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Abstract
In this work, we report the application of the high ultrasound frequency (278 kHz) to degrade nonylphenol (NP) as endocrine disrupting 

chemical (EDC). The degradation was performed under many experimental conditions. The effects of operating parameters such as: methanol 
as the type of solvent, initial NP concentration (in the limit of solubility 0.5 to 24.5 µmol.L-1), ultrasonic power (in the range from 20 to 100 W) and 
initial solution pH (3; 5.4; 10.2) as well as the effect of the bicarbonate ions on the degradation of NP were evaluated. Results indicated that the 
initial degradation rate increased slowly with the increase of the substrate concentration.The kinetic studies revealed that the sonodegradation 
process follows a pseudo-first-order model with the high correlation coefficient under different experimental conditions. In addition, the obtained 
results showed that ultrasound completely destroyed NP (8.1 µmol.L-1) after 120 min of sonication. pH had not a significant effect, due to the 
invariable molecular form of NP during the range of pH study, which was less than pKa of NP (10.7). Finally the results clearly demonstrated 
the significant intensification of sonolytic destruction of NP in the presence of bicarbonate, especially at lower pollutant concentrations. This 
behaviour is deleterious at high pollutant concentration.
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Introduction
Endocrine Disrupting Chemical, nonylphenol (NP), has been 

widely used in industries as: surfactants, detergents, wetting agents, 
dispersing agents, defoamers, deinking and anti-static agents [1]. 
It is also used in textile, pulp and paper, tannery, food processing 
and plastics manufacturing [2]. However, NP and its ethoxylates 
derivatives are discharged in high quantities to the environment either 
directly or indirectly through wastewater treatment plants (WWTP) 
during production, use, storage, transport or during spills. Nonylphenol 
Polyethoxylates (NPEOs) are not stable in the environment and are 
rapidly degraded in nonylphenol (NP), which is more biorefractory and 
has strong biological cumulative effect than the parent compound [3,4].

Recent studies have revealed the presence and effect of NPEOs and 
their metabolites in the ecosystem [5,6]. Related research has shown that 
NP presents not only endocrine disrupting properties, but also serious 
effects involving the carcinogenesis of a variety of living organisms [7-9]. A 
recent study involving more than 30 000 women in the USA suggests that 
endocrine-disrupting chemical, EDCs, are linked to earlier menopause 
[10]. Thus, these adverse effects on the environment and consequently 
on living beings, have pushed lawmakers to regulate their uses. Following 
their registration as priority hazardous substances, NP and NPEOs have 
been prohibited on usage and placed on the market for certain usages 
(household cleaners, industry and agriculture) by the European Union 
(EU) since 2003 (Directive européenne 2003/53/EC, 18/06/2003). In 

France, for example, stringent legislation imposed by the EU in recent 
years has enabled the reduction of the use of NP and NPEOs in about 
50%. However, the real problem is that rejection is much dispersed in 
the ecosystem. Unfortunately outsourcing or relocation of industries to 
others countries does not induce the same respect. Most recently in 2011, 
the Non-Government Organism Greenpeace denounced in the countries 
such as China, Pakistan, Philippines, Finland, the use of NPEOs by major 
brands of shoemaking and clothing [11]. The problem comes again from 
the different application of rules across countries. In developing countries 
for example, no rigorous legislations exists on the use of NP.

Today, because of the low cost of NPEOs, their substitution by fatty 
alcohol ethoxylates in developing countries seems to be unrealistic. 
Therefore, the most appropriate solution is the treatment of contaminated 
water. For that purpose, many processes have been applied for the 
abatement of NP and NPEOs [12-17]. Among the advanced oxidation 
processes (AOP), ultrasound (US) have received an increased interest in 
the last years [18,19]. In fact, this technique generates a strong hydroxyl 
radical (OH•) with an oxidation potential of 2.80 V [20] through the 
acoustic cavitations which can be defined as the cyclic formation, growth 
and collapse of microbubbles. Fast collapse of the bubbles compresses 
adiabatically gas and vapour entrapped, which conducts to short and local 
hot spots [21]. At the final step of the collapse, temperature inside the 
residual bubble is thought to be above 2000 K [22]. Under the second 
it ions, entrapped molecules of dissolved gases, vaporized water and 
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solutes can be brought to an excited state and dissociate. Therefore, OH• 
radicals are generated from water (H2O) and oxygen (O2) dissociation 
[23]. In absence of any organic compound, OH• radicals recombine to 
form hydrogen peroxide (H2O2) that released in medium according to the 
following reaction:

HO• + HO•→ H2O2 k1 = 5,5 × 109 M-1.s-1		  (1)

Ultrasound is a simple technique, requiring only electrical energy 
and easy to handle. But the sole application of ultrasound for treating 
polluted water is too time consuming and expensive, this operating cost 
could be partially off-set by operating at milder and optimum operation 
conditions, which enhance the degradation rate, reduce the reaction 
time [18]. However, real application or transfer to large scale requires 
knowledge of the basic principles and investigations of the influence of 
reaction parameters to achieve the optimum conditions.

To the best of our knowledge, few works in the literature report on 
the use of pure ultrasound to destroy nonylphenol in aqueous media 
[24,25]. As an example, Ince et al. [26] have worked on the effect of pH 
and inhibitors of hydroxyl radicals on sonochemical destruction of NP 
at low frequency 20 kHz. The authors found that the rate of degradation 
was more accelerated by alkalinisation, with the addition of hydroxide 
alkalinity than carbonate. The addition of low CO3

2- concentration and 
t-butyl alcohol as strong scavengers of •OH were also found to accelerate 
the decomposition of NP. Also, Gultekin et al. [27] studying the wastewater 
decontamination by ultrasound reported that the NP sonodegradation 
was accelerated by bubbling oxygen gas and by addition of Fenton and 
Fenton-like reagents (Fe2+ and Cu2+) into the solution. According to Xu et 
al. [28] investigation, NO3

− accelerated NP sonophotolysis while HCO3
− 

showed insignificant influence.

There have been many studies aimed at developing effective methods for 
degrading aromatic compounds such as phenol and related compounds, 
including the process of ultrasonic degradation. Ultrasonic processes 
could be an effective alternative way for oxidation and completely 
mineralizing recalcitrant organic compounds. Also, by converting the 
pollutants in to less harmful or lower chain compounds, more efficient 
biological treatment on the wastewater could be achieved.

