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Abstract- Currently, aquaculture 

production systems have progressively 

intensified.  Despite their high output, the 

intensive culture practices have adverse 

and negative impact on the environment. 

They are associated with both 

uncontrolled use of feed and massive 

production of waste which if released into 

the environment untreated, it deteriorates 

the water quality, leads to eutrophication, 

causes and spreads parasite and diseases 

and causes metals and antibiotics 

pollution. Other impacts include 

destruction and/or alteration of natural 

habitats, depletion of wild stocks, and 

salinization of adjacent soils and change 

of biodiversity. These risks and impacts 

from aquaculture have often being 

criticized by environmental organisations 

and politicians and has generated great 

scientific interests and great advocacy for 

undertaking mitigation measures. 

Bioremediation techniques which are 

widely known to be environment friendly, 

healthy, efficient and cost-effective 

methods for improving the quality of 

aquaculture waste have been proven to 

reduce environmental damage. In 

addition, bioremediation techniques in 

aquaculture are easy to implement and 

maintain, can be performed on-site 

and/or off-site, and reduce the amount of 

waste to be landfilled. In the present 

work, we review the various types and 

mechanisms of bioremediation strategies 

that could be applied for ameliorating 

negative impacts of the aquaculture 

effluents to the environment. 

Keywords: Bioremediation, aquaculture, 
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the wastes that are released in the aquatic 

environment. They do it through 

nitrification, denitrification and hydrogen 

sulfide breakdown. Therefore, any 

successful bioremediation method should 

aim at optimizing the rates of those 

processes and maximizing carbon 

mineralization [1]. This improves the water 

quality in aquaculture environment by 

removing the toxicity of the organic matter, 

decreasing the development of the anaerobic 

conditions in the sediment, and reducing 

sludge accumulation [2]. However, in 

intensive aquaculture, whereby waste 

loading is frequent and enormous, the 

naturally occurring bacteria are not 

sufficient to efficiently breakdown the 

waste. This is due to several reasons. First of 

all, the organic breakdown process by 

naturally occurring bacteria is rather slow in 

nature, because the growth of nitrifying 

bacteria is relatively slow, even under 

optimal environmental conditions [3]. 

Secondly, the bacteria that are more suitable 

for biodegrading the organic matter are 

normally found in the sediment, thus lacking 

in the water column [4]. Therefore, for a 

proper aquaculture waste treatment, it 

should be necessary to accelerate the 

biodegradation process by either stimulating 

the microbe growth or by augmentating the 

concentration of microbes. The former can 

be carried out by changing the 

environmental conditions to those more 

suitable for the growth of the degraders. The 

latter involves the addition of bacterial 

cultures to enhance the breakdown process. 

Both of them are the main strategies in 

bioremediation techniques. Also, is 

advisable to combine different 

bioremediation methods for optimal 

aquaculture waste treatment [5]. 

 

A. Biostimulation 

Biostimulation is the bioremediation 

strategy by which the naturally occurring 

microorganisms are provided with 

environmental conditions that favour their 

growth and reproduction. The presences of 

nutrient fertilizers such as nitrogen and 

phosphorus, as well as oxygen, boost the 

capability of the microorganism of breaking 

down the organic pollutant. The nutrients, 

when artificially added to the pond, favours 

the microorganisms which multiply in 

millions numbers, and in return, the organic 

wastes and toxic substances are rapidly 

broken down by them, into a less harmful 

state. Aerobic bacteria responsible for 

oxidizing processes can only function well 
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in an environment with sufficient oxygen 

[6]. Thus, if these bacteria are provided with 

artificial aeration, they will rapidly break 

down toxic ammonia and nitrite to nitrate.  

Besides adding nutrient and oxygen to the 

microbes, biostimulation can be achieved by 

providing an artificial substrate which will 

encourage the natural occurring bacteria to 

grow and multiply by forming biofilms. 

Most biostimulation technologies involve 

creating adhesion sites in which the oxygen 

diffusion is increased, thus stimulating the 

formation of a biofilm [7]. There are several 

biostimulation engineering processes for 

biofilm formation which can be utilized in 

treating aquaculture wastes. 

  

1.0 Biofilters 

Biofilters or biological filters allow 

the diffusion of oxygen and form adhesion 

sites for rapidly collecting natural aerobic 

bacteria involved in the nitrification and 

denitrification processes [7]. According to 

reference [8], biofilters are generally 

classified into emerged and submerged. In 

the emerged biofilters, the water cascades 

over the media to maximise the transfer of 

oxygen, hence providing optimal conditions 

for an efficient nitrification. The submerged 

biofilters are completely in the bulk media 

and consist of a packing, liquid and biofilm 

phases. 

