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Abstract

The main objective of the research was to study the efficiency of the glyphosate amine pesticide mineralization in wastewaters (real
and model type of wastewaters respectively) using ozonation treatment as an advanced oxidation processes (AOP). The wastewater
samples (model wastewater) were obtained by mixing a given volume of the stock solution prepared from glyphosate isopropyl-
amine in different volumetric ratios with distillated water and with real wastewater obtained from a domestic wastewater plant,
respectively. In case of model wastewater, the decomposition of glyphosate isopropyl-amine salt into ortophosphate, nitrite-, nitrate-
ions and carbon dioxide products was studied. The efficiency of the oxidation process was determined by material balance
calculations in terms of residual organic content, experimentally determined by CODcr method. During the experiments the changes
of the chemical composition, due to the mineralization processes occurring in the model wastewater were monitored. The
decomposition of the glyphosate isopropyl-amine was followed by analytical techniques in function of time. Mineralization
efficiency of 13-14 % was achieved during the experiments carried out with model wastewater. The outcome of the experiments
was used for a small-scale Hungarian wastewater plant having a capacity of 7,100 population equivalent. In the case of real effluent,
the mineralization efficiency of 30 % was achieved. Based on the experimental results, it can be concluded that the ozonation
treatment significantly increases the mineralization efficiency of model pesticide.
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1. Introduction technological processes and solutions in order to

efficiently decrease the water consumption. The

There are several new challenges in the field of
wastewater treatment, which have continuously
requested a significant innovation from the
researchers and specialists. The organic UV filters, the
disinfection of the wastewaters (Kunigk et al., 2018;
Ramos et al., 2016) or the microwave treatment of the
wastewaters (Moza and Mironescu, 2017; Wang N.
and Wang P., 2016) could be mentioned among many
others examples. The reuse of the water is a
distinguished objective all over the world. The
industry and the agriculture introduce and use new

intensive use of the pesticides increases due to the
intensification of the agricultural production
(Bannwarth et al., 2016). However, there are several
disadvantageous impacts of using the pesticides, since
the pesticides can get into the environment, especially
into the surface and underground waters as well as
finally into the human body (Silva et al., 2015).
Micropollutants are those compounds, which
can be found in the natural waters in tiny amounts. The
micropollutants block the ecological processes, which
normally occur in natural waters, decrease the natural
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degradation processes in the environment and exhibit
high biochemical stability (Gavrilescu, 2009). As it is
presented in literature, several types of the
micropollutants, denominated as refractory can be
distinguished (Tokumura et al.,, 2016). These
micropollutants  (pesticides, dyestuffs, coloring
agents, aromatic compounds, etc.) give unpleasant
taste, odor to the water and generate sometimes
volatile compounds.

However, these undesirable micropollutants
can be efficiently decomposed if suitable advanced
oxidation step is installed into the water/wastewater
treatment process (Deletze et al., 2016; Giannakis et
al., 2015; Kiss, 2015; Oller et al., 2011). The processes
using ozone and hydrogen peroxide, as well as their
combinations, belong to the family of advanced
oxidation processes. The decomposition of the organic
matters in waters and wastewaters is a complex multi-
stage process (Stan et al., 2012). During the
decomposition of the ozone free radicals are generated
and present a high reactivity toward the organic
pollutants.

The oxidation processes can be used for the
treatment of surface waters, underground waters,
municipal, industrial and agricultural wastewaters
(Taheri et al., 2017; Lutic et al., 2018; Lutic and
Cretescu, 2016; Lutic et al., 2017). One of the most
widely used oxidation agents in wastewater treatment
is the ozone, which is an extremely strong oxidizing
agent due to its high redox potential (pH=7; 2.07 V).
Its oxidation potential can be explained by the role of
the nascent oxygen formed during the decomposition
of ozone, which by reacting with the organic
compounds results in the decomposition of the
micropollutants (Hoigné, 1997, Xiong et al., 2011).
CO2, H,O and other inorganic species are the final
products of the oxidation process according to the
principle of thermodynamics (Mare et al., 2004).
During the ozonation process, special attention should
be paid onto the following parameters: temperature,
pH, concentration of different organic compounds to
be decomposed (Kasprzyk et al., 2003; Pohontu et al.,
2011; Simion et al., 2015). The glyphosate-amine
inhibits the synthesis of the amino acids in plants. The
glyphosate-amine has been widely used in the
agriculture as non-selective weed killing agent (Silva
et al., 2011; Santos et al., 2010). Therefore, the
glyphosate-amine was considered as a model pollutant
for studying the decomposition process during the
ozonation treatment.

