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ABSTRACT 
Aquaculture is the fastest growing food-producing sector accounting for almost 43% of the world’s food fish. There is however a need to 
increase aquaculture production in the next two decades in order to satisfy the minimum protein requirement for human nutrition. There 
are many constraints that limit the maximum production in aquaculture systems such as water quality and adequate live feeds. With the 
development of modern aquaculture farming, extensive culture has given way to intensive culture systems. In intensive systems, cultured 
organisms are fed protein-rich formulated feeds. Uneaten feed along with metabolic wastes and other organic matters decompose resulting 
in an increase of toxic nitrogenous compounds causing deterioration of water quality which is toxic to cultured organisms. The discharge 
of a large amount of nutrient-rich wastes from these aquaculture systems, the majority of which are nitrogenous compounds, promotes 
eutrophication in water bodies. In general, an increase of nitrogenous compounds has adverse effects on the environment and on 
aquaculture production. The aim of this paper is to highlight some of the trends in biological management of nitrogenous substances in 
aquaculture systems. 
_____________________________________________________________________________________________________________ 
 
Keywords: aquaculture, ammonia, nitrogen, management 
 
CONTENTS 
 
INTRODUCTION........................................................................................................................................................................................ 21 
RECYCLING OF NITROGENOUS WASTES ........................................................................................................................................... 22 

Anaerobic ammonia oxidation (anammox) and denitrification process................................................................................................... 22 
NITROGENOUS WASTE PRODUCTION IN AQUACULTURE – FORMS AND TOXICITY ............................................................... 23 

Ammonia ................................................................................................................................................................................................. 23 
Toxic effects of ammonia ........................................................................................................................................................................ 23 
Nitrite ...................................................................................................................................................................................................... 23 
Toxic effects of nitrite.............................................................................................................................................................................. 23 
Nitrate...................................................................................................................................................................................................... 23 
Toxic effects of nitrate ............................................................................................................................................................................. 23 

FACTORS AFFECTING THE PRODUCTION OF NITROGENOUS COMPOUNDS.............................................................................. 24 
BIOLOGICAL MANAGEMENT OF NITROGENOUS COMPOUNDS IN AQUACULTURE SYSTEMS ............................................. 24 

Organisms involved in biological management of nitrogenous compounds............................................................................................ 24 
Technologies for biological management of nitrogenous compounds ..................................................................................................... 25 

CONCLUSION............................................................................................................................................................................................ 27 
REFERENCES............................................................................................................................................................................................. 28 
_____________________________________________________________________________________________________________ 
 
 
INTRODUCTION 
 
Aquaculture is the farming of aquatic organisms in natural, 
controlled marine or freshwater environments. It is one of 
the fastest growing industries and provides 43% of all the 
fish consumed by humans (FAO 2007). The Asia-Pacific 
region accounts for more than 89% of the world aquaculture 
production in quantity. In order to maintain the current per 
capita consumption of aquatic food, an additional 40 mil-
lion tonnes will be required by the year 2030 (FAO 2006). 

Aquaculture is an important economic activity con-
tributing to the world protein supply. One of the possible 
benefits suggested with increase in aquaculture production 
is to alleviate pressure on wild fisheries (Naylor et al. 2000; 
Pauly et al. 2002; Goldburg and Naylor 2005). To meet the 
growing demand for fish and seafood throughout the world, 
traditional farming systems have given way to intensive 
aquaculture. In addition, factors such as limitations in water 

quality and quantity, and cost of land are driving the aqua-
culture industry toward more intensive practices. However, 
large inputs of resources in intensive aquaculture systems 
are not normally efficiently utilized resulting in release of 
wastes to the environment (Folke and Kautsky 1989). 