Biofilters are commonly used in 

semi-closed recirculating systems to treat 

aquaculture waste water to be re-used. The 

recirculating systems involve recirculating 

water between a culture facility and a water-

treatment facility containing the biofilter [9]. 

The waste is captured in concentrated 

effluents; it is thickened to sludge and then 

decomposed by the bacteria present in the 

biofilter [9]. The bioremediation efficiency 

of biofilters makes the recirculating 

aquaculture systems to be recommended in 

marine aquaculture system as an effective 

way of reducing aquaculture waste water 

pollution. Reference [10] reported that 

biofilters have an efficiency of reducing 

waste up to 90%.  

The most commonly used type of 

biofilters includes: Microbial mats, 

Activated sludge, Trickling filter, Rotating 

biological contactor and Denitrifying filters 

 

1.1 Microbial mats  

Microbial mats are laminated-cohesive-

microorganism communities which grow 

embedded on a polymeric matrix of gel 

around moist submerged surfaces, forming a 

multi-layered sheet [11]. In this system, the 

photoautotrophic cyanobacteria, purple 
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bacteria, eukaryotic microalgae and the 

sulfur-reducing bacteria are the most 

predominant microbes [12]. The microbial 

mats growth can be stimulated by adding 

either grass silage, glass wool, paddy straws 

or artificial reefs to the mat inoculum in 

waste water [13; 14; 15; 16]. However, it is 

preferable to use biological degradable 

substances such as paddy straw, water 

hyacinth or bagasse as substrate for 

microbes [15]. All of them increase the 

surface area for rapid growth of the naturally 

occurring nitrifying bacteria and the 

photosynthetic cyanobacteria bacteria, 

which continuously supplies oxygen for the 

oxidation processes [17]. Results from a 

study on the use of microbial mats in 

aquaculture system by reference [18] 

showed that the dissolved organic carbon 

contained in the treated water, was reduced 

from 125 to 10mgL
1-

. They also found out 

that the resident cyanobacteria consumed the 

nitrate and nitrogen produced as result of the 

nitrification and denitrification processes, 

and converted them to proteins and 

carbohydrates. This shows that 

biostimulation of microbial mats does not 

only result into the breakdown of organic 

matter, but also transforms it into structural 

cell components, such as proteins, which are 

food for fish  

 

1.2 Activated sludge 

The most common type of biological 

filter for waste water treatment is the 

activated sludge [19]. Activated sludge is a 

form of an aerated suspension which 

promotes microbial growth, adsorption and 

agglomeration of suspended colloidal 

matters into microbial flocs, which breaks 

down the organic matter [3]. The microbes 

metabolize and oxidize the nutrients 

contained in the waste into simpler products 

such as CO2. The easily removable sludge 

may be used as microbial inoculum [3]. The 

efficiency of the activated sludge depends 

on the sludge retention time, which ensures 

more aeration and allows the extracellular 

polymeric substances to settle down [20; 

21]. 

 

1.3 Trickling filter 

Trickling filter is a simple stationery 

bed of stones and gravels constructed to 

increase the surface area for microbial 

attachment. Wastewater is allowed to trickle 

or percolate through the stationary bed. The 

passing waste water creates a biologically 

active slime layer of microbes which breaks 

down the excess nutrients and organic 

matter [3]. The trickling filter have proven 

to be 100% efficient in denitrification rate 
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when incorporated in recirculating 

aquaculture systems [22; 10]. They can be 

used as the only biofilter system or 

combined with granular type of biological 

filters to increase their denitrification 

efficiency [23]. 

 

1.4 Rotating biological contactor 

Rotating biological contactors are 

biological filters made of either fixed film 

disks or film flow bioreactors, which 

increase the surface area for microbes to 

attach, grow and then breakdown the 

organic matter [24].  

The fixed film contractor is 

submerged, with 60% of the disk placed 

above the waste media. It contains rotating 

packs which are closely spaced to increase 

the surface area for the attachment. The 

disks are perpendicularly positioned or 

placed parallel to the water flow, which 

controls the rotation of the packs [25]. The 

rotation of the packs provides aeration as 

well as help with the discard of the excess 

suspended solids.  

In the film-flow bioreactor, the 

microbial slime film is built upon a partly 

submerged support medium, which consists 

of a series of light weight disks mounted on 

a horizontal shaft in a tank through which 

waste water is allowed to flow [26]. The 

film-flow bioreactor can be linked in parallel 

or in series as the shaft is rotated slowly by a 

low speed motor for proper aeration. A 

study by Reference [24] showed that, 

rotating biological contactor can remove up 

to 40% of the total ammonia nitrite (TAN) 

from aquaculture waste. 

