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INTRODUCTION 

anotechnology is the ability to create 

and manipulate atoms and molecules 

on the smallest of scales. ‘Nano’ 

comes from the Greek word for dwarf. The 

study of the controlling of matter on an atomic 

and molecular scale. Generally, 

nanotechnology deals with structures sized 

between 1 to 100 nanometer in at least one 

dimension, and involves developing or 

modifying materials or devices within that size. 

Father of nano technology Nobel Laureate- 

1965. Richard Feynman, Physicist Norio 

Taniguchi, Professor -coined the term 

“Nanotechnology” (1974). Example of Nano in 

nature: Gecko feet are covered with nano- size 

hairs that use intermolecular forces, allowing 

the lizards to stick firmly to surfaces. By 

replicating these scientists had developed an 

adhesive that can seal wounds or patch a hole 

caused by a stomach ulcer. The adhesive is 

elastic, waterproof and made of material that 

breaks down as the injury heals. 

N 
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nutrition, aquatic health management, pond management system and their impact in 

aquaculture. 
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Ecofriendly Synthesis of Nanoparticles 

Green Synthesis Nanoparticles 

The method involves the plant-based synthesis 

of nanoparticles. Green synthesis techniques, is 

play a vital role in eco-friendly, nontoxic, 

simple, cost-effective, synthesis of 

nanomaterials. A number of researchers have 

reported on synthesis of silver and gold 

nanoparticles using different plant materials. 

The Green synthesis of silver nanoparticles was 

consummated out using Boerhaavia diffusa and 

Ficus sycomorus. Plant extract as a reducing 

agent and effective antibacterial activity. When 

2 mL of Tamarindus indica fruit extract was 

added into 2 mL of 1 mM tetra chloroauric acid 

solution the color changed from light yellow to 

purple brown was observed indicating the 

formation of gold nanoparticles. It was 

confirmed by UV-Visible spectroscopy 

showing a sharp peak at 540 nm. 

Nanotechnology Tools for Aquaculture 

Nanotechnology has a tremendous potential to 

revolutionize agriculture and allied fields 

including aquaculture and fisheries. It can 

provide new tools for aquaculture, fish 

biotechnology, fish genetics, fish reproduction 

and aquatic health etc. Nanotechnology tools 

are Nanomaterials, Nano sensors, DNA nano 

vaccines, Gene delivery and Smart drug 

delivery etc. 

Nano delivery of Nutraceuticals 

In spite of their low requirement, incorporation 

of nutraceuticals involves higher cost. 

Development of nano delivery system for these 

kinds of molecules may address the problems 

of their application in aquaculture practices at 

commercial level. Use of nutraceuticals for 

health management, value addition is an 

emerging area of aquaculture research. In spite 

of their low requirement, incorporation of 

nutraceuticals involves higher cost. Thus, it 

needs to be used in such a way that wastage will 

be minimized for efficient utilization and to 

make the final product economically viable. 

Development of nano delivery system for these 

kinds of molecules may address the problems 

of their application in aquaculture practices at 

commercial level. Few experiments of 

nanoparticles have been successful in the 

aquaculture industry, like rapid growth of 

young carps (C. auratus gibelio) with iron and 

selenium in diet. 

Nanoparticles for Enhancement of Fish 

Growth 

Scientists from the Russian Academy of 

Sciences have reported that young carp and 

sturgeon exhibited a faster rate of growth (30% 

and 24% respectively) when they were fed 

nanoparticles of iron. Different Selenium 

sources (nano-Se and selenomethionine) 

supplemented in basal diet could improve the 

final weight, relative gain rate, antioxidant 

status as well as Glutathione Peroxidase (GSH-

Px) activities and muscle Se concentration of 

crucian carp (Carassius auratus gibelio). 

Moreover, nano-Se appeared to be more 

effective than organic selenomethionine in 

increasing muscle selenium content. Similarly, 

the growth and performance of the 

experimented fishes have been assessed higher 

at nano level delivery of these nutraceuticals. 

In treating diseases- Health management 

Silver Nanoparticles 

Direct use of silver nanoparticles in water to 

treat a fungal disease has been found toxic to 

young trout whereas a water filter coated with 

silver nanoparticles can prevent the fungal 

infections in rainbow trout fish in the fish 

culture. 
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Nanotechnological Biosensor - Carbon 

Nanotubes 

It is increasingly used in a wider range fish 

culture. Carbon nanotube with certain oils can 

introduce on fish to control the different surface 

diseases of fish. Researchers at NASA have 

developed a nanotechnological biosensor that is 

capable of detecting minute amounts of 

microbes, including bacteria, viruses and 

parasites. This is achieved using highly 

sensitized carbon nanotubes to detect pathogens 

in water and food sources.  