Nutrition of fish in natural ecosystems or in extensive 
ponds is dependent mostly on the natural food web. How-
ever, in intensive aquaculture systems, formulated protein-
rich feed is commonly used for culturing aquatic organisms. 
Intensive shrimp pond culture produces high organic wastes 
consisting of solid matter viz. uneaten feed, feces, phyto-
plankton and dissolved metabolites for instance ammonia, 
urea and carbon dioxide. Wickins (1985) showed that an 
average of 11% of a mixture of wet and dry pelleted feed 
remained un-eaten by Penaeus monodon. In addition, fish 
excrete ammonia as their principal nitrogenous waste which 
is a major constraint to successful aquaculture practices. 
Together with the excess feed accumulated in the bottom of 
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ponds and tanks, these wastes decompose resulting in an in-
crease of toxic nitrogenous compounds. The accumulation 
of a high concentration of total ammonia nitrogen leads to a 
decrease in aquaculture production. To maintain good water 
quality and to overcome the toxic effects of nitrogenous 
compounds, frequent water exchange is the most common 
practice in aquaculture farming. However, frequent water 
exchange to overcome poor water quality problems is labo-
rious, expensive (Thompson et al. 2002) and may increase 
the risk of introducing disease-causing agents. Moreover, 
the discharge of nutrient-rich water and sediments from 
aquaculture systems has contributed to negative environ-
mental impacts (Jones et al. 2001) causing eutrophication in 
rivers and coastal waters which leads to conditions unsuita-
ble for aquatic organisms. As a result, aquaculture waste, if 
not properly managed, could cause a negative impact on the 
aquatic environment. 

To maintain a healthier environment in aquaculture sys-
tems, good water quality is essential for growth and survi-
val of cultured species. There are several strategies to con-
trol water quality in aquaculture systems such as the use of 
chemicals like ozone, chlorine, oxidizing agents, chelating 
agents and physical methods like filtration and aeration 
which have both beneficial and negative impacts (Dupree 
1981). These strategies have led to the development of bio-
remediation which is environmentally friendly and has 
shown to boost productivity in aquaculture. Bioremediation 
involves degradation of hazardous waste to environmentally 
safe levels by selected microorganisms, bivalves and algae 
(Rao and Sudha 1996), and thus reduces toxic compounds 
produced by the cultured animals. In addition, bioremedia-
tion makes use of natural processes to transform contami-
nants to forms that are harmless to the organisms (Beck et 
al. 1997) and promotes a sustainable environment for aqua-
culture. 

A number of techniques have been developed and eval-
uated with varying degree of success to control nitrogenous 
compounds in aquaculture systems. This study highlights 
some of the different biological approaches used for effec-
tive management of nitrogenous substances in aquaculture 
wastewater. 
 
RECYCLING OF NITROGENOUS WASTES 
 
Nutrient cycling is an essential process in the aquatic eco-
system to return the organic wastes into useful forms that 
can be used by autotrophs. Nitrogen, sulphur, carbon and 
phosphorus cycles are the major nutrient cycling processes 
occurring in the aquatic ecosystem and bacteria play a key 
role in the formation of inorganic compounds. In aquacul-
ture systems, nitrogenous compounds are constantly pro-
duced, converted and consumed. The nitrogen cycle occurs 
in four steps, nitrogen fixation, ammonification, nitrifica-
tion and denitrification carried out by different aquatic 
microorganisms. During the nitrogen fixation process pro-
karyotic microorganisms fix free nitrogen to form ammonia 
through nitrogenase activity and these include bacteria and 
cyanobacteria which are referred to as diazotrophs. The role 
of Azotobacter, Clostridium, Desulfovibrio and photosyn-
thetic nitrogen-fixing bacteria in nitrogen fixation in marine 
ecosystems has been well documented (Sisler and ZoBell 
1951; Pshenin 1963; Truper and Genovese 1968; Wynn-
Williams and Rhodes 1974a, 1974b; Herbert 1975; Laksh-
manaperumalsamy et al. 1975). Under natural conditions, 
ammonia or nitrates are present in low concentrations in the 
aquatic ecosystem and production of organic matter by 
autotrophs depends greatly on the availability of both. 
Autotrophs utilize ammonia and nitrate as a source of nitro-
gen for synthesis of protein (Rheinheimer 1974) which is in 
turn consumed by herbivores such as fish and other aquatic 
animals. Protein-mineralising bacteria such as Pseudomo-
nas, Bacillus and Vibrio act on these aquatic animals after 
death, breaking them down to amino acids and peptides. 
Ammonifying bacteria further break down the amino acids 
liberating NH3 in the process. Liberated NH3 serves as a 

source of nitrogen for phytoplankton (Koike et al. 1986) 
and aquatic macrophytes. 