Yim et al. [25] shown that the ultrasonic degradation of NP conducted 
in the first stage to quinones, organic acids and aldehydes; the next 
stage brings about a ring opening to form carboxylic acids and other 
compounds with lower carbon numbers such as CO, CH4, C2H2, C2H4, 
and C2H6 then were eventually converted to carbon dioxide and water. 
This mineralization was confirmed by the removal of 50% of the initial 
Total Organic Carbon (TOC).

However, many authors used methanol as solvent of NP dissolution, yet 
it is an inhibitor of hydroxyl radicals. This character could be detrimental 
to the effectiveness of the ultrasonic technique. Herein, our purpose is to 
investigate the viability of high frequency ultrasound to the treatment of 
water contaminated with NP. To elucidate the respective role of different 
parameters, the effect of methanol as solvent, the initial NP concentration, 
the ultrasonic power, the initial pH and the bicarbonates ions have been 
evaluated.

Materials and Methods
Reagents

4-Nonylphenol was supplied by Sigma–Aldrich, used without 
any purification. The physical and chemical properties and the 
molecularstructure of NP are shown in table 1 [29]. Potassium iodide 
(KI) was supplied by Chimie Plus. Ammonium heptamolybdate 
(NH4)6Mo7O27.4H2O, acetonitrile (CH3CN) and Sodium hydroxide 
were purchased from Across Organics, sulfuric acid (H2SO4) came from 
Merk, methanol (CH3OH) was supplied by Fluka, sodium bicarbonate 

(NaHCO3) was provided by Prolabo (analytical grade). The water used 
to prepare solutions and clean thereactor and glassware was purified with 
activated carboncartridges and then deionized to ion exchange resins, 
from Fisher Bioblock Scientific.

Apparatus
The power system is a high-frequency generator (Radiocoms Systemes 

ULV300A), which delivers a 278 kHz frequency (Figure 1). The impedance 
of this generator is set at 50 Ω and regulated by an impedance adapter. At 
the base of thereactor, a piezoelectric disc is fixed (diameter 4 cm) on a 
Pyrex plate (5 cm diameter) enabling the transmission of the ultrasonic 
waves in the solution to be treated. The cylindrical reactor (400 mL) is 
double-jacketed inorder to maintain the system at a constant temperature 
(20 ± 1C) to avoid thermal fluctuation induced byultrasound which could 
influence kinetics of reactions. Temperature is monitored by a rmocouple 
NiCr-NiAl of 1 mm of diameter (connected to a digital display 380, 
PMA Prozeb Type 9404 380 62001) immersed in the solution. The water 
iscooled by a cryostat (Heto CB 8-30e).

Procedures
NP is very viscous and slightly soluble in water. 5,4 mg of the NP sample 

corresponding to its limit of solubility, is mixed with deionized water, 
then the solution was heated up to a temperature of 50°C to facilitate 
dissolution. This temperature is reported to do not alter the NP [30]. 
After cooling, serial dilutions were made according to our needs and the 
resulting solutions are used immediately. The solutions were kept below 
15°C, to avoid deposition of the NP on the wall of the vial.

Analyses
Quantitative analysis of the Endocrine disrupting compounds NP was 

performedby the mean of HPLC using a Waters 515 instrument equipped 

 

Ceramic piezoelectric
transducer

Water oulet

Water inlet

Bottom vessel
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Figure 1: Sonochemical reactor working at 278 kHz.

Compound 4-Nonylphenol  Structure of NP
Formula C15H24O
Molecular Mass 
(g/mol) 220.60

Density 0.937
pKa at 25°C 10.70
Vapor Pression 
(Pa)

(4.55 ± 0.35) 
×10-3

Water solubility 
(mg/L) 5.43

logKoe 4.20-4.48
Constante of 
Henry (Pa.m3/mol) 11.02

Analysis method HPLC

Table 1: Physical and chemical properties of NP
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with a SupelcosilLC-18 column (ID=4.6 mm, length=250 mm, dp=5 µm). 
The samples were injected using a Rheodyne injection system with a 200 
µL sample loop for NP concentrations. The detection of the absorbed 
organic compounds was realized with a UV detector (Waters 486) set at 
190 nm. The mobile phase, water/acetonitrile (v/v: 20/80) was degassed 
before analysis in an ultrasound vessel (Branson 1200) and filtered with 
Millipore filter in an isocraticmode. Using this methodology, an acceptable 
detection limit of NP was reached. The experimental error was calculated 
from the variance of data, and the reported result was the reproducible 
average value, within an error of 10%.

H2O2 concentration is analytically determined by the 
spectrophotometric method, using potassium iodide (1 gL-1) and 
ammonium heptamolybdate salt as catalyst (10-4 Mol.L-1). Aliquots (1 
mL) were taken from the reactor and were immediately added in the 
sample quartz bowl of the Shimadzu UV-mini 1240 spectrophotometer 
containing the reagents. Absorbance at a 350 nm wavelength was recorded 
after 5 min.

Results and Discussion
Effect of methanol on the destruction process

In order to evaluate the effect of methanol as solvent on the 
effectiveness of sonochemistry, the NP solution (8.1 µM) was submitted 
in different concentrations of methanol namely 0, 25, 250 and 2500 ppm. 
Figure 2 shows the Sonodegradation of 4-NP at various concentrations 
of methanol. As shown on figure 2, the presence of methanol reduced 
the sonodegradation rate of NP. In fact, as methanol is well known to 
be scavengers of hydroxyl radicals, the efficiency of the process can be 
reduced as shown in equation 2.

CH3OH+ HO•→ CH3O
• + H2O		  (2)

Numerous studies on the NP in the literature, reported the effectiveness 
of methanol as dissolution solvent for NP [26]. However, methanol presents 
a potential negative effect on the AOP during the generation in situ of HO• 

radical. As an example, Neamtu and Frimmel investigated the photolysis 
of NP using a solar simulator in aqueous solution and determined the 
intermediates using HPLC [31]. However, the presence of methanolused 
as solvent was suggested to influence the photo-degradation process. 

