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ABSTRACT
The investigation demonstrated the applications of nanotechnology in the analysis and treatment of shrimp farm effluent. A novel method of green synthesis of silver nanoparticles were obtained for studying the antimicrobial properties of nanoparticles against the major pathogens isolated from shrimp farm effluent. Appearance f reddish brown indicates the formation of silver nanoparticles. A characteristic peak obtained at 430 nm by UV visible spectroscopy analysis confirmed the reddish brown precipitate of silver nanoparticle formation. An average particle size of 263.3 nm was contributed to 92.3 percentage compostion of nanoparticle synthesis was revealed by particle size analysis. Based on the Scherer’s formula, the absolute size of the particle was determined as70.35nm and 40.85 nm by XRD analysis. The surface morphology of the obtained nanoparticles was found to be relatively ball shaped structure.The FTIR analysis of silver nanoparticles expressed the formation of C=0 C=N, C-C bonds formed during the reduction of the substrate silver nitrate to silver nanoparticle formation.
The shrimp farm effluent sample collected was serially diluted and plated on macconkey agar and Luria bertani agar for typical isolation of the colonies. Two morphologically distinct colonies, namely, creamy white and transulent greenish blue colonies were subcultured on agar slants and stabs. Biochemical characterization of the colonies were performed and the organisms dominating the effluents was found to be Pseudomonas aerogenosa 30% and Escherichia coli 70%. It was noted that silver nanoparticles produced  pronounced zone of clearance of 6mm diameter, which was found to be similar to that of zone of clearance produced by cefitaxamine, where as Polymixin exhibits 0.5mm and penicillin exhibits 5mm diameter against Pseudomonas aerogenosa. Similarly, the zone of clearance produced by silver nanoparticle was found to be 5.5mm, whereas polymixin, penicillin and cefitaxamine exhibit 3.0mm, 5.4mm and 5.7mm diameter against Escherichia coli. From the investigation, it was reported that for the two shrimp farm effluent dominating pathogens namely Pseudomonas aerogenosa and Escherichia coli, the silver nanoparticles exhibit potential antimicrobial activity which was found to be equal to that of the antibiotics, used in aquaculture farms and shrimp farms. This antimicrobial property and surface plasmon resonance of silver nanopartilces were exploited in the microbial load reduction in shrimp farms as well as in load detection and effluent treatment of aquaculture farms and shrimp farms.
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INTRODUCTION
Most of the chemical methods used for the synthesis of nanoparticles are too expensive and also involved with the use of toxic and hazardous chemicals that are responsible for various biological risks. But, synthesis of nanoparticles using plant extracts is the most adopted method as green, eco-friendly production of nanoparticles and also has a special advantage in such a away, that the plants are widely distributed, easily available, much safer to handle and act as a source of several metabolites (Ankamwar et al 2005).
Also, most of the antibiotics seem to be less sensitive towards many organisms. Hence, researchers started to find a new potential antimicrobial agent (Kim et al 2007). With this respect, silver and silver- based compounds are established to have a strong bacteriocidal and fungicidal activity (Zhao et al 1998, Spadaro et al 1974). Nanoparticles having larger surface area to volume ratio tend to pose higher antimicrobial activity (Lok et al 2007). Also, Silver has a lower propensity to stimulate microbial resistance than many other antimicrobial agents (Silver et al 2007). Based on these properties, green synthesis of silver nanoparticle was investigated.
     Rajeev et al., 2021 reported that the aquaculture industry is the fastest growing industry posing increasing demand on wild fish on export which was found to be estimated to reach one million worldwide by the end of 2030. Iber et al., 2021  reported that the feed of the shrimp constitute only 20–25 percent of the crude protein, whereas the remaining was left over a organic waste at the bottom of the shrimp pond. Investigations revealed that one kilogram of shrimp feed intake liberate 50 g of ammonia nitrogen. 
[bookmark: bbib50]Ni et al., 2021 stated that the Bioremediation of wastewater treatment inside the pond as well as outside the pond for effluent treatment were being carried out by growing beneficial organisms for reducing the contaminants. Thornber et al., 2010  stated that shrimp aquaculture precisely relies on the external nutriet supplement so that excess of the feed would remain as sediments causing cotamination load to the pond.
[bookmark: bbib55][bookmark: bbib57]Lyle-Fritch et al., 2006  notfied that excess feed additives, antibiotics, pesticides and disinfectants were identified as major pollutant of shrimp farm. Lee et al., 2019 reported that disease causing organisms were developing antimicrobial resistance AMR which was found to be a big threat to the environment.  León-Cañedo et al., 2019 stated that Shrimp farmers and consumers exposed to toxic effluent of shrimp farm might develop infectious disease. 
Md. Yusoff et al., 2011  reported that excess accumulation of nutrients leads to eutrophiation an algalbloom, in the ecosystem. Wang et al., 2021 investigated and reported that untreated effluent discharge into te environment mightleads to ozone layer  depletion by emission of nitrous oXide (N2O) and  methane (CH4) to the atmosphere. 
.  	Manyangadze et al., 2020  demonstarted that the adsorption of cotaminants over the active site of nanoadsorbents was made into usage for effluent treatment process. 
MATERIALS AND METHODS

