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Introduction

With the rapid development of industry and economy, pollution 
and lack of water resources have caused serious problems for 
the sustainable development of human society. Therefore, 
many efforts have been made to develop efficient technologies 
to reduce water pollution.[1] Humic acid (HA) is an important 
natural organic matter  (NOM) compound that is widely 
present in natural surface water, groundwater (drinking water), 
municipal wastewater, and landfill leachate.[2,3] Meanwhile, 
the presence of HA in drinking water is of great importance, 
because HA has adverse effects on water quality by creating 
an unpleasant color and taste in water.[2,4] More importantly, 
HA can react with active chlorine in water treatment plants and 
cause the formation of more than 600 types of carcinogenic 
and toxic byproducts of disinfection, including trihalomethanes 
and haloacetic acids.[5,6] HA also causes an increase in the 
consumption of disinfectants in water purification, disruption 
in the coagulation process, reduction in the efficiency of 
membrane processes, and regrowth of microorganisms in the 

process of drinking water sanitation.[7] In addition, due to the 
large amounts of carboxyl, phenolic hydroxyl, and carbonyl 
groups, HA has the ability to complex strongly with metal ions, 
thus increasing the mobility of metal species in the aqueous 
environment. As a result, the removal of HA is very important 
to protect the safety of drinking water.[5,6]

Among the methods of removing these substances from 
aqueous environments, we can refer to the process of chemical 
coagulation and sedimentation, oxidation, surface absorption, 
ion exchange, and filtration by various membranes.[8] Advanced 
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oxidation processes  (AOPs), based on the generation of 
radicals with high oxidation power, are a promising solution 
for the removal of emerging pollutants of concern and the 
inactivation of pathogenic agents.[9] Among AOPs, Fenton and 
Photo‑Fenton are preferably used in aqueous media because 
the hydroxyl radical reacts with a diffusion‑controlled rate 
constant with most organic solvents.[1,8] As a photocatalyst, 
TiO2 has attracted much attention due to its excellent chemical 
inertness, nontoxicity, strong oxidation ability, high oxidation 
efficiency, low cost, and environmental friendliness.[10] Studies 
have shown that in this process, hydroxyl radicals are produced 
from the reaction between iron salts and hydrogen peroxide; 
the reaction is shown in equation 1. Furthermore, the catalytic 
decomposition of hydrogen peroxide continues with the 
production of hydroxyl radicals according to equations 2 and 3.

Fe2
+ + H2O2 → Fe3

+ + OH• + OH−� (1)

Fe3
+ + H2O2 → Fe2

+ + HO2 + H+� (2)

HO• + H2O2 → HO2
• + H+� (3)

In this way, the radical chain oxidation starts with the hydroxyl 
radical, which has no selectivity toward organic compounds.[11] 
Fenton process due to advantages such as high oxidation power, 
fast oxidation, reduction of energy consumption due to the 
catalytic property of iron, simplicity of operation, ability to 
transport materials, nontoxicity and easy purification of iron 
ions, and lower production of toxic and dangerous by‑products, 
compared to other advanced oxidation methods, it is considered 
one of the most effective processes for removing organic 
pollutants from aqueous solutions.[12,13] Ultrasonic (US) wave 
combined with heterogeneous AOPs (ultrasound/metal ions, 
ultrasound/metal oxides, and ultrasound/photocatalysis) and 
homogeneous AOPs  (ultrasound/ozone, ultrasound/H2O2, 
and ultrasound/persulfate) was used for the degradation 
and also mineralization of organic pollutants.[14] One of the 
main disadvantages of Fenton’s reagent is the precipitation 
of large amounts of ferric ion sludge, which requires the 
continuous addition of iron ions to the reaction medium to 
continue the reaction. These disadvantages can be solved 
using the photo‑Fenton reagent, which is a cyclic process that 
regenerates Fe2+ ions.[15] Another disadvantage of this process 
is the high price of H2O2

