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ABSTRACT

A vast variety of pesticides are used for agricultural pests in Iran. The release of these persistent organic pollutants
into water supplies leaves adverse effects on both the environment and public health. This study aimed to compare the
photo-degradation of atrazine in the aquatic environment using UV and UV/Fe (111)-TiO processes.

The effects of parameters including pH, the initial concentration of atrazine, and reaction time on the removal of
atrazine in the aqueous phase using ultraviolet radiation (1020 pW/cm?) and UV/Fe (111)-TiO, were investigated.
Residual concentrations were determined using HPLC. Finally, the data were analyzed using SPSS software (version
16) and the graph was made by MATLAB software.

The results demonstrated that the atrazine removal rate in both processes was significantly increased in acidic and
alkaline conditions. By increasing initial atrazine concentrations, the removal rate was increased in both processes as
well. Data showed that at the lower initial concentration of atrazine (0.1 and 1mg/l) the removal rate in UV/ Fe (lII) -
TiO- process was more than the UV process. However, at higher concentration, both processes were almost the same
and the maximum removal efficiency (99.2% at UV and 99.11% at UV /Fe (I11) - TiO2) occurred at pH=11, initial
Atrazine concentration of 10mg/L and the reaction time 30 min

In conclusion, UV and Fe*3-TiO2/UV process was an appropriate method to reduce atrazine in contaminated water
resources.
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INTRODUCTION Atrazine showed some ecotoxicity in aquatic
Atrazine is widely used in broadleaf weed control for ecosystems even at the ppb level. In several cases ever
several decades [1]. Atrazine contamination in reported, only 40-90% of Atrazine could be removed
groundwater, rivers and other aquatic Systems has by the wild type Atrazine-degrading strain or mixed
caused serious environmental impacts through microbial consortium in the conventional biological
agricultural runoff because of its persistence and treatment processes, even though hydraulic retention
ecotoxicity [2-4]. Also, Atrazine's half-life in time (HRT) was prolonged to 5-7 d [15, 16]. As a
groundwater has been reported to vary from 15 months result, not biological, but chemical and physical
to 20 years [5, 6]. United States Environmental methods were often used for the treatment of Atrazine
Protection Agency (EPA) and European Union (EU) containing wastewater, such as zero-valent iron
have established the maximum amount of herbicides reduction(17], photocatalytic ozonation [18, 19], wet
in drinking water in the ppb range. EU has established peroxide [20], adsorption [21], and so on [22, 23].
the permissible limit for the Atrazine as 0.1ug/L [7-9]. These techniques still require research to improve
However, EPA, World Health Organization (WHO), treatment efficiencies, identify  degradation
and Institute of Standards and Industrial Research of compounds and determine the cost and feasibility of
Iran (ISIRI) have established the MCL of Atrazine in full-scale applications. Thus, the oxidation processes
drinking water as 3, 2, and 2ug/L, respectively[10-12]. described in this paper are another proposed option for
Atrazine is easily absorbed through the digestive tract, the degradation of pesticide in water for consideration
skin, and lungs and chronic exposure to levels above so that we can outperform the conventional and
the MCL causes heart diseases, retinal and muscle advanced processes used currently.

damage, weight loss, and damage to the adrenal gland It is proposed that water purification using a new
[13]. This pesticide is well known as an endocrine technology of high-power density UV-LED light
disruptor for amphibians [14] source with titania nanoparticle photocatalysts

provides a better way to remove the contaminants.
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Titanium dioxide (TiOy), or titania, is a commonly
occurring oxide that has a wide range of applications,
especially as a photocatalyst. In the presence of light,
the photons have higher energy than the
semiconductor bandgap, resulting in photons being
absorbed, and an electron is promoted to the
conduction band, leaving a hole in the valence band.
This excited electron is then used directly to drive the
chemical reaction [24].

TiOy+hv—hVB*+eCB~

The degradation performance of TiO; is attributed to
highly oxidizing hydroxyl radicals. Virtually any
organic compound can be completely mineralized
with irradiated TiO,, except for cyanuric acid, which
is fortunately non-toxic [25].

hVB*+H,0—°0H+H"

hVB*+0H—-—°0H

eCB™+0,—°02"

The electron/hole pair participates in reactions with
absorbed molecules on the titania surface within
milliseconds. In recent years, many groups have
examined the effect of metal doping on the
photocatalytic properties of TiO,. The incorporation of
transition metals into TiO, crystal lattice alters the
photoreactivity by shifting the bandgap of the catalysts
into the visible region [26-29]. For instance, Blazkova
et al. doped Pt in TiO, immobilized on glass fibres by
sol-gel technique to improve phenol photodegradation
under UV irradiation[30]. The reflectance spectra of
TiO,-containing Fe have shown increased absorption
dependence on annealing temperature and Fe
concentration [31].

