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Abstract

:

In Mexico, atrazine is widely used in agriculture to control broadleaf weeds. The objective of this research was to compare atrazine removal in water and energy consumption between an up-flow cylinder electro-oxidation reactor (UCER) and an up-flow rectangular electro-oxidation reactor (URER) using the response surface methodology. In each reactor, two titanium (Ti) mesh electrodes (cathodes) and one Titanium-Lead Dioxide (Ti-PbO2) mesh electrode (anode). Current intensity effects, electrolysis treatment time, and recirculation flow were evaluated. Synthetic water with 5 mg/L atrazine content was used. Optimum atrazine removal values were obtained at 2 A electric current, 180 min of treatment time, and 200 mL/min recirculation rate for both reactors: in these conditions an atrazine removal of 77.45% and 76.89% for URER and UCER respectively. However, energy consumption showed a significant difference of 137.45 kWh/m3 for URER and 73.63 kWh/m3 for UCER. Regarding energy efficiency, a 60% atrazine removal was reached in both reactors using less energy for UCER at (1.5 A–135 min–150 mL/min–25.8 kWh/m3) and for URER at (0.66 A–135 min–150 mL/min–20.12 kWh/m3).
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1. Introduction


Industrial development has led to numerous synthetic chemical products manufactured, the production of which increase the presence of potentially hazard pollutants in the environment. Mining activities, manufacturing processes, combustion, and pesticides are the main sources for heavy metals concentration discharged in waterbodies [1]. The presence of various organic compounds generates problems in agricultural, urban, and industrial wastewater [2]. It is common to talk about emerging contaminants such as pharmaceuticals, personal care products, surfactants, industrial additives, pesticides, herbicides, and a variety of chemical compounds, which are generally found in small concentrations (mg/L or even ng/L), and are not generally regulated by most countries [3].



Atrazine has been widely used as a pre-emergence and post-emergence herbicide for the control of herbaceous and broadleaf weeds in crops such as rice, wheat, corn, and sorghum [4]. It is a selective herbicide that can be applied to the soil before or after the germination of weeds, being absorbed by the roots and leaves. It can control the presence of weeds in crops and various types of grasses, as well as in lakes, ponds, golf courses, lawns, and along roads or railways. This herbicide was introduced in 1958 and its use has been increasing steadily since then [5].



In Mexico, atrazine is widely used in agricultural production to control broadleaf weeds, which inhibits photosynthesis; it has been found in water supply sources and is associated with health risks [5,6]. The application of various pesticides and their inappropriate disposal are contamination sources in underground water resources [7]. Furthermore, the processes of absorption, volatilization, degradation, mobility, and absorption of plants interact over time to determine the fate and transport of herbicides. Environmental factors, such as evapotranspiration, precipitation, and temperature, also affect herbicide transport [8].



Atrazine can cause irritation, some organs functions alteration, reproductive problems, hormonal levels alteration and birth defects in humans; carcinogenicity in animals, but not in humans [5]. Atrazine and its chlorinated degradation products have been found to be endocrine disruptors and potentially dangerous to human health even at low concentrations; Teratogen is also suspected. These compounds persist in drinking water sources for decades and require appropriate corrective measures [9]. There are some significantly negative impacts on plant photosynthesis, batrachian reproductive growth, and even human breast cancer [10]. Estimates of the half-life of atrazine range from 21 to 80 days [11]. Exposure to atrazine can occur through inhalation or dermal exposure.



Water treatment methods are contained chemical, biological, physical that should be technically considered in industrial processes [12]. The methods for removing pollutants from wastewater are physical, chemical, and biological processes; biological treatment, chemical oxidation and adsorption are the most used [13]. Biosorption offers the benefits of a low operating cost [14]. Biopurification systems are used to treat wastewater contaminated with pesticides such as lindane, atrazine, and diuron [15]. However, micropollutant removal has low values, generally between 20–50%. In recent years, electrocoagulation has been used successfully to treat a variety of industrial wastewater [16]. Coagulation-flocculation is a commonly conventional process used in water treatment [17]. The use of micro-algae in comparison with mentioned methods, in addition to the great effect on cost reduction, leads to the removal of Chemical Oxygen Demand (COD), reduction of the factors causing illnesses, phosphorus and nitrogen [18].



