April 2020, Volume 14, Number 2

Research Paper:
Advanced Oxidation Process Efficiently Removes Ampicillin From
Aqueous Solutions
Rouhollah Shokri1

, Reza Jalilzadeh Yengejeh1*

, Ali Akbar Babaei1,2

, Ehsan Derikvand3

, Ali Almasi4

1. Department of Environmental Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran.
2. Department of Environmental Health Engineering, School of Public Health, Jundishapur University of Medical Sciences, Ahvaz, Iran.
3. Department of Water Science, Shoushtar Branch, Islamic Azad University, Shoushtar, Iran.
4. Department of Environmental Health Engineering, School of Public Health, Social Development and Health Promotion Research Center, Kermanshah
University of Medical Sciences, Kermanshah, Iran.
Use your device to scan
and read the article online

How to cite this paper Shokri R, Jalilzadeh Yengejeh R, Babaei AA, Derikvand E, Almasi A. Advanced Oxidation Process

Efficiently Removes Ampicillin From Aqueous Solutions. Iranian Journal of Toxicology. 2020; 14(2):123-132. http://dx.doi.
org/10.32598/ijt.14.2.483.3
:

http://dx.doi.org/10.32598/ijt.14.2.483.3

ABSTRACT
Article info:
Received: 31 Oct 2019
Accepted: 12 Feb 2020
Online Published: 01 Apr 2020

* Corresponding author:
Reza Jalilzadeh Yengejeh, PhD.
Address: Department of Environmental Engineering, Ahvaz Branch,
Islamic Azad University, Ahvaz, Iran.
E-mail: r.jalilzadeh@iauahvaz.ac.ir

Background: Antibiotics are considered important and integral parts of modern life, and are
widely used for treating human and animal illnesses, in medicine and veterinary medicine.
However, they can cause environmental pollution and may lead to increased bacterial
resistance even at low concentrations.
Methods: In this study, Ampicillin degradation from β-lactam antibiotic family was studied,
using a surface methodology consisting of ultraviolet radiation (254 nm) and H2O2 oxidation
process in an 8-watt Pyrex reactor. The variables used included the reaction time (30-60 min),
Ampicillin concentration (5-25 mg/l), H2O2 concentration (5-25 mg/l), and pH range of 3-9 at
three alpha levels of -1, 0 and +1.
Results: The data were analyzed by the analysis of variance test (ANOVA), while the validity
was evaluated using regression coefficients. The optimum condition for Ampicillin degradation
followed a linear model, at a 60-min. reaction time and pH 3, the Ampicillin (5mg/l) and
hydrogen peroxide (25mg/l) provided the maximum antibiotic removal efficiency (82%).
Conclusion: The results suggest a positive and significant effect for the antibiotic concentration
and a negative effect for the pH. The Ampicillin concentration with a coefficient of 8.91 had
the highest impact on the efficiency of the removal process. Therefore, antibiotic pollution in
the environment can be reduced through the UV-H2O2 process, so as to protect human health
from the associated hazards.
Keywords: Hydrogen peroxide; Ultraviolet radiation; Spectrophotometry; Ampicillin;
Photochemical oxidation

A

Introduction

mpicillin with a chemical structure of
C16H19N3O4S and a molecular weight of
41.349 gr/mol is a β-lactam antibiotic,
derived from amino-penicillinic acid.
It is widely used in the treatment of numerous infections against beta-lactamase producing

bacteria of both Gram-negative and positive species.
This antibiotic inhibits transpeptidases by attaching to
penicillin-binding protein (PBP) and preventing the
formation of bacterial cell wall through interaction
with peptidoglycans [1].
Antibiotic resistance particularly against most staphylococcal species, E-coli, hemophilus influenza, moraxel-
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la, neisseria gonorrhoeae, salmonella and shigella have
been reported [2]. The presence of active pharmaceutical
compounds in water resources has been recognized as
a major concern in the environmental science [3]. Usually, antibiotics are poorly absorbed or decomposed in
the human body, and most of them or their metabolites
are excreted through urine and feces, and enter the public sewer systems [3]. If these materials are not removed
during conventional wastewater treatment, they will enter public water resources [4]. Also, the antibiotics that
are used in livestock and fish hatcheries may reach the
water resources [5]. The presence of antibiotics in rivers and lakes [6], groundwater [7], sediments and soils
[8] has also been reported. The consumed antibiotics
disposed by livestock have made the use of animal fertilizers in agriculture a major challenge [9]. The indirect
consumption of antibiotics through water resources and
food chains can make humans resistant to them, with the
subsequent hazard to the environment [9]. Antibiotics
can also contaminate humans through drinking water
and/or the consumption of aquatic animals, such as fish
with accumulated antibiotic residues in them [9].
Several methods have been used for the removal of
Ampicillin from water, such as electrochemical oxidation [9], activated carbon adsorption with H2O2 [10],
sugarcane bagasse adsorption [11], membrane bioreactors [12], and submerged aeration [13]. Meanwhile,
photo-oxidation is among the advanced methods widely
used for the purification of water resources, especially
those contaminated with pharmaceutical compounds
[14]. Also, successful results have been reported on the
application of this method to degrade materials resistant
to biological processes [14]. In UV-H2O2 process, the ultraviolet light at 254 nm changes the binding of chemical compounds and accelerates their oxidation [15]. This
method is easy to use and has a high oxidation power;
therefore, less harmful substances remain in the water,
which is considered a desirable method from the environmental perspective [16]. Given the harmful effects of
antibiotics on the environment, this study was conducted
to investigate the degradation of Ampicillin in aqueous
solutions, using UV-H2O2 photo-oxidation process with
a focus on four independent variables: a. Ampicillin, b.
H2O2 concentrations, c. reaction time, and d. pH level.

