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[bookmark: _Toc949659]Abstract
Over the past few years, antibiotics have been considered emerging pollutants due to their continuous input and persistence in the aquatic ecosystem even at low concentrations. This phenomenon results in antibiotic-resistant bacteria, which are a serious threat to the treatment of bacterial diseases, as a result of exposure to antibiotics in clinical and agricultural settings. 
To prevent this contamination, several processes to degrade/remove antibiotics have been studied, and one very promising method is the use of sorbents such as biochars.
Biochars can be characterized as low-cost sorbents from agriculture and food waste that can deliver innovative, cost-effective, environmentally safe solutions to a wide spectrum of challenges related to the release of antibiotics in the agricultural environment and their subsequent entrance to the food chain, as a result of treated wastewater (TW) reuse for irrigation and the application of biosolid as soil amendment.
The present study aims to present the relevance of antibiotic over-consumption in Cyprus as well as propose experimental data proving the efficiency of biochar on four antibiotics: Ampicillin, Clarithromycin, Sulfamethoxazole and Erythromycin.
 For the conduction of the study two types of biochar were used: (i) Sludge Biochar (SB), and (ii) Manure Biochar (MB). The ideal concentration of biochar was also examined by using four  different concentrations, ranging from 0.5g/L to 10g/L.
Lastly, the maximum exchange capacity of biochar was examined. With that, the capacity of the biochar to absorb antibiotic solutions was proved. Specifically, interesting results were presented for Ampicillin (75μg/g), Erythromycin (83μg/g) and Clarithromycin (82μg/g) Analysis of the absorption of antibiotic by the biochar sorbents was measured by UPLC-MS-MS.
The research took place between July 2018 and February 2020, Cyprus under surveillance of the Nireas-IWRC, University of Cyprus.

[bookmark: _Toc949660]1 Literature Review 
The 20th century is commonly described as the ‘Golden Age of Medicine’ by the science community, mainly because of the discovery of innovative treatments that improved the quality of health care drastically. The introduction of penicillin by Alexander Fleming in the early 20th century, heralded the dawn of a new era, providing strong and reliable treatment to infections that previously seemed to be decimating humankind. 
Antibiotics by definition, are considered to be the potent medicines that have been utilized since the beginning of the 20th century by humanity, for the therapeutic remedy of infections related diseases. (Sapkota et al., 2008).
Ever since, humanity has utilized this so called ‘revolutionary’ innovation to its advantage, coping with numeral health care threats. However, antibiotics’ consumption has increased dramatically in the last decades, emerging worrying concerns in the scientific community (Kasprzyk-Hordern et al., 2009). Worryingly, according to the European centre for Disease Prevention and Control, Cyprus has the second largest antibiotic intake among the other countries of the European Union. 
[bookmark: _Hlk38218520]The above phenomenon can be extremely concerning, since antibiotic usage produces residues that are released into the aquatic and terrestrial environments (Sarmah et al., 2006). The exposure of humans to antibiotic residues even at low concentrations can result to antibiotic resistant genes (ARGs) and antibiotic resistant bacteria (ARB) (Dantas et al., 2008). Antibiotic resistance can be achieved by horizontal acquisition of resistance genes, by recombination of foreign DNA into the chromosome, or by mutations in different chromosomal loci (Davies J. E. et al., 1997).
[bookmark: _Hlk38218758] Therefore, the above indicates the inability of some antibiotics to perform effectively against infectious diseases, and a growing number of patients to develop immunity to them (Gislene G. F et la.,2000).  Drug resistant bacteria are an increasing threat to public health, as highlighted even by a recent study that estimates that in the US methicillin-resistant Staphylococcus aureus (MRSA) may contribute to more deaths than HIV (Bancroft EA).
The potential role of wastewater reuse as an alternative source of water supply has been well acknowledged and embedded within European and national strategies to alleviate water stress. Wastewater reuse is now a top priority area in the Strategic Implementation Plan of the European Innovation Partnership on Water, and maximization of wastewater reuse is a crucial objective in the achievement of a sustainable wastewater reuse framework (Salgot & Huertas, 2006). In order to make wastewater reuse a safe and widely applied practice, potential risks towards human health and environmental matrices must be monitored.
Moreover, the European Union laws for drinking water production and wastewater treatments vary. Wastewater treatment plant (WWTP) processes vary, but the most common mechanisms for removing micropollutants from wastewater are biological and/or chemical (chlorination). These do not fully remove antibiotics, which have been found in surface and groundwater in several countries ("Science for Environment Policy": European Commission, 2016).  Drinking water production uses chemical mechanisms as chlorination, a commonly used disinfection technology, which can contribute to the enrichment of antibiotic resistant bacteria (ARB) and resistance genes (ARGs) (Armstrong et al., 1982). 
The development of Urban Water Treatment Plant (UWTP), which have the potential to remove the persistent microcontaminants such as antibiotic residues, ARB & ARG in wastewater effluents, has taken place in the last few decades. Among these processes is biochar which as an adsorption processes is very efficient (Hao et al., 2012; Zhou et al., 2012), simple to design and operate. 
	Therapeutic groups
	Analgesic/Anti-inﬂammatories
	Lipid regulators/Antihypertensives
	Psychiatric drugs/Stimulants
	Antibiotics