•.[16]

Studies have shown that the use of US waves destroys the 
molecular structure of HA and increases its biodegradability; 
hence, the US process is one of the new methods in the 
water purification processes that have been considered.[17] 
Considering that this method is a physicochemical process 
and uses US waves and Fenton, it does not have the possibility 
of producing side compounds, and it is one of the healthiest 
removal methods compared to other chemical methods in 
terms of health.[18] The efficiency of the Fenton process in the 
removal of organic pollutants from water depends on various 
factors such as pH, hydrogen peroxide concentration, ferrous 
ion concentration, and the initial concentration of organic 
matter.[19]

In this study, the effect of the above factors on the performance of 
the Fenton process intensified with the US in the removal of HA 
was investigated. Two goals were achieved in this work; the first 
goal was to introduce the technology of combining the Fenton 
process with US waves, and the second goal was to effectively 
remove HA using this method. In the following, the effect of 
different factors on the removal of HA is discussed in this study.

Materials and Methods

A pilot has been used to conduct the experiment, which 
consists of a magnetic stirrer, magnet, US device, and a pilot 
chamber. Figure 1 shows the schematic of the used pilot. The 
pilot structure is made of plexiglass with the dimensions of 
10 cm × 10 cm × 20 cm (L × W × H) with a working volume of 
1 L. The stock solution of HA (1000 mg/L) was prepared with 
dissolving of 1 g of HA sodium salt (CAS number 68131‑04‑4, 
Sigma‑Aldrich, St. Louis, Missouri, United States) in 1 L of 
deionized water, and other working solutions were prepared 
with the dilution of stock solution. To ensure complete mixing of 
the contents inside the reactor, a magnetic stirrer was used, and 
to induce US waves, the tip of the transmitter was placed 3 cm 
below the water surface. Furthermore, the reactor was placed 
in a water bath for temperature control, and the pH adjustment 
was conducted with H2SO4 and NaOH  (0.1 M)  (Merck, 
Germany). The US device  (Bandelin Sonopuls HD 3200 
homogenizer, Germany) used has a frequency of 20 kHz, a 
power of 50–150 W, and a working voltage of 230 V (±10%).

In this study, to investigate the degradation experiments, the 
synthetic solutions of HA were prepared after adjusting their 
pH in the range of 4–9. At different reaction times, the reactor 
was sampled, and the amount of absorption was measured 
by spectrophotometer  (DR5000 Spectrophotometer, Hach 
Company, 2005).

Figure 1: Schematic of the used pilot. US: Ultrasonic
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Results

To optimize the Fenton process by US waves, the effect of the 
main operation of parameters, including solution pH, reaction 
time, dose of H2O2 and Fe2+, initial HA concentration, and 
intensity of US waves, was systematically investigated, and 
the obtained result is shown in Figures 2‑7.

Discussion

Effect of pH
The pH of the solution significantly affects the efficiency 
of the Fenton oxidation process, as it controls the dose of 
Fe2+ and the production of OH in the solution.[20] In this study, 
the effect of solution pH on the HA removal efficiency by the 
Sono‑Fenton process was studied in the 3–9 range. As seen in 
Figure 2, the highest removal efficiency is about 46% at pH = 3. 
Furthermore, with increasing pH, the removal efficiency 
decreases, and at pH of 9, the removal efficiency reaches the 
lowest value, equal to 3.34%.

