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Low-Cost High-Throughput Method for Determining Electron-Beam Irradiation Doses for Antibiotic Degradation

ABSTRACT:
In recent years, there's been growing interest in using Electron Beam Irradiation (EBI) to break down medical waste and help control the spread of antimicrobial resistance. The amount of EBI required to degrade antibiotics varies depending on whether they are in a free aqueous form or bound to another material. There is no standard method to identify the exact dose required to degrade each antibiotic; hence, to determine the precise dose needed for antibiotics in both water and cellulose-bound states, a high-throughput technique has been optimised using a sterile 96-well plate.  
Different concentrations of Chloramphenicol (CAP) and Oxy-Tetracycline (OT) in their aqueous form were exposed to EBI. The degradation was assessed using a simple well diffusion assay. Similarly, , 48 antibiotics impregnated in a cellulose matrix, were exposed to EBI, with degradation measured through a disc diffusion method.
EBI-exposed 96-well plates containing different concentrations of antibiotics showed degradation, as indicated by a reduced zone of inhibition. Similarly, cellulose-bound antibiotics exposed to EBI also exhibited a decreased zone of inhibition.
It concludes that 1. Cost Optimization: Electron beam treatment is expensive, but diluting antibiotic solutions reduces the required dose and overall operating cost, 2. Form Effect: Antibiotics bound to cellulose need higher doses; extracting them into an aqueous form lowers the dose and processing cost. 3. Simple Testing: No special equipment, such as LC-MS are not required , using a simple agar well or disc diffusion tests can effectively determine the required degradation dose.
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INTRODUCTION:
The original purpose of antibiotics was to treat diseases in both people and animals, but as years passed, these antibiotics are highly favoured in manufacturing animal feeds since they help animals to gain weight fast and quickly. Similarly, the aquaculture sector also leans toward the application of antibiotics in the name of prophylactic treatment 1. Under current regulations, only specific antibiotics are allowed to be used for therapeutic reasons in aquaculture. But these antibiotics are overused due to shady monitoring practices in the majority of countries. Infringement on the use of antibiotics is a widespread practice in certain nations, i.e., without a prescription, one can get antibiotics for treatment, prevention, and faster weight gain 2.

When antibiotic residue accumulates in some areas due to the persistent use of antibiotics in the environment 3 leads to the elimination of the native flora of the specific habitat and encourages the growth of multidrug-resistant bacteria (MDRB) in the particular breeding ground. Recent studies have proven that EBI can degrade antibiotics in aqueous environments, and it is employed in some nations to accelerate the breakdown of antibiotics in groundwater  4 and wastewater 5. Only a few countries install EBI units to degrade medical waste into sewage waste 6. A higher dose is a prerequisite to eliminating the antibiotics in the hospital waste, taking into account the penetration dose to pass the plastic pouch or glass vials 7. As per the literature, a high EBI dose is being practiced to degrade the antibiotics, i.e.,>30kGy . Researchers reported that 100% degradation of Chloramphenicol was observed while using 10kGy of EBI in the aquatic medium 8; in contrast,  9 said that even with 5kGy dose, 100% degradation. So, the variation in the report is due to organic content, initial concentration, and water depth 9. So, the dose required for the various waste will be varied with varied-waste-water. Besides, the assessment of degradation on antibiotics is a cumbersome and costly procedure; it needs an LC-MS-MS to detect antibiotics 4,5. 

