advanced Fenton 
oxidation process  

pH=7, T=20 MIN, H2O2/Fe=1/5  
 



  

Fig. 2. The effect of pH on lead elimination by the advanced Fenton oxidation process 
H2O2  

  

Fig. 3. The effect of H2O2 / Fe ratio on lead elimination from aquatic environments by advanced 

pH=5,T=5 min, Pb concentration=30   

  

Fig. 4. The effect of time on the removal of lead from aquatic environments by the advanced 

pH=5 , H 
 
Fig. 2 shows the effects of pH changes on the 
removal of lead from aqueous solutions. This 
graph shows that with increasing pH in the 
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The effect of pH on lead elimination by the advanced Fenton oxidation process

2/Fe=1/5, T=5Min, Pb Concentration=30
  

 
/ Fe ratio on lead elimination from aquatic environments by advanced 

oxidation process 
pH=5,T=5 min, Pb concentration=30 

 

The effect of time on the removal of lead from aquatic environments by the advanced 
Fenton oxidation process 

pH=5 , H2O2/Fe=1/5,Pb concentration=30

shows the effects of pH changes on the 
removal of lead from aqueous solutions. This 
graph shows that with increasing pH in the 

solution, the percentage of elimination lead 
decreases. On the other hand, the highest 
percentage of lead removal occurs at pH 5 
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The effect of pH on lead elimination by the advanced Fenton oxidation process

/ Fe ratio on lead elimination from aquatic environments by advanced 

The effect of time on the removal of lead from aquatic environments by the advanced 

solution, the percentage of elimination lead 
decreases. On the other hand, the highest 
percentage of lead removal occurs at pH 5 and 
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the lowest percentage of lead removal at pH 12 
was observed at 40%. Fig. 3 shows the Fenton's 
ratio of lead elimination. This figure shows that 
by increasing the proportion of H2O2: FeSO4, the 
removal rate of lead decreases. In addition, the 
maximum percentage removal of lead in the 1:5 
ranges of H2O2: FeSO4 ratio was 70%. Fig. 4 
shows the effects of contact time on lead 
elimination in aqueous solutions.  In this figure, it 
was observed that with increasing contact time, 
the percentage of lead elimination increased to 
ten minutes and then decreased. Also, the 
analysis of this figure showed that reducing the 
efficiency at lower oxidation times is more than 
longer oxidation time. 
 

3. RESULTS 
 
Removal of heavy metals including lead with 
Fenton process is affected by various factors 
such as oxidant concentration, catalyst, 
contaminant concentration, pH and reaction time. 
These factors play a significant role in radical 
hydroxyl production and Fenton process 
efficiency. These factors have a significant 
influence on the production of hydroxyl radicals 
and the efficiency of the Fenton process. Higher 
pH results in reduced radical hydroxyl 
production, rapid decomposition of H2O2 into 
water and oxygen. Higher pH results in reduced 
radical hydroxyl production, rapid decomposition 
of H2O2 into water and oxygen, and Fe

2+
 

sedimentation with Fe3+ formation, and 
prolonged contact times increase the cost of 
treatment. In general, the lead elimination rate in 
this experiment is 79%. As a result, this method, 
along with low pH, is an effective way to remove 
lead from aqueous solutions. 
 
4. DISCUSSION 
 

4.1 Effect of Optimal Lead Concentration 
 
The first figure, of effect of optimum lead 
concentration, indicates that an increase in the 
concentration of Lead increases the percentage 
of Lead. The highest percentage of Lead removal 
(90%) occurs in the concentration of 30 mg/l. 
numerous studies have investigated the effect of 
increasing the initial concentration of pollutants 
on the efficiency and potential of Fenton process 
performance. For instance, according to Al-
Ananzeh et al., 's study entitled "A study on the 
advanced oxidation processes", due to the 
increased concentrations of pollutants, they react 
with hydrogen peroxide and reduce the effect of 
hydrogen peroxide; hence, increasing the initial 

concentration of a target pollutant in the early 
stages of oxidation leads to the lower removal 
efficiency [21]. As shown in Fig. 1 of the present 
study, Lead removal efficiency was increased 
from 10 to 30 mg/l according to the constant 
parameters (pH, time and H2O2/Fe). Therefore, 
the concentration of 30 mg/l was selected as     
the appropriate concentration of test at this 
stage.  
 