 

1.5 Denitrifying filters 

IMTA technology has been 

described as a key to aquaculture 

sustainability [29; 30; 31]. Microbes for 

aquaculture waste treatment can be 

biostimulated by integrating the culture of 
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Denitrifying filters encourage the 

growth of anaerobic bacteria by creating 

anaerobic region, thus increasing the 

conversion of nitrate to nitrogen gas. They 

are designed with cylindrical anoxic reactors 

fed with bacterial flocs, and no dissolved 

oxygen is provided. The lack of oxygen 

makes the organic and inorganic waste to be 

decomposed by the denitrifying bacteria 

when the waste passes at the bottom where 

sludge is formed [27]. Reference [28] 

reported that denitrification filters can be 

used to remove high concentrations of 

nitrate in waste water. 

 

2.1 Integrated Multi-Trophic 

Aquaculture (IMTA) 
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the microbes with other culture organisms. 

IMTA is a polyculture method of culturing 

fed species (e.g. finfish or shrimps) with 

either inorganic extractive organisms, such 

as microalgae or/and organic extractive 

species, such as shellfish or bottom feeders 

(bivalves). Several studies have shown that 

mussels and oysters when co-cultured with 

fish, help to reduce the organic matter in the 

waste effluent [32; 33; 30; 34; 35; 36; 37].  

The polyculture helps to remove the organic 

matter as the waste from the fed species 

provides nutrients to the extractive species 

thus reducing the amount of waste released 

to the environment and balancing the 

ecosystem [38]. Microalgae are known to 

treat waste water by removing inorganic 

carbon, nutrients, pathogens and heavy 

metals [39]. Their incorporation in 

aquaculture production not only reduces the 

waste but also increases profits, as they also 

produce food biomass for other aquatic 

species [40]. Reference [41] was the first to 

document the integrated mariculture of 

marine fish (Seabream and Mullet) with 

phytoplankton (diatoms) and shellfish 

(oysters). His results indicated that the 

phytoplankton community maintained high 

water quality and that half of the nitrogen 

contained in the waste was converted to 

algae biomass. Further, the production of 

Natural wetlands have rich and 

diverse biomass of flora and fauna that 

interact through the food web, thus helping 

in the nutrient cycle and in balancing the 

ecosystem. Wetlands improves the quality of 

the water by trapping suspended solids, 

degrading organic matter, absorbing 

nutrients, removing trace elements and 

preventing the spread of pathogenic 
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fish and oysters achieved was in hundreds of 

kilograms. Other works showed that waste 

from the Seabream and Mullet resulted in 

food for the diatoms, which were in return 

filtered by oysters while the uneaten food 

was consumed by bivalves [42]. It is 

conclusive that, apart from the biomitigative 

role, the IMTA improves the farms 

economic values by converting wastes, like 

uneaten fish feed and feaces into harvestable 

biomass [38]. It reduces the cost of 

production and the risks involved in it, 

increase the diversification of species and 

even positively affect the social 

acceptability of the aquaculture through the 

use of improved farm management practices 

[43]. Unfortunately, global IMTA farm-

scale applications are still limited due to its 

complexity and the higher cost associated 

with it [44]. 

 

3.0 Constructed wetlands 
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microbes [4]. Therefore, in aquaculture 

systems, as the effluent passes through the 

mashes, it is treated by filtration, 

sedimentation, oxidation, reduction, 

precipitation and adsorption processes [46]. 

The vegetation removes the organic carbon 

and nitrogen, the sediments helps with the 

removal of phosphorus, while the microbe 

community helps in the biodegradation of 

the organic matter and removal of the toxins 

present in the aquaculture waste water [47; 

27]. The vegetation does not only absorb 

nutrients and trap solids, but also the roots, 

stems and leaves act as substrates for the 

microbes to grow, In addition, once the 

vegetation dies and decays, they provide 

carbon to the microbes.  

Wetlands are natural biostimulators 

for nitrifying bacteria [48; 49] as the plant 

root zone releases oxygen to the rhixosphere 

[50], making it available for the 

microorganisms. To increase the wetlands 

efficiency of biostimulation, natural 

wetlands, have gradually been modified to 

constructed wetlands. Furthermore, 

environmental engineers have designed 

ways of modifying the natural wetland to 

maximize their capability of biofiltration 

[51; 52; 53; 54; 55; 56; 49]. The constructed 

wetlands significantly increase microbial 

growth and increase the rate of 

bioremediation [49]. 

The most common constructed 

wetlands for aquaculture waste treatment are 

the subsurface-flow and surface-flow 

wetlands [47]. In the former, gravel and 

sand are added to the base of the wetland to 

act as a substrate for microbial attachment 

and growth. The latter requires plant 

vegetation, which helps in nutrient uptake 

[49], provides oxygen [50] and creates a 

substrate for microbial attachment [48] a 

process referred to as phytoremediation. It 

has to be highlighted that precaution is 

necessary to avoid introducing highly 

invasive plant species, being usually used 

for this end reed beds, sedges, typha and 

water hyacinth.  