	Based on the above discussion, a novel and straight-forward method is required to determine the dosage of many aqueous media at once. So, in the present study, 96-micro-titer-plates (96-MTP) has been tried to control variables such as depth. The use of different 8 rows of eight different aqueous mediums can be achieved. Besides, well diffusion has been used to assess the degradation level of antibiotics. After EBI exposure, the degraded antibiotics in the 96-MTP are directly added into the well diffusion for level of degradation. In addition, other antibiotics in cellulose-disc are exposed to different amounts to find the hierarchy of antibiotic susceptibility.
MATERIALS AND METHOD:
Irradiation of Chloramphenicol (CAP) and Oxy-Tetracycline (OT) by EBI: 
The 96-MTP was opened in a sterile condition, and all the wells were filled with 100µl of distilled water. 10ml of Ethanol was sterilized by syringe filters (HiMedia), and 500mg (5,00,000µg) of CAP (Hi Media, Mumbai) was added for complete dissolution. Then 200µl (10000 µg) was added to the first well, and then 100µl was transferred from the first well into the subsequent well (Row-wise) by serial dilution up to the 12th well (2-fold dilution) . In order to avoid contamination during EBI, all the plates were sealed with cello tape. Similarly, 24 plates (in duplicates) were prepared for the Electron Beam Irradiation (including one non-irradiated control). Then the plates were exposed to 0.5, 1.0, 1.5, 2.0, 2.5, 5, 7.5, 10, 20, 30 and 40kGy. Similarly, oxy-tetracycline was also serially diluted in the 96-MTP and exposed to the 10, 20, 30, and 40kGy (Figure 1). 
Agar well diffusion assay:    Antibacterial activity was carried out per the standard well diffusion method CLSI (2014). Here, multiple drug-resistant bacteria were used to assess the antibacterial activity, viz., Methicillin-Resistant Staphylococcus aureus (ATCC 43300). The MRSA culture was inoculated in the BHI broth and incubated at 35oC for 2-4 hr. The culture was added into sterile normal saline until the turbidity reached 0.5 McFarland. Here for the plate preparation, a 200mm diameter Petri dish was used to accommodate the 12-well 10. Then after the plate preparation, 5-6 mm diameter size wells were created using a cork borer (LA 373, HiMedia). A sterile 1% molten agar was added to the well to avoid the leakage of the material. Then a cotton swab (sterile) was immersed in 0.5 McFarland adjusted MRSA culture and spread over the culture. The irradiated 96-MTP was opened in sterile conditions, and 100µl was taken from each well, added to each well, and appropriately labelled. Then the plate was incubated at 35oC overnight. The zone of inhibition was measured using the scale (HiMedia, Mumbai) (Figures 2, 3 &4). 
EBI on the 20 different antibiotics in the paper disc:
Each Icosa disc was aseptically transferred into the sterile polypropylene bags and directly exposed to varying doses of EBI, i.e., 0.5, 1.0, 1.5, and 2.0 kGy. After EBI, all the discs were kept in the 20mm preset Mueller-Hinton agar plates spread with 0.5 McFarland culture of S. aureus and E. coli. 
For gram-positive and negative Icosa disc, bacteria Staphylococcus aureus and Escherichia coli were used, respectively. Each Icosa disc was aseptically transferred into the sterile polypropylene bags and directly exposed to different doses of EBI, i. e., 0.5, 1.0, 1.5, and 2.0 kGy. After EBI, all the discs were kept in the 20mm preset Mueller-Hinton agar plates spread with 0.5 McFarland culture of S. aureus and E. coli. 
 
In the present study, the antibiotic concentration varied from 10µg to 30µg, and four different doses of EBI, i.e., 0.5, 1.0, 1.5, and 2.0 kGy, were selected. One untreated control antibiotic disc was also used for comparison. Readymade impregnated discs for gram-positive bacteria (HiMedia- ICOO2) and gram-negative bacteria (HiMedia - IC008) were used for the study. For gram-positive and negative Icosa disc, bacteria Staphylococcus aureus and Escherichia coli were used, respectively. Each Icosa disc was aseptically transferred into the sterile polypropylene bags and directly exposed to different doses of EBI, i. e., 0.5, 1.0, 1.5, and 2.0 kGy. After EBI, all the discs were kept in the 200mm preset Mueller Hinton agar plates spread with 0.5 Mc Farland culture of S. aureus (Figure 5) and E. coli (Figure 6). 
 

RESULT AND DISCUSSION:
Most scientists worldwide are searching for an effective strategy to lessen the threat of antibiotic resistance. The Electron Beam irradiation technique (EBIT) is unperceived because of the prodigious application of gamma irradiation (GI). Most researchers are unaware of EBI due to the limited number of facilities worldwide due to overpriced capital investment and the higher maintenance cost. In the case of Gamma irradiation (GI), a moderate investment with economic processing cost is required. But, to set up a 5MeV Electron Beam Irradiation Facility (EBIF), nearly 150 million Indian rupees are required.   Until 2000, In India, only BRIT (a Unit of DAE) has a facility in Navi Mumbai for various research and commercial purposes, including food 11. Despite the fact that EBIT is an ionizing radiation method, it is not the same as GI. In the case of GI, radioactive isotopes such as cobalt-60/ cesium-137 were used for irradiation, which is a highly radioactive, hazardous, and time-consuming processing technique. Even though the GI and EBI doses were measured in Kilo Gray (kGy), EBI is a non-radioactive, worker-safe, simple, and fast processing technology. Recently, the application of EBIT in the polymer industry has turned the industry to maximum benefit for the better quality of the rubber and cable sector to install a considerable number of EBI units in India and worldwide. 