In recent years, advanced electrochemical oxidation technologies have drawn attention to wastewater treatment. They can generate highly potent oxidants in situ as OH radicals with electrical energy to deal with persistent organic pollutants, especially atrazine [9]. Electrochemical technologies have reached a promising state of development and can also be used effectively for contaminant removal [19]. Electrochemistry is a treatment related to electrical currents and chemical reactions, the conversion of chemical energy into electrical energy and in the opposite direction. Electro-oxidation is one of the electrochemical oxidation methods used to treat organic pollutants; degrades pollutants without forming other polluting residues, such as clots or flocs; requires a supporting electrolyte to improve electrical conductivity. Although sodium chloride is the most widely used for electrolytic processes, its use remains controversial due to the possible formation of organic by-products of chlorine. Recent work has shown that sodium sulfate is the best support electrolyte for the electrochemical process, considering economic, efficiency and environmental aspects [20].



The central composite design has been used for the analysis of results, which consists of a 23 factorial matrix with additional experiments at the extremes of low and high values (axial). This design includes uniformly distributed points in the space of the coded variables. The matrix allows the description of an optimal response region [21].



Romero-Soto et al. [21] obtained that the electrolysis time and the intensity of the current had the greatest effect on the elimination of chloramphenicol. Zadaka et al. [22] designed and tested the polycation (4-vinylpyridine-co-styrene) (PVP-co-S)–clay (mont- morillonite) composites for the removal of atrazine from water in batch experiments and by filtration. Atrazine removal from water was 90–99% even at its high concentrations. Zahran et al. [23] in an electrochemical sensor based on silver nanoparticles (AgNPs) was developed by immobilizing dissolved organic matter (DOM) to interact with AgNPs on a glassy carbon electrode (GC), forming a DOM/AgNP/GC composite. The DOM/AgNP/GC composite has been used for atrazine assessment under the optimized conditions based on the aggregated and nonaggregated AgNPs. The sensor linear range is between 20 and 220 μg/L for both aggregated and nonaggregated AgNP-based sensors. The electrochemical oxidation technique has shown 96% recovery values. Turan et al. [24] in an electrochemical method was optimized for atrazine removal from synthetic groundwater using TiO2 and graphite electrodes. The results show atrazine removal efficiency (99.70%) and close optimum conditions for both applied methods (pH 7 and 7.4; current 2.5 and 2 A and time 14 and 12.12 min, respectively). Zaviska et al. [25] carried out a study using a cylindrical reactor with electrodes of different material (Ti/IrO2 and Ti/SnO2), under different conditions (current intensity of 2 A and electrolysis time of 40 min), they obtained a 95% removal of atrazine; according to the analysis, the three variables studied have a significant effect on atrazine removal. The duration of electrolysis and the intensity of the current have a direct effect on the removal of atrazine, the longer the duration of the electrolysis, and the intensity of the current, the greater the removal.



The objective of this research was to compare the atrazine removal in water and the energy consumption between a cylindrical up-flow electrooxidation reactor and a rectangular up-flow electro-oxidation reactor, using the response surface methodology.



The novelty in this work is to make a comparison between two reactors of different configuration, stablishing a recirculation effect in atrazine removal and report energy consumption to scale for industrial applications.




2. Materials and Methods


2.1. Preparation of the Synthetic Solution


Analytical grade atrazine was used for the calibration curve. A stock solution of atrazine (20 mg/L) was prepared using distilled water. Atrazine was solubilized by stirring for 24 h at room temperature. This solution was kept refrigerated at 4 °C. Subsequently, a volume of 250 mL of atrazine stock solution was scaled to 1 L with distilled water. Then, it was stirred for 10 min. The resulting mixture, with a concentration of 5 mg/L, was used to carry out all the experiments. Sodium sulfate was used as an electrolyte support (400 mg/L) to increase the electrical conductivity. Using a synthetic solution reduces interference from unknown microelements present in rea water.