4.2 Effect of Optimal pH 
 
The effect of pH was measured for samples 
based on the Lead removal mechanism and its 
role in the environment. pH is one of the most 
important variables in the removal of metals and 
elements. We measured the effect of pH at the 
ranges of 3, 5, 7, and 12. According to the 
examined effect of pH on Lead removal 
efficiency by Fenton, the best Lead removal 
efficiency occurred at pH=5 in which the 
percentage of removal was about 69% (Fig. 2). 
At higher pH, the removal efficiency was reduced 
to 40%. Fenton process properly occurred in 
acidic conditions due to the complete solubility of 
Iron ion (Fe

2+
) and stability of H2O2 and Fe

2+
 [22]. 

The highest percentage of Lead removal in acidic 
conditions may be due to an increase in the 
maximum amount of dissolved hydroxyl ions in 
water in this situation. The hydroxyl radical is 
formed in this case [23]. Therefore, pH=5 is 
determined as the optimal pH in this test. In 
Fenton reaction, hydroxyl radical acts as the 
chief oxidizing agent. On the other hand, the 
lowest removal percentage may be due to the 
low exchange between Pb and OH. It should be 
noted that the low pH results in the production of 
a right amount of hydroxyl radical. Besides, the 
lower removal percentage in higher pH may be 
due to the formation of Ferrous and Ferric 
hydroxyls which reduce the production of 
hydroxyl radical in a reaction [24]. Meijuan et al. 
obtained the similar results in this regard [25]. 
 

4.3 The Effect of Fenton 
 
 The present study investigated various effects at 
the range of 1:1 to 1:10. According to the 
diagram in Fig. 3, an increase in the ratio of 
Fenton leads to the reduced Lead removal 
percentage in all ratios except for the ratio of 1:5. 
In other words, the removal percentages of ratios 
of 1:10 and 1:7 of H2O2: Fe at contact time of 20 
minutes were equal to 60.1%, and 50.28% 
respectively. In Lead removal at high ratios of 
H2O2: Fe, as the produced hydroxyl radicals are 
not enough to remove Lead from the solution, the 
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hydroxyl ion appears as the sediment. Therefore, 
the ratio of 1:5 of H2O2: Fe has the highest Lead 
removal percentage, and thus it is selected as 
the optimal ratio. 
 

4.4 The Effect of Time 
 
We studied the effect of another parameter on 
Lead removal at contact time within the range of 
5-30 minutes in lead concentration of 30mg/l, 
pH=5 and ratio of H2O2: Fe= 1:5. Fig. 4 shows 
the Lead removal percentage at contact time. 
This figure shows that an increase in the contact 
time leads to the increased Lead removal 
percentage to the amount of higher than 70% at 
the time of 10 minutes and it may be due to the 
entry of hydroxyl radical into the solution [25]. 
This time is thus selected as the equilibrium time. 
The contact time initially removes the available 
hydroxyls in the lead solution, and finally reduces 
the efficiency of the process due to the lack of 
hydroxyl ion. Argun et al. [26] found similar 
results about the removal of heavy metals. 
Tomar et al. [24] also found that the removal of 
Fluoride increased at higher contact time. 
 

5. CONCLUSION 
 
Removal of heavy metals including lead with 
Fenton process is affected by various factors 
such as oxidant concentration, catalyst, 
contaminant concentration, pH and reaction time. 
These factors play a significant role in the 
production of hydroxyl radicals and the efficiency 
of the Fenton process. Higher pH exceeds 
optimal levels, reduces radical hydroxyl 
production, rapidly decomposes H2O2 into water 
and oxygen and ferrous iron deposits with the 
formation of a hydrophobic composition and 
prolonged contact time increase the cost of the 
treat. In general, the percentage of lead 
elimination in this experiment is 85%. 
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