Every year, around 0.1 - 0.2 million metric tons of antibiotics are used worldwide. The activity of the antibiotics is very high, even with milligram levels 12,13. The uses of antibiotics in the form of intravenous, tablets, and vials are discarded in the environment, which is harmful to the environment 12. Controlling antibiotic residue in the environment as well as in food and other sources, is a current concern. A recent study has focused on breaking down antibiotics by electron beam irradiation (EBI). Worldwide, few countries have started to degrade the antibiotics residing in the hospital waste by the EBIT. The cost of EBI will greatly increase while increasing the dose. Based on the above discussion, not many studies were available because of the poor availability of EBIF. The existing practices mostly use higher doses to destroy the antibiotics in the bottles. Our aim of the study is to reduce the dose required for the EBIT by diluting it with water. So, in the present study, Chloramphenicol was diluted from high concentration to low concentration and exposed to 0.5kGy to 40 kGy, and the degradation was assessed by a simple technique (Table: 1). In addition, antibiotics attached to the paper strip were also evaluated for a better understanding.   The breakdown of antibiotics in aqueous media has only recently been the subject of a small number of investigations. In the current investigation, two antibiotics have been tested in the aqueous medium: one stable (Chloramphenicol) and one often used (Oxytetracycline). The antibacterial activity of 40 different antibiotics contained in the paper disc was also tested using the EBI. After the irradiation, the antibacterial activity and the level of degradation were assessed by the simple agar well diffusion assay and found that Based on the assay, it has been observed a simple well diffusion method is sufficient to evaluate the degradation level of antibiotics in the water. The paper disc method is simple to find the EBI resistant and EBI susceptible antibiotics within a short duration.        

Electron beam (EB) is a flow of high-energy electrons. Every year, around 0.1 - 0.2 million tons of antibiotics are used worldwide. The activity of the antibiotics is very high, even with milligram levels 12. The use of antibiotics in the form of intravenous injections, tablets, and vials are discarded in the environment, which is harmful to the environment 14. Controlling antibiotic residue in the environment, as well as in food and other sources, is a current concern. More focus has recently been placed on the breakdown of antibiotics and multidrug-resistant bacteria (MDRB) by Electron beam irradiation (EBI). Worldwide, a few countries have started to degrade the antibiotic residing in the hospital waste by the EBIT. The cost of EBIT will greatly increase while increasing the dose. Based on the above discussion, not many studies were available because of the poor availability of EBIT. The existing practices mostly use higher doses to destroy the antibiotics in the bottles. Our aim of the study is to reduce the dose required for the EBIT by diluting it with water. So, in the present study, a study Chloramphenicol was diluted from high concentration to low concentration and exposed to 0.5kGy to 40 kGy, and the degradation was assessed by a simple technique. In addition, antibiotics attached to the paper strip were also evaluated for a better understanding.   The breakdown of antibiotics in aqueous media has only recently been the subject of a small number of investigations. In the current investigation, two antibiotics have been tested in the aqueous medium: one stable (Chloramphenicol) and one often used (Oxytetracycline). The antibacterial activity of 40 different antibiotics contained in the paper disc was also tested using the EBI. After the irradiation, the antibacterial activity and the level of degradation were assessed by the simple agar well diffusion assay, and found that Based on the assay, it has been observed a simple well diffusion method is sufficient to evaluate the degradation level of antibiotics in the water. The paper disc method is simple to find the EBI resistant and EBI susceptible antibiotics within a short duration.        

The selection of suitable antibiotics for the experiment is almost crucial for a better result, even with the different replications. Among the antibiotics, the CAP is highly stable and withstands even 121 °C. Hence, the CAP has been chosen for the study. In addition, the most commonly used antibiotics in aquaculture applications, viz. Oxytetracycline has been tried (Lulijwa et al., 2020). The degree of destruction of antibiotics varies based on the materials in which the antibiotics are dissolved, density, size and obtained as kinetic energy when the electron moves in a high electric field. The penetration power of Electron Beam Irradiation (EBI) would vary based on the thickness of the materials. If the thickness of the materials is higher, the dose required to pass the beam will also be higher. In hospital waste, most antibiotics are either in plastic or glass ampoules/vials/ intravenous plastic pouches. So, the dose required for the destruction of the antibiotics will be much higher than the direct exposure of the antibiotics in the aqueous medium. In the present study, Electron Beam (EB) irradiation technique was used to destroy the antibiotics present in an aqueous medium for the determination of the possible dose required for the destruction of Chloramphenicol (CAP) and Oxytetracycline (OTC). The degree of destruction of antibiotics varies based on the materials in which the antibiotics are dissolved, density, size, concentration, and thickness of the materials, etc. So, to control multiple factor variables, the 96-well cell culture plate was chosen for the experiment, where the inoculum size and the plate are of uniform dimensions. The complexity of the investigation is fixing the dose for the destruction because the dose requirement varies based on the initial concentration, depth of the water, and the attached materials7. So, in the present study, a simple method has been tried in a single attempt; we can able to assess the different antibiotics in the various waters. In addition, the list of antibiotics susceptible to particular antibiotics can be separated for practical purposes. The thickness of the materials, etc. So, in order to control multiple factor variables, the 96-MTP plate was chosen for the experiment, where the inoculum size and the plate are of uniform dimensions.