Calibration curve was made with analytical grade atrazine solutions with concentrations of 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/L. Absorbance was measured for all solutions. A lineal equation for concentration vs. absorbance was made to calculate the atrazine content from absorbance results in the experiment samples.




2.2. Experimental Reactors


An up-flow cylindrical electro-chemical reactor (UCER) was manufactured using acrylic material with a radius of 4.6 cm and a height of 15.1 cm, with a total volume of one liter (Figure 1). The operating volume was 550 mL. Two circular titanium mesh electrodes were used as the cathode and one PbO2 coated titanium mesh electrode anode as the anode. All electrodes were placed in a concentric arrangement from the center to the periphery (cathode-anode-cathode) to maximize conductivity efficiency. Synthetic solution was put in recirculation flow with an external pump, electric current was added within an established time. Samples were taken before and after treatment.



A second configuration, an up-flow rectangular electro-chemical reactor (URER) was constructed of acrylic material with a width of 4.5 cm, a length of 12 cm and a height of 14 cm with a total volume of 756 mL and an operating volume of 550 mL (Figure 2). Two rectangular titanium mesh electrodes and a titanium mesh anode coated with PbO2 were interspersed. The electrodes were arranged in order (cathode-anode-cathode) to maximize conductivity efficiency. The space between electrodes was 1 cm. The recirculation flow was kept constant with a peristaltic pump at various flow rates. The intensity of the current was adjusted using a power supply with a maximum output of three amps. Processing was the same that used in the cylindrical reactor UCER.




2.3. Samples and Measurements


Samples were taken at the beginning and at the end of each treatment. The atrazine concentration in the solution was determined by UV spectrophotometry. The maximum atrazine absorption was obtained by scanning with the spectrophotometer; the resulting wavelength of 223 nm was used to evaluate residual atrazine concentrations. A calibration curve of known concentration (0.5 to 5 mg/L) was used to calculate the atrazine concentration and estimate the removal efficiency.




2.4. Experimental Design


A preliminary experiment with a 23 factorial design (two level factorial experiment design with three factors) was carried out; time (min), intensity of electrical current (A) and recirculation flow rate (mL/min) were used as independent variables to evaluate their effect on atrazine removal percentage (%) and energy consumption (kWh/m3). In the case of electrical current intensity, the low value was 1 A while the high value was 2 A; over time, the values were 90 min and 180 min, low and high respectively; in the recirculation flow it was set at 100 mL/min and 200 mL/min for low and high values, respectively. Obtaining eight different experiments using the Design Expert 7.0® software. In addition, a central composite design was considered that resulted in six central values and six axial values, with a total of 20 experiments for each reactor. In total, 5 levels were evaluated for each reactor (Table 1).



Table 2 shows the combination of variables for each of the 20 experiments. For each experiment the initial and final concentrations were obtained, and the removal efficiency was calculated according to the following Equation (1):


  R =  (     C 0  −  C f     C 0     )  × 100  



(1)









3. Results


3.1. Atrazine Removal


The results are presented in Table 3 and Table 4 and Figure 3 and Figure 4. The removal of atrazine is affected by the intensity of the current, the duration of the electrolysis and the recirculation flow, showing a significant difference. The highest removal was 76.89% in the UCER and 77.45% in the URER, both values achieved with a current intensity of 2 amperes, 180 min of duration of electrolysis and a flow of recirculation of 200 milliliters per minute (see Figure 3 and Figure 4). For simulation purpose please refer to Equations (2) and (3).