Photolysis involves the interaction of artificial or
natural light with the target molecule and the induction
of photochemical reactions, which can lead to its
degradation to intermediate products whose further
decomposition eventually yields mineralized end-
products. Ultraviolet treatment has traditionally been
employed for the disinfection of drinking water with
the advantage of minimizing the formation of any
regulated disinfection by-products, as compared to
chlorination [25]. Bushnge et al. showed that the
Atrazine removal rate at a concentration of 5mg/L, in
the presence of UV radiation with the intensity of 1.25
mw was 11% after 5 hours [32]. Fogarty et al. showed
that photocatalytic oxidation of ciprofloxacin under
UV-LED light was 98% after 60 min and the
maximum degradation occurred in the first 20 min of
reaction time [24].

The purpose of this project was to determine the
degree of removal of Atrazine in water samples to
provide data supporting the feasibility of this novel
approach to water purification and comparison of the
ultraviolet radiation and the UV /Fe (llI) - TiO;
methods for the photo-degradation Atrazine.
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Materials and methods

This study was done in a batch reactor. The experiment
was replicated twice in batch mode. The studied
parameters were reaction time (0, 30, 60, 90 and 120
minutes), TiO, with iron (Fe*®) concentration (0 -
25mg/L), and initial Atrazine concentration (0.1, 1 and
10mg/L) at different pH levels (3-11). The optimal
conditions were determined according to maximum
Atrazine removal efficiency. One factor at the time of
designing was used to determine the number of
samples and then all data were presented based on the
mean.

Chemicals and Analytical Method

Atrazine with 99.9% purity was purchased from
Sigma Aldrich Company (USA). Other chemical
products such as TiO, were purchased from Merck
(Germany). We used a Scanning Electroscope
Microscope (SEM) (EM3200, KYKY Company,
China) to determine the morphology and the mean
diameter of the -catalyst’s particles. UV lamp,
1020pw/cm? was used as the radiation source. For
Atrazine detection in the aqueous phase, a Waters
Model high-performance liquid chromatography
(HPLC) (Waters YL9100HPLC SYSTEM, USA)
system with C18 columns (CP-SIL 5 CB column
model, 250*4.6 mm, S5um) was calibrated and tested
prior to the injection of samples. The mobile phase
included methanol and water (20/80V/V) with a flow
rate of 0.5mL/min. A UV absorbance detector at 224
nanometer wavelength was used to detect Atrazine in
the samples. The retention time for Atrazine was 9
minutes. The detection limit for the sample was
0.001mg/L. The atrazine chromatogram is presented
in Fig. 1. The cell-gel method was used to prepare
Fe*3-TiO, nanocatalyst powder [33]. At first, ferrous
nitrate was dissolved in half of the propanol
(121.775mL) and completely mixed. After 15 minutes,
121.775mL of propanol was mixed with 62.77 ml
Titanium Tetra Iso Propoxide (TTIP) and then the
mixture was added very slowly for 75 minutes to the
former solution to form the sol. Meanwhile, deionized
distilled water (8.33mL) was added to the solution as
well. Thirty minutes after the addition of propanol to
TTIP, the pH was adjusted to 3 by nitric acid. All the
processes were performed in mixing mode using the
homogenizer. Then, the resulting solution was placed
on the magnetic mixer for 24 hours to form a jelly.
Then, the formed jelly was put in the oven at 80°¢ for
10 hours to evaporate the alcohol. To activate the
catalyst, the jelly was put in the oven at 500+50 € for 2
hours. The activated catalyst was put in a desiccator
until it was cool. Finally, the catalyst was powdered
[33]. In all the experiments, the amount of catalyst was
stable (TiO2=25mg/L).
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Fig. 1: The specification of the photochemical reactor

Reactor Specification

The specification of the photochemical reactor is
shown in Fig. 1. The experiment was performed ina 1
litre volume reactor. The test was performed in a
closed glass reactor with an adjustable mixer. The
source of radiation was a UV lamp which was
protected by a Quartz tube. The UV radiation source
was immersed in the solution for better radiation. The
whole system was wrapped in aluminium foil in order
to prevent reflection.