Green synthesis and characterization of silver nanoparticles         
                                 	              




 
         Fig.2 Thumbai (Lucas aspera) - medicinal plant

1mM aqueous AgNO3 solution was prepared. 0.5 ml of the Lucas aspera leaf extract was added to 10 ml of 1 mM AgNO3 (aqueous) solution and kept in dark for 48 hours for the formation of silver nanoparticles.
Characterization of the synthesized silver nanoparticles were performed by UV visible spectrophotometry(UV-Vis), Particle Size Analysis (PSA), X-Ray Diffraction analysis(XRD), Scanning Electron Microscopy(SEM) and Fourier Transform Infra-Red Spectroscopy (FTIR).

Screening and identification of microbes isolated from the shrimp farm aquaculture effluent through serial dilution technique

A stock solution of Shrimp farm aqualculture effluent (15ml) was taken in a conical flask.  1ml of stock solution was taken and it was serially diluted from 10-1 to 10-6 dilution. The sample taken from the last dilutions were plated on Macconkey agar and Luria Bertani agar plates by spread plate technique. Morphologically distinct colonies were then subcultured on agar slants and stabs. Biochemical characterization of the colonies were studied and grouping of organisms was made.
 Well diffusion assay for the determination of antimicrobial activity of silver nanoparticles against the isolated effluent microbes

        Two Petriplates containing macconkey agar and two petriplates containing Luria bertani agar were inoculated with the bacterial strains isolated through serial dilution of the Shrimp aquaculture effluent treatment.  Four wells were made by well puncture and the first well was loaded with 10µg/ml concentrations of Ag nanoparticles and the remaining wells were loaded with 10µg/ml concentrations of reference antibiotics namely polymixin, Penicillin, and cefitaxamine. The plates were kept for 24 hours of incubation at 37ºC. The zone of inhibition (in diameter) was measured.
             
RESULTS AND DISCUSSION

Formation of Silver Nanoparticles
When 1mM AgNO3 solution was added to the leaf extract of Lucas aspera, pale yellow coloured broth gradually changes to brownish red coloured solution, which indicates the formation of silver nanoparticles. The formed nanoparticles were found to be stable and are uniformly distributed throughout the solution. 









    Fig.1 Formation of reddish brown colour indicating silver nanoparticle formation
U-V Spectrophotometry Analysis

A characteristic peak was observed at 430 nm confirmed the formation of silver nanoparticles. The broadening of the peak indicates the uniform distribution and polydispersion of silver nanoparticles obtained from the leaf extract of Lucas aspera. 
The frequency and width of the surface plasmon absorption depends on the size and shape of the metal nanoparticles as well as on the dielectric constant of the metal itself and the surrounding medium.