Final Equation in terms of coded factors for atrazine removal in UCER:


  R = 10.1   I + 8.82   t + 2.83   Q + 1.28   I t + 7.01   I Q − 2.76   t Q + 51.97  



(2)







Final Equation in terms of coded factors for atrazine removal in URER:


  R = 4.82    I  + 10.03    t  + 2.61    Q  − 0.20    I t  + 1.04    I Q  − 0.64    t Q  + 62.22  



(3)








3.2. Energy Consumption


On the other hand, energy consumption showed a significant difference of 73.63 kWh/m3 and 137.45 kWh/m3 with a relative removal ratio of 1.04 and 0.56, respectively. During the electrochemical oxidation, part of the applied electrical energy was converted into heat, and transferred through the walls of the two reactors, where the cylindrical reactor had a surface area of 372 cm2, while the rectangular reactor had 504 cm2. The above explains why electricity consumption per cubic meter was: 73.63 kWh, and 137.45 kWh, respectively. The fact that in the cylindrical reactor the inflow is parallel to the electrodes causes a piston effect that decreases resistance, while the rectangular reactor has an inflow perpendicular to the electrodes, which hinders the piston effect and increases resistance. This could be the reason why the cylindrical reactor has lower energy consumption than the rectangular one and therefore a greater relative removal in the cylindrical reactor. Results are presented in Table 3 and Table 4 and Figure 5 and Figure 6. For simulation purpose please refer to Equations (4) and (5).



Final Equation in terms of coded factors for energy consumption in UCER:


  E = 17.22   I + 13.94   t + 1.63   Q + 38.96  



(4)







Final Equation in terms of coded factors for energy consumption in URER:


  E = 35.17   I + 25.54   t + 0.067   Q + 74.41  



(5)








3.3. Recirculation Rate Effect


In this study 20 treatments were run with different combinations for current intensity–treatment time–recirculation flow rate, a fraction of data was selected to show the circulation rate effect. Treatments 3, 5, 7, 12, 15, 16, 18, 19, were taken (1.5 A and 135 min). It was noted that recirculation rate effect was proportional to atrazine removal in both reactors UCER and URER, the more recirculation rate produced a major atrazine removal, to mention that in UCER atrazine removal had a decrement from 65.91 mL/min to 150 mL/min and posterior increment from 150 mL/min to 234.09 mL/min. In Figure 7 shows a chart for recirculation flow rate in mL/min versus average atrazine removal percentage for UCER and URER with fixed values of 1.5 A current intensity and 135 min treatment time.




3.4. Process Efficiency


The duration of electrolysis and the intensity of the current with an average recirculation flow rate in the removal of atrazine can also be observed using the response surface plot in Figure 3 and Figure 5. The effect of the same variables on the Energy consumption is observed in Figure 4 and Figure 6. In addition, significant effects of the duration of electrolysis and the intensity of the current were demonstrated for the ANOVA analysis (F = 0.0001). In the case of recirculating flow, the indirect effect on atrazine removal is also significant for ANOVA analysis (F = 0.0075).



An additional analysis can be carried out considering the cost-benefit process with Table 5 and Table 6. A relative removal ratio is proposed as the relationship between the atrazine removal percentage per electrical energy (kWh/m3) used. Considering a removal of at least 60%, energy consumption can be drastically reduced. For the UCER, the best conditions considering a minimum of 60% atrazine removal were 1.5 A, 135 min of time and 150 mL/min of recirculation flow rate (relative removal ratio = 2.33) while the URER had 0.66 A, 135 min of time and 150 mL/min of recirculation (relative removal ratio = 3.01). According to this criterion, the relative optimal value removal ratio for a UCER is 1.04 and the optimal value for URER is 0.56.




3.5. Reactors Comparison


The ANOVA analysis comparing the effects between both reactors shows F = 0.0001 for atrazine removal and energy consumption, indicating that both reactors have significant difference.





4. Discussion


In accordance Romero-Soto et al. [21], the electrolysis time and the intensity of the current had the greatest effect on the elimination of atrazine. On the other hand, the atrazine removal in this research were lower (77.45% and 76.89% for URER and UCER respectively) than the reported by Zadaka et al. [22], (96%) using an electrochemical sensor based on silver nanoparticles (AgNPs), the process uses nanoparticles in different electrodes to the used in this study, and even with superior removal this process represents a higher cost and potential further processes. No energy consumption was reported.