Measuring the effect of different parameters on
the removal rate of Atrazine by UV and UV /Fe
(H) - TiO2 processes

To measure the effect of different parameters on the
removal rate of Atrazine by UV and UV /Fe (llI) -
TiO, processes in the aqueous phase, different
parameters such as pH(3-11 ), initial Atrazine
concentration (0.1, 1, and 10mg/L) similar to another
study [50], and the contact times of 0, 30, 60, 90 and
120min were studied. The samples were passed
through a Whatman filter cellulose acetate membrane
with 0.22 micron pore size (Germany). After that, the
residual Atrazine was determined by HPLC. All the
experiments were performed in two replications in the
presence of the control samples. Finally, SPSS
software (version16) with repeated measures was used
to analyze the data and the graph was made by
MATLAB software

RESULTS AND DISCUSSION

The retention time for the Atrazine was 9 minutes. The
detection limit for the sample was 0.001mg/L. The
atrazine chromatogram is presented in Fig. 2.

The photodegradation of Atrazine using UV and UV
/Fe (I1) - TiO, processes is shown in Figs. 3-5.

The effect of pH on the Atrazine removal efficiency at
UV and UV /Fe (IIl) - TiO, processes is shown in
Fig.3. According to Fig. 3, in both processes, the
maximum and minimum removal efficiency of
Atrazine occurred at pH of 11 and 7, respectively.
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Furthermore, the maximum removal efficiency
(99.2% at UV and 99.11% at UV /Fe (IIl) - TiOy)
occurred at pH=11, initial Atrazine concentration of
10mg/L and the reaction time 30 min. However, the
results of regression analysis showed that there was no
linear relationship and a significant difference
between the Atrazine removal rates and pH (P>0.05).

Fig.2: Atrazine chromatogram
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Fig. 3: Effect of pH on the removal efficiency of Atrazine
by UV and UV /Fe (Ill) - TiOz processes (Initial Atrazine
Concentration= 10mg/L, Reaction Time = 30 min,
TiO2=25mg/L).
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Fig. 4: Effect of initial Atrazine concentration on the
removal efficiency of Atrazine by UV and UV /Fe (Ill) -
TiO2 processes (pH = 11, Reaction Time = 30 min,
TiO2=25mg/L).
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Fig. 5: Effect of reaction time on the removal efficiency of
Atrazine by UV and UV /Fe (11l) - TiO2 processes (pH =11,
Initial Atrazine Concentration= 10 mg/L, TiO2=25 mg/L).
According to Fig. 4, the maximum removal rate of
Atrazine occurred at an initial Atrazine concentration
of 10mg/L (99.11% at UV and 99.44% at UV /Fe (111)
- TiO;) and Atrazine removal rate increased by
increasing the initial Atrazine concentration.
However, the results of regression analysis showed
that there was no linear relationship and a significant
difference between the Atrazine removal rates and
initial Atrazine concentration (P>0.05).
According to Fig. 5, at first, the photodegradation of
Atrazine was very fast (30 min reaction time) and then
it became slow until it reached the plateau (120 min).
The results showed that the removal efficiency of
Atrazine increased with time and it reached 99.54%
and 99.47% removal at UV and UV /Fe (I1I) - TiO;
processes at 120 minutes, respectively. However, the
results of regression analysis showed that there was a
significant difference between the Atrazine removal
rates and reaction time (P<0.05) .
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The optimization of influencing parameters including
pH, initial Atrazine concentration and the reaction
time on the removal of Atrazine herbicide from the
aqueous phase using UV and UV /Fe (lll) - TiO,
processes were studied in the current research.