In aerobic conditions, ammonia is oxidized during the 
nitrification process by aquatic ammonia-oxidisers such as 
Nitrosomonas and Nitrococcus to nitrite. The aquatic nitrite 
is then oxidized by Nitrobacter, Nitrococcus and Nitrospina 
to nitrate. Heterotrophs are also able to carry out nitrifica-
tion but to a lesser extent compared to bacteria. Witzel and 
Overbeck (1979) reported vigorous nitrate formation by 
Arthrobacter strains isolated from Kleiner Plöner See 
(Holstein, Germany). In aquaria where aeration is strong, 
nitrate concentration becomes very high due to oxidation of 
the high ammonia concentration formed from the metabolic 
products and excess feeds (pers. obs.). 

Denitrification involves reduction of nitrate to free nit-
rogen. Jetter and Ingraham (1981) listed 73 bacterial genera 
capable of denitrification. These included common aquatic 
heterotrophs such as Alkaligenes, Pseudomonas, Vibrio and 
other less widely distributed genera like Hyphomicrobium, 
Leptothrix and Thiobacillus. Herbert (1982) showed that 
Aeromonas, Vibrio, Klebsiella, Escherichia and Clostridium 
were very active in NO3 dissimilation. Most of the nitrogen 
cycle processes occur simultaneously in aquatic ecosystem. 
 
Anaerobic ammonia oxidation (anammox) and 
denitrification process 
 
In conventional method, biological nitrogen removal is 
achieved by nitrification followed by a denitrification pro-
cess, Recently, the short-cut nitrification–denitrification 
(SND) and anaerobic ammonium oxidation (anammox) 
(Mulder 1992) have been invented for nitrogen removal. 
Another high rate nitrification/denitrification technology 
known as single reactor system for high activity ammonium 
removal over nitrite (SHARON) has been developed for the 
removal of nitrogen components from wastewater (Hellinga 
et al. 1998). Different technologies involving autotrophic 
nitrogen removal have resulted in the development of sin-
gle-stage nitrogen removal using anammox and partial nit-
ritation (SNAP) (Furukawa et al. 2006), completely autotro-
phic nitrogen removal over nitrite (CANON) (Sliekers et al. 
2002), deammonification (Hippen et al. 1997) and oxygen-
limited autotrophic nitrification–denitrification (OLAND) 
(Pynaert et al. 2004). However, anammox offers a novel, 
energy saving and cost-effective biological nitrogen remo-
val technique (Kumar and Lin 2010). The anammox reac-
tion which allows ammonia to be oxidized to nitrite under 
anoxic conditions (Strous et al. 1999) is considered to be an 
important pathway of the nitrogen cycle. The anammox re-
action is initiated by the bacterium Brocadia anammoxi-
dans in which ammonium oxidation is coupled to nitrite 
reduction converting ammonium into nitrogen gas without 
using oxygen and without producing carbon dioxide. It pro-
vides an alternative approach to nitrogen removal via denit-
rification. The ability to oxidize ammonium anaerobically 
makes B. anammoxidans useful for reducing ammonium in 
recirculating and wastewater systems. In addition, it has the 
potential of providing significant oxygen and energy 
savings due the oxidation of only half of the ammonia pro-
duced in the system. Furthermore, anammox removes am-
monia via autotrophic pathways without the requirement of 
organic carbon (van Rijn et al. 2006) as shown below: 
 
Partial nitrification: 2NH4

+ + 1:5O2 � NH4
+ + NO2

- + H2O 
+ 2H+ 
 
Anammox: NH4

+ + NO2
- � N2 + 2H2O 

 
Total: 2NH4

+ + 1:5O2 � N2 + 3H2O + 2H+ 
 
Very few studies have been carried out in fish/shrimp 

culture systems to understand the dynamics of the nitrogen 
cycle. Barat and Jana (1987) worked on the effect of farm 
management on the distribution pattern of protein minerali-
zing and ammonifying bacterial population in fish culture 
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tanks. They reported a higher density of protein minerali-
zing and ammonifying bacteria in catfish farming system 
than in carp culture ponds probably due to high protein and 
ammonia in carnivorous fish farms compared to herbivo-
rous fish ponds. Jana and Roy (1983) studied the activity of 
microbial populations involved in nitrogen cycle in water 
and sediments of mono- and polyculture systems of fish far-
ming. Spatial differences in microbial density in these 
ponds were related to the fish culture practices. 
 