96-Well-Plate with varied concentrations of CAP in the 100µl in the row was exposed to 0.5, 1.0, 1.5, 2.0, 2.5, 5, 7.5, 10, 20, 30, and 40kGy along with an unexposed control plate (Figure 1). The degradation level was assessed by the well diffusion assay (Figure 2). In non-irradiated samples, a higher level of the zone of inhibition was observed because the antibiotics are not degraded. In the case of the irradiated 96-well-plates, the initial dose i.e., 0.5 kGy,  there was no degradation. But, a slight reduction in the zone of inhibition was observed in 1.5 to 2.0kGy treated plates. Based on the zone size, 1kGy; 1.5 kGy can destroy 2400 ng/100µL (Table 1). Similarly, 2 kGy can able to degrade 4800ng/ µL. Doses such as 2.5 kGy able to degrade 19500ng/100 µL; 5-10 kGy able to destroy 39000ng/ µL; 20-30 kGy able to destroy 78000 and 40kGy able to destroy 156000ng/ µL. As per a previous study on medical waste 5000ng/100 µL degradation was observed at 30kGy (Wang et al. 2017); on contrary, in the present study 1.5kGy, is sufficient to degrade the 5000ng/mL. The high level of the dose required for the previous experiment is due to the presence of antibiotics in the plastic container. Factors such as initial concentration etc. also play a major role in the degradation. So, Based on the above experiment, it has been observed that if the water was more diluted, even with a less dose most of the antibiotics can be destroyed. In addition, using the well diffusion assay, we were able to assess the degradation level of the CAP. Compared to other antibiotics, CAP is a stable antibiotic; so, if the CAP is degraded most of the antibiotics would be degraded at this dose. So, CAP is recommended for candid substances by checking the degradation level of most antibiotics.  
Similarly, oxytetracycline (OTC) was subjected to EBI to assess the degradation at different dost. Here, a better reduction was observed from the 10-40kGy in the CAP; the experiment was continued with the 10-40kGy dose for OTC (Table 2).  
The report says that the degradation of Chloramphenicol by Electron beam in an aqueous solution was 32.4% at 1 kGy, 86.9% at 5 kGy, and 100% at 10 kGy 15. Similarly, the degradation efficiency of ciprofloxacin in an aqueous solution was 38% at 1 kGy, 80% at 5 kGy, and 97% at 10 kGy (Cho et al., 2014). The degradation efficiency of oxytetracycline in aqueous was 72.2% at 1 kGy, 99.2% at 5 kGy, and 100% at 10 kGy (Kiew et al., 2009). The results suggest that irradiation promotes the degradation of antibiotics but does not lead to their mineralization (i.e., its conversion to small molecules such as CO2, H2O, and NH3). No toxic antimicrobial effects are caused by the chloramphenicol and ciprofloxacin degradation products after irradiation with Electron Beam. Maximum degradation efficiency was achieved at an initial AR concentration of 50 mg L−1 with an irradiation dose of 30 kGy at pH 9.0 (Wang et al., 2017). 97.02%, 97.61% and 96.87% of amoxicillin, ofloxacin, and cefradine residues could be degraded by EBI At 30 kGy, the hierarchy of the degradation level was OFL > AMX > CED (wang et al., 2017).
Hitherto, in vogue, in most of the previous studies, the level of degradation was assessed based on LC-MS-MS 12. But it is a cumbersome and time-consuming procedure. Prerequisites for the LC-MS-MS are the separation of antibiotics from the water or sludge, requires more chemicals and time, and varies for different antibiotics. These difficulties are surpassed by a well-diffusion-assay. Practically, it is feasible to detect all antibiotics. The limitation of the well-diffusion assay is the sensitivity. But, in the present study, a higher initial concentration has been used in the experiment. So, the degradation can be detected. I can be tried in the sludge/wastewater, i.e., after the exposure, the sludge/wastewater can be added into the well, and the zone of inhibition can be detected. Hence, a well-diffusion assay has been studied to assess the degradation level of antibiotics. 