Effect of pH on the Removal of Atrazine from the
Aqueous Phase Using UV and UV /Fe (111) - TiO,
processes

pH is one of the most important factors that affect the
efficiency of many chemical and biological processes
[26]. It has a significant role in the production of
hydroxyl radical (OH°) as well. This radical has been
shown to oxidize many different recalcitrant organic
pollutants into mineral end-products [34]. Results
showed that the maximum removal rate of Atrazine in
both processes occurred at alkaline condition (pH=11)
due to the formation of high concentrations of
hydroxyl radical [35] (Fig.3). It can be assumed that
Atrazine is degraded in this study through two possible
ways including direct photolysis by UV radiation and
oxidation by OH° radicals [36]. In general, the
Atrazine removal rate has been indifferent pH levels
by the UV slightly more than UV / Fe (l1l) - TiOy)
(Fig.3). A study conducted by Dehghani et al. showed
that better removal of penicillin G occurred at acidic
condition (pH=3) using UV radiation and the removal
rate of antibiotic decreased by increasing pH [26]. But
many other studies demonstrated that better removal
of Atrazine occurred at higher pH levels [32, 37]. Also,
Bushnge et al. showed that pH does not play an
important role in the direct photolysis of Atrazine and
the removal rate increased by increasing pH [32].
Prado et al. also showed that the maximum removal
rate of Atrazine was at pH=11.5 using the ozonation
process and the removal rate of Atrazine increased as
pH increased [37]. This result agrees with the research
performed by Bushnge [38] and Prado et al. [37].
Effect of Initial Atrazine Concentration on the
Removal of Atrazine from the Aqueous Phase
Using UV and UV /Fe (111) - TiO, processes

In both processes, the maximum photodegradation of
Atrazine was related to the initial concentration of
10mg/L. In total, the Atrazine removal rate has been in
low concentrations (0.1 and 1mg/l) by the UV/ Fe (111)
- TiO, more than UVprocess but a concentration of
10mg/L the Atrazine removal rate in both processes
have not been significantly different (Fig.4). We also
found that increasing the Atrazine concentration led to
higher photodegradation rates of the herbicide and
followed the first-order kinetic [39]. The results of
Baghapour et al.’s study indicated that the removal
efficiency increased with increasing the concentration
of Atrazine and the highest removal efficiency was
obtained at Atrazine concentration of 10mg/L which
was in the same line with the results of this survey
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[38]. At the higher concentration of pollutants, the rate
of Atrazine removal was higher due to higher kinetic.
However, Dehghani et al. [26] and Hemati et al. [35]
reported that removal efficiency decreased by
increasing the initial concentration of penicillin G and
phenol, respectively.

Effect of Reaction Time on the Removal of
Atrazine from the Aqueous Phase Using UV and
UV /Fe (I1) - TiO, processes

According to the results, at first, the photodegradation
of Atrazine was very fast (30 min) and then it became
slow until it reached the plateau (120 min). The results
showed that the removal efficiency of Atrazine
increased with time and it reached 99.54% and 99.47%
removal at UV and UV/Fe (l11) - TiO processes at 120
minutes, respectively (Fig.5). This phenomenon may
be related to the higher chance of Atrazine
photodegradation when the exposure time to the UV
radiation and UV/Fe (111) - TiOz is increased and more
oxidation reaction proceeds in the presence of
hydroxyl radicals as well. In fact, the reaction rate at
equilibrium reached a plateau. Moreover, determining
the required time to reach equilibrium is also very
important to have a cost-effective and economical
process [40, 41]. Vlaardingerboek showed that
Atrazine was completely degraded using UV/TiO;
after 150 min reaction time[42]. Bahena et al.
demonstrated that complete oxidation of Atrazine
occurred at 75 min by TiOz in the presence of sunlight
[43].

CONCLUSION

The results demonstrated that the Atrazine removal
rate in both processes increased in acidic and alkaline
conditions but in neutral conditions, it decreased. In
total, the Atrazine removal rate has been indifferent
pH levels by the UV slightly more than UV /Fe (l1I) -
TiOy). Also, in bhoth processes with increasing
concentrations, the Atrazine removal rate increased. In
total, the Atrazine removal rate has been in low
concentrations (0.1 and 1mg/l) by the UV/Fe (llI) -
TiO2 more than UV process but at a concentration of
10mg/l, the Atrazine removal rate in both processes
have not been significantly different. Also, the results
showed that in both processes the removal efficiency
of Atrazine increased with time and it reached 99.53%
and 99.47% removal at UV and UV /Fe (I1l) - TiO;
processes at 120 minutes, respectively. In both
processes, the maximum rate of Atrazine removal at
optimal condition occurred in pH=11, Atrazine
concentration=10mg/L at 30 min. Based on the results,
the UV process efficiency compared with the UV/Fe
(I1)-TiO2 process to remove Atrazine from the aquatic
environment has been not significantly different.
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