Fig.2  A characteriestic peak at   430nm indicates the absorbance of reddish brown colour formation of silver nanoparticles
Particle Size Analysis
 





Fig.3  An average size of 263.3 nm constitutes 92.9 percentage of silver nanoparticle formation    

     The average size of the particle was calculated to be 263.3nm, which constitutes 92.9 percentile for the synthesized silver nanoparticles at 100% intensity. 
 
X-RD Analysis

   Based on the characteristic peaks obtained, the average size of the particle was calculated as 70.35 nm and 40.85 nm respectively, using scherer’s formulae. The presence of intense peaks of silver nanoparticles was  indexed as crystalline silver face-centered cubic (fcc) phase.
[image: ]                         
  Fig.4 The absolute size of the nanoparticle was ranges between70.35nm and 40.85nm

SEM Analysis

Based on the SEM results, the morphology of the particle was found to be ball shaped. Almost similar type of SEM image was precisely reported for silver NPs synthesized by chemical reduction method which are spherical in shape and have a smooth surface morphology.                                                               

[image: E:\M.Phil Project\Chapter4\Char\ZnO\SEM\GZU_m02.jpg]                                              
Fig 5 SEM image depicting relatively ball shaped Ag Np 

FTIR Analysis

The higher energy region peaks at 3440 cm-1 corresponds to alchohol or phenol O-H stretching (broad) was observed. The peaks 2946cm-1, 2351cm-1and 2108cm-1 are assigned to alkyl C-H [image: ]  stretches of silver nanoparticles respectively. Besides, a stretch of carboxylic acid C=O and an amide stretch of C=O was observed at 1714 cm-1 and 1638cm-1 respectively. 

The FTIR spectra indicate various functional groups present at different positions. The appearance of peaks in the amide I and amide II regions corresponds to of proteins/enzymes that have been found to be responsible for the reduction of metal ions when using the plant extract for the synthesis of silver nanoparticle (Yamini S et al 2011). 
[image: E:\M.Phil Project\Chapter4\Char\MgO\FTIR\MGO.png]
Fig.6 FTIR analysis depicting the bonds and linkages involving the reduction of   characteristic functional groups of silver nanoparticle formation.


Isolation of microbes taken from the shrimp aquaculture effluent through serial   dilution technique

[image: C:\Users\Admin\Downloads\IMG-20211203-WA0005 (2).jpg][image: C:\Users\Admin\Downloads\IMG-20211207-WA0003.jpg]
 Fig.7 Serial Dilution of shrimp farm effluent
The effluent was serially diluted from 10-1 to10-6 dilution and randomly the difference in the turbidity of the solution was observed .The effluent was found to be concentrated at 10-1 dilution, whereas it was lighter as it reached the dilution of 10-6.
If the solution was concentrated, the colonies were found to be uncountable. The study was mainly aimed to isolate the morphologically distinct individual colonies, highest dilution of the effluent 10-6 was taken for investigation.

Screening of colonies by spread plate technique and sub culturing of the screened colonies by quadrant streaking

[image: ]             
Fig.8  Morphologically distinct Colonies  formed by Spread Plate technique

      	 The figure 8 (a) exhibit the growth of colonies on the media, whereas the figure 8 (b) exhibits no growth, which was served as control. The colonies are countable and enumerated as colony forming Unit.
      Two characteristic morphologically different colonies were observed. A typical creamy white colony and a transculent greenish colony were subcultured by quadrant streaking. 

[image: C:\Users\Admin\Downloads\IMG-20220618-WA0003 (1).jpg] [image: C:\Users\Admin\Downloads\IMG-20210731-WA0015 (1).jpg]

          Fig. 9 Creamy white colony                                Fig. 10 Transulent greenish white colony
 

Identification of the Microbes by biochemical Characterization
	Biochemical characterizationof the screened colonies were performed by IMVIC test and Gram’s staining procedure and the genus were identified as Pseudomonas and Escherichia. 	Based on the results obtained, the organisms are grouped under Bergey’s Manual of Determinative Bacteriology and the genus were identified as Pseudomonas aerogenosa and Escherichia coli, which was isolated and screened from the shrimp farm effluent.