Effect of NP concentration on the destruction process
In water treatment, kinetics is one of the most studied aspects to 

assess a process since it gives information on the rate of removal of 
pollutants in water. In sonochemistry for example the degradation rate of 
a compound is closely related to its degradation zone namely gas phase, 
gas-liquid interface and liquid phase [22]. In addition, access to different 
areas strongly depends on the physical and chemical properties of the 
compound. However, as a surfactant, the relative proportions of NP in 
different zones may also depend on the initial concentration of NP [32].

In this work, we are inspired from the existing kinetic models [33-
36], to study the kinetics of NP sonodegradation at 278 kHz. According 
to Ince et al. [26] the overall results shows that the kinetic model of 
degradation of NP at 20 kHz was pseudo first order for concentrations 
more than 20 µM. To our knowledge, no kinetic work was done at NP 
concentrations less than 20 µM. To complete this information, we were 
interested in the concentration range between 0.50 and 24.32 µM (limit 
of solubility).

Figure 3 shows the profile of the evolutionof concentration versus 
ultrasonic irradiation time in the range of 0.50 to 24.32 µM. We have 
observed that the NP was degraded more rapidly during the first 30 
minutes with a minimum of 80% of abatement rate for the different 
concentrations, and disappears completely after 120 min. It is observed 

Figure 2: Sonodegradation of 4-NP at various concentrations of 
methanol (frequency: 278 kHz; power: 100W; volume: 400 mL; pH: 
natural (5.4); temperature: 20 ± 1C).

Figure 3: Sonodegradation of 4-NP at various initial substrate 
concentrations (frequency: 278 kHz; power: 100 W; volume: 400 mL; 
pH: natural (5.4); temperature: 20 ± 1C).

from 60 min treatment stabilization curves. This would show the difficulty 
of ultrasound to mineralize very highly diluted solutions. Furthermore, 
it is found that the concentrations of NP (0.50 µM from 24.32 µM), 
remaining in solution after treatment, are almost identical and correspond 
to the HPLC detection limit.A description of the profiles shows that the 
disappearance of the NP is a pseudo-first order kinetic. 

In fact, the NP is a hydrophobic and non-volatile compound with a 
bipolar structure (hydrophobic tail and hydrophilic head) [37]. It also has 
the surfactant properties [38,39]. These characteristics are favorable for 
their adsorption on the interfacial layer gas/liquid of the bubble where the 
density of OH• is higher [40]. Therefore, degradation mainly takes place 
at the interface of two essential ways that are radical attack (Equation 3) 
and pyrolysis [24,25].

HO• + NP → Products			   (3)

Figure 4 depicts the initial NP degradation rate versus initial NP 
concentration. It was found that the initial rate of sonolytic degradation 
increased with increasing the initialNP concentration. At low 
concentrations, a linear relationship (R2=0.998) between the rate and 
concentration reminiscent of a first-order kinetics. But this linearity 
is not observed when the concentration exceeds a certain threshold 
(C>16.22 µM).

http://dx.doi.org/10.16966/2381-5299.129
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The size of the cavitation bubble is inversely proportional to the 
frequency (D=6.62/frequency), which necessarily implies that the bubble 
is smaller at 278 kHz (high frequency) compared to 20 kHz when it is 
relatively larger [26]. As frequency enhances, the pulsation and collapse 
of the bubble occur more rapidly and more radicals escape from the 
bubble. However, at high frequency the acoustic period is shorter and 
the size of cavitation bubbles decreases. As a consequence, the cavitation 
threshold becomes higher and cavitation intensity decreases. In addition, 
the interface of the cavitation bubble is a site of adsorption potential 
which remains constant throughout the operation [35]. This leads to a 
faster saturation of the bubble’s surface even at low concentration of the 
adsorbate. However the advantage of this system (278 kHz and 100 W) 
based on the presence of a large number of bubbles and the implosion 
more violent, resulting in a higher degradation of the pollutant. The 
decrease in the degradation rate at 16.22 µM could be explained by the 
saturation of adsorption sites and the higher competition at the interface 
[24]. After the examination of NP disappearance profiles in the range of 
the studied concentrations, it was shown that the sonodegradation of NP 
is performed according to a pseudo first order kinetics.

Effect of acoustic power
Figure 5a showed that the relative concentration of NP decreases with 

treatment time. A quantitative description of the profiles shows that the 
degradation rate increases linearly when the power increases (Figure 5b). 
For example, the degradation rate increases from 0.17 µM/min to 0.47 
µM/min respectively at 20 W and 100 W. The increase of the reaction rate 
can be explained by the growth of bubbles resulting from the increase of 
acoustic amplitude [41]. In fact the latter causes a growth of temperature, 
a faster and more violent implosion of cavitation bubbles that are smaller 
and numerous, resulting in a high concentration of HO• radicals in the 
bubble interface [39]. At this level, a competition between the HO• radical 
recombination reaction and the degradation of NP by HO• radical takes 
place. On this aspect, increase in the H2O2 production is observed when the 
power grows, either in the presence or absence of pollutant (Figure 6). This 
trend shows that the involvement of the acoustic power on the production 
of HO• radicals is consistent with the literature [42-44].

Effect of pH at high and low concentration of NP
The pH is an important factor for determining the sonochemical reaction 

rate. However, previous work has shown that the pH has a negligible 
effect on the degradation of surfactants [45]. In this regard, some authors 
have observed that the pH has an effect on the degradation of organic 
compounds and more specifically surfactants [27]. It is worth mentioning 
that, the acidification of the medium increases the hydrophobicity of the 

Figures 5: Effect of acoustic power on the sonodegradation of NP 
([NP]0 : 8.1 µM, frequency: 278 kHz; volume: 400 mL; pH: natural (5.4); 
temperature: 20 ± 1C).

Figure 6: Effect of acoustic power on H2O2 production rate in absence 
and in presence of NP ([NP]0 : 8.1 µM, frequency: 278 kHz; volume: 400 
mL; pH: natural (5.4); temperature: 20 ± 1C).