Materials & Methods
Materials and Equipment: Ampicillin (C16H19N3O4S
and CAS ID: 69-53-4), hydrogen peroxide (CAS ID:
7722-84-1, 30% solution, stabilized), sulfuric acid (CAS
ID: 7664-93-9) and caustic soda (CAS ID: 1310-73-2)
were purchased from Merck Company (Gernsheim, Ger-
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many). Hydrogen peroxide solution was obtained by diluting the stoke sample in a foil coating in a freezer at -10°C.
The hydrogen peroxide concentration was determined
on a spectrophotometer at 240 nm. All materials were of
analytical grades with a minimum purity of 99%. A lowpressure mercury vapor lamp (254 nm) and 8-watt power
was obtained from Philips Company (Berlin, Germany).
Degradation Tests: Experiments were performed
to investigate the Ampicillin degradation by means
of photo oxidation (UV/H2O2) in a 500cc Pyrex reactor equipped with a low-pressure mercury vapor lamp
coated with pod quartz at 23±2°C. The lamp was turned
on 5 min. before the reactor was switched on to ensure a
sustainable level of UV light emission. The reactor was
completely covered with aluminum foil to prevent ultraviolet light exposure to the external spaces. A pre-test
determined the Ampicillin and hydrogen peroxide concentrations at a range of 5, 15 or 25 mg/l prior to starting
the experiments. We set the pH at a range of 3 to 9 to
evaluate the acidic or alkaline effect on the process efficiency. The reaction time was chosen 30, 45 or 60 min.
Ampicillin Measurement: The Ampicillin concentration was measured on a spectrophotometer (UV/VIS;
UV2100, Unico, USA) at 610 nm [17]. Thus, 5-25 mg/l
of Ampicillin was added to 50 ml volumetric flasks.
Then, one ml caustic soda (0.5 mol/l) and 2 ml of potassium permanganate at a concentration of 5×10-3 mol/l
was added to each flask, diluted with distilled water and
kept for 25 min.
Experimental Design: We used the response surface
methodology and Central Composite Design (CCD) at
three alpha levels of -1, 0, or +1 to evaluate the Ampicillin (A) and H2O2 (B) concentrations, reaction time (C)
and pH (D) during the Ampicillin removal. We examined
six central and six repetitive runs the center to estimate
the test error, nine axis runs and nine factorial runs randomly on software Design Expert, version 6.0, (StateEase, Inc., Minneapolis, USA) at a 95% confidence level
(Table 1). The response was interpreted as the Ampicillin removal efficiency. The experiment results were analyzed statistically, using analysis of variance (ANOVA).
The quality of appropriate polynomial model was expressed by correlation coefficient R2, using CCD with
the statistical significance examined by the F-Fisher test.
Three-dimensional and normal distribution graphs were
constructed by Design of Experiment (DOE).
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Results
Data Normality: The differences between the obtained numbers from the experiments and the fitted
numbers in the model are defined as remainders. The
normal distribution of the remainders is shown in Figure
1. The normal data in Figure 1 are aligned on a straight
line based on a theoretical observation, preferably with
an emphasis on the center-to-end points. The data in this
study had a normal distribution.