The main objective of this research was to
determine the efficiency of the glyphosate-amine
pesticide mineralization in wastewater (real and model
type wastewaters, respectively) using ozonation
treatment as an advanced oxidation processes.

2. Experimental
In order to study the efficiency of the ozonation
treatment on model and real wastewaters, a stock

solution of glyphosate-amine pesticide was prepared
using glyphosate isopropyl-amine salt [CsHgN-
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C3HgNOsP] and distilled water (Schuette, 1998). The
glyphosate-amine is a crystalline compound with high
solubility in water (Manassero et al., 2010). The
pesticide was manufactured by SINON Corporation
and supplied by Cresco Chemical Ltd. The wastewater
samples were obtained by mixing the glyphosate-
amine in different volumetric ratios with real
wastewater. The wastewater treatment plant receives
800 md¥day wastewater with following parameters:
BODs: 300 g O2/m?, COD¢: 600 g O2/m®, TKN (Total
Kjeldahl Nitrogen): 45 g nitrogen/m®, and the
phosphorous content: 12 g P-PO4/m®. The maximum
treatment capacity of the wastewater treatment plant is
7,100 population equivalent (PE).

The glyphosate concentration of the stock
model wastewater was 0.435 g/L, 0.97 g/L and 2.34
g/L respectively and the stock solution prepared this
way was diluted before the experiments when it was
mixed with real wastewater. The decomposition of the
glyphosate-amine was studied using a compact ozone
generator (MOBILO3-HC-MH3 type).

The capacity of the ozone generator was 0.5 g
ozone/h. The ozone concentration was measured
before and after the reactor, using the standard
chemical method (I0OA, 2018). The temperature of the
wastewater samples was kept constant between 13 and
15 °C. The ozone solubility in water is relatively low.
However, this disadvantage is compensated by the
relative high oxidation potential of the ozone
(Tokumura et al., 2009). The values for CODc¢, (HS,
1991) and BODs (HS, 2000) were measured according
to the pertaining European (IS, 2002) and Hungarian
Standards (MSZ) as specified by the Hungarian
regulations.

The nitrite (HS, 1985), nitrate (HS, 1979) and
ortophosphate (HS, 1977) concentrations were
measured according to the specific analytical methods
stipulated by the Hungarian regulations. The tests
were carried out in the experimental setup as depicted
in Fig. 1.
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Fig. 1. Experimental setup used for the test of ozonation
treatment of pesticide containing wastewaters
(M_SC:1: ozone generator, M_SC:2: water trap, M_SC:3:
reactor, M_SC:4: hood for exhaust ventilation, M_E:1:
electrical measuring equipment, M_E:2: temperature
measuring equipment, E_S:1/E_S:2: electric power supply)
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The following methodology was used for the
ozonation treatment of pesticide containing
wastewaters. A volume of 250 mL pesticide solution
after proper dilution was measured into the reaction
vessel and the ozone feed was started (Fig. 1). The
amount of ozone introduced into the reactor was
continuously measured and controlled. New stock
solutions were used for every experiment. The
duration of the experiments was changed between 15
and 90 min. The organic content of samples was
analyzed in terms of CODy. In addition, nitrite, nitrate
and orthophosphate concentrations were determined
according to the standard analytical methods as
described above.

3. Results and discussion
3.1. Experimental results

The goal of the experimental run was to study
the decomposition of the glyphosate-amine by using
ozonation treatment. In the first run (2.34 g/L initial
glyphosate-amine concentration) the reaction time of
the oxidation reaction was changed between 15 and
180 min respectively. These reaction times (15, 30, 45,
60, 75, 90, 120, 180 min) correspond to 0.125, 0.25,
0.375, 0.5, 0.75, 1.0 and 1.5 g ozone/L dosage. The
experiments were carried out with three different
initial glyphosate concentrations and the results are
presented in Fig 2. During the measurements, the
CODq values were determined and the changes in
COD in the function of time/ozone dosage were
plotted. The experimental results obtained during the
treatment of the model wastewaters with ozone will be
further presented. The change of the COD values in
the function of the ozone dosage is illustrated in Fig.2,