Destruction of different antibiotics in the impregnated disc by Electron beam irradiation:
Destruction of antibiotics by Electron beam irradiation is gaining attention worldwide in order to avoid the development of multiple drug-resistant bacteria. Few reports are available regarding the destruction of antibiotics in discarded materials. In the present study, the investigation was done on the destruction of antibiotics in the impregnated disc by application of EBI. 20 different types of antibiotics were treated with different doses on Electron Beam Irradiation (EBI). Based on the previous experiment, the destruction was observed in 5000 µg in 100µl dilution at 1 kGy dose. In the present study, the concentration of the antibiotic varied from 10 µg to 30 µg, and four different doses of EBI i. e., 0.5, 1.0, 1.5, and 2.0 kGy were selected. One untreated control antibiotics disc was also used for comparison. Readymade impregnated discs for gram-positive bacteria (HiMedia- ICOO2) (Table: 3), as well as gram-negative bacteria (HiMedia - IC008) (Table 4), were used for the study. For gram-positive and negative Icosa disc, bacteria Staphylococcus aureus and Escherichia coli were used, respectively.

20 different types of antibiotics were treated with varying doses on Electron Beam Irradiation (EBI). Based on antibiogram results, it was found that most of the antibiotics were stable to EBI doses of 0.5 to 2.0 kGy. However, few antibiotics, viz., Ampicillin (10 µg), Amoxyclav (30 µg), Cefoxitin (30μg), and Cefpodoxime (10μg), showed considerable degradation towards EBI. Cefoxitin (30μg) and Cefpodoxime (10μg) were utterly destroyed even with a 0.5 kGy dose. Hence increased EBI doses are needed for the other antibiotic degradation. Based on the study, the antibiotic-impregnated disc method of analysis was observed as an easy and valuable method to assess the resistance and susceptibility of the antibiotics to EBI. Moreover, primary data will help fix the dose for the particular antibiotics.
There was no study on the effect of EBI on the antibiotic-impregnated paper disc 12 carried out the degradation of antibiotics in the aqueous medium and found that ofloxacin was degraded earlier, followed by amoxicillin and cefradine.  
Hence, plenty of medical intravenous infusion bottles (MIIBs) with antibiotic residues (ARs) were generated and exposed to the environment, causing extremely harmful effects on human health (arthropathy, nephropathy, mutagenic effect, damage to the central nervous system, growing of antibiotic-resistant bacteria) and ecological balance (damage on the structure of microbial community). Hydroxyl particles are responsible for the degradation of antibiotics in the aqueous medium. Dominant active particle inducing the degradation of antibiotics during the HEEB irradiation process was demonstrated to be hydroxyl radical 12. 7.02%, 97.61%, and 96.87% of amoxicillin, ofloxacin, and cefradine residues could be degraded in situ through HEEB irradiation, respectively. 

The degradation efficiency varies based on the initial concentration of the antibiotics. Wang et al (2017) reported that highest degradation was observed at 50mg/L i.e., 50000µg/1000mL (50 µg/mL) (or) 5 µg/100 µL. In the present study, a 1000 times higher concentration was used to assess the degradation level. Wang et al. (2017) reported that the EBI >30kGy can degrade around 95% of the antibiotic residue 12. But, in the present study, even with 2.5 to 5kGy dose is sufficient to kill the antibiotics. The reason is due to the penetration power of the EDI. In the study, as mentioned earlier, a higher amount of dose was mentioned for the degradation, which may be the reason that the EBI was carried out directly over the intra-venous antibiotic bottles. Based on a recent study, would like to bring the clarity that if the plastic/glass bottle is again washed with water, the water can be treated with a low level of EBI for the complete destruction of the antibiotics.
In addition to the antibiotic degradation, it also eliminates the food-borne pathogenic viz., bacteria, viruses, fungi, insects, and spoilage bacteria, thus leading to safe and shelf-life extended shrimp 11. Many reports of MDR bacteria in animals and even foods 16 17. Based on the literature analysis, fewer reports of MRSA in the fish market were initially observed. Then, the higher level of MRSA can be isolated from the environment by adopting a suitable isolation method 18, 19 . So, most of the MDRB in the environment are under the report due to inefficient isolation methods. 
Recently, electron beam irradiation (EBI) has emerged as a promising technology for extending the shelf life of fish 20. In the context of food safety, many current approaches aimed at controlling bacterial growth rely on alternatives to antibiotics, such as bacteriophages 21, bacteriocins 22, plant extracts 23, nanomaterials 24, and nanocomposites25. However, each of these methods has its own advantages and limitations for practical application. Similarly, EBI also has a drawback—its high processing cost. Based on the present study, it can be inferred that if the degradation of antibiotics can be reduced by diluting them and releasing them into an aqueous form, the amount of electricity required for EBI processing can be minimized, thereby lowering the overall processing cost. Previous studies have consistently indicated that electron beam irradiation (EBI) is a promising approach to mitigate the spread of antimicrobial resistance (AMR) in water 26,27. The findings of the present study further confirm that EBI represents an effective and economically feasible strategy for AMR control.