Figure 4: Initial degradation rate of NP versus initial concentration 
(frequency: 278 kHz; power: 100 W; volume: 400 mL; pH: natural (5.4); 
temperature: 20 ± 1C).

molecule enriched by protonation of the phenolic moiety that can lead 
to accelerate degradation of the compound. Everything depends on the 
ionized functional group. For example, it has been demonstrated that 
the sonodegradation 4-nitrophenol (alcohol moiety) decreases with 
increasing pH, whereas the aniline (amine functional group) has an 
opposite behavior [46].

In this work, we irradiated at 278 kHz and 100 W the solution of NP 
at relatively high (8.1 µM) and low concentrations (0.5 µM) by varying 
the pH (3 to 5.4 and 10). As it can be observed in figures 7 and 8, the 
acidification of the medium (pH=3) remarkably improves the degradation 
of NP at both higher and low concentration respectively 8, 1 μM and 0.5 
µM. With basic constant pH (pH = 10), the effect of pH is not enough 
significant for a concentration of 8.1 µM, while this effect is slightly 
positive at low concentration of NP (0.5 µM). Indeed, whatever the pH of 
the study, the NP is under a neutral molecular form because its pKa is 10.7 
(Figure 9). However, at pH 3 HO• diffuses more easily through the bubble-
solution interface that is very rich in radicals HO• where degradation of 
NP is slightly higher, compared to reaction at pH 10. In addition, the 
carbonation phenomenon of the medium with dissolved CO2 at basic pH, 
developed in the previous study is confirmed here [46], where one can 
notice a very rapid deterioration of the NP in the vicinity of the bubble/

http://dx.doi.org/10.16966/2381-5299.129
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Figure 7: Effect of pH on the sonodegradation of high relative 
concentration of NP ([NP]0: 8.1 µmol.L-1, f: 278 kHz, P: 100 W, V: 400 
mL and T: 20 ± 1°C).

Figure 10: Effect of bicarbonates ions on the sonodegradation of NP 
([HCO3

-]=2.97 µmol.L-1, f=278 kHz, P=100 W, V=400 mL and T=20 ± 1°C).

Figure 8: Effect of pH on the sonodegradation of low relative 
concentration of NP ([NP]0: 0.5 µmol.L-1, f: 278 kHz, P: 100 W, V: 400 
mL and T: 20 ± 1°C).

 OH

C9H9

O-

C9H9

- H+

+ H+

pKa = 10.7

Figure 9: Molecular structure of NP at condition acidic and basic 
condition.

solution interface at low concentration of pollutant and pH 10. Therefore 
it may be necessary to question the potential effect of bicarbonate on a 
non-volatile hydrophobic compound such as NP, based on the fact that it’s 
positively affects the elimination of hydrophilic organic compounds, but 
not volatile at low concentration [45].

Effect of bicarbonates anions on the destruction process
To get an idea of the effect of bicarbonates ions (HCO3

-) on sonochemical 
degradation of a hydrophobic and non-volatile compound, solutions of 
NP in the limit of solubility (0.5 to 24.5 µM) were treated by ultrasonic 
irradiation at 278 kHz and 100 W in the absence and presence of HCO3

- 
ions (2.97 mM). The experimental results are summarized in figure 10. It 

is apparent for these results that the addition of bicarbonate ions in the 
sonochemical degradation of NP improves processing efficiency. It is seen 
in this figure that the effect of bicarbonate is more pronounced at low 
concentrations of the pollutant where an improvement factor was 3 for 
0.5 µM of NP. This effect decreases as the concentration of the pollutant 
increases, then becomes zero at about 19 µM and becomes negative 
beyond this concentration (Figure 10).

Indeed, bicarbonate ions react in solution with HO• radicals during 
the sonolysis (K4=8.5 × 106 M-1.s-1) giving place to bicarbonates radicals 
(Equation 4) that are released into the solution during the implosion of 
the bubble. Bicarbonates radicals are characterized by their oxidizing 
power (E=1.59 V/SHE) [46], their stability, their high mobility and their 
higher selectivity than the HO• radical. This justifies the increase in 
performance of the art at low concentration of micro pollutant [47]. At 
high concentration of the micropollutant, on the contrary, the competition 
phenomenon takes place. HO• radicals capable of reacting with HCO3

- 
ions are intercepted by the NP molecules in high concentration at gas/
liquid interfacial region and therefore, will form very few CO3

-• radicals 
which are inadequate to enhance the degradation of NP but enough 
significant compared to the HO• radicals consumed. The results show that 
at high concentration of NP, the HCO3

- ions have an inhibiting effect on 
the degradation of NP [36]. Overall, these results are consistent with the 
literature [48].

HCO3
- + HO•→ CO3

-• + H2O k26 = 8,5x106 M-1.s-1	 (4)

CO3
-• + NP → Products				    (5)

At about 19 µM, the effect of bicarbonate ions becomes harmful 
(Figure 11) and the logarithm of ratio of NP sonodegradationrate in 
thepresence and absence of bicarbonate ions becomes negative. For 
any concentration of NP>19 µM, there will be a speed reduction which 
corresponds to the negative effect of bicarbonates.

We also highlighted the effect of competition by studying the influence 
of NP (8.1 µM) and bicarbonates anions (2.97 µmol.L-1) on the H2O2 
production at 278 kHz during a period of 20 min. Then results are 
displayed in figure 11. It is observed that the concentration of NP decreases 
exponentially, according to a pseudo-first-order kinetics (as explained in 
paragraph of the section Effect of NP concentration on the destruction 
process). Furthermore, H2O2 formation increases linearly with the 
ultrasonic irradiation time, in absence and presence of NP. However, in 
the presence of NP, the formation of H2O2 is reduced compared to the 
same experiment without NP in deionized water. Indeed, the presence 
of NP in solution, induces to HO• radicals the competition between its 

http://dx.doi.org/10.16966/2381-5299.129
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sonodegradation reaction and its recombination (Equations 3 and 4), 
favoring the decreases of the H2O2 concentration. The decrease of H2O2 
formation in the presence of NP attest of the involvement of HO• radical 
in NP sonodegradation; Moreover, competition increases with increase 
the ions HCO3

- in solution as demonstrated in figure 11. Thus it results 
in decrease of H2O2 production due to the inhibition of HO• radicals by 
HCO3

- ions. However, the degradation of NP increased in the presence of 
HCO3

- ions as consequence of the electrons transfer from HO• radicals to 
CO3

- •, which responsible of additional NP degradation.