The mineralization transforms the complex
organic compounds to mineral substances (Ahmed et
al., 2010) by the oxidation of the pesticide with ozone.
The mineralization efficiency can be seen in Fig. 2 in
the function of ozone dosage. In Fig. 2 the initial
COD values correspond to the initial concentration

of glyphosate-amine pesticide containing model
wastewater. During the ozonation treatment, the
COD values decreased in the function of time due to
the conversion of the heavily biodegradable
compounds. In addition to the first run, additional
experiments were carried out. In the 2" run (0.97 g/L
initial glyphosate-amine concentration) and in the 3"
run (0.435 g/L initial glyphosate-amine concentration)
decreasing amounts of the pesticide were used. In the
2" and 3 runs the reaction time was changed between
15 and 180 min as well, which represent higher ozone
dosages from 0.125 through 1.5 g ozone/L. It can be
concluded that higher mineralization efficiency can be
achieved in case of lower initial glyphosate-amine
concentration on increasing the ozone dosage. At
higher initial glyphosate-amine concentration of 2.34
g/L, a decrease of 5.72 % COD. was observed at
0.125 g ozone/L dosage.

By increasing the ozone dosage to 0.25 ¢
ozone/L, the chemical oxygen demand decreased to
9.89 %, and at ozone dosage of 0.375 g ozone/L the
chemical oxygen demand decreased to 12.16%. In
case of lower glyphosate-amine concentration of 0.97
g /L and at ozone dosage of 0.375 g o0zone/L a decrease
of 5.89 % in COD was obtained. At the lowest
glyphosate-amine concentration (0.435 g/L) upon
increasing the ozone dosage up to 1.5 g/L 13.36 %
decrease in the chemical oxygen demand was
achieved. The COD, removal efficiency (in case of
3rd run) increased in the function of the ozone dosage.
0.5 g/L ozone dosage resulted in COD¢, removal of 7.9
%, 1.0 g/L ozone dosage resulted in COD removal of
10.8%, and 1.5 g/L ozone dosage resulted in COD¢
removal of 12.5%.

The data of the three experimental runs, using
different glyphosate-amine concentrations were
studied by correlation analysis. The strength of the
interrelations between the experimental runs was
studied by the Pearson linear correlation coefficient. If
the coefficient exhibits a value higher than 0.9 it
means that strong correlation exists among the
variables (Zhou et al., 2016).
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Fig. 2. The decrease of the CODcr in function of the ozone dosage in the case of model glyphosate-amine
wastewater
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Table 1. Measured water parameters during the decomposition of the glyphosate-amine (at 2.34 g/L initial concentration)

Treatment Ozone dosage CODer BODs Nitrite Nitrate Orthophosphate
time [min] [g Os/L] [mg O2/L] [mg O2/L] [mg N-NO»/L] [mg N-NOs/L] [mg P-PO4/L]
0 0.000 3184 169 0.0087 0.77 0.0013
15 0.125 3001 63 3.95 5.17 0.0203
30 0.250 2865 94 6.78 8.96 0.0778
45 0.375 2795 38 11.07 8.96 0.0778
60 0.5 2770 0 n.a. n.a. n.a.
90 0.75 2762 42 n.a. n.a. n.a.
120 1.0 2681 8 n.a. n.a. n.a.
180 15 2664 0 n.a. n.a. n.a.
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Fig. 3. The mechanism of glyphosate isopropyl-amine decomposition during the oxidation reaction (Manassero et al., 2010)

The data presented in Fig. 2 showed good
correlation among the variables as evidenced by the
high correlation coefficients which were higher than
0.98. During the reaction, nitrite, nitrate and
orthophosphate are formed, which indicate the
decomposition of the glyphosate. The ion
concentrations and the CODc, values measured during
the decomposition are summarized in Table 1.

Based on these experimental results it can be
assumed that the decomposition of the glyphosate-
amine follows the mechanism presented in Fig. 3. The
chemical oxidation of the glyphosate-isopropyl amine
pesticide is accompanied by the formation of
orthophosphate-, nitrite- and nitrate-ions as it can be
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seen in Fig. 3. The oxidation of the glyphosate takes
place through the thermodynamical equilibrium (CO;
and H,0 formation) (Pera-Titus et al., 2004).