As can be seen in Figure  2, at pH higher than 3, the HA 
removal efficiency decreased significantly due to the 
formation of Fe(OH)2 and Fe(OH)3 deposits, which reduced 
the production of OH radicals and subsequently reduces their 
catalytic activity. In addition, at pH higher than 3, H2O2 also 
decomposes into oxygen and water.[21] In alkaline pH, the 
HA removal efficiency was very low, which is due to the OH 
scavenging effect. Furthermore, at high alkalinity levels, the 
hydroxyl radical decomposes into an oxide ion (O), which 
reduces the removal efficiency.[22] In the study of Pignatello 
et al., they showed that at acidic pH, the reaction between 
hydrogen peroxide and ferrous ion occurs, which causes the 
decomposition of many organic pollutants, using the AOPs 
in the decomposition of organic substances by the Fenton 
process.[23]

Effect of reaction time
The reaction time is an important factor in the AOPs. For 
estimation of HA removal efficiency by Sono‑Fenton as a 
function of reaction time, the experiments were performed 
at initial HA concentration: 20 mg/L, H2O2 dose: 50 mg/L, 
Fe2+ dose: 30 mg/L, and solution pH: 3. The variations of HA 
removal efficiencies as the dependence on reaction time are 
shown in Figure 3.

As shown in Figure  3, one peculiar feature of the rate of 
removal in all experimental categories is the nonuniformity of 
removal with respect to time. The rate of removal is much faster 
in the initial 10 min, and a significant fraction of total removal 
occurs in this period only. This indicates that higher reaction 
times lead to a greater reaction between HA and •OH radicals, 
which results in a greater HA removal. After that, the rate of 
removal is constant and did not change significantly. This 
behavior is due to the decrease of the HA concentration during 
reaction time and the reduction of the •OH radicals collision 
with the HA. These results are similar to the results obtained 
by Chakma and Moholkar,[24] who reported an increase in 

the removal of bisphenol A (BPA) rate corresponding to the 
increase in reaction time.

Effect of H2O2 dose
The •OH radicals are a potent oxidizing agent that reacts with 
organic and inorganic substances. A  series of HA removal 
experiments were carried out to investigate the effects of H2O2 

Figure  2: Effect of solution pH on humic acid  (HA) degradation  (HA 
concentration: 20  mg/L, H2O2 concentration: 50  mg/L, Fe2+  dose: 
30 mg/L, and 30‑min contact time). HA: Humic acid

Figure 3: Effect of reaction time on humic acid (HA) degradation (HA 
concentration: 20 mg/L, H2O2 dose: 50 mg/L, Fe2+ dose: 30 mg/L, and 
solution pH: 3). HA: Humic acid

Figure  4: Effect of H2O2 dose on humic acid  (HA) degradation  (HA 
concentration: 20 mg/L, Fe2+ dose: 30 mg/L, solution pH: 3, and reaction 
time: 15 min). HA: Humic acid
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dose on HA removal at initial HA concentration: 20 mg/L, 
Fe2+: 30 mg/L, solution pH: 3, and reaction time: 15 min, and 
the results obtained are shown in Figure 4.

As displayed in Figure 4, by increasing the dose of hydrogen 
peroxide from 100 to 300 mg/L, the HA removal efficiency has 
decreased. The obtained results can be described as follows: 
hydrogen peroxide plays an important role in the Fenton 

oxidation process, as it is the source of •OH radicals. However, 
an excess amount of hydrogen peroxide not only reduces the 
treatment efficiency but also raises the cost of treatment, as it 
is the main expense.[20] Application of high H2O2 dose cannot 
significantly improve the HA removal efficiency, since excess 
H2O2 acts as free radical scavengers and would consume •OH 
radicals as shown in equation 4.[25]

H2O2 + •OH → H2O + HO2
•� (4)

In the study of Wu et al. under the title of “Removal of HA from 
landfill leachate,” using Fenton and chemical coagulation, they 
have been shown that the concentration of hydrogen peroxide 
higher than 320 mM reduces the efficiency of HA removal.[26] 
They attributed this to the quenching of hydroxyl radicals 
caused by the high concentration of hydrogen peroxide.[26] 
Murray and Parsons, in research titled “Removal of NOM 
from drinking water with the help of Fenton and Photo‑Fenton 
process,” reported that at a fixed concentration of ferrous ion, 
the efficiency of removing organic substances increases with the 
increase of hydrogen peroxide up to a certain concentration.[27]