	Compounds
	Acetaminophen Diclofenac
	Bezaﬁbrate
Propanolol
	Caffeine
Amitriptiline
	Clarithromycin
Sulfamethoxazole
Trimethoprim
Erythromycin
Ampicillin 


Biochar can generally be produced by obtaining several types of agricultural solid waste, such as sludge, manure, wheat with little cost.  (Xu et al., 2013). These kinds of treatment convert the biomass materials into products with a high surface area owing to porous structure. Biochar can act as an absorbent to several compounds and substances as highlighted by 2017 research (Miriam Biel-Maeso). The table below presents some of them. Thus, biochar can be considered quite a promising solution to the issue of antibiotic accumulation even at low concentrations. 
Table 1: Compounds that biochar can act as an absorbent 

Biochar’s ability to act as a successful absorbent lies within its porous structure and enriched surface functional groups (Rajapaksha et al., 2014).
As a result, the overall aim of this study was to explore the decontamination potential of biochar to remove high concentration antibiotics, which contains a mixture of antibiotics, namely ampicillin (AMP), clarithromycin (CLA), erythromycin (ERY), and sulfamethoxazole (SMX).


2 Methodology
2.1 Investigation of antibiotic concentration in wastewater through according to antibiotic substance and country
A JCP Technical Report ‘State of the Art on the Contribution of Water to Antimicrobial Resistance’ presents the existence of antibiotic residues in wastewater, drinking water and agricultural water. Specifically there are data on different types of antibiotics found on different countries. Some of them are listed below. No data for Cyprus were found. 
	Antibiotic
	Country
	Antibiotic concentration (μg/L)
	Reference

	Clarithromycin
	Switzerland
Spain
	0.004
0.004
	López-Serna et al., 2010
Huntscha et al., 2012

	Erythromycin
	USA
Portugal
Spain
	0.40
0.005
0.154
	Focazio et al., 2008
de Jesus Gaffney et al., 2015
Cabeza et al., 2012

	Sulfamethoxazole
	USA
Netherlands
Japan
	0.003
0.013
0.019
	Benotti et al., 2009
Houtman et al.,2014
Simazaki et al.,2015