Based on the obtained results it can be seen that
intermediate products form during the decomposition
of the glyphosate-amine, which increase the BODs
values. During the oxidation of an organic compound
with hetero atoms such as: oxygen, nitrogen and
phosphorous having a general chemical formula
CnHxOyN;P; the following reaction takes place:

CoHyO,N,P; + 0, = nCO, + qH,0 + zNH; + tPO,
@)
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By substitution of the glyphosate-amine into
Eg. (1) and assuming that the ammonia and
orthophosphate are not oxidized further during the
reaction, the amount of oxygen needed for the
oxidation of 1 mol of glyphosate-amine is 19.5 mol
0.

3.2. Case study on a Hungarian wastewater treatment
plant

The objective of this experimental run was to
study the micropollutant removal efficiencies with
using the effluent of an existing municipal waste water
treatment facility. The effluent of the wastewater plant
allowed to investigate the efficiency of the post-
treatment technology namely the ozonation under real
conditions. The wastewater samples were taken from
the effluent of Veszprem County wastewater
treatment plant.

Prior to the ozonation treatment a known
amount of glyphosate was added to the wastewater
samples to monitor the micropollutant removal
efficiency. From the stock solution sample was taken
and it was added into the 10 L of treated wastewater
sample and it was thoroughly mixed by a stirrer. The
obtained mixture had a glyphosate concentration of
48.59 pg/L which is typical for real wastewaters
contaminated by micropollutants. A volume of 400
mL mixture was used up for the oxidation experiments
at different ozone dosage (between 0.125 and 0.375 g
ozone/L), during a period of 45 min. Blank experiment
-as given above- was carried out with the ozonation of
the real wastewater without glyphosate-amine under
the same experimental conditions. The experimental
results for the glyphosate-amine removal efficiency
were calculated with taking the COD value of the real
wastewater after ozonation into consideration. The
chemical oxygen demand values -after deducting the
COD value of the real wastewater- are summarized in
Fig. 4.

45
40

0 0.125 0.25 0.375
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Fig. 4. The change of CODcr as a function of ozone dosage
in case of glyphosate containing real wastewater

The mineralization degree of the glyphosate-
amine, Gnin is calculated using the following (Eq. 2):

C
Gmin = C_o x 100 (2)

where: C isthe COD value assigned to the specified
ozone dosages; Co is the COD value corresponding to
the initial glyphosate amine concentration

The mineralization degrees show the
decomposition efficiencies related to the glyphosate-
amine content of the real wastewater after deducting
the COD value of the real wastewater. The obtained
figures are summarized in Table 2. Based on the
experimental measurements and calculations carried
out, it can be concluded that the efficiency of
glyphosate-amine oxidation by ozone treatment is
moderate, it is around 30%. However, in the present
case the CODg; value of the treated effluent decreased
and reached a value of 29.32 mg oxygen/L (30%
decrease) which is acceptable from the point of view
of the environmental regulations.

Table 2. The experimental results of the ozonation
treatment of the glyphosate-amine containing real

wastewater
Ozone dosage CODr Gmin
[g Os/L] [mg O2/L] [%]
0 41.32 0.00
0.125 35.53 14.02
0.25 32.55 21.23
0.375 29.32 29.05

4. Conclusions

Experimental tests had been carried out for the
decomposition of a model wastewater samples using
glyphosate-amine pesticide. Different pesticide
concentrations were used for the experiments and real
wastewater samples were mixed with the given
pesticide as well as to learn the efficiency of the
decomposition process.

It can be observed from the experimental
results that the oxidation process shows up a
mineralization efficiency of 12.2% (initial pesticide
concentration of 2.34 g/L) at 45 min reaction time and
at an ozone dosage of 0.375 g ozone/L in case of
model wastewater.

The experimental results were taken for
correlation studies, which showed that the efficiency
of the mineralization experiments did not change
significantly by using glyphosate-amine solutions
with different concentrations.

The efficiency of the ozonation treatment was
studied in case of a Hungarian wastewater treatment
plant. Based on the correlation among the standard
wastewater parameters experimentally determined,
the decomposition of the glyphosate-amine was
confirmed, and the mineralization efficiency was
around 30%, which is in compliance with the
pertaining environmental specifications.