Conclusion
The study has shown that the degradation of Endocrine disrupting 

compound NP can be effectively reached at 278 kHz ultrasonic irradiation. 
NP sonodegradation in water occurs mainly through reactions with 
hydroxyl radicals at gas/liquid interfaceand its kinetic respectsthe 
pseudo-first order model. The extent of degradation was inversely 
proportional to the initial concentration of substrate. The initial 
sonodegradation rate of NP at different concentrations shows that, the 
higher initial decomposition rate is achieved with the highest substrate 
concentration. In addition, pH presents no significant effect, the most 
favorable condition for the degradation of low concentration of NP 
was observed in basic media, whilethe acoustic power increases with the 
increaseof the ultrasonic power from 20 to 100 W. More importantly, the 
amount of hydrogen peroxide produced was decreased in presence of NP 
and bicarbonates.

Acknowledgement
The authors wish to express their gratitude to the “Service de 

Coopération et des Actions Culturelles” (SCAC) of the French Embassy to 
Cameroon for their financial support.

References
1.	 Langford KH, Lester JN (2002) Fate and behavior of endocrine 

disrupters in wastewater treatment processes. In: Brikett JW, Lester 
JN (eds) Endocrine disrupters in wastewater and sludge treatment 
processes. Boca Raton. CRC Press Inc, USA.

2.	 Careghini A, Mastorgio AF, Saponaro S, Sezenna E (2015) Bisphenol 
A nonylphenols, benzophenones, and benzotriazoles in soils, 
groundwater, surface water, sediments, and food: a review. Environ 
Sci Pollut Res Int 22:  5711-5741.

3.	 Ahel M, Giger W, Koch M (1994) Behaviour of alkylphenol 
polyethoxylate surfactants in the aquatic environment - I. 
Occurrence and transformation in sewage treatment. Water Res 
28: 1131-1142.

4.	 Soares A, Guieysse B, Jefferson B, Cartmell E, Lester JN (2001) 
Nonylphenol in the environment: a critical review on occurrence, fate, 
toxicity and treatment in wastewaters. Environ Int 34: 1033-1049.

5.	 Ferrara F, Fabietti F, Delise M, Bocca AP, Funari E (2001) Alkylphenolic 
compounds in edible molluscs of the Adriatic sea (Italy). Environ Sci 
Technol 35: 3109-3112.

6.	 Tsuda T, Takino A, Muraki K, Harada H, Kojima M (2001) Evaluation of 
4-nonylphenols and 4-tert-octylphenol contamination of fish in rivers 
by laboratory accumulation and excretion experiments. Water Res 35: 
1786-1792.

7.	 White R, Jobling S, Hoare SA, Sumpter JP, Parker MG (1994) 
Environmentally persistent alkylphenolic compounds are estrogenic. 
Endocrinology 135: 175-182.

8.	 H-Trujillo J, M-Magadán JM, Cruz IG (2007) Molecular Characterization 
of p-Alkyl Phenol−n-Heptane Interactions and Their Implication as 
Asphaltene Dispersants. Energy Fuels 21: 1127-1132.

9.	 Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, et al. 
(2001) Estrogenic potency of chemicals detected in sewage treatment 
plant effluents as determined by in vivo assays with Japanese medaka 
(Oryzias latipes). Environ Toxicol Chem 20: 297-308.

10.	 Grindler NM, Allsworth JE, Macones GA, Kannan K, Roehl KA, et al. 
(2015) Persistent Organic Pollutants and Early Menopause in U.S. 
Women. PloS One 10: e0116057.

11.	 Brigden K, Santillo D, Johnston P (2012) Nonylphenol ethoxylates 
(NPEs) in textile products, and their release through laundering. 
Greenpeace Research Laboratory Technical Report.

12.	 Anandan S, Lee GJ, Yang CK, Ashokkumar M, Wu JJ (2012) 
Sonochemical synthesis of Bi2CuO4 nanoparticles for catalytic 
degradation of nonylphenol ethoxylate, Cheml Eng J 183: 46-52.

13.	 Karci A, Arslan-Alaton I, Bekbolet M, Ozhan G, Alpertunga B 
(2014) H2O2/UV-C and Photo-Fenton treatment of a nonylphenol 
polyethoxylate in synthetic freshwater: Follow-up of degradation 
products, acute toxicity and genotoxicity. Chem Eng J 241: 43-51.

14.	 Dzinun H, Othman MHD, Ismail AF, Puteh MH, Rahman MA, et al. 
(2015) Photocatalytic degradation of nonylphenol by immobilized 
TiO2 in dual layer hollow fibre membranes. Chem Eng J 269: 255-261.

15.	 Iqbal M, Bhatti IA (2015) Gamma radiation/H2O2 treatment of a 
nonylphenol ethoxylates: degradation, cytotoxicity, and mutagenicity 
evaluation. J Hazard Mater 299: 351-360.

16.	 Fang K, Jiang Z, Wang J, She Y, Jin M, et al. (2015) Simulation of 
nonylphenol degradation in leafy vegetables using a deuterated 
tracer. Environ Sci Process Impacts 17: 1323-1330.

17.	 Li Y, Duan X, Li X, Zhang D (2013) Photodegradation of nonylphenol 
by simulated sunlight. Mar Pollut Bull 66: 47-52.

18.	 Mahamuni NN, Adewuyi YG (2010) Advanced oxidation processes 
(AOPs) involving ultrasound for waste water treatment: a review with 
emphasis on cost estimation. Ultrason Sonochem 17: 990-1003.

19.	 Pang YL, Abdullah AZ, Bhatia S (2011) Review on sonochemical 
methods in the presence of catalysts and chemical additives for 
treatment of organic pollutants in wastewater. Desalination 277: 1-14.

20.	 Parsons SA, Williams M (2004) Introduction. In: Parsons S (eds) 
Advanced Oxidation Processes for Water and Wastewater Treatment. 
IWA Publishing, London, UK 1-6.

21.	 Crum LA (1995) Comments on the evolving filed of sonochemistry by 
a cavitation physicist, Ultra Sonochem 2: 147-152.

22.	 Adewuyi YG (2001) Sonochemistry: environmental science and 
engineering applications, Ind Eng Chem Res 40: 4681-4715.

