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Abstract

:

In the present research, an alternative eco-efficient biotechnology system, both selective and environmentally viable, is proposed and compared to a conventional scheme. The results showed an optimal process function and a significant difference (p < 0.001) in wastewater measured quality parameters compared to the conventional scheme. Indeed, the treated wastewater from the eco-efficient process revealed significant concentrations of organic matter and nutrients. Accordingly, there was an improvement in soil and plant quality parameters as a result of irrigation with raw urban wastewater and treated wastewater from the eco-efficient system compared to ground water.
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1. Introduction


In arid and semi-arid regions, the demand for clean water is continuously increasing. Therefore, wastewater is considered a valuable and attractive source of irrigation water and a fertilizing material for these regions [1,2]. Although wastewater reuse in irrigation is a common practice in these regions, there is a widespread and growing concern about its opposing impact on the environment and health [3]. Thus, inappropriate handling and management of wastewater reuse for irrigation can create serious environmental and health risks [4].



The application of advanced technologies in wastewater treatment, including several physical, chemical and biological methods as well as various combinations of them, lead to efficient process performances [5]. Therefore, regarding the high concentration of organic matter and nutrients content in raw wastewater, this wastewater constitutes a significant source of beneficial compounds for agriculture [6,7]. However, advanced abetment of organic matter and nutrients is not frequently suitable from wastewater, particularly if the objective is reuse in agriculture. Thus, the removal of sanitary risks simultaneously and the conservation of specific nutrients such as nitrogen and phosphorus during wastewater treatment could be interesting and beneficial for both soil and plant. However, most existing wastewater treatment approaches are not selective in terms of organic matter and nutrient abatement, and it is crucial to explore alternative selective approaches and environmentally viable options.



In this optic, we investigated an innovative and sustainable alternative methodology for wastewater treatment and valorization in agriculture. To this end, physicochemical and bacteriological parameters of raw and treated urban wastewater from both systems were investigated. Thereby, we evaluated the fertigation effect of irrigation with raw and treated wastewaters on soil and plants.




2. Materials and Methods


2.1. Experimental Setup and Procedure


Two experimental systems were assessed during the operation of this experiment (Figure 1). (a) A conventional activated sludge system composed of an anoxic basin, aeration tank and a settling tank. (b) An eco-efficient system in which total flow rate was split into two portions, the first portion collected from the anoxic basin (Split 1) and the second collected from the aerobic basin (Split 2). After that, effluent was sent to a secondary settling tank, filtered through a send filter (SF), and finally disinfected in a disinfection tank using PAA.




2.2. Raw and Treated Urban Wastewaters Characteristics


Physicochemical characteristics of raw and treated wastewaters as well as groundwater were determined according to standard methods [8,9,10]. The monitored parameters were the electrical conductivity (EC), total suspended solids (TSS), chemical oxygen demand (COD), five-day biological oxygen demand (BOD5), nitrogen (TKN and NH4), phosphorus (TP and PO43−), chloride (Cl−), sodium (Na+) and calcium (Ca2+).




2.3. Soil and Plant Sampling and Analytical Methods


Soil and plant quality parameters were performed according to standards methods [11,12,13]. The monitored parameters were pH, EC, TKN Phosphorus, Total organic carbon (TOC), Macro-elements and microelements, and were analyzed by X-ray fluorescence spectrometry and flame photometry.




2.4. Statistical Analysis


One-way ANOVA was used to evaluate the effects of water irrigation on the assessed parameters in soil and plants. All differences were considered significant at 5% (p < 0.05). Principal component analysis (PCA) was performed to obtain data using R program.





3. Results


Figure 2 shows the Organic matter (COD, BOD5) and nitrogen (NTK and      NH   4 +   ) in two systems during the experimental period.




4. Discussions


The obtained results from this research study suggest that the eco-efficient process allows for partial abatement of organic matter (BOD5 and COD) and nutrients (nitrogen and phosphorous). This propose that the eco-efficient process is the optimal choice regarding agriculture reuse. Indeed, this process provides hygienic effluent with high organic matter and nutrient content. If the goal is to discharge into receiving environmental systems, the convention process is the best choice by ensuring significant abetment of organic load. Hence, COD and BOD5 abatement levels were around 55% and 66% on average, respectively, and thus lower than the conventional system, at 94% and 97%, respectively (Figure 2a). Concerning nutrients, such as nitrogen, the eco-efficient scheme leads to a partial removal of nitrogen (41% of TKN and 40% NH4). By contrast, the conventional system provides high nitrogen-removal efficiency of about 85% and 86% for TKN and NH4, respectively (Figure 2b). In addition, the output effluent concentrations from conventional process were in accordance with the Moroccan applied discharges standards [14]. Assessment of the fertigation effect of irrigation water quality on soil and plants from both process shows a significant correlation between irrigation water and quality parameters of plants and soil (Figure 3). Indeed, soil and plants irrigated with eco-efficient-treated wastewaters showed an improvement in their proprieties compared to control soil and ground water. There was a significant impact (p < 0.05) on soil-fertility-indicating parameters OM, TKN, TP, and micro- and macro-nutrients. Compared to control soil, Na and EC concentrations in soil irrigated with raw and different treated wastewaters were significant. Consequently, amplified salinity in soils could decrease the potential for soil dispersion due to enhanced Na concentration [15]. This result was sustained with PCA analysis, as presented in Figure 3.




5. Conclusions


The results reported in this experiment suggest that the developed innovative schemes provide a partial elimination of organic matter and nutrients. Indeed, the results showed a great positive impact of treated urban wastewaters from the eco-efficient activated sludge process on plant productivity and soil proprieties.
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Figure 1. Schematic diagram of the conventional and eco-efficient schemes. (a) Conventional activated sludge system; (b) eco-efficient activated sludge system. 
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Figure 2. Organic matter and nutrient load evaluation from both systems: (a) BOD5 and COD evolution in conventional and eco-efficient systems; (b) TN and     NH  4 +    evolution in both systems during this experiment. 
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Figure 3. Scatter plot based on principal component analysis (PCA): (a) Cos2 of variables’ contribution; (b) PCA of treated wastewater from both systems; (c) PCA analysis using all using all the measured soil parameters. 
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