Statistical Analysis: The Ampicillin removal was
investigated as a response to the surface methodology
processes. The impact of independent variables on the
process efficiency is shown in Figure 2. The relationship among variables was coded and the outcome was
derived by equation 1 as follows:
1. Y=56.88–8.91A+1.66B+2.29C–3.14D

Table 1. Experimental conditions for UV-H2O2 process, based on the surface methodology responses

Run

Factor 1
A: Ampicillin
Conc. mg/L

Factor 2
B: H2O2
Conc. mg/L

Factor 3
C:
Reaction time (min)

Factor 4
D: pH

Removal Efficiency
of Ampicillin (%)

1

5.00

15.00

45.00

6.00

62

2

15.00

15.00

45.00

3.00

58.6

3

5.00

25.00

30.00

3.00

68

4

25.00

5.00

30.00

3.00

48

5

5.00

25.00

60.00

9.00

63.5

6

5.00

5.00

60.00

9.00

61.7

7

15.00

15.00

60.00

6.00

60

8

5.00

5.00

30.00

9.00

60.3

9

25.00

25.00

60.00

3.00

51.5

10

15.00

15.00

45.00

6.00

55

11

25.00

25.00

30.00

9.00

46.6

12

15.00

5.00

45.00

6.00

53.4

13

25.00

15.00

45.00

6.00

51

14

25.00

25.00

60.00

9.00

50

15

15.00

15.00

45.00

6.00

55.4

16

15.00

15.00

45.00

6.00

56.6

17

15.00

15.00

45.00

6.00

58.8

18

5.00

5.00

30.00

3.00

63

19

15.00

15.00

45.00

9.00

54

20

25.00

5.00

30.00

9.00

44

21

15.00

15.00

45.00

6.00

59.1

22

5.00

25.00

60.00

3.00

82

23

25.00

5.00

60.00

3.00

49.2

24

25.00

5.00

60.00

9.00

45.7

25

5.00

25.00

30.00

9.00

61.4

26

5.00

5.00

60.00

3.00

74

27

15.00

25.00

45.00

6.00

61

28

15.00

15.00

45.00

6.00

59.2

29

15.00

15.00

30.00

6.00

55.6

30

25.00

25.00

30.00

3.00

49.5
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Table 2. Results of linear regression analysis for linear model in response to surface methodology for the Ampicillin removal
by UV-H2O2 Process

Model

R2

Adj.R2

Predict.R2

Adequate Precision

Std. Dev.

C.V. %

Linear

0.9436

0.9257

0.8747

28.292

2.25

3.93

Table 3: ANOVA test results of linear model for the Ampicillin removal by UV-H2O2 Process

ANOVA

Response

Source

Sum of Squares

DF

Mean Square

F

P

Model

1865.82

7

266.55

52.61

<0.0001

A: Ampicillin con.

1429.34

1

1429.34

282.10

<0.0001

B: Time

94.30

1

94.30

18.61

0.0003

C: pH

177.98

1

177.98

35.13

< 0.0001

D: H2O2 con.

64.98

1

64.98

12.82

0.0017

AB

25.50

1

25.50

5.03

0.0353

AC

49.70

1

49.70

9.81

0.0048

BC

24.01

1

24.01

4.74

0.0405

Residual

111.47

22

5.07

-

-

Lack of Fit

92.99

17

5.47

1.48

0.3522

Pure error

18.48

5

3.70

-

-

Corolated total

1977.28

29

-

-

Ampicillin removal
percentage

The efficiency of the Ampicillin removal followed a
linear model. The model terms were obtained after the
elimination of meaningless variables and their interrelationship with the response. According to the above
equation, factor A had the most and factor B had the
least impact on the process efficiency. The positive and
negative signs denote a direct or reverse relationship between the examined parameters and the response [18].
The results of ANOVA test and equation regression
from the response are summarized in Tables 2 and 3.
As shown in these Tables, the model was significant at
99% confidence level with low probability values (0.05
to <0.0001).
The value of R2 was high in this study, which represented the regression significance at 95% level with sufficient agreement among the actual data and those of
the models. Also, the probability level which was lower
than the F values in the absence of model fit was not
significant at 95% confidence level. As shown in Table
2, the model authenticity and accuracy were desirable
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for being greater than 4 [19]. Figure 3 reflects the interaction among the variables in the process efficiency of
UV/H2O2.

Discussion
In this study, the Ampicillin molecules were exposed
to ultraviolet light and hydroxyl radicals of H2O2, such
that its removal was made possible ranging from 44% to
82%. The initial concentration of Ampicillin in aqueous
solution is very important in photo-oxidation processes.
The concentration was selected between 5 and 25 mg/l.
By increasing the initial Ampicillin concentration, its removal efficiency was significantly reduced. The highest
removal efficiency at the initial concentration of 5 mg/l
was 82%. Therefore, this was chosen as the optimal Ampicillin concentration. The lowest efficiency (44%) was
obtained at the Ampicillin concentration of 25 mg/l. According to equation 1, the antibiotic concentration with a
coefficient of 8.91 was recognized as the most influential
parameter on the process efficiency.
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Figure 1. Distribution diagram of the normal probability for the removal of Ampicillin residues in the UV-H2O2 process.