Zahran et al. [23] reported 96% removal values using nanoparticles in different electrodes having a higher removal compared with this study, their process represents a higher cost and potential further cleaning processes and no energy consumption was reported.



Furthermore, Turan et al. [24], obtained atrazine removal efficiency of 99.70%, from synthetic groundwater (TiO2) using an electrochemical method and close optimum conditions for both applied methods (pH 7 and 7.4; current 2.5 and 2 A and time 14 and 12.12 min, respectively). Turan et al. [24] used different electrodes than the used in this research, but it coincides in the significant variables with current intensity values coinciding in 2A with this research and with less treatment time, however, does not report energy consumption.



The results observed in this research were also lower (77.45% and 76.89% for URER and UCER respectively) than the reported by Zaviska et al. [25], (95% of atrazine removal) using a cylindrical reactor. However, the authors used electrodes with a different material (Ti/IrO2 and Ti/SnO2), under different conditions (current intensity of 2 A and electrolysis time of 40 min), that the used in this research (two titanium (Ti) mesh electrodes (cathodes) and one Titanium-Lead Dioxide (Ti-PbO2) mesh electrode (anode)). The authors also, stated that their results were different when the conditions of the treatment used in its elimination change.



According Zaviska et al. [25], the three variables studied have a significant effect on atrazine removal. The duration of electrolysis and the intensity of the current have a direct effect on the removal of atrazine, the longer the duration of the electrolysis, and the intensity of the current, the greater the removal. In the present research the electrodes used were different than the used by Zaviska et al. [25]. However, there are some similarities in other variables such as; current intensity and treatment time, but with a different third independent variable. Zaviska et al. [25] maintains recirculation flow rate fixed and atrazine concentration variable, in this paper is presented the atrazine removal by maintaining an atrazine concentration fixed and recirculation flow rate variable. It was also noted that initial atrazine concentration used by Zaviska et al. [24] with value of 3.5 mg/L was very similar that the used in this research (5.0 mg/L), showing the major similarity. This research results show that the main four independent variables make an impact in the atrazine removal in water.



Above works do not report energy consumption, in contrast with this research showing this data.



From the statistical results obtained in this research, I, t, reactor type, and the interaction between I-t (Electrical current- time) where significant models. The results are in agreement with the observed by Romero-Soto et al. [19] the authors stated that the combination of electrolysis time and the current intensity, are significant parameters in the chloramphenicol removal.



On the other hand, in this research the electrical current had a significant effect in the atrazine removal, this results are also in agreement with the reported by Turan et al. [24], the authors mentioned the importance of electrical current of 2.5 and 2 A in the removal of atrazine from agriculture used. However, Turan et al. [24] used a different reactor (Batch electrochemical experiments), and in this study a recirculation reactor was used.




5. Conclusions


The removal of atrazine in both different reactors is similar, 77.45% and 76.89% in the rectangular and cylindrical reactors, respectively. On the other hand, energy consumption showed a significant difference of 137.45 kWh/m3 and 73.63 kWh/m3 with a relative removal ratio of 0.56 and 1.04 respectively.



Considering a removal of at least 60% (which can be used for industrial applications), the highest relative removal ratio value in the cylindrical reactor was 2.33 with 1.5 A, 135 min of time and 150 mL/min recirculation flow conditions, while the rectangular reactor had 0.66 A, 135 min of time and conditions of recirculation flow of 150 mL/min.



The obtained results show that treatment time, current intensity (and recirculation flow rate in URER) have a direct proportional influence in the atrazine removal in water. In contrast, the effect of recirculation flow rate in UCER shows no direct effect in atrazine removal, leading to atrazine removal lower value at 150 mL/min. All the variables showed a statistically significant effect. I, t, Q, and the interaction between I-t (Electrical current- time).