Gold Nanoparticles 

Researchers at the University of Sydney have 

developed a system for parasitic targeting and 

elimination using gold nanoparticles. In this 

study gold nanoparticles were coated with 

antibodies, specific for the pathogen and can 

attach selectively to the infected regions which 

help in control the several pathogens of fishes. 

Nano Vaccines in Fish 

Naturally, vaccination is an important role in 

fish farming and nano vaccines are never being 

used in the context of fish vaccine. Therefore, 

in the recent decade the use of nanoparticles for 

vaccination the fish is an important criterion. 

The application of nanoparticles in the 

vaccination of farmed fish is the unique 

processes. 

Use of Oil Emulsion as Adjuvant - 

Unacceptable Levels of Side Effects 

 adhesion of internal organs in the abdomen 

 Skeletal deformity 

 autoimmunity 

Nanoparticle Carriers like Poly-lactide-co-

glycoside Acid (PLGA) 

These particles protect antigens from premature 

degradation, i.e., before they can elicit an 

effective immune response. The PLGA particle 

will degrade in vivo, and therefore release the 

antigens over time. The rate of degradation of 

the particles can be designed by changing co-

polymer composition and particle size, 

properties which the vaccine efficiency can be 

sensitive. 

Nano Capsules 

The mass vaccination of fish can be done using 

nano capsules containing nano- particles. These 

will be resistant to digestion and degradation. 

These nano capsules contain short strand DNA 

which when applied to water containing fishes 

are absorbed into fish cells. The ultrasound 

mechanism is used to break the capsules which 

in turn release the DNA thus electing an 

immune response to fish due to the vaccination. 

The vaccine can deliver through Chitosan nano 

that is able to wrap itself around vaccines and 

act as a carrier used in nanoencapsulation for 

treatment delivery in the fish physiology. 

Oral Administration 

Oral administration of these vaccines and site-

specific release of the active agent for 

vaccination will reduce the cost and effort of 

disease management, application of drug and 

vaccine delivery etc., at the same cost of 

feeding leading to sustainable aquaculture. 

Briefly stated, nanoparticles are used as oral 

drug carriers for several reasons are 

improvement of the bioavailability of drugs 

with poor absorption characteristics, 

Prolongation of the residence time and 

digestive stabilization of drugs in the intestine, 

High dispersion at the molecular level and 

consequently efficient absorption, Delivery of 

vaccine antigens to gut-associated lymphoid 

tissue and Control of the release of the drugs. 

Nano in Pond Management 

Nano structuring of a coating or paint through 

incorporation of metal oxide nanoparticles 

(CuO, ZnO, SiO2) can control biofouling 

(unwanted bacteria (as biofilm),algae (diatoms 

and seaweeds) and invertebrates (barnacles and 

mussels). As because, the coatings bind to 

metal nanoparticles, develop an efficient 

antifouling surface and improve the 
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performance of antifouling control. Nanoscale 

iron–manganese binary oxide was an effective 

sorbent for removal of arsenic (III) and arsenic 

(V) from both synthetic and actual field 

groundwater of fish culture. 

Water Filtration and Remediation 

Nano–enabled technologies are available today 

for the removal of contaminants from water. 

Nano-materials in the form of activated 

materials like carbon or alumina, with additives 

like zeolite and iron containing compounds, can 

be used in aquaculture applications for holding 

aerobic and anaerobic biofilm for the removal 

of ammonia, nitrites and nitrate contaminants. 

Likewise, ultrafine nanoscale powder made 

from iron can be used as an effective tool for 

cleaning up contaminants such as 

trichloroethane, carbon tetrachloride, dioxins 

and polychlorinated biphenyls to simpler 

carbon compounds which are less toxic, thus 

paving the way for nano-aquaculture. 

TiO2- Stones for Aquariums 

Thai researchers have succeeded is using 

titanium dioxide (TiO2) nano-sized particles to 

coat ceramic or stone for water treatment in fish 

bowls. Stones or ceramics coated with TiO2 

nano-particles can eliminate moss and bacteria 

in fish tanks. The technology can be applied for 

use in aquariums and commercial fish ponds to 

reduce the cost of water treatment. 