Acknowledgement

This work was supported by GINOP-2.3.2-15-2016-00016
project: Excellence of strategic R+D workshops:
Development of modular, mobile water treatment systems
and waste water treatment technologies based on University
of Pannonia to enhance growing dynamic export of
Hungary.

1871



Németh et al./Environmental Engineering and Management Journal 18 (2019), 9, 1867-1873

References

Ahmed S., Rasul M.G., Martens W.N., Brown R., Hashib
M.A.,  (2010), Heterogeneous  photocatalytic
degradation of phenols in wastewater: A review on
current status and developments, Desalination, 261, 3-
18.

Bannwarth M.A., Grovermann C., Schreinemachers P.,
Ingwersen J., Lamers M., Berger T., Streck T., (2016),
Non-hazardous pesticide concentrations in surface
waters: An integrated approach simulating application
thresholds and resulting farm income effects, Journal
of Environmental Management, 165, 298-312.

Deletze E., Antoniadis A., Kitsiou V., Kostopoulou E., Lutic
D., Cretescu I., Poulios I., (2016), Photocatalytic
treatment of colored wastewater from medical
laboratories: photodegradation of Nuclear Fast Red,
Desalination and Water Treatment, 57, 18897-18905.

Gavrilescu M., (2009), Behaviour of persistent pollutant and
risks associated with their presence in the environment
— integrated studies, Environmental Engineering and
Management Journal, 8, 1517-1531.

Giannakis S., Gamarra Vives F.A., Grandjean D., Magnet
A., De Alencastro L.F., Pulgarin C, (2015), Effect of
advanced oxidation processes on the micropollutants
and the effluent organic matter contained in municipal
wastewater previously treated by three different
secondary methods, Water Research, 84, 295-306.

Hoigné J., (1997), Inter-calibration of OH radical sources
and water quality parameters, Water Science of
Technology, 35, 1-8.

HS, (1977), Wastewater Measurements. Determination of
phosphate ions with spectrophotometrically methods,
Hungarian Standards,

HS, (1979), Wastewater Measurements. Determination of
nitrate ions, Hungarian Standards, MSZ 260-11:1979.

HS, (1985), Wastewater Measurements. Determination of
nitrite ions, Hungarian Standards, MSZ 260-10:1985.

HS, (1991), Determination of the water chemical oxygen
demand index, Hungarian Standards, MSZ ISO
6060:1991.

HS, (2000), Water quality. Measurement of the water
biological oxygen demand index after n days (BODn),
Hungarian Standards, MSZ EN 1899-2:2000.

I0A, (2018), lodometric method for the determination of
ozone in a process gas, International Ozone
Association, Revised Standardized Procedure 001/96,
On line at: www.otsil.net/articles/IODIMETRY -
METHOD-OF-OZONE-MEASUREMENT .pdf.

1SO, (2002), Water quality. Determination of the chemical
oxygen demand index (ST-COD) — Small-scale tube
method, International Organization for Standardization,
1SO 15705:2002.

Kasprzyk-Hordern B., Ziolek M., Nawrocki J., (2003),
Review: Catalytic ozonation and methods of enhancing
molecular ozone reactions in water treatment, Applied
Catalysis B-Environment, 46, 639-669.

Kiss Zs.L., (2015), Investigation of the effects of
pretreatments on filtration parameters in membrane
filtration of oil-containing effluent or thermal water,
MSc Thesis, (in Hungarian), University of Szeged,
Hungary.

Kunigk L., Gedraite R., Kunigk C.J., (2018), Efficacy of
chlorine dioxide and sodium hypochlorite in reuse
water disinfection, Environmental Engineering and
Management Journal, 17, 711-720.

Lutic, D., Petrovschi, D., Ignat, M., Cretescu, 1., Bulai, G.,
(2018), Mesoporous cerium - doped titania for the
photocatalytic removal of persistent dyes, Catalysis

1872

Today, 306, 300-309.

Lutic, D., Cretescu, I, (2016) Optimization study of
Rhodamine 6G removal from aqueous solutions by
photocatalytic oxidation, Revista de Chimie, 67, 134-
138.

Lutic D., Coromelci C.G., Juzsakova T., Cretescu I., (2017),
New mesoporous titanium oxide-based photocative
materials for the removal of dyes from wastewaters,
Environmental Engineering and Management Journal,
16, 801-807.