This process appears to be a promising technology that could be used as a tertiary treatment to remove emerging contaminants from water.
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The following abbreviations are used in this manuscript:



	C0
	Initial atrazine concentration [mg/L]



	Cf
	Final atrazine concentration [mg/L]



	E
	Energy consumption [kWh/m3]



	I
	Current intensity, [A]



	N
	Relative removal ratio [%.m3/kWh]



	Q
	Recirculation flow rate, [mL/min]



	R
	Atrazine removal percentage [%]



	t
	Time, [min]



	UCER
	Up-flow cylindrical electro-chemical reactor



	URER
	Up-flow rectangular electro-chemical reactor
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Figure 1. Graphical representation of the up-flow cylindrical electro-chemical reactor (UCER). 
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Figure 2. Graphical representation of the up-flow rectangular electro-chemical reactor URER. 
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Figure 3. Graphic representation of atrazine removal in the cylindrical reactor UCER. 
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Figure 4. Graphic representation of atrazine removal in the rectangular reactor URER. 
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Figure 5. Graphic representation of energy consumption in the UCER. 
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Figure 6. Graphic representation of energy consumption in the rectangular reactor URER. 






Figure 6. Graphic representation of energy consumption in the rectangular reactor URER.



[image: Sustainability 13 05267 g006]







[image: Sustainability 13 05267 g007 550] 





Figure 7. Atrazine removal vs recirculation flow in UCER and URER for 1.5 A and 135 min treatment. 
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Table 1. Levels of the evaluated variables.






Table 1. Levels of the evaluated variables.





	Variables
	Bottom

Compound
	Low

Level
	Central
	High

Level
	Upper

Compound





	I

(A)
	0.66
	1
	1.5
	2
	2.34



	t

(min)
	59.32
	90
	135
	180
	210.68



	Q

(mL/min)
	65.91
	100
	150
	200
	234.09
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Table 2. Matrix of atrazine removal treatments.
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	Treatment
	I

(A)
	t

(min)
	Q

(mL/min)





	1
	1
	90
	100



	2
	1.5
	210.68
	150



	3
	1.5
	135
	150



	4
	1.5
	59.32
	150



	5
	1.5
	135
	65.91



	6
	1
	180
	100



	7
	1.5
	135
	150



	8
	1
	90
	200



	9
	2
	180
	100



	10
	2
	180
	200



	11
	2
	90
	200



	12
	1.5
	135
	234.09



	13
	1
	180
	200



	14
	2
	90
	100



	15
	1.5
	135
	150



	16
	1.5
	135
	150



	17
	0.66
	135
	150



	18
	1.5
	135
	150



	19
	1.5
	135
	150



	20
	2.34
	135
	150
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Table 3. Atrazine removal and energy consumption in the cylindrical reactor UCER.
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	Treatment
	I

(A)
	t

(min)
	Q

(mL/min)
	R

Removal

(%)
	E

Energy Consumption

(kWh/m3)





	1
	1
	90
	100
	31.30
	15.95



	2
	1.5
	210.68
	150
	71.23
	61.77



	3
	1.5
	135
	150
	53.48
	39.89



	4
	1.5
	59.32
	150
	34.97
	11.14



	5
	1.5
	135
	65.91
	54.40
	25.62



	6
	1
	180
	100
	53.06
	31.09



	7
	1.5
	135
	150
	53.38
	25.80



	8
	1
	90
	200
	31.68
	15.68



	9
	2
	180
	100
	59.54
	78.55



	10
	2
	180
	200
	76.89
	73.64



	11
	2
	90
	200
	61.05
	37.91



	12
	1.5
	135
	234.09
	65.68
	42.95



	13
	1
	180
	200
	34.49
	31.09



	14
	2
	90
	100
	40.54
	39.55



	15
	1.5
	135
	150
	53.45
	41.42



	16
	1.5
	135
	150
	51.81
	40.81



	17
	0.66
	135
	150
	36.67
	12.83



	18
	1.5
	135
	150
	55.25
	39.27



	19
	1.5
	135
	150
	53.05
	42.34



	20
	2.34
	135
	150
	67.49
	71.80
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Table 4. Atrazine removal and energy consumption in the rectangular reactor URER.
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	Treatment
	I