CONCLUSION:
The following conclusions were drawn from the study 1. A high dose is necessary to degrade antibiotics in their bound form. However, if the bound form is first removed and then diluted with a fluid, a lower dose may be sufficient, thereby reducing the cost of Electron Beam Irradiation (EBI) and making the process more economical. 2. Agar well diffusion assay is a simple and effective method to can be used to assess the antibiotic degradation. 3. Chloramphenicol can be considered a candidate antibiotic to determine the degradation level of EBI. If the CAP is degraded, most of the antibiotics will be reduced. 4. The disc method is simple and effective in assessing the resistant and susceptible nature of different antibiotics within a short period. 5. If the antibiotics are bound with some other materials like paper, the dose required for the degradation is very high compared to the antibiotics in the aqueous medium. 

Highlight of the study

1. This study found that using an electron beam to break down antibiotics can be expensive, so many research methods are not practical. To lower the cost, the study suggests that higher doses are required for strong antibiotic solutions, but when the antibiotics are diluted, a smaller dose is sufficient, which makes the process more cost-effective to run.
2. In addition, antibiotics that are bound to cellulose need a higher dose for degradation than those in liquid form. Therefore, if the antibiotics are first extracted from the cellulose into an aqueous form, a lower dose and lower processing cost are needed for their degradation.
3. The method described in the study shows that no special equipment is required; a simple agar well diffusion or disc diffusion test is enough to measure the dose. The same procedure can be used in future studies to determine the exact dose needed for antibiotic degradation.
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Table: 1. Chloramphenicol degradation by EBI

	CAP Conc.
µg/100
	Control
	0.5kGy
	1.0kGy
	1.5kGy
	2.0kGy
	2.5kGy
	5.0kGy
	5.5kGy
	10kGy
	20kGy
	30kGy
	40kGy

	5000
	40.5±0.71
	31±1.41
	33±1.41
	33±1.41
	34.5±0.71
	38.5±0.71
	30.5±0.71
	31.5±0.71
	34.5±2.12
	40.5±0.71
	39.5±0.71
	42±1.41

	2500
	37.5±0.71
	30±1.41
	31.5±2.12
	32±1.41
	32.5±0.71
	34.5±0.71
	29.5±0.71
	28±1.41
	31.5±0.71
	36.5±0.71
	35±1.41
	35.5±0.71

	1250
	37.5±2.12
	32.5±0.71
	31±1.41
	31.5±2.12
	30.5±0.71
	32±1.41
	28±1.41
	27.5±0.71
	16±22.63
	36.5±0.71
	35.5±2.12
	34±1.41

	625
	36±0.00
	31.5±0.71
	31.5±0.71
	31±1.41
	29±1.41
	31±1.41
	27.5±2.12
	26±1.41
	30.5±2.12
	34±1.41
	34.5±0.71
	29±0.00

	312
	31.5±2.12
	32.5±0.71
	28.5±0.71
	30±1.41
	30±1.41
	28±1.41
	26±2.83
	23.5±2.12
	28.5±2.12
	29.5±0.71
	27.5±2.12
	20±1.41

	156
	28.5±2.12
	29.5±0.71
	26.5±2.12
	28.5±2.12
	28±2.83
	23±4.24
	17±1.41
	21±1.41
	25±1.41
	19.5±2.12
	16.5±2.12
	0±0.00

	78
	26.5±3.54
	27±1.41
	25.5±2.12
	28±1.41
	26.5±2.12
	19±2.83
	10.5±0.71
	15.5±0.71
	13.5±0.71
	0±0.00
	0±0.00
	0±0.00

	39
	21.5±9.19
	26.5±0.71
	24±2.83
	26.5±2.12
	25.5±2.12
	11.5±0.71
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	19.5
	18.5±10.61
	26±0.00
	23±2.83
	25±1.41
	24±1.41
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	9.7
	17.5±10.61
	24±1.41
	23±4.24
	22.5±2.12
	17±2.83
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	4.8
	13.5±6.36
	20±1.41
	19±1.41
	14.5±0.71
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	2.4
	8±11.31
	13.5±3.54
	9±1.41
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00