In general, it is recommended to 

combine different techniques of constructed 

wetland for an efficient waste removal [57; 

58]. 

 

B. Bioaugmentation 

Bioaugmentation involves either the 

addition of commercially prepared bacteria 

strains or the addition of a blend of isolated 

enzymes or the combination of both the 

bacteria strains and the enzymes (mostly 

preferred), to increase the natural 
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degradation carried out by the indigenous 

bacterial population [2].  

 

1.0 Bacteria strains 

Bacteria strains (most preferably 

indigenous ones) are carefully isolated, 

tested and applied as bioremediation agents 

[60]. Latest biotechnology uses some 

bacterial strains that have been genetically 

modified to increase their stability and 

survival in the aquatic environment. This 

increases their degradation capabilities once 

they are applied as bioremediators [61]. The 

strains can be mixed with sand or clay, so 

that when broadcasted they go settle at the 

bottom of the pond where more organic 

waste is accumulated [62]. The most 

commonly used and commercially available 

bioaugmenting agents belong to the genus 

Bacillus (mostly preferred due to its ability 

to secrete many different enzymes), which 

helps in mineralization and breakdown of 

proteins [4]. Actually, the first 

documentation on the use of bioremediation 

in aquaculture described the use of different 

strains of Bacillus Spp. in a 

Penaeusmonodon farm [63]. In this work, 

bacteria were first pre-inoculated into the 

rearing water, which diminished the 

concentrations of the ammonia and nitrite, 

and then increased the shrimp survival. 

Later on, the bacteria were inoculated into 

the ponds in which the adults grew, and the 

shrimp harvest increased [64]. In India, a 

probiotic containing Bacillus, Lactobacillus, 

Nitrosomas, Nitrobacter was used to study 

its effects on both populations of Vibrio, 

which is pathogenic to many different 

marine organisms, and toxic gases in shrimp 

ponds [65]. Results of this work showed the 

complete removal of all toxic gases present 

in the ponds, which in return improved the 

water quality, significant reduced the 

concentrations of Vibriospecies and 

eventually improved the shrimp health.  

Other bioremediating agents 

different than Bacillus spp. have recently 

gained some interest because of their 

degrading capabilities. They include strains 

of Paracoccus spp., Thiobacillus spp. and 

Aeromonas spp. [66; 67]. Strains of 

Acinetobacter spp. help in the reduction of 

the organic matter, Cellulomonas spp. helps 

to breakdown plant material, while 

Nitrosomonas and Nitrobacter are 

responsible for oxidation of ammonia and 

nitrite, respectively [61; 68]. Bacteria strains 

belonging to the Families Chromatiaceae 

and Chlorobiaceae, have been proved to 

have good capabilities for biodegrading 

hydrogen sulphide and in reducing bad 

odour.  
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2.0 Enzymes  

Bacterial strains capable of 

biodegradation waste can be genetically 

engineered to produce the specific enzymes 

suitable for degradation [61]. Direct 

application of enzymes has more rapid 

action as they immediately breakdown the 

chemical bonds [69]. Enzymes are durable 

and some of them remain unchanged even 

after the reaction is completed, thus possible 

to recover and recycle [70]. They have the 

ability to work in different substrates and in 

multiple environments [71]. However, 

enzymes are only limited to enzyme-

mediated reactions in which the products are 

less toxic than the substrate, and in 

detoxification processes that do not require 

multistep pathways [70]. Therefore, the 

enzymes should be combined with 

microorganisms for an efficient 

bioremediation performance. 

 

3.0 Combination of bacteria strain and 

enzymes 

As above indicated, to counter the 

limitation associated to the use of enzymes, 

it is necessary to combine them with 

bacteria strains. The bacteria strains are 

necessary for fermenting the sludge after the 

enzymes have broken down the large sludge 

particles, which further creates large surface 

areas for an easier bacterial action. This 

combination of microbes and enzymes 

ensures the complete reduction of the 

organic matter, thus improving the water 

quality [59]. It further helps in the diseases 

prevention, improving the survival of 

cultured organisms and thus increasing the 

farms production yields [71].  

 

With the current development of 

aquaculture industry, more and more waste 

will be produced and in return, 

environmental impacts from the sector will 

continue to arise. The natural functioning of 

microorganisms and their interactions in 

aquatic environment helps in designing 

biological remediation methods of treating 

aquaculture waste. Bioremediation methods 

which use the biofilms concept protect the 

environment through organic breakdown 

and by reducing waste landfilled. Most of 

the bioremediation methods not only 

biomitigates the aquaculture waste but also 

improves biodiversity and creates economic 

stability through product diversification, 

social acceptability, better management 

practices and providing environmental 

services. The review of different applicable 
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