NITROGENOUS WASTE PRODUCTION IN 
AQUACULTURE – FORMS AND TOXICITY 
 
A number of toxic compounds such as ammonia and nitrite 
can be found in most polluted aquaculture systems. These 
compounds can reach toxic levels in culture systems as a 
result of metabolic activity due to high stocking densities 
and feeding rates. Ammonia occurs in two forms in water, 
ionized ammonia (NH4

+) and unionized ammonia (NH3) 
and together these two forms of ammonia are referred to as 
total ammonia nitrogen (TAN). Ammonia is toxic to fish 
(Russo and Thurston 1991) and crustaceans (Chin and Chen 
1987). 
 
Ammonia 
 
Ammonia is primarily present as NH4

+ and NH4OH. Undis-
sociated NH4OH is highly toxic to many organisms espe-
cially fish (Trussell 1972). Ammonia in aquaculture system 
is mainly associated with the type and quantity of organic 
wastes such as feed, fertilizer, metabolic wastes and de-
caying matters in the culture system. Feed is one of the pri-
mary sources of nitrogen and comprises of proteins from 
fish meal, bone or soybean. Some farms use trash fish, 
chicken offal and kitchen wastes as feed. Ammonia is pro-
duced when these proteins are metabolized. In addition, fish 
produces ammonia due to catabolism of amino acids in the 
liver (Ip et al. 2001) and is usually excreted as ammonia 
through the gills (Wilkie 2002; Evans et al. 2005). Crus-
taceans being ammonotelic excrete ammonia as their chief 
metabolic/excretory product which is present in aquatic 
environment as unionized (NH3) and ionized forms (NH4

+) 
(Hanstein 1970). Though ammonia is utilized by phyto-
plankton and ammonia oxidizing bacteria, it may also es-
cape through other pathways like evaporation and physical 
agitation. The concentration of ionized ammonia (NH4

+) 
which is nontoxic and the unionized ammonia (NH3) which 
is toxic is primarily dependent upon temperature and pH of 
water (Emerson et al. 1975; Whitefield 1978). The higher 
the water temperature and pH, the greater is the concentra-
tion of the toxic form. Monitoring of ammonia should be 
done regularly during the culture cycle since it can be a 
serious cause of fish mortality and low production. Fish and 
other cultured organisms in poor quality water are stressful 
and are vulnerable to diseases (Shishehchian et al. 1999). 
 
Toxic effects of ammonia 
 
Ammonia-N is toxic at concentrations above 1.5 mg N/L to 
commercially cultured fish. However, 0.0125 mg/L is the 
acceptable level of unionized ammonia nitrogen in aquacul-
ture systems (Colt and Armstrong 1981). Excess ammonia 
causes many problems. According to Colt and Armstrong 
(1981), as ammonia level increases in water, excretion rate 
in fish and shellfish decreases. Low ammonia excretion rate 
in organisms causes increase in the level of ammonia in 
blood and tissue. Consequently blood pH rises and causes 
related adverse metabolic effects on enzyme catalyzed reac-
tions and membrane stability. It also decreases O2 consump-
tion by tissues, damages gills and reduces the ability of 
blood to transport oxygen. Chen et al. (1991) observed 
changes in the kidney, spleen, thyroid and blood in shrimp 
exposed to sublethal concentration of ammonia. All these 
changes cause stress to the fish resulting in susceptibility of 
fish to infectious agents. Ammonia toxicity in shrimp farm 

usually causes reduced growth rate but extreme concentra-
tions may cause mortality (Wickins 1976; Armstrong et al. 
1978; Jayashankar and Muthu 1983; Chin and Chen 1987; 
Chen and Chin 1988). Studies done by Fouzi (2008) showed 
5.1% prevalence of white spot syndrome virus (WSSV) in 
seven shrimp species caught in the wild from Malaysia was 
significantly correlated with total ammonia-N and nitrite. 
 