Effect of different ferrous ions dose
The optimization of the Fe2+  dose is crucial to reduce the 
amount of the chemical treatment sludge and to lower the 
treatment cost since the Fenton process is based on the 
production of •OH radicals by decomposing H2O2 in the 
presence of Fe2+ as the catalyst (equation 5).[20]

Fe2+ + H2O2 → Fe3+ + OH− + OH•� (5)

To understand the role of Fe2+ dose on the Sono‑Fenton process, 
the various doses of Fe2 were used at initial HA concentration: 
20 mg/L, H2O2 dose: 100 mg/L, solution pH: 3, and reaction 
time: 15  min. The effect of Fe2+  dose on HA removal by 
sono‑Fenton is illustrated in Figure 5.

As seen in Figure  5, with the increase in Fe2+  dose, the 
HA removal efficiency increased, and the highest removal 
efficiency was observed in a dose of 270 mg/L. The increasing 
trend is due to that higher ferrous dosage can form more •OH 
radicals through the Fenton reaction, thus leading to a higher 
rate of HA removal (equation 2).[28] A significant increase in 
HA removal efficiency was not observed at higher doses of 
270 mg/L; the reason for this is that a high Fe2+ dose causes 
•OH radicals to undergo self‑extinguishment by Fe2+ ions and 
reduces the efficiency of HA removal (equation 6).[29]

Fe2+ + 4•OH → 2 Fe (OH)2� (6)

In the study of Wu et al., the concentration of 0–240 mMol 
of Ferro ion on the removal of HA in a fixed concentration of 
160 mMol of hydrogen peroxide reported its optimal value 
with a removal efficiency of 79%.[26] Kitis et al. investigated 
the effects of applying hydrogen peroxide at concentrations 
ranging from 50 to 1000 mg/L. The study focused on scenarios 
where iron ions were absent. The findings revealed that 
under these conditions, only a 7% reduction in the initial 
concentration of dissolved organic matter was observed.

Figure  5: Effect of Fe2+  dose on humic acid  (HA) degradation  (HA 
concentration: 20 mg/L, H2O2 dose: 100 mg/L, solution pH: 3, and reaction 
time: 15 min). HA: Humic acid

Figure  6: Effect of initial humic acid  (HA) concentration on HA 
degradation (H2O2 dose: 100 mg/L, Fe2+ dose: 270 mg/L, solution pH: 
3, and reaction time: 15 min). HA: Humic acid

Figure 7: The role of the induction of ultrasonic waves in improving the 
efficiency of the process. HA: Humic acid
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  In the absence of iron ions, only 7% of the initial concentration 
of carbon has reduced dissolved organic matter.[30]

Effect of initial humic acid concentration
The effects of initial concentration on HA removal efficiency 
by the Sono‑Fenton process at H2O2 dose: 100 mg/L, Fe2+ dose: 
270 mg/L, solution pH: 3, and reaction time: 15 min are shown 
in Figure 6.

As seen, with increasing the initial HA concentration, its 
removal efficiency decreased so that the highest and lowest 
removal efficiency was observed for the concentration of 
20 mg/L and 140 mg/L, respectively. The increase of initial 
HA concentration would decrease the probability of reaction 
between HA molecules and the •OH radicals. In addition, the 
unspecific oxidation of all the molecules present in the reaction, 
especially the major intermediates with the •OH radicals, may 
lead to side reactions and excessive consumption of the •OH 
radicals.[31] These results are similar to the results obtained by 
Geng et al.,[10] who reported an increase in the HA removal 
corresponding to the reduction in initial HA concentration.

Effect of ultrasonic
Ultrasound power is known as an effective parameter in 
chemical oxidation processes. In this study, the Fenton process 
intensified with US waves, the effect of the power of ultrasound 
waves on the removal of HA, at a frequency of 20 kHz, a power 
of 50–150 W, and a working voltage (±10%) of 230 V was 
investigated, and the results are shown in Figure 7.