Table 2: Antibiotic residues found in wastewater across the globe 

2.2 Qualitative research on antibiotic consumption and antibiotic management policies in Cyprus
The research’s purpose was not only limited to the experimental part. Exploring the issue of antibiotic consumption, specifically in the Cypriot community was of vital importance to better conceptualize the dangers of excessive use of antibiotics as well as the existence of antibiotic residues in wastewater. Taking that into consideration, communication with specialists in various sectors seemed ideal. 
Firstly, a pharmaceutical company, that specializes in the production and sale of pharmaceutical products, was willing to participate in the research. The goal of that interview was to learn more about the production of antibiotics and the actions taken for outdated ones. 
Later, a pharmaceutical waste management company, working on collecting and processing pharmaceutical waste, contributed in gathering significant information about the topic. Lastly, it was only reasonable to contact the medical community both in the public and private sector. Hospitals are hotspots of large antibiotic concentration due to the number of patients on antibiotics. 
The pharmaceutical company informed about the creation of a contract with pharmacists, so that outdated antibiotics are collected and sent to be destroyed. It was interesting enough to discover that no specific law is implemented concerning these products in Cyprus, despite the existence of such a law within the EU.
It was, then enlightening to find out through the pharmaceutical waste management company that there are specific antibiotic management instructions from the EU, not being implemented though. Their experience shows that the volume of antibiotic consumption seems extremely large. It was then added that not enough attention is given to the issue and the dangers of antibiotic overuse. 
Doctors seemed to know that Cyprus is among the first European countries in antibiotic consumption. They claim that patients themselves are inclined in taking antibiotics, without them being necessary for their recovery. Additionally, they appear to be unaware of the dangers of antibiotic accumulation in the environment. 
[bookmark: _Hlk38220571]Finally, when contacting a private clinic, it was encouraging to find out that there are certain filters in the drainage system. However, these do not include biological waste, which seems to maintain antibiotic concentrations. Moreover, the specific hospital cooperates with a pharmaceutical waste management company, collecting dangerous or outdated drugs, antibiotics not included. Instead, antibiotics are simply dismissed. 
All in all, the interviews illustrated that the problem of antibiotic usage in Cyprus is relevant. What is more, insufficient legislation on waste management provokes even more dangers, expressing the need of easy and innovative waste management remedies. 

2.3 Preparation of biochar using slow pyrolysis
Slow pyrolysis was used in order to produce biochar.  In order to achieve that, sludge and cow manure were used. These materials have high availability, they are produced in large volumes and have limited end use. They are ideal, not only because many fields of agriculture and livestock farming exist in Cyprus, so large amounts of sludge and cow manure can be easily accessible, but also to reinforce the principles of ‘circular economy’. The foundation of ‘circular economy’ in the idea that resources can be kept in use for as long as possible, then recover and regenerate products and materials at the end of each service life. This idea has been of particular interest in the European Union in the last few years, with the publication of a new policy entitled Circular Economy Closing the Loop (European Commission, 2015). 
Sludge samples were collected from a wastewater treatment plant (Anthoupoli, Nicosia) and cow manure samples from a cattle farm (Agia Varvara, Nicosia). Samples were dried naturally at approximately 35oC. Pyrolysis is a thermal conversion process in which organic materials are converted into a carbon-rich solid in the absence of oxygen. The proportion and quality of pyrolysis products depend on different conditions of pyrolysis such as temperature, reaction time, heating rate, pressure (Zaman et al., 2017). Slow pyrolysis is characterized by low heating rate, relatively long residence time and usually quite low temperatures. A biochar of porous structure was desirable so that it can act as an effective sorbent for the removal of antibiotics from wastewater. 
The characteristics of the preparation of biochar using slow pyrolysis methodology, affected the results of the adsorption rate and removal potential greatly. 
Sludge and manure samples were slowly pyrolyzed in a small-scale kiln; the samples were then placed in 8 shelves in the internal compartment of the kiln (Schematic 1). The samples were heated under no oxygen conditions (nitrogen atmosphere) up to the desired temperature (500-600˚C) and held for 1-1.5h. The biochar yield was then calculated. Produced biochars, sludge biochar (SB) and manure biochar (MB), were gently ground and sieved to less than 125μm before stored in polyethylene bottles until further use.