As shown in Figures 2 and 3, the negative effect of Ampicillin concentration on efficacy can be justified by the
fact that increases in the concentration serve as the filter
to reduce the UV light absorption [19]. Therefore, a sig-

nificant proportion of the pollutant remains unoxidized.
Reducing ultraviolet photons absorption by increasing
the Ampicillin concentrations can negatively affect the
production of hydroxyl groups due to the hydrogen per-

Figure 2. Effects of a) Ampicillin concentration, b) pH, c) reaction time, and d) Hydrogen peroxide concentration on the photo
oxidation process efficiency.
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Figure 3. Interactions among the variables in the process efficiency of UV-H2O2.

oxide degradation and reduced oxidation rate, hence the
reduced removal efficiency. The UV light and hydrogen
peroxide share a synergistic effect [20]. The presence of
intermediate products and metabolites could also be involved. It can be argued that by increasing the antibiotic
concentration, the possibility of competing metabolites
resulted from primary molecule degradation increases
[21]. In a study by Zuorro et al. on the chloramphenicol
removal by UV-H2O2 using the same surface methodology, similar results were reported at 0-60 min [22]. reaction time. Their results demonstrated that as the antibiotic concentration increased, the removal efficiency
declined [22].
Our results also provided evidence on the effect of pH
versus Ampicillin degradation. Based on equation 1, the
pH was the most influential parameter on the process ef-
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ficiency secondary to the Ampicillin concentration. The
results showed that pH has a reverse relationship with
the efficiency. The maximum efficiency was obtained at
pH 3. By gradually increasing the pH up to 9, the efficiency of the Ampicillin removal decreased (Figure 2B).
In other words, the Ampicillin removal in the acidic environment was achieved better than that in the neutral or
alkaline solution. By keeping other parameters constant
(Ampicillin concentration=25 mg/l, contact time=30
min., and hydrogen peroxide concentration=25 mg/l),
lowering the pH from 9 to 3, the Ampicillin removal efficiency increased by 48%. This may be attributed to the
formation of oxonium ions, which are responsible for the
stability and efficacy of hydrogen peroxide.
In alkaline pH, hydrogen peroxide turns into water and
loses its oxidizing property. In fact, the solution pH af-
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fects both the medium chemistry and the molecular
bonds. The optimum pH in the current study was found
to be 3. In previous studies, the effect of a wide range
of pH levels on the efficiency of antibiotics removal has
been shown [10, 23].
Based on our results, the 60-minute reaction time was
found to be optimal with a maximal removal efficiency
of 82%. By reducing the reaction time, the efficiency of
photo oxidation process also decreased. For example, at
an Ampicillin concentration of 25 mg/l, pH 3 and hydrogen peroxide concentration of 5 mg/l, the system efficiency increased insignificantly from 48 to 49.2% if the
reaction time increased from 30 to 60 min. Of note, the
reaction time was found to be the third important factor
in the current study. The impact of longer reaction time
was more significant at higher H2O2 and lower Ampicillin concentrations (Figure 2C). At higher reaction times,
the active hydroxyl production increases. The reaction
performance improved when ample time for the oxidation process and free radical’s attack on Ampicillin molecules were provided [24].
The hydrogen peroxide concentration was directly related to the system efficiency with a coefficient of 1.66.
The H2O2 effect on the Ampicillin removal was less than
the effects of other parameters. Its positive effect may be
due to increased production of hydroxyl groups at higher
concentrations. A previous study has indicated that the
hydrogen peroxide concentration is a strategic parameter
in oxidation reactions [25]. In that study, the photolysis
in the presence of H2O2 accelerated the photo-oxidation
process due to the production of hydroxyl groups and
prevented the electron-hole formation [25].
The UV radiation through hydrogen peroxide photolysis or optical-inductive processes leads to the production of hydroxyl groups, leading to easier degradation
of Ampicillin molecules. Jung et al. [26] achieved similar results in their study on the Amoxicillin removal by
UV-H2O2 oxidation. In their study, hydrogen peroxide
was used at concentrations of 0-5 mmol/l with the reaction times ranged 0-140 min. Consequently, 99% of
the Amoxicillin was removed from the media in 20 min.
with the hydrogen peroxide at 10 mmol/l.

variables as the concentrations of Ampicillin and hydrogen peroxide, the reaction time and pH are important for
the optimal efficiency of Ampicillin removal, using the
response surface methodology. The Ampicillin concentration (5 mg/l) at pH 3 had negative effects while the
hydrogen peroxide concentration (25 mg/l) and with the
reaction time at 60 min. had positive effects on the efficiency of the Ampicillin removing process. Based on
the response surface methodology, the Ampicillin concentration was the most effective parameter on process
efficiency, while hydrogen peroxide concentration was
the least important parameter. Therefore, the photo oxidation process, as used in this study, is recommended for
the removal of Ampicillin from aqueous solutions.
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Conclusions
We conclude that photochemical oxidation, as used in
this study, is a very efficient method for the removal of
Ampicillin from aqueous solutions compared to other
advanced processes. The combination of ultraviolet light
and hydrogen peroxide can achieve this purpose. Such
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