As seen in Figure 7, the induction of US waves plays an 
important role in improving the efficiency of the process. 
In such a way that with the induction of US waves, the 
removal efficiency of the process increases by about 
20%–25%. This is due to the production of very active free 
radicals with high oxidizing power such as •HO•, •OH, and 
•H, which are created during the propagation of US waves 
due to cavitation. The production of intense local heat up 
to 5000° Kelvin and high hydrodynamic pressure up to 
about 180 MPa causes the removal and decomposition of 
organic compounds.[32] On the other hand, iron ions with 
US radiation can amplify US waves and increase the speed 
of HA removal. In addition, Fe2+ molecules produced can 
react with H2O2 and produce a hydroxyl radical that attacks 
HA molecules.[32]

In investigating the effect of sonophotocatalyst and Fenton 
on the removal of HA from water, Geng et al. showed that 
the US effect in the Fenton process caused the production of 
more reactive radicals and helped the removal efficiency of 
HA.[10] The study of Torres et al., titled “BPA mineralization 
by integrated ultrasound‑UV‑iron  (II) treatment,” showed 
that this process is the most cost‑effective method known 
to remove BPA from wastewater.[33] Huang et al., in a study 
titled “Heterogeneous sono‑Fenton catalytic removal of BPA 
by Fe3O4 magnetic nanoparticles under neutral condition,” 
found that the removal efficiency of BPA was more than 
95%.[34]

Conclusion

In this study, the effect of pH parameters, reaction time, 
initial concentration of HA, and concentration of hydrogen 
peroxide and ferric ion on the removal of HA from aqueous 
solution by the Fenton process with the help of US waves was 
investigated. The study's findings highlight the significant role 
of US waves in enhancing the process efficiency. Specifically, 
the removal efficiency increased by approximately 20%–25% 
due to the influence of these waves. Furthermore, under 
optimal conditions (H2O2 dose: 100 mg/L, Fe2+ dose: 270 mg/L, 
and solution pH: 3), HA in aqueous solution with an initial 
concentration of 20 mg/L showed high removal in 15 min. 
In general, the results of this study showed that the process 
intensified with US waves is able to reduce the concentration 
of HA in water environments to a high extent.

Acknowledgments
Financial support and sponsorship
The authors would like to acknowledge the Isfahan University 
of Medical Sciences of Iran for financial support of the present 
work under research project number: 197158.

Ethic code
IR.MUI.RESEARCH.REC.1397.468).

Conflicts of interest
There are no conflicts of interest.

References
1.	 Zekkaoui  C, Berrama  T, Dumoulin  D, Billon  G, Kadmi  Y. Optimal 

degradation of organophosphorus pesticide at low levels in water using 
Fenton and photo‑Fenton processes and identification of by‑products by 
GC‑MS/MS. Chemosphere 2021;279:130544.

2.	 Yang X, Liu Z, Manhaeghe D, Yang Y, Hogie J, Demeestere K, et al. 
Intensified ozonation in packed bubble columns for water treatment: 
Focus on mass transfer and humic acids removal. Chemosphere 
2021;283:131217.

3.	 Rajaei F, Taheri E, Hadi S, Fatehizadeh A, Amin MM, Rafei N, et al. 
Enhanced removal of humic acid from aqueous solution by combined 
alternating current electrocoagulation and sulfate radical. Environ Pollut 
2021;277:116632.

4.	 Xie A, Cui  J, Yang  J, Chen Y, Lang  J, Li  C, et  al. Graphene oxide/
Fe (III)‑based metal‑organic framework membrane for enhanced water 
purification based on synergistic separation and photo‑Fenton processes. 
Appl Catal B Environ 2020;264:118548.