Manassero A., Passalia C., Negro A.C., Cassano A.E.,
Zalazar C.S., (2010), Glyphosate degradation in water
employing the H202/UVC process, Water Research, 44,
3875-3882.

Moza M.1., Mironescu M., (2017), Bioconversion of potato
wastewater to alcohol, Environmental Engineering and
Management Journal, 16, 561-567.

Oller 1., Malato S., Séanchez-Pérez J.A., (2011),
Combination of advanced oxidation processes and
biological treatments for wastewater decontamination —
A review, Science of Total Environment, 409, 4141-
4166.

Pera-Titus M., Garcia-Molina V., Bafios M.A., Giménez J.,
Esplugas S., (2004), Degradation of chlorophenols by
means of advanced oxidation processes: a general
review, Applied Catalysis B: Environmental, 47, 219-
256.

Pohontu C., Cretescu I., Secula M.S., Cioroi M., Macoveanu
M., (2009), Ozone production by electrical discharge
applied for treatment of municipal landfield leachate,
The Annals of the “Dunarea de jos” University of
Galati, fascicle 1l - Mathematics, Physics, Chemistry,
Informatics, XXXII, 26-31.

Ramos S., Homem V., Alves A., Santos L., (2016), A review
of organic UV-filters in wastewater treatment plants,
Environmental International, 86, 24-44.

Santos M.J.G., Soares A.M.V.M., Loureiro S., (2010), Joint
effects of three plant protection products to the
terrestrial isopod Porcellionides pruinosus and the
collembolan Folsomia candida, Chemosphere, 80,
1021-1030.

Schuette J., (1998), Environmental fate of glyphosate,
Environmental Monitoring & Pest Management,
Department of Pesticide Regulation, Sacramento, CA
95824-5624, USA.

Silva A.S., Fernandes F.C.B., Tognolli J.O., Pezza L., Pezza
H.R., (2011), A simple and green analytic method for
determination of glyphosate in  commercial
formulations and water by diffuse reflectance
Spectrometry, Spectrochimica Acta part A, 79, 1881-
1885.

Silva E., Daam M., Cerejeira M. J., (2015), Aquatic risk
assessment of priority and other river basin specific
pesticides in surface waters of Mediterranean river
basins, Chemosphere, 135, 394-402.

Simion V.A., Cretescu I., Lutic D., Luca C., Poulios I.,
(2015), Enhancing the Fenton process by UV light
applied in textile wastewater treatment, Environmental
Engineering and Management Journal, 14, 595-600.

Stan C.D., Cretescu I., Pastravanu C., Poulios I., Dragan
M.,(2012), Treatment of pesticides in wastewater by
heterogeneous and homogeneous photocatalysis,
International Journal of Photoenergy, 2012, 1-6,
Article ID 194823, doi:10.1155/2012/194823.

Taheri E.M., Petala A., Frontistis Z., Mantzavinos D.,
Kondarides 1.D., (2017), Fast photocatalytic
degradation of bisphenol A by AgsPO4TiO2
composites under solar radiation, Catalysis Today, 280,



Study of the glyphosate-amine pesticide mineralization in wastewater by ozonation treatment

99-107.

Tokumura M., Katoh T., Ohata H., Kawase Y., (2009),
Dynamic modeling and simulation of ozonation in a
semibatch bubble column reactor: decolorization and
mineralization of azo dye orange Il by ozone, Industrial
& Engineering Chemistry Research, 48, 7965-7975.

Tokumura M., Sugawara A., Raknuzzaman M., Habibullah-
Al-Mamun M., Masunaga S., (2016), Comprehensive
study on effects of water matrices on removal of
pharmaceuticals by three different kinds of advanced

oxidation processes, Chemosphere, 159, 317-325.

Wang N., Wang P., (2016), Study and application status of
microwave in organic wastewater treatment — A review,
Chemical Engineering Journal, 283, 193-214.

Xiong Z., Cheng X., Sun D., (2011), Pretreatment of
heterocyclic pesticide wastewater using
ultrasonic/ozone combined process, Journal of
Environmental Sciences, 23, 725-730.

Zhou H., Deng Z., Xia Y., Fu M., (2016), A new sampling
method in particle filter based on Pearson correlation
coefficient, Neurocomputing, 216, 208-215.

1873