	[image: ]
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[bookmark: _Toc949665]Schematic 1: The pilot-scale plant used for the production of biochar
[bookmark: _Toc949663]2.4 Selection of antibiotics and preparation of experiment and samples
[bookmark: _Hlk33526204]     2.4.1 Chemicals and reagents 
[bookmark: _Hlk38222095]According to the European Commission and the Science for Environment Policy, antibiotics are potentially one of the most significant pollutants, as their presence could be involved in development of antibiotic resistance. The EU watch list focuses on three macrolide antibiotics (azithromycin, clarithromycin and erythromycin) which are widely used in human and veterinary medicine. Therefore, two of them available on the laboratory, clarithromycin (CLA) and erythromycin (ERY) were selected to examine their effectiveness in biochar experiments. In addition, after input of Cyprus’ doctors and the Annual Epidemiological Report -Antimicrobial consumption for 2017 of the European Centre for Disease Prevention and Control, two more antibiotic substances, sulfamethoxazole (SMX) and ampicillin (AMP) were selected. 
Thus, three different classes of antibiotics macrolides (clarithromycin and erythromycin), penicillins (ampicillin) and sulphonamides (sulfamethoxazole) selecting specific antibiotics that are highly utilized both in EU and Cyprus.
[bookmark: _Hlk33526224]      2.4.2 Standards and stock solutions
All antibiotics studied (ampicillin, clarithromycin, erythromycin and sulfamethoxazole) were of high-purity grade (more than 90%) and were purchased from Sigma-Aldrich (Steinheim, Germany).
About 50 mg of each individual standard was accurately weighed and placed in 10-mL volumetric flask. Ampicillin was dissolved in Milli-Q water, whereas all the other analytes were dissolved in methanol. In ofloxacin standard solution, drops of formic acid was added to enhance solubility. Stock solutions of each compound at 5,000 mg/L were produced and stored at -20 °C. The selection of the volume antibiotic taken was calculated by the dilution calculator equation.
Concentration(start) x Volume(start) = Concentration(final) x Volume(final)
A multicomponent solution of the four compounds was obtained by diluting the stock solutions in methanol to a final concentration of 100 mg/L, and it was also stored at -20 °C. Final working solution was prepared by gradient dilution of the multicomponent solution at 100μg/L and calibration standards were prepared in concentrations ranging from 10 μg/L to 1000 μg/L.
Methanol of LC-MS grade was purchased from Merck (Darmstadt, Germany). PVDF filters (0.45 μm) from Millipore (Bedford, MA, USA). 

[bookmark: _Hlk33526239]2.4.3 Batch adsorption experiments
For the kinetic studies, 1g and 10g of adsorbent was firstly added into 1L antibiotics solution which contained the four antibiotics, 100μg/L per antibiotic. The adsorption was carried out at 25oC, with an agitation of 200rpm (under dark). Also, an electronic clock was put between the two sections so that we know when the right time to take the samples is. Samples were collected at various time intervals with a max of 360min and then filtrated (to ensure no biochar residues) for the determination of antibiotic concentration (analysed by UPLC-MS-MS). The samples taken were put into vials, which had a capacity of 1.5ml. The vials were closed with caps that could be screwed. Blank samples were also performed to exclude the degradation process.  All experiments were performed in the dark in order to avoid their exposure to light and furthermore, photodegradation.
For the second set of experiments, that had the purpose of investigating the ideal concentration (in gr/L) of biochar, similar procedure was followed. The biochar was added into 1L antibiotic solution. The concentrations of biochar used were: 0.5gr/L, 1gr/L, 5gr/L and 10gr/L. The samples were collected after a time interval of 6 hours and again the results were analysed by UPLC-MS-MS. 
Finally, for the experiments concerning the maximum exchange of biochar with regard to CECs. The latter will facilitate the determination of the saturation life of biochar during its application in TW-irrigated fields under real agricultural conditions.
Studies were conducted by repeated batch equilibrations as follows: a measured quantity of biochar (0.1–10 g) was added in a vessel containing measured volume of antibiotics solution (100 mL) at an initial concentration of 100ppb. Every 7 days the solution was analysed for antibiotic concentration and then replaced with fresh solution until no further uptake from the biochar was observed. 