23.	 Mason TJ, Pétrier C (2004) Advanced Oxidation Processes for Water 
and Wastewater treatment. In: Parson S (eds), Ultrasound processes. 
IWA Publishing, London, 185-208.

Figure 11: H2O2 production in presence and in absence of NP ([NP]0: 
8,1 µM, f: 278 kHz, P: 100 W, V: 400 mL and T: 20 ± 1°C).

http://dx.doi.org/10.16966/2381-5299.129
http://www.crcnetbase.com/doi/abs/10.1201/9781420032185.ch4
http://www.crcnetbase.com/doi/abs/10.1201/9781420032185.ch4
http://www.crcnetbase.com/doi/abs/10.1201/9781420032185.ch4
http://www.crcnetbase.com/doi/abs/10.1201/9781420032185.ch4
http://www.ncbi.nlm.nih.gov/pubmed/25548011
http://www.ncbi.nlm.nih.gov/pubmed/25548011
http://www.ncbi.nlm.nih.gov/pubmed/25548011
http://www.ncbi.nlm.nih.gov/pubmed/25548011
http://www.sciencedirect.com/science/article/pii/0043135494902003
http://www.sciencedirect.com/science/article/pii/0043135494902003
http://www.sciencedirect.com/science/article/pii/0043135494902003
http://www.sciencedirect.com/science/article/pii/0043135494902003
http://www.ncbi.nlm.nih.gov/pubmed/18282600
http://www.ncbi.nlm.nih.gov/pubmed/18282600
http://www.ncbi.nlm.nih.gov/pubmed/18282600
http://www.ncbi.nlm.nih.gov/pubmed/11505985
http://www.ncbi.nlm.nih.gov/pubmed/11505985
http://www.ncbi.nlm.nih.gov/pubmed/11505985
http://www.ncbi.nlm.nih.gov/pubmed/11329681
http://www.ncbi.nlm.nih.gov/pubmed/11329681
http://www.ncbi.nlm.nih.gov/pubmed/11329681
http://www.ncbi.nlm.nih.gov/pubmed/11329681
http://www.ncbi.nlm.nih.gov/pubmed/8013351
http://www.ncbi.nlm.nih.gov/pubmed/8013351
http://www.ncbi.nlm.nih.gov/pubmed/8013351
http://pubs.acs.org/doi/abs/10.1021/ef060330q?journalCode=enfuem
http://pubs.acs.org/doi/abs/10.1021/ef060330q?journalCode=enfuem
http://pubs.acs.org/doi/abs/10.1021/ef060330q?journalCode=enfuem
http://www.ncbi.nlm.nih.gov/pubmed/11351429
http://www.ncbi.nlm.nih.gov/pubmed/11351429
http://www.ncbi.nlm.nih.gov/pubmed/11351429
http://www.ncbi.nlm.nih.gov/pubmed/11351429
http://www.ncbi.nlm.nih.gov/pubmed/25629726
http://www.ncbi.nlm.nih.gov/pubmed/25629726
http://www.ncbi.nlm.nih.gov/pubmed/25629726
http://www.greenpeace.org/luxembourg/Global/luxembourg/report/2012/Dirty_Laundry_Product_Testing_Technical_Report_01-2012.pdf
http://www.greenpeace.org/luxembourg/Global/luxembourg/report/2012/Dirty_Laundry_Product_Testing_Technical_Report_01-2012.pdf
http://www.greenpeace.org/luxembourg/Global/luxembourg/report/2012/Dirty_Laundry_Product_Testing_Technical_Report_01-2012.pdf
https://www.infona.pl/resource/bwmeta1.element.elsevier-06b0a299-de3b-3d66-868e-96ae5af12984
https://www.infona.pl/resource/bwmeta1.element.elsevier-06b0a299-de3b-3d66-868e-96ae5af12984
https://www.infona.pl/resource/bwmeta1.element.elsevier-06b0a299-de3b-3d66-868e-96ae5af12984
http://www.sciencedirect.com/science/article/pii/S1385894713015957
http://www.sciencedirect.com/science/article/pii/S1385894713015957
http://www.sciencedirect.com/science/article/pii/S1385894713015957
http://www.sciencedirect.com/science/article/pii/S1385894713015957
http://www.sciencedirect.com/science/article/pii/S1385894715001515
http://www.sciencedirect.com/science/article/pii/S1385894715001515
http://www.sciencedirect.com/science/article/pii/S1385894715001515
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gamma+radiation%2FH2O2+treatment+of+a+nonylphenol+ethoxylates%3A+degradation%2C+cytotoxicity%2C+and+mutagenicity+evaluation&p%24a=&p%24l=DefaultSite&p%24st=onerror
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gamma+radiation%2FH2O2+treatment+of+a+nonylphenol+ethoxylates%3A+degradation%2C+cytotoxicity%2C+and+mutagenicity+evaluation&p%24a=&p%24l=DefaultSite&p%24st=onerror
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gamma+radiation%2FH2O2+treatment+of+a+nonylphenol+ethoxylates%3A+degradation%2C+cytotoxicity%2C+and+mutagenicity+evaluation&p%24a=&p%24l=DefaultSite&p%24st=onerror
http://www.ncbi.nlm.nih.gov/pubmed/26084492
http://www.ncbi.nlm.nih.gov/pubmed/26084492
http://www.ncbi.nlm.nih.gov/pubmed/26084492
http://www.ncbi.nlm.nih.gov/pubmed/23231915
http://www.ncbi.nlm.nih.gov/pubmed/23231915
http://www.ncbi.nlm.nih.gov/pubmed/19879793
http://www.ncbi.nlm.nih.gov/pubmed/19879793
http://www.ncbi.nlm.nih.gov/pubmed/19879793
http://www.sciencedirect.com/science/article/pii/S0011916411003870
http://www.sciencedirect.com/science/article/pii/S0011916411003870
http://www.sciencedirect.com/science/article/pii/S0011916411003870
https://books.google.co.in/books?id=7NeNgJWaavgC&dq=Advanced+Oxidation+Processes+for+Water+and+Wastewater+Treatment&lr=&source=gbs_navlinks_s
https://books.google.co.in/books?id=7NeNgJWaavgC&dq=Advanced+Oxidation+Processes+for+Water+and+Wastewater+Treatment&lr=&source=gbs_navlinks_s
https://books.google.co.in/books?id=7NeNgJWaavgC&dq=Advanced+Oxidation+Processes+for+Water+and+Wastewater+Treatment&lr=&source=gbs_navlinks_s
http://www.sciencedirect.com/science/article/pii/1350417795000182
http://www.sciencedirect.com/science/article/pii/1350417795000182
http://pubs.acs.org/doi/abs/10.1021/ie010096l
http://pubs.acs.org/doi/abs/10.1021/ie010096l
https://books.google.co.in/books?id=7NeNgJWaavgC&dq=Advanced+Oxidation+Processes+for+Water+and+Wastewater+treatment&lr=&source=gbs_navlinks_s
https://books.google.co.in/books?id=7NeNgJWaavgC&dq=Advanced+Oxidation+Processes+for+Water+and+Wastewater+treatment&lr=&source=gbs_navlinks_s
https://books.google.co.in/books?id=7NeNgJWaavgC&dq=Advanced+Oxidation+Processes+for+Water+and+Wastewater+treatment&lr=&source=gbs_navlinks_s