(A)
	t

(min)
	Q

(mL/min)
	R

Removal

(%)
	E

Energy consumption

(kWh/m3)





	1
	1
	90
	100
	46.95
	22.77



	2
	1.5
	210.68
	150
	76.44
	132.63



	3
	1.5
	135
	150
	62.68
	81.92



	4
	1.5
	59.32
	150
	39.04
	33.57



	5
	1.5
	135
	65.91
	56.94
	71.80



	6
	1
	180
	100
	60.61
	47.73



	7
	1.5
	135
	150
	61.25
	64.43



	8
	1
	90
	200
	44.06
	26.59



	9
	2
	180
	100
	73.62
	133.64



	10
	2
	180
	200
	77.45
	137.45



	11
	2
	90
	200
	62.03
	69.82



	12
	1.5
	135
	234.09
	67.56
	65.05



	13
	1
	180
	200
	68.28
	50.73



	14
	2
	90
	100
	52.80
	68.18



	15
	1.5
	135
	150
	62.70
	79.77



	16
	1.5
	135
	150
	61.14
	72.10



	17
	0.66
	135
	150
	60.49
	20.12



	18
	1.5
	135
	150
	61.52
	79.47



	19
	1.5
	135
	150
	63.77
	80.08



	20
	2.34
	135
	150
	72.23
	150.29
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Table 5. Atrazine relative removal ratio in the cylindrical reactor UCER.
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	Treatment
	R

Atrazine Removal (%)
	E

Energy Consumption (kWh/m3)
	N

Relative

Removal Ratio





	4
	34.97
	11.14
	3.14



	17
	36.68
	12.83
	2.86



	7
	60.11
	25.80
	2.33



	5
	54.41
	25.62
	2.12



	1
	31.30
	15.95
	1.96



	6
	53.07
	31.09
	1.71



	11
	61.06
	37.91
	1.61



	18
	56.13
	35.90
	1.56



	12
	65.69
	42.95
	1.53



	15
	60.13
	41.42
	1.45



	3
	53.84
	39.89
	1.35



	16
	49.54
	40.81
	1.21



	19
	50.56
	42.34
	1.19



	2
	71.23
	61.77
	1.15



	13
	34.50
	31.09
	1.11



	10
	76.89
	73.64
	1.04



	14
	40.55
	39.55
	1.03



	20
	67.49
	71.80
	0.94



	9
	59.54
	78.55
	0.76



	8
	31.69
	80.73
	0.39










[image: Table] 





Table 6. Atrazine relative removal ratio in the rectangular reactor URER.
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	Treatment
	R

Atrazine Removal (%)
	E

Energy Consumption (kWh/m3)
	N

Relative

Removal Ratio





	17
	60.4900
	20.12
	3.01



	1
	46.9500
	22.77
	2.06



	8
	44.0600
	26.59
	1.66



	13
	68.2800
	50.73
	1.35



	6
	60.6100
	47.73
	1.27



	4
	39.0400
	33.57
	1.16



	12
	67.5600
	65.05
	1.04



	7
	61.2500
	64.43
	0.95



	11
	62.0300
	69.82
	0.89



	16
	61.1400
	72.10
	0.85



	19
	63.7700
	80.08
	0.80



	5
	56.9400
	71.80
	0.79



	15
	62.7000
	79.77
	0.79



	14
	52.8000
	68.18
	0.77



	18
	61.5200
	79.47
	0.77



	3
	62.6800
	81.92
	0.77



	2
	76.4400
	132.63
	0.58



	10
	77.4500
	137.45
	0.56



	9
	73.6200
	133.64
	0.55



	20
	72.2300
	150.29
	0.48
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