Antibiotic solution with biochar 

Filtration of antibiotic samples to remove biochar









2.5 Antibiotic concentration determination by UPLC-MS 
[bookmark: _Hlk33526255]2.5.1 Analytical methods 
Analysis was carried out using an ACQUITY Ultrahigh Performance Liquid Chromatography (UPLC) system interfaced to an ACQUITY Triple Quadrupole Detector (TQD) mass spectrometer (Waters Corporation). Data acquisition and data treatment was performed with MassLynx 4.1 software. 
An ACQUITY UPLC BEH C18 column (1.7 μm, 2.1 mm×50 mm, Waters), protected by a van-guard pre-column (1.7 μm, 2.1 mm×5 mm), was used at a constant flow rate of 300 μL/min. The mobile phase for the positive electrospray ionization (ESI) detection consisted of water containing 0.1 % (v/v) formic acid (solvent A) and methanol (solvent B). 
The gradient elution programme for the chromatographic run in positive ionization mode was 10% B (0 min), 90% B (8 min), 100% B (8.10 min), 100% B (10 min), 10% B (10.10 min) and10% B (12 min). It should be marked that 100% organic content was kept during two minutes in the elution gradient to clean the column and to avoid carry over contamination. The time necessary for the re-equilibration of the analytical column was two minutes, the column was thermostated at 40 °C, and the loop injection volume of the extract was set at 2.5 μL (partial loop with needle overfill mode). 
The ESI parameters for MS tuning were the following: capillary voltage, 3.00 kV; cone voltage, 40 V; source temperature, 150 °C; desolvation temperature, 350 °C; desolvation gas flow, 500 L/hr; cone gas flow, 50 L/hr. 
The mass spectra and analyte-dependent parameters, such as collision energy (CE) and cone voltage (CV), were obtained for each compound separately by direct infusion of individual standard solutions at a concentration of 1 mg/L in 0.1% formic acid–methanol (50:50, v/v), in positive ionization mode. More specifically, after the selection of the precursor ion for each analyte, optimization of CV and CE was performed automatically with Intellistart Console. 
Multiple-reaction monitoring (MRM) was used, and detailed parameters for MRM acquisition, which are used later in MRM method, are presented in Table 1. The selected precursor ions in positive ESI mode were protonated ([M+H)+] molecular ions. Two transitions were selected for identification, and the most intense one was used for quantification




3.  Results
Biochar was produced in several batches, in a small scale kiln through pyrolysis under specific parameters (Table 1) resulting in two different materials with high pH value and high (in relation to the initial material) specific surface area (m2/g), which is a property of solids defined as the total surface area of a material per unit of mass.
For sludge biochar the biochar yield (%) = 18.6 and for cow manure biochar the biochar yield (%) = 41.6.
Table 3. Pyrolysis parameters and final product properties
	Parameter
	SB
	MB

	Pyrolysis Temperature
	500-600 oC
	500-600 oC

	Pyrolysis atmosphere
	Nitrogen
	Nitrogen

	Time of pyrolysis 
	1.5-2h
	1.5-2h

	Biochar Yield (%)
	18.60
	41.61

	pH
	9.77
	10.43

	EC (μS/cm)
	687 
	4123

	BET surface area (m2/g)
	4.0 
	11.5



Cow Manure And Sludge Biochar Samples







Biochar was produced in several batches, in a small scale kiln through pyrolysis under specific parameters resulting in two different materials with high pH value and high (in relation to the initial material) specific surface area (m2/g), which is a property of solids defined as the total surface area of a material per unit of mass.
For sludge biochar the biochar yield (%) = 18.6 and for cow manure biochar the biochar yield (%) = 41.6. The remaining percentage was the oil derived from the slow pyrolysis process. 
It was important to keep in mind some parameters like temperature, yield percentage, pH, electroconductivity and BET surface area. Temperature is a vital parameter for the efficiency of the absorbent. Whether increasing the temperature of pyrolysis process may be favourable for the absorption of some antibiotic substances, decreasing the temperature may be favourable for others. It is also known that pH affects the removal process, because pH changes affect the degree of ionisation of the adsorptive molecule and the surface charge of the adsorbent. Electroconductivity expresses how the absorbent can form chemical bonds (like hydrogen bonds) with the antibiotic substances. Lastly, having high BET surface area is an indication of porous structure of biochar and high expectations of antibiotic removal (M.T. Yagub et al.,2019)
A rapid, sensitive and reliable method was developed for trace analysis of four antibiotics using and UPLC-MS/MS. UPLC-MS/MS optimization results indicated that well separation of four and 2 blanks analytes was achieved within 10.0-12.0 min.Table 4: Results of UPC-MS analysis of the four antibiotics


	Class
	Compound
	Precursor ion
	Product ion 1
	CE
	Product ion 2
	CE
	CV
	Retention time (min)

	Macrolides
	Clarithromycin
	748.5
	158.1
	34
	590.3
	20
	30
	6.11

	
	Erythromycin
	734.5
	158.1
	32
	576.1
	20
	30
	5.48

	Penicillins
	Ampicillin
	350.1
	106
	20
	160
	12
	23
	2.83

	Sulfonamides
	Sulfamethoxazole
	254
	156
	16
	108
	24
	27
	2.64

	
	CE: Collision Energy, CV: Cone Voltage












The batch experiments seemed successful with considerable results. 
The table below summarizes the %removal of each antibiotic substance both in 0.1gr/L and 1gr/L of biochar adsorbent. 