Nitrite 
 
Nitrite is another nitrogenous compound that is toxic for 
cultured aquatic organisms. It is an intermediate product of 
the conversion of ammonia to nitrate by bacterial action and 
is a natural component of the nitrogen cycle in ecosystem. 
However, nitrite is a very unstable compound and is readily 
oxidized to nitrate in the presence of oxygen or reduced to 
ammonia in anoxic condition. Since the conversion of 
nitrite to nitrate is accomplished by certain bacteria, envi-
ronmental conditions that affect bacterial growth and meta-
bolism can impact the rate of conversion and therefore the 
concentration of nitrite. High concentrations of nitrite can 
cause problems in intensive culture of commercial fish spe-
cies and ornamental fishes (Dvorak 2004; Svobodova et al. 
2005) and in intensive fish and shellfish culture (Chen et al. 
1991; Boyd 1992; Alcaraz and Espina 1995). 
 
Toxic effects of nitrite 
 
The toxic effects of nitrite vary between species and life sta-
ges and are well documented (Lewis and Morris 1986; Jen-
sen 2003). Haywood (1983) showed that acute toxicity can 
occur at 0.2 mg/L NH3 in salmonids. Studies by Yusoff et al. 
(1998) showed that Puntius gonionotus (Bleeker) fish fry 
grown at 2 mg/L NO2-N had significantly lower growth rate 
and when exposed to 4 mg/L NO2-N at pH 5 had 100% 
mortality after 48 h. When absorbed by fish, nitrite reacts 
with hemoglobin to form methemoglobin, which impairs 
the oxygen carrying capacity rate causing hypoxia and cya-
nosis leading to stress and consequent mortality which is 
known as brown blood syndrome (Colt and Armstrong 
1981). This effect is most easily seen in the gills. Nitrite 
also accumulates in other tissues such as liver, brain and 
muscle (Margiocco et al. 1983). Over longer periods of ex-
posure to nitrite, fish can become anemic. 
 
Nitrate 
 
Nitrate is an important component of nitrogen cycle. It is 
the final product in the nitrification process and is con-
sidered relatively less toxic to fish. For fish culture, 50 mg 
N/L is generally accepted safe limit for nitrate nitrogen 
(Gutierrez-Wing and Malone 2006). The acceptable level of 
nitrate for seawater culture is generally considered to be 
less than 20 mg/L nitrate–N (Spotte 1979). 
 
Toxic effects of nitrate 
 
The lethal and sub-lethal effects of high concentrations of 
nitrates in some marine and freshwater organisms are well 
known. Excess nitrates can slow down growth and retard 
development, increase susceptibility to diseases, cause low 
fertility and decrease survival rate. Nitrate concentrations 
above 30 mg N/L have been associated to marine white spot 
disease (Burgess 1995). Wickins (1976) reported that the 
48-h LC50 was 3400 mg/L for nitrate–N in seven species of 
penaeid shrimps. In the case of P. monodon zoea, Muir et al. 
(1991) reported that the survival is affected at a concentra-
tion of 0.225 mg/L nitrate–N (1 mg/L nitrate) when exposed 
for 40 h. In Medaka (Oryzias latipes) 100 mg N/L has been 
shown to be lethal when exposed during adult and growing 
phases. At a concentration of 75 mg N/L, fertilization and 
hatching rates are reduced in addition to a decreased growth 
rate of juveniles. There is retardation in spawning at 50 mg 
N/L in fish exposed at the juvenile phase (Gutierrez-Wing 
and Malone 2006). 
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FACTORS AFFECTING THE PRODUCTION OF 
NITROGENOUS COMPOUNDS 
 
A number of water quality parameters including physical, 
biological and chemical factors affect the survival, growth 
and reproduction of aquatic organisms. pH levels in fresh-
water ponds can fluctuate between 6.6 to 10.2. This is due 
to carbon dioxide removal because of photosynthesis during 
daytime causing an increase in pH level, and the release of 
carbon dioxide during night resulting in decrease of pH 
level (Boyd 1990). Nitrification is most rapid at pH 7-8 and 
at temperatures of 25-35°C. According to Chen and Kou 
(1996), ammonia excretion and total nitrogen excretion in 
Macrobrachium rosenbergii decreased with increased pH 
level, whereas urea, nitrite and nitrate excretions increased 
with increased pH level. At high pH levels, excretions of 
urea, nitrite and nitrate may be related to the detoxification 
of ammonia. Temperature also affects respiratory metabo-
lism and ammonia excretion of marine invertebrates. Chen 
and Kou (1996) found that the proportion of ammonia ex-
cretion to total nitrogen excreted by prawns was inversely 
related to temperature, whereas the proportion of urea ex-
cretion to total nitrogen excreted increased directly with 
temperature. Ammonia, urea, organic and total nitrogen ex-
cretions of juvenile M. rosenbergii increased directly with 
temperature in the range of 17-32°C. No urea excretion was 
found at 17°C. 