 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Dalhatou S, Pétrier C, Massaï H, Kouotou PM, Laminsi S, et al. (2016) Degradation of Endocrine Disrupting Chemical Nonylphenol in Aqueous 
Milieu using High Frequency Ultrasound. Int J Water Wastewater Treat 2(4): doi http://dx.doi.org/10.16966/2381-5299.129

Open Access

7

24.	 Vinodgopal K, Ashokkumar M, Grieser F (2001) Sonochemical 
degradation of a polydisperse nonylphenol ethoxylate in aqueous 
solution. J Phy Chem 105: 3338-3342.

25.	 Yim B, Yoo Y, Maeda Y (2003) Sonolysis of alkylphenols in aqueous 
solution with Fe (II) and Fe (III). Chemosphere 50: 1015-1023.

26.	 Ince NH, Gültekin I, Tezcanli-Güyer G (2009) Sonochemical destruction 
of nonylphenol: Effects of pH and hydroxyl radical Scavengers. J 
Hazard Mater 172: 739-743.

27.	 Gültekin I, Tezcanli-Güyer G, Ince NN (2009) Degradation of 4- NP in 
water by 20 kHz ultrasound. J Adv Oxida Technol 12: 105-110.

28.	 Xu LJ, Chu W, Lee PH, Wang J (2016) The mechanism study of efficient 
degradation of hydrophobic nonylphenol in solution by a chemical-free 
technology of sonophotolysis. J Hazard Mater 308: 386-393.

29.	 Maguire RJ (1999) Review of the persistance of Nonylphenol and 
nonylphénol ethoxylates in aquatic environments. Water Quality Res 
J 34: 37.

30.	 Ahel M, Giger W (1993) Aqueous solubility of alkylphenols and 
alkylphenol polyethoxylates. Chemosphere 26: 1461-1470.

31.	 Neamţu M, Frimmel FH (2006) Photodegradation of endocrine 
disrupting chemical nonylphenol by simulated solar UV-irradiation. Sci 
Total Environ 369: 295-306.

32.	 Mittal KL, Bothorel P (1984) Surfactants in Solution.

33.	 Serpone N, Terzian R, Hidaka H, Pelizzetti E (1994) Ultrasonic induced 
dehalogenation and oxidation of 2-, 3-, and 4-chlorophenol in air-
equilibrated aqueous media. Similarities with irradiated semiconductor 
particulates. J Phy Chem 98: 2634-2640.

34.	 Kidak R, Ince NH (2008) A Novel Adsorption/Saturation Approach to 
Ultrasonic Degradation of Phenol. J Adv Oxida Technol 11: 583-587.

35.	 Okitsu K, Iwasaki K, Yobiko Y, Bandow H, Nishimura R, et al. (2005) 
Sonochemical degradation of azo dyes in aqueous solution: a 
new heterogeneous kinetics model taking into account the local 
concentration of OH radicals and azo dyes. Ultrason Sonochem 12: 
255-262.

36.	 Chiha M, Merouani S, Hamdaoui O, Baup S, Gondrexon N, et al. (2010) 
Modeling of ultrasonic degradation of non-volatile organic compounds 
by Langmuir-type kinetics. Ultrason Sonochem 17: 773-782.

37.	 Valencia D, Aburto J, G-Cruz I (2013) Electronic Structure and 
Mesoscopic Simulations of Nonylphenol Ethoxylate Surfactants.  A 
Combined DFT and DPD Study. Molecules 18: 9441-9450.

38.	 Gutierrez M, Henglein A, Ibanez F (1991) Radical scavenging in the 
sonolysis of aqueous solutions of I−, Br−, and N3−. J Phy Chem 95: 
6044-6047.

39.	 Henglein A (1987) Sonochemistry: Historical developments and 
modern aspects. Ultrason 25: 6-16.

40.	 Méndez-Arriaga F, Torres-Palma RA, Pétrier C, Esplugas S, Gimenez 
J, et al. (2008) Ultra sonic treatment of water contaminated with 
ibuprofen. Water Res 42: 4243-4248.

41.	 Guzman-Duque F, Pétrier C, Pulgarin C, Peñuela G, Torres-Palma R 
(2011) Effects of sonochemical parameters and inorganic ions during 
the sonochemical degradation of crystal violet in water. Ultrason 
Sonochem 18: 440-446.

42.	 Moumeni O, Hamdaoui O, Pétrier C (2012) Sonochemical degradation 
of malachite green in water. Chem Eng Process 62: 47-53.

43.	 Weavers LK, Pee GY, Frim JA, Yang L, Rathman JF (2005) Ultrasonic 
destruction of surfactants: application to industrial wastewaters. Water 
Environ Res 77: 259-265.

44.	 Jiang Y, Pétrier C, Waite TD (2002) Kinetics and mechanisms of 
ultrasonic degradation of volatile chlorinated aromatics in aqueous 
solutions. Ultrason Sonochem 9: 163-168.

45.	 Dalhatou S, Pétrier C, Laminsi S, Baup S (2015) Sonochemical 
removal of naphthol blue black azo dye: influence of parameters and 
effect of mineral ions, Int J Environ Sci Technol 12: 35-44.