5.	 Qin  L, Tobiason  JE, Huang  H. Water and humic acid transport in 
graphene‑derived membrane: Mechanisms and implications to 
functional membrane design. J Membr Sci 2020;613:118441.

6.	 Su  X, Hu  J, Zhang  J, Liu  H, Yan  C, Xu  J, et  al. Investigating the 
adsorption behavior and mechanisms of insoluble humic acid/starch 
composite microspheres for metal ions from water. Colloids Surf A 
Physicochem Eng Aspects 2021;610:12567.

7.	 Prete  P, Fiorentino  A, Rizzo  L, Proto  A, Cucciniello  R. Review of 
aminopolycarboxylic acids  –  Based metal complexes application to 
water and wastewater treatment by (photo‑) Fenton process at neutral 
pH. Curr Opin Green Sustain Chem 2021;28:10045.

8.	 Possetto D, Natera J, Sancho MI, García NA, Massad WA. Bioallethrin 
degradation by photo‑Fenton process in acetonitrile/water and aqueous 
β‑cyclodextrin solutions. J Photochem Photobiol Chem 2018;365:103‑9.

9.	 Mossavi  S, Ehrampoush  M, Mahvi A. The evaluation of removal of 
humic acid in acidic condition from aqueous solution by single walled 
carbon nanotubes. Zanko J Med Sci 2014;15:37‑47.

10.	 Geng N, Chen W, Xu H, Ding M, Liu Z, Shen Z. A sono‑photocatalyst 

D
ow

nloaded from
 http://journals.lw

w
.com

/ijeh by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 04/30/2025



Farrokhzadeh, et al.: Humic acid degradation by  fenton process

International Journal of Environmental Health Engineering  ¦  20236

for humic acid removal from water: Operational parameters, kinetics 
and mechanism. Ultrason Sonochem 2019;57:242‑52.

11.	 Jamali H, Inaloo KD, Ghaffari H, Kheradpishe Z, Nikpay A. Optimization 
of factors affecting the application of Fenton process in sofa and 
detergent wastewater treatment. Hormozgan Med J 2012;17:284-90.

12.	 Biglari  H, Kord Mostafapour  F, Bazafshan  E. Removal of dissolved 
organic carbon from aqueous solution by Fenton oxidation process. 
J North Khorasan Univ Med Sci 2012;1:37‑45.

13.	 Golbaz  S, Jafari  A, Kalantary  R. The evaluation of Fenton process 
efficiency to remove phenol from synthetic wastewater. Tolooebehdasht 
2014;13:37‑4.

14.	 Anandan  S, Kumar Ponnusamy  V, Ashokkumar  M. A  review on 
hybrid techniques for the degradation of organic pollutants in aqueous 
environment. Ultrason Sonochem 2020;67:105130.

15.	 Ameta R, Chohadia AK, Jain A, Punjabi PB. Fenton and photo‑Fenton 
processes. In: Advanced Oxidation Processes for Waste Water 
Treatment. United States: Elsevier; 2018. p. 49‑87.

16.	 Mishra NS, Reddy R, Kuila A, Rani A, Mukherjee P, Nawaz A, et al. 
A review on advanced oxidation processes for effective water treatment. 
Curr World Environ 2017;12:470.

17.	 Alfonso‑Muniozguren  P, Ferreiro  C, Richard  E, Bussemaker  M, 
Lombraña JI, Lee  J. Analysis of ultrasonic pre‑treatment for the 
ozonation of humic acids. Ultrason Sonochem 2021;71:105359.

18.	 Bazrafshan E, Kord Mostafapour F, Biglari H. Humic acid removal from 
aqueous environments by electrocoagulation process duad with adding 
hydrogen peroxide. Inter J Hydrogen Energy 2012;5:211‑24.

19.	 Emami  F, Tehrani‑Bagha  A, Gharanjig  K. Influence of operational 
parameters on the decolorization of an Azo reactive dye (CI reactive red 
120) by Fenton process. J Color Sci Technol 2010;4:105‑14.