Nano-Bio-Bag 

Unified with filter water purification equipment 

shall be inoculated in the water. It has a small 

number of nano-micro bacteria and placed 

water ecological base, with its carrier, which 

can effectively degrade fish, shrimp, shellfish, 

crabs, sea cucumbers and ammonia 

metabolites. 

Nano-Water Stone 

It can block, the internal water bacteria 

inoculated microbes and can change the water 

for long periods, keep the water clean, to 

control pollution and for aquaculture, make the 

water clear. Nano helps in purify water, reduce 

ammonia, nitrite, used to control sewage and 

for aquaculture in particular. Nano silver ion 

antimicrobial coating nano-composite coatings, 

is the ideal fish pond green wall paint and these 

are now introducing in Japan and South Korea. 

Nano Tagging 

Radio frequency ID (Rfid). It is a chip with a 

radio circuit incorporating nanoscale 

component with an identification code 

embedded in it. These tags can hold more 

information, scanned from a distance and 

embedded in the product to identify any object 

anywhere automatically. As a device to monitor 

the metabolism, swimming pattern and feeding 

behavior of fish. 

Nano-Barcoding 

A nano-barcode is a monitoring device 

consisting of metallic stripes containing 

nanoparticles where variations in the striping 

provide the method of encoding information. 

By incorporating the nano barcoding, 

processing industry and exporters can monitor 

the source or track the delivery status of their 

aqua product until it reaches the market. 

Further, coupled with nano sensors and 

synthetic DNA tagged with color coded probes, 

nano-barcode device could detect pathogens 

and monitor temperature change, leakage etc., 

thus improving the product quality. 

Principle of Micro Nano Bubble 

Utilizing the shallow depth floatation three 

phase dissolution and separation of solid- 

liquid-gas are realized in a device at the same 

time, to reach the aim of high efficiency 

separation of feed Remnants, feces, micro 

protein of in the floating culture water. 

Meanwhile, it utilizes oxidation property of 

ozone and micro nano bubble to oxide nitrite 

into nitrate; because of a large amount of gas 

dissolution and overflow, it also takes out of the 

ammonia nitrogen, carbon dioxide, hydrogen 

sulfide and others gas; due to the addition of 

ozone, circulating water depth disinfection, also 
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added oxygen. Due to the high efficiency of 

micro nano bubble shallow depth air floatation 

system for the harmful pollutants such as feed 

Remnants, feces, ammonia nitrogen (TAN), 

nitrite nitrogen (NO2--N) and so on, no need to 

use biochemical system. 

Environmental Impact of Nanoparticles in 

Aquaculture 

SINTEF Fisheries and aquaculture is interested 

to evaluate possible risks associated with 

introduction of Nanotechnology to understand 

the processes involved in the applications of 

new technologies. Quality of water in natural 

aquatic ecosystem can change with the help of 

physical; biological and a chemical process 

which helps in improve the quality of the water. 

Example- Sewage fed aquaculture, Kolkata. 

Recently it has been established that the several 

nanoparticles can deposited in the food web and 

can enter in the animal physiology is reported 

in Kumar and Singh, 2010. Metal ions which 

are usually absorbed through passive diffusion 

over the gills of fishes while metals associated 

with organic materials are ingested and 

absorbed by endocytosis through intestine of 

fish. It has been suggested that cadmium ions 

enter the chloride cells in the gills of fish 

through calcium channels. Relatively little is 

known regarding the fate and possible toxic 

effects of engineered nanoparticles (ENPs) in 

the aquatic domain. Recent experiments help to 

denote that a particular size of nanoparticles 

like, gold, copper etc., can transfer from 

Daphnia magna to earthworms to Danio rerio 

(zebra fish) and also take part in bio 

magnifications. 

The Future of Nanotechnology 

Research needs to develop nano capsules 

containing nutrients that would be released 

when nano sensors detect a deficiency in fishes. 

However, for their successful implementation 

in aquaculture, as commercially viable 

technologies, one needs to carry out a thorough 

study on the engineering aspects, 

environmental issues, scalability and cost 

analysis. 

CONCLUSION 

Modern biotechnologies involve making useful 

products from whole organisms or parts of 

organisms, such as molecules, cells, tissues and 

organs. Major nano technologic applications 

used in aquaculture and seafood industries are 

nanoparticles, nanofiltration and food 

packaging. Although nanotechnology enhances 

quality and availability of products, some 

materials emerging from nanotechnology may 

pose a risk to aquatic environment. Future 

studies should be focused on preventing or 

minimizing the adverse effects of these 

materials. These products are not in everyday 

use but may be of benefit to us in the future. 
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