	SB
	1gr/L
	Clarithromycin (82.45%) > Erythromycin (64.59%) > Ampicillin (11.80%) > Sulfamethoxazole (3.27%)

	
	10gr/L
	Erythromycin (97.36%) > Clarithromycin (96.87%) > Ampicillin (92.43%)> Sulfamethoxazole (13.21%)

	MB
	1gr/L
	Clarithromycin (93.35%)> Erythromycin (87.97%) >Ampicillin (61.92%)> Sulfamethoxazole (4.23%)

	
	10gr/L
	Ampicillin (99.21%) >  Clarithromycin (97.41%) >Erythromycin (97.27%) > Sulfamethoxazole (10.37%)


Table 5: %Removal of biochar on each antibiotic substance, from more to less effective
Interestingly, Clarithromycin and Erythromycin had absorbed the most antibiotic compared to the other two antibiotic substances, except ampicillin in manure biochar in 10gr/L, where 99.21% of the antibiotic was absorbed by the biochar absorbent. Clarithromycin and Erythromycin are two antibiotics of the same class of macrolides. it is only reasonable to assume that they react similarly when placed in contact with the specific biochar produced. Ampicillin, which is included in the class of penicillin antibiotics, appeared to also have satisfying results in the %removal. Lastly, sulfamethoxazole did not have very high %removal. It can only be assumed that if the conditions of slow pyrolysis and generally the method preparing biochar were to be altered (different temperature, different pH and different time of pyrolysis) the results for the specific antibiotic substance could be optimised. 
When using higher concentration of absorbent, 10gr/L, results seemed slightly better as far as the %removal is concerned. However, this does not mean that when using 1gr/L no visible absorption percentages were noted. 
As far as the absorption rate is concerned, it should be noted that most of the %removal was complete in the first 180min. The above indicates the fact that initially there are many active sites on the surface of biochar for absorption and the remaining vacant surface sites are hardly occupied due to the development of repulsive forces  or decline of attractive forces between the solute molecules on the solid and bulk phases  (K.K. Beltrame ).
[image: ]










Sorption Efficiency On The Four Antibiotic Substances




Ya(%)=[(Co-Ct)/Co]*100
where: 
Co=initial concentration
Ct=final concentration
Ya=adsorption efficiency



For the second set of experiments, where the efficiency of absorption was examined, using four different adsorbent dosages: 0.5gr/L, 1gr/L, 5gr/L and 10gr/L, the results seemed to come in some agreement with the previous results, where %removal was examined. The significance of this experiment must be highlighted, since it gives promising results to real-life applications, where biochar is desired to provide sufficient absorption results, with minimum cost (thus smaller dosage of absorbent). 
Ampicillin had the best efficiency of sorption in this experiment, with most of the absorption happening even at very low concentrations of biochar (0.5gr/L), following Erythromycin and Clarithromycin with most of the absorption being complete when 5gr/L  of absorbent was used. Again, the biochar prepared was not optimal and effective when sulfamethoxazole antibiotic is considered. Other types of methods of biochar could have different results. 
It must be added that the two control samples (blank samples) that contained the biochar alone and the antibiotic solution alone did not show any signs of absorption. Therefore, it was proven that all other parameters (eg. Light degredation) remained constant. 
For the last set of experiments, maximum exchange capacity of biochar was investigated. To complete that a different antibiotic solution was replaced every 7 days. 
Biochar has negatively charged sites on its surface which absorbs and holds positively charged ions (cations) by electrostatic force. Antibiotic substances can get positively charged, due to their amino groups. 
From the result table it can be concluded that the biochar had largest capacity to absorb Erythromycin, Clarithromycin and Ampicillin. The maximum capacity of biochar to Sulfamethoxazole was much lower. These results indicate the preference of the absorbent, biochar, to absorb specific substances. In this case, Clarithromycin and Erythromycin showed best results, which means that the biochar produced could form stronger bonds more easily with the above antibiotics, thus preferring them.
	Ampicillin
	Qe=μg/g
	75