20.	 Özdemir C, Öden MK, Şahinkaya S, Güçlü D. The sonochemical 
decolorisation of textile Azo dye CI reactive orange 127. Coloration 
Technol 2011;127:268‑73.

21.	 Kušić H, Božić AL, Koprivanac  N. Fenton type processes for 
minimization of organic content in coloured wastewaters: Part  I: 
Processes optimization. Dyes Pigm 2007;74:380‑7.

22.	 Yavuz  Y, Koparal  AS, Artık A, Öğütveren ÜB. Degradation of CI 
basic red 29 solution by combined ultrasound and Co2+ –H2O2 system. 
Desalination 2009;249:828‑31.

23.	 Pignatello  JJ, Oliveros  E, MacKay A. Advanced oxidation processes 

for organic contaminant destruction based on the Fenton reaction and 
related chemistry. Crit Rev Environ Sci Technol 2006;36:1‑84.

24.	 Chakma  S, Moholkar  VS. Investigations in synergism of hybrid 
advanced oxidation processes with combinations of sonolysis+ Fenton 
process+ UV for degradation of bisphenol A. Ind Eng Chem Res 
2014;53:6855‑65.

25.	 Hadi  S, Taheri  E, Amin  MM, Fatehizadeh  A, Aminabhavi  TM. 
Synergistic degradation of 4‑chlorophenol by persulfate and oxalic 
acid mixture with heterogeneous Fenton like system for wastewater 
treatment: Adaptive neuro‑fuzzy inference systems modeling. J Environ 
Manage 2020;268:110678.

26.	 Wu Y, Zhou S, Qin F, Peng H, Lai Y, Lin Y. Removal of humic substances 
from landfill leachate by Fenton oxidation and coagulation. Process Saf 
Environ Prot 2010;88:276‑84.

27.	 Murray  CA, Parsons  SA. Removal of NOM from drinking 
water: Fenton’s and photo‑Fenton’s processes. Chemosphere 
2004;54:1017‑23.

28.	 Ciner  F, Gökkuş Ö. Treatability of dye solutions containing disperse 
dyes by Fenton and Fenton solar light oxidation processes. CLEAN Soil 
Air Water 2013;41:80‑5.

29.	 Biglari H, Kord Mostafapour F, Joneidi Jafari A, Bazrafshan E. Removal 
of humic acid from environmental aqueous by Fenton oxidation process. 
J North Khorasan Univ Med Sci 2013;5:37‑45.

30.	 Kitis M, Kaplan SS. Advanced oxidation of natural organic matter using 
hydrogen peroxide and iron‑coated pumice particles. Chemosphere 
2007;68:1846‑53.

31.	 Murugananthan M, Yoshihara S, Rakuma T, Shirakashi T. Mineralization 
of bisphenol A  (BPA) by anodic oxidation with boron‑doped 
diamond (BDD) electrode. J Hazard Mater 2008;154:213‑20.

32.	 Khan MA, Siddique M, Wahid F, Khan R. Removal of reactive blue 19 
dye by sono, photo and sonophotocatalytic oxidation using visible light. 
Ultrason Sonochem 2015;26:370‑7.

33.	 Torres  RA, Pétrier C, Combet  E, Moulet  F, Pulgarin  C. Bisphenol A 
mineralization by integrated ultrasound‑UV‑iron (II) treatment. Environ 
Sci Technol 2007;41:297‑302.

34.	 Huang  R, Fang  Z, Yan  X, Cheng  W. Heterogeneous sono‑Fenton 
catalytic degradation of bisphenol A by Fe3O4 magnetic nanoparticles 
under neutral condition. Chem Eng J 2012;197:242‑9.

D
ow

nloaded from
 http://journals.lw

w
.com

/ijeh by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 04/30/2025