Table : 2. Zone of inhibition of the Oxy tetracycline treated  with  10 to 40kGy 
	S. No
	CAP
(µg/100µl)
	Control
	2.5kGy
	5.0kGy
	7.5kGy
	10kGy

	1. 
	5000
	28±1.41
	27.5±0.71
	28±1.41
	28±1.41
	27.5±2.12

	2. 
	2500
	26±1.41
	26.5±0.71
	28.5±0.71
	26±1.41
	26.5±0.71

	3. 
	1250
	24±1.41
	21±5.66
	27±0.00
	26.5±0.71
	24.5±0.71

	4. 
	625
	24.5±0.71
	19±5.66
	22.5±0.71
	22.5±2.12
	21±1.41

	5. 
	312
	25±0.00
	20.5±0.71
	20.5±0.71
	16.5±0.71
	16±1.41

	6. 
	156
	24±1.41
	17.5±0.71
	16±0.00
	14±1.41
	10.5±2.12

	7. 
	78
	23±1.41
	10.5±2.12
	11±1.41
	5.5±7.78
	5.5±2.12

	8. 
	39
	22±1.41
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	9. 
	19.5
	20±1.41
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	10. 
	9.7
	17.5±0.71
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	11. 
	4.8
	16±1.41
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	12. 
	2.4
	14.5±0.71
	0±0.00
	0±0.00
	0±0.00
	0±0.00



Table 3. Reduction in the zone of Inhibition in EBI treated antibiotic discs for Gram Positive bacteria

	Name & Dose of Antibiotics

	Control
	0.5 kGy
	1.0  kGy
	1.5 kGy
	2.0  kGy

	Cephalothin (CEP - 30 mcg)
	31.5±0.71
	33±0.00
	30.5±0.71
	33±0.00
	30.5±0.71

	Clindamycin (CD - 2 mcg),
	32.5±0.71
	30.5±0.71
	30.5±0.71
	30.5±0.71
	27.5±2.12

	Co-Trimoxazole (COT - 25 mcg),
	24.5±0.71
	23±0.00
	25.5±0.71
	25.50±.71
	23.0±1.41

	Erythromycin (E - 15 mcg),
	26.5±0.71
	26±0.00
	25±1.41
	21±5.66
	21.5±3.54

	Gentamicin (GEN - 10 mcg),
	18±0.00
	17.5±0.71
	19.5±0.71
	15.5±0.71
	17.0±1.41

	Ofloxacin (OF - 5 mcg),
	22±7.07
	26.5±0.71
	21.5±0.71
	25.5±0.71
	26.0±1.41

	Penicillin (P - 10 units),
	18.5±0.71
	18.5±0.71
	17±0.00
	21.5±0.71
	16.5±0.71

	Vancomycin (VA - 30 mcg),
	21.5±0.71
	22.5±0.71
	21±1.41
	20±2.83
	17.5±0.71

	Ampicillin (AMP - 10 mcg),
	16.5±0.71
	16±1.41
	15.5±0.71
	15±1.41
	10.5±0.71

	Chloramphenicol (C - 30 mcg),
	20.5±0.71
	27.5±0.71
	20.5±0.71
	25.5±0.71
	23.0±0.00

	Oxacillin (OX - 1 mcg),
	30±0.00
	31.5±0.71
	30.5±0.71
	31±0.00
	27.5±2.12

	Linezolid (LZ - 30 mcg),
	27.5±0.71
	31±1.41
	26±0.00
	27.5±2.12
	28.0±0.00

	Azithromycin (AZM - 15 mcg),
	25.5±0.71
	24.5±0.71
	22±1.41
	22.5±2.12
	23.0±1.41

	Amikacin (AK - 30 mcg),
	16.5±0.71
	18.5±0.71
	15.5±0.71
	20±0.00
	15.5±0.71

	Clarithromycin (CLR - 15 mcg),
	22±5.66
	24±1.41
	26±0.00
	28.5±0.71
	22.5±2.12

	Teicoplanin (TEI - 10 mcg),
	21±1.41
	21±1.41
	24.5±0.71
	20±1.41
	18.5±0.71

	Methicillin (MET - 5 mcg),
	0.71
	27±1.41
	29.5±0.71
	30.5±0.71
	30.5±0.71

	Amoxyclav (AMC - 30 mcg),
	26.5±0.71
	25±0.00
	19.5±0.71
	26±4.24
	9.5±0.71

	Novobiocin (NV - 5 mcg),
	30.5±0.71
	31.5±0.71
	30.5±0.71
	30.5±0.71
	28.0±1.41

	Tetracycline (TE - 30 mcg)
	28.5±0.71
	25.5±0.71
	21.5±0.71
	27±1.41
	27.0±1.41



Table 4. Reduction in the zone of Inhibition in EBI treated antibiotic discs for Gram Negative bacteria