	Sulfamethoxazole
	Qe=μg/g
	8

	Erythromycin
	Qe=μg/g
	83

	Clarithromycin
	Qe=μg/g
	82







Table 6: Maximum Exchange Capacity of Biochar on each antibiotic substance

[bookmark: _Toc448911662][bookmark: _Toc7169115]                        
4. Discussion 
In this project, the effect of two types of biochar, sludge and cow manure were investigated on four antibiotics. The results presented sufficient results for most of the antibiotics examined. 
The overall project is thought to be economical. To produce a 2kg biochar 1/3 tank of heating gas cylinder (lpg) is needed which costs about 5euros. The biochar materials, sludge and cow manure are waste materials, thus economically sustainable.
Therefore, the method of antibiotic treatment using biochar can potentially be used in hospital wastewater to decrease the amount of antibiotics in wastewater, since hospitals can be considered hotspots of high concentration antibiotics. Α large tank can be installed in the sewer system of hospitals, where a biochar amount can then be added. An agitation from a tank agitator could be also placed to stir the biochar across the whole tank and successfully remove antibiotic residues from hospitals’ wastewater. 
[bookmark: _Hlk986915]Another proposal is the implementation of biochar as a filter (Schematic 2). Due to our everyday use of antibiotics, effluent with low concentration exists in the sewer system’s tubes. Waste generated by healthcare facilities, specifically in hospitals, is filled with antibiotics due to their excessively consumption by patients. Thus, biochar can be added in the drainage system tubes of hospitals. To succeed more effective absorption, an agitation could also be placed inside the tubes. As a result, biochar could be stirred all-over the tube. Biochar will then successfully remove an efficient amount of antibiotics before letting water be release out of the filter. 
Schematic 2: Βiochar as a filter








	




Schematic 3: Tank agitator with Βiochar















5. Conclusions 
At first, bibliographic research showed the existance of antibiotic residues, derived from several classes of antibiotics,  in wastewater of several countries. European data did not report any data concerning Cyprus. Qualitative research process indicated the need to further investigate the issue of over-consumption of antibiotics generally around the globe and especially in the Cypriot community. 
With Cyprus being the second country in antibiotic consumption in the EU and the lack of proper legislation to wastewater treatment being established, exploring innovative wastewater treatments seems urgent. 
Hospitals and health centres are specifically hotspots of antibiotic accumulation in wastewater. Thus, antibiotic residues are extremely likely to be in hospitals’ wastewater at very large percentages. 
The above research on biochar brings light to the capabilities of it to absorb antibiotics in very small concentrations successfully, as well as to present a small-scale idea of how biochar could be implemented in real life.
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Manure Biochar (MB) 1gr/L
Ampicillin	360	300	240	180	150	120	90	60	45	30	15	5	61.91506295303995	64.155287236509878	64.110786557556111	73.297962692140459	65.170439265724426	68.908302448252655	63.163231773206348	68.03287204945147	62.736650219156182	58.095664724641928	49.210098484012541	30.160792538994404	Sulfamethoxazole	360	300	240	180	150	120	90	60	45	30	15	5	4.234685865788073	5.0226968846785383	4.8843780708958109	1.2333074209788037	4.2308700597392646	3.8608220320282762	5.9436717023022823	0.65500946951184835	3.0960363626239107	4.7682701187481626	5.376700683028365	5.1075599360194035	Erythromycin	360	300	240	180	150	120	90	60	45	30	15	5	87.967183226982684	86.554238833181401	88.09215095650643	87.288882803697632	84.001431107733168	82.984908643983218	77.379371636512317	71.570124465805733	70.651484977228975	63.909368905209384	56.273260217879617	31.413737488844315	Clarithromycin	360	300	240	180	150	120	90	60	45	30	15	5	93.353548786499601	92.625071856846432	92.792360789574829	89.446154612380226	89.110770354472265	87.642377793031372	86.372317869629342	78.053629143405374	78.546771928199874	77.170345907422885	64.408337169544723	54.146900110441379	Time (min)