Determination of antimicrobial activity of the silver nanoparticles against Pseudomonas aerogenosa with reference to the activity of polymyxin, penicillin & cefitaxamine by well diffusion assay
[image: C:\Users\Admin\Downloads\IMG-20220707-WA0003.jpg] [image: C:\Users\Admin\Downloads\IMG-20220707-WA0001.jpg] 
Fig.11. Zone of clearance produced Ag Np, polymixin, penicillin & cefitaxamine against Pseudomonas aerogenosa      
      
Two Macconkey agar petriplates were inoculated with Pseudomonas aerogenosa. It was observed that 10µg/ml concentration of silver nanoparticle and 10µg/ml concentration of reference antibiotics namely polymyxin, penicillin, and cefitaxmine were loaded on the four wells consequetively. A characteriestic zone of clearance was observed. The diameter of zone of inhibition was calculated from the centre of the cavity to the boundary of the zone. It was predicted that 30% of the colonies on the plate were found to be pseudomonas aerogenosa, the second dominating organism present in the shrimp farm effluent
 Replica of the experiment was performed. It was observed that silver nanoparticles exhibit 6.0 mm diameter of zone of clearance, whereas polymyxin exhibit 0.5mm, penicillin exhibit 5mm, and cefitaximine exhibit 6mm diameter. 
  
This inferred the potency of the antimicrobial property of silver nanoparticles against pathogens present in the effluent. Also, even at lower concentration 10µg/ml, the bactericidal effect was pronounced by silver nanoparticle which was found to be equal to that of  antibiotics, which was taken as reference.

Determination of antimicrobial  activity of the silver nanoparticles against Escherichia coli with reference to the activity of polymyxin, penicillin & cefitaxamine by well diffusion assay 

Two Luria bertani agar plates were inoculated with Escherichia coli. . It was also observed that 70% of the colonies present in the effluent was E.coli and it was the first dominating organism present in the shrimp farm effluent. Four wells were made by well puncture and the wells were loaded with 10µg/ml concentration of silver nanoparticles and reference antibiotics 10µg/ml concentration of  polymyxin, penicillin and cefitaxamine consequetively. After 24 hrs of incubation, a typical zone of clearance was observed around the wells
[image: C:\Users\Admin\Downloads\IMG-20220707-WA0005.jpg][image: C:\Users\Admin\Downloads\IMG-20220707-WA0000 (1).jpg]
Fig, Zone of clearance produced Ag Np, polymixin, penicillin & cefitaxamine against Escherichia coli   
	The diameter of the zone of clearance was measured. It was found that silver nanoparticles exhibit 5.5mm diameter, whereas polymyxin exhibit 3mm diameter,penicillin exhibit 5.7mm diameter and cefitaxamine exhibit 5.4mm diameter of zone of clearance.                
From the investigation, it was observed that the silver nanoparticle exhibit potenctial antibacterial effect , which was found to be equal to that of penicilin against the predominant pathogen Eschericha coli present in the effluent.

5 CONCLUSIONS

From the above experimental analysis, it was concluded that, the silver nanoparticle synthesized through green synthesis will serve as a good antimicrobial agents exhibiting pharmacological effects equal to that of the antimicrobial effects of antibiotics. This antimicrobial property was exploited in the treatment of shrimp farm effluent.  This research work demonstrates the implementation of new technology named as” Nanotechnology” in environmental applications. The silver nanoparticles can be used in similar to that of antibiotics in shirmp farm as well as in fish farm aquaculture to achieve microbial load reduction. Silver nanoparticles are extensively used in Biosensors to detect the microbial load present in the effluent.
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