According to a review by Regnault (1987), certain in-
trinsic and extrinsic factors such as molt cycle, nutritional 
status and size, temperature, salinity and ambient ammonia 
affects ammonia-N excretion. Studies have shown the exis-
tence of an inverse relationship between ammonia-N excre-
tion and salinity in the shore crab Carcinus maenas (Haber-
field et al. 1975), blue crab Callinectes sapidus (Mangum et 
al. 1976), M. japonicus (Chen and Chen 1996), tiger shrimp 
Penaeus monodon (Chen et al. 1994) and mud crab Scylla 
serrata (Chen and Chia 1996). Their studies showed that 
ammonia excretion increases when animals are hyperregu-
lating and decreases when they are hyporegulating. 
 
BIOLOGICAL MANAGEMENT OF NITROGENOUS 
COMPOUNDS IN AQUACULTURE SYSTEMS 
 
Availability of high quality water is one of the most impor-
tant factors for successful aquaculture. Various measures 
can be taken to regulate the environmental conditions so 
that water quality remains within an optimum range for im-
proved growth and survival of stocked culture organisms. 

Physical, chemical and biological methods are used to treat 
water in aquaculture systems. Physical methods like sedi-
mentation and filtration are simple, inexpensive and are 
used as pretreatment of water. Physical methods have lim-
iting effects in removing nitrogenous substances. Chemical 
methods such as neutralization, coagulation, sterilization 
and oxidation are expensive and have some toxic effects. 
On the other hand, biological methods are regarded as the 
most promising treatment technology and are widely used 
to minimize toxic nitrogenous compounds in aquaculture 
systems. A few bacteria such as Bacillus, Pseudomonas, 
Acinetobacter, Cellulomonas, Rhodopseudomonas, Nitroso-
monas and Nitrobacter have been recognised as beneficial 
in converting hazardous organic wastes into environmen-
tally safe compounds (Thomas et al. 1992; Rao et al. 1997). 
Even macroorganisms like Ulva lactuca, mussels and echi-
noderms can also be used. A number of biological products 
including enzyme preparation, plant extracts and yeast ex-
tracts are used in aquaculture ponds for improving water 
quality (Boyd and Gross 1998). Table 1 shows examples of 
organisms/systems involved in the biological management 
of nitrogenous compounds in aquaculture. 
 
Organisms involved in biological management of 
nitrogenous compounds 
 
1. Bacteria 

 
There is increasing evidence that bacteria play an important 
role in the regeneration and consumption of dissolved nut-
rients in the water column. There are several reports on the 
participation of heterotrophic bacteria in nitrogen removal 
and have been reported to nitrify many types of nitrogen 
compounds. Bacteria use nitrogen oxides as a source of 
oxygen for their respiration in denitrification process. How-
ever, denitrification activity is lower than those of auto-
trophs. Facultative anaerobes have also been reported in de-
nitrification where they use free oxide in the absence of free 
oxygen. Mevel and Prieur (2000) have reported heterotro-
phic nitrification by Bacillus strains. Studies by Jawahar 
Abraham et al. (2004) showed that a mixture of Nitrosomo-
nas sp. and Bacillus sp. was the most efficient in removing 
96% total ammoniacal nitrogen in microcosm experiments. 
In an another study, Ghosh et al. (2007) found that Bacillus 
subtilis isolated from the intestine of Cirrhinus mrigala 
(Hamilton) when incorporated in the rearing water of live-
bearing ornamental fishes significantly lowered total am-
monia nitrogen concentration. 