% Removal



Sludge Biochar (SB) 1gr/L
Ampicillin	360	300	240	180	150	120	90	60	45	30	15	5	11.795711965733105	13.943925790569864	11.622774656216743	10.183461729473128	10.15057962309279	11.698085516358253	12.205195590070582	10.783584710408141	9.2391963624795039	11.100382745912867	5.2142679740093127	3.9243944382840774	Sulfamethoxazole	360	300	240	180	150	120	90	60	45	30	15	5	3.2707434658251913	2.8929953771635937	1.0476764962248193	1.6828380717875717	2.9883771513714472	0.59135877849251506	0	2.1534758114138461	0.35180568366861092	0	4.2911621616255404	0	Erythromycin	360	300	240	180	150	120	90	60	45	30	15	5	64.585232452142208	63.263445761166821	59.497984502109432	55.409555843586681	51.984404055648689	51.733321996744216	38.738020849766976	31.274396870892417	23.523874558085325	16.798199916191709	21.901234010312333	8.1973562558136521	Clarithromycin	360	300	240	180	150	120	90	60	45	30	15	5	82.448979591836732	78.637755102040813	82.488369579499803	78.977347051459972	77.595464570896539	68.468968282139372	73.68227258513663	67.939244307774288	68.095448598879315	68.745247683478993	71.455310572479348	67.422936299671463	Time (min)

% Removal



Manure Biochar (MB) 10gr/L
Ampicillin	360	300	240	180	150	120	90	60	45	30	15	5	99.214534526330169	99.023290758827955	99.805341165220952	99.849737039819686	99.836076770712381	99.771190492452703	99.924868519909836	99.781435694283175	99.856567174373339	99.846321972542853	99.79509596339048	99.696059012362539	Sulfamethoxazole	360	300	240	180	150	120	90	60	45	30	15	5	-6.5610183247191429	-4.9677502028960703	-7.0308829182862809	-6.1466831831190518	10.366921532612878	12.165221477083421	10.768442185297516	8.7779249070949561	7.3213446670368683	8.7309384477382395	7.6160779120926065	6.338900516851055	Erythromycin	360	300	240	180	150	120	90	60	45	30	15	5	97.271487039563439	97.817189631650749	97.271487039563439	97.817189631650749	95.770804911323324	94.133697135061396	96.452933151432475	93.042291950886764	96.043656207366979	97.135061391541612	95.49795361527967	93.997271487039569	Clarithromycin	360	300	240	180	150	120	90	60	45	30	15	5	97.41379310344827	96.982758620689651	96.695402298850581	98.994252873563212	99.568965517241381	98.706896551724142	98.563218390804593	97.55747126436782	96.264367816091948	97.55747126436782	93.390804597701148	92.241379310344826	Time (min)

% Removal



Sludge Biochar (SB) 10gr/L
Ampicillin	360	300	240	180	150	120	90	60	45	30	15	5	92.432556764039035	91.919955311668261	91.574935103341772	79.512371438898569	80.780731442841656	93.438044228304804	78.566030296060205	73.226431833864552	71.560477113659516	69.174908816087793	62.619524857884535	60.966713764663361	Sulfamethoxazole	360	300	240	180	150	120	90	60	45	30	15	5	13.208720159151198	5.9474469496021243	10.23292440318302	10.630802387267906	6.1795424403183006	9.8309018567639299	11.360245358090182	6.8924071618037175	7.0623342175066313	1.7241379310344769	6.4240716180371322	6.2044098143236113	Erythromycin	360	300	240	180	150	120	90	60	45	30	15	5	97.356426618049227	96.536007292616233	97.265268915223331	95.442114858705565	94.712853236098454	94.348222424794898	92.06927985414768	90.610756608933457	88.422971741112121	87.602552415679128	82.224247948951685	82.224247948951685	Clarithromycin	360	300	240	180	150	120	90	60	45	30	15	5	96.870748299319729	97.142857142857139	96.4625850340136	95.238095238095241	95.510204081632651	94.829931972789112	94.557823129251702	94.421768707482997	93.197278911564624	96.4625850340136	90.340136054421777	83.537414965986386	Time (min)

% Removal
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