46.	 Huie RE, Clifton CL, Neta P (1991) Electron transfer reaction rates 
and equilibria of the carbonate and sulfate radical anions. Radi Phy 
Chem 38: 477-481.

47.	 Pétrier C, Torres-Palma R, Combet E, Sarantakos G, Baup S, et 
al. (2010) Enhanced sonochemical degradation of bisphenol-A by 
bicarbonate ions. Ultrason Sonochem 17: 111-115.

48.	 Minero C, Pellizzari P, Maurino V, Pelizzetti E, Vione D (2008) 
Enhancement of dye sonochemical degradation by some inorganic 
anions present in natural waters. Appl Cataly B: Environ 77: 308-316.

http://dx.doi.org/10.16966/2381-5299.129
http://pubs.acs.org/doi/abs/10.1021/jp004178j
http://pubs.acs.org/doi/abs/10.1021/jp004178j
http://pubs.acs.org/doi/abs/10.1021/jp004178j
http://www.ncbi.nlm.nih.gov/pubmed/12531707
http://www.ncbi.nlm.nih.gov/pubmed/12531707
http://www.ncbi.nlm.nih.gov/pubmed/19674839
http://www.ncbi.nlm.nih.gov/pubmed/19674839
http://www.ncbi.nlm.nih.gov/pubmed/19674839
http://www.ingentaconnect.com/content/stn/jaots/2009/00000012/00000001/art00014
http://www.ingentaconnect.com/content/stn/jaots/2009/00000012/00000001/art00014
http://www.ncbi.nlm.nih.gov/pubmed/26855185
http://www.ncbi.nlm.nih.gov/pubmed/26855185
http://www.ncbi.nlm.nih.gov/pubmed/26855185
http://connection.ebscohost.com/c/articles/8462079/review-persistence-nonylphenol-nonylphenol-ethoxylatesin-aquatic-environments
http://connection.ebscohost.com/c/articles/8462079/review-persistence-nonylphenol-nonylphenol-ethoxylatesin-aquatic-environments
http://connection.ebscohost.com/c/articles/8462079/review-persistence-nonylphenol-nonylphenol-ethoxylatesin-aquatic-environments
http://www.sciencedirect.com/science/article/pii/004565359390213O
http://www.sciencedirect.com/science/article/pii/004565359390213O
http://www.sciencedirect.com/science/article/pii/S004896970600341X
http://www.sciencedirect.com/science/article/pii/S004896970600341X
http://www.sciencedirect.com/science/article/pii/S004896970600341X
http://link.springer.com/book/10.1007%2F978-1-4613-1831-6
http://pubs.acs.org/doi/abs/10.1021/j100061a021
http://pubs.acs.org/doi/abs/10.1021/j100061a021
http://pubs.acs.org/doi/abs/10.1021/j100061a021
http://pubs.acs.org/doi/abs/10.1021/j100061a021
http://www.ingentaconnect.com/content/stn/jaots/2008/00000011/00000003/art00020
http://www.ingentaconnect.com/content/stn/jaots/2008/00000011/00000003/art00020
http://www.sciencedirect.com/science/article/pii/S1350417704000458
http://www.sciencedirect.com/science/article/pii/S1350417704000458
http://www.sciencedirect.com/science/article/pii/S1350417704000458
http://www.sciencedirect.com/science/article/pii/S1350417704000458
http://www.sciencedirect.com/science/article/pii/S1350417704000458
http://www.ncbi.nlm.nih.gov/pubmed/20388590
http://www.ncbi.nlm.nih.gov/pubmed/20388590
http://www.ncbi.nlm.nih.gov/pubmed/20388590
http://www.mdpi.com/1420-3049/18/8/9441
http://www.mdpi.com/1420-3049/18/8/9441
http://www.mdpi.com/1420-3049/18/8/9441
http://www.sciencedirect.com/science/article/pii/0041624X87900035
http://www.sciencedirect.com/science/article/pii/0041624X87900035
http://www.sciencedirect.com/science/article/pii/S004313540800256X
http://www.sciencedirect.com/science/article/pii/S004313540800256X
http://www.sciencedirect.com/science/article/pii/S004313540800256X
http://www.ncbi.nlm.nih.gov/pubmed/20797896
http://www.ncbi.nlm.nih.gov/pubmed/20797896
http://www.ncbi.nlm.nih.gov/pubmed/20797896
http://www.ncbi.nlm.nih.gov/pubmed/20797896
http://www.sciencedirect.com/science/article/pii/S0255270112001869
http://www.sciencedirect.com/science/article/pii/S0255270112001869
http://www.ncbi.nlm.nih.gov/pubmed/15969291
http://www.ncbi.nlm.nih.gov/pubmed/15969291
http://www.ncbi.nlm.nih.gov/pubmed/15969291
http://www.ncbi.nlm.nih.gov/pubmed/12404797
http://www.ncbi.nlm.nih.gov/pubmed/12404797
http://www.ncbi.nlm.nih.gov/pubmed/12404797
http://link.springer.com/article/10.1007/s13762-013-0432-8
http://link.springer.com/article/10.1007/s13762-013-0432-8
http://link.springer.com/article/10.1007/s13762-013-0432-8
http://www.sciencedirect.com/science/article/pii/135901979190065A
http://www.sciencedirect.com/science/article/pii/135901979190065A
http://www.sciencedirect.com/science/article/pii/135901979190065A
http://www.ncbi.nlm.nih.gov/pubmed/19535280
http://www.ncbi.nlm.nih.gov/pubmed/19535280
http://www.ncbi.nlm.nih.gov/pubmed/19535280
http://www.sciencedirect.com/science/article/pii/S0926337307002469
http://www.sciencedirect.com/science/article/pii/S0926337307002469
http://www.sciencedirect.com/science/article/pii/S0926337307002469

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Reagents
	Apparatus
	Procedures
	Analyses

	Results and Discussion
	Effect of methanol on the destruction process
	Effect of NP concentration on the destruction process
	Effect of acoustic power
	Effect of pH at high and low concentration of NP
	Effect of bicarbonates anions on the destruction process 

	Conclusion
	Acknowledgement
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11