	Name & Dose of Antibiotics
	Control
	0.5 kGy
	1.0  kGy
	1.5 kGy
	2.0  kGy

	Imipenem (IPM) 10μg
	26±1.41
	14.5±0.71
	21±1.41
	18.5±0.71
	16±1.41

	Ciprofloxacin (CIP) 5μg
	23.5±0.71
	30.5±0.71
	33.5±0.71
	30.5±0.71
	30.5±0.71

	Tobramycin (TOB) 10μg
	25.5±0.71
	20±1.41
	23±0.00
	21±1.41
	22.5±0.71

	Moxifloxacin (MO) 5μg
	27.5±0.71
	28±0.00
	25.5±0.71
	28±1.41
	30±1.41

	Ofloxacin (OF) 5μg
	32±1.41
	26.5±0.71
	28±1.41
	28±0.00
	26±1.41

	Ceftazidime (CAZ) 30μg
	29±1.412.12
	26±1.41
	28.5±0.71
	29±0.00
	27±1.41

	Levofloxacin (LE) 5μg
	33.5±
	27.5±0.71
	27.5±0.71
	27.5±0.71
	26±1.41

	Norfloxacin (NX) 10μg
	29.5±0.71
	27.5±0.71
	25±1.41
	27.5±0.71
	27.5±0.71

	Co-Trimoxazole (COT) 25μg
	25.5±0.71
	26.5±0.71
	23±1.41
	23.5±2.12
	22.5±0.71

	Colistin (CL) 10μg
	19±1.41
	16±1.41
	17.5±0.71
	16±1.41
	19±0.00

	Nalidixic acid (NA) 30μg
	27±1.41
	27±0.00
	25.5±0.71
	27±0.00
	26.5±0.71

	Augmentin (AMC) 30μg
	0±0.00
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	Cefoxitin (CX) 30μg
	15±1.41
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	Gatifloxacin (GAT) 5μg
	31±1.41
	27.5±0.71
	0.00
	29.5±0.71
	25.5±0.71

	Gentamicin (GEN) 10μg
	26.5±0.71
	27±1.41
	24.5±0.71
	25.5±0.71
	24±0.00

	Amikacin (AK) 30μg
	29±1.41
	25±0.00
	23.5±2.12
	26.5±0.71
	26.5±0.71

	Aztreonam (AT) 30μg
	28.5±0.71
	20.5±0.71
	27.5±2.12
	23±1.41
	24.5±0.71

	Ceftriaxone (CTR) 30μg
	28.5±0.71
	28±0.00
	26±1.41
	27.5±0.71
	28±1.41

	Cefpodoxime (CPD) 10μg
	12.5±0.71
	0±0.00
	0±0.00
	0±0.00
	0±0.00

	Nitrofurantoin (NIT) 300μg
	20.5±0.71
	19. 5±0.71
	18±0.00
	17.5±0.71
	16±1.41
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Figure: 1 Serially diluted  antibiotic in the 96-MTP and exposed to EBI
Oxy-tetracycline was serially diluted in the 96-MTP, and it was exposed to the 10, 20, 30 and 40kGy
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Figure: 2 Increase in the zone of inhibition after the EBI- Chloramphenicol in the agar-well-diffusion-assay
The Chloramphenicol was degraded due to the EBI, which was evidenced in the decrease in the zone size of the 2.0 EBI plates compared to the unexposed control.
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Figure: 3 Increase in the zone of inhibition after the EBI- Chloramphenicol in the agar-well-diffusion-assay
The Chloramphenicol was degraded due to 40 kGy EBI exposure showing much increase in the zone size of inhibition compared to the 2.5 kGy EBI exposure plates.
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Figure: 4 Increase in the zone of inhibition after the EBI exposure to Oxy-Tetracycline  in the well-diffusion-assay
The Oxy-Tetracycline was degraded due to 40 kGy EBI exposure showing much increase in the zone size of inhibition in the agar-well-diffusion-assay compared to Unirradiated control plates. 
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[bookmark: _Hlk199506089]Figure: 5
Reduction in the zone of Inhibition in 2.0 kGy EBI treated antibiotic discs (Gram Positive)
[image: ]
[bookmark: _Hlk199506153]Figure: 6
Reduction in the zone of Inhibition in 2.0 kGy EBI treated antibiotic discs (Gram Negative)
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