Table 1 Different organisms/technologies used in biological management of nitrogenous compounds. 
Organisms/technologies Reduction/uptake References 
Bacteria – Nitrosomonas and Bacillus 96% TAN Jawahar Abraham et al. 2004 
Fungus – Aspergillus niger 25 mg TAN/L Hwang et al. 2007 
Fungus – Penicillium 0.72 mg TAN/L Karim 2008 
Macrophyte – Elodea densa 0.2 mg NH4-N/L; 

0.4 mg NO2-N/L 
Corpron and Armstrong 1983 

Biofilter 3.46 g TAN/m3/day; 
0.77 g NO2/m3/day 

Al-Hafedh et al. 2003 

Trickling filter 0.24-0.55 g TAN/m2/day 
0.64 g TAN/m2/day 

Kamstra et al. 1998 
Lyssenko and Wheaton 2006 

Microbead filter 0.45-0.60 g TAN/m2/day 
0.30 g TAN/m2/day 

Greiner and Timmons 1998 
Timmons et al. 2006 

Fluidized bed reactor 
Ion exchange membrane bioreactor (IEMB) 

0.24 g N/m2/day 
90% NO3-N 

Miller and Libey 1985 
Matos et al. 2009 

Seaweed – Ulva lactuca 49-56% mean NH3-N Cohen and Neori 1991 
Seaweed – Ulva pertusa 0.45 g N/m2/day Wang et al. 2007 
Periphytic – cyanobacteria 
Periphytic – diatoms 

91% TAN; 91% NO2-N 
62% TAN; 82% NO2-N 

Khatoon et al. 2007 
Khatoon et al. 2007 

Periphyton 0.56 mg TAN/L Azim et al. 2002 
AquaMats® 0.22 g ammonia/m2/day Verdegem et al. 2005 
Biofilms 0.42 μg ammonia/L Ramesh et al. 1999 
Algal Turf ScrubberTM 0.2 mg ammonia/L Craggs et al. 1996 
Immobilized nitrifying bacteria 4.2–6.7 mg TAN/L/day Shan and Obbard 2001 
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2. Fungi 
 
Compared to bacteria and microalgae, very few studies 
have been done on fungi with regards to ammonia removal 
in aquaculture. This may be due to the fact that bacteria are 
easy to culture and are able to metabolize/mineralize con-
taminants better when compared to fungi. Experiments 
done by Hwang et al. (2007) showed that the use of Asper-
gillus niger NBG5 removed 25 mg/L total ammonia nitro-
gen from artificial wastewater within 35 h in a continuously 
stirred tank reactor. In another experiment by Karim (2008), 
use of Penicillium spp. in combination with Bacillus sp. 
was found to significantly reduce total ammonia nitrogen 
concentration in P. monodon shrimp postlarvae culture. In 
addition, the postlarvae showed better survival and higher 
stress tolerance in the treatment tanks compared to the 
control. 
 
3. Algae 
 
Algae have been a subject of research and development for 
a few decades in the treatment of municipal wastewater. 
Use of algae in treating wastewater is less expensive, eco-
logically safe, efficiently removes nutrients and is compara-
ble to other conventional technologies (de la Noüe et al. 
1992). According to Chopin et al. (2001) and Neori et al. 
(2004), marine microalgae can effectively absorb nutrients 
from aquaculture effluent. Studies by Gordin et al. (1981) 
and Krom and Neori (1989) have shown that the use of 
phytoplankton reduce excess dissolved inorganic nutrients 
from fish effluents. Algae also disinfect the effluent by con-
verting light to heat, which increase the water temperature 
leading to a decrease of enteric bacteria (Pharhad 1970 as 
cited in Day et al. 1999). However, the phytoplanktons are 
subject to uncontrollable blooms that are likely to cause 
changes in water quality, particularly in terms of ammonia 
and dissolved oxygen (Krom et al. 1985). 

In mariculture systems, treating of effluents with macro-
algae started in the mid 1970s (Haines 1975; Ryther et al. 
1975; Roels et al. 1976; Langton et al. 1977; Harlin et al. 
1979). Macroalgae (seaweeds) can be adapted to cage, tank 
or pond-based systems due to their adaptability to grow on 
a variety of substrata and culture (Buschmann et al. 1996; 
Nagler et al. 2003; Matos et al. 2006). Seaweed that has 
been used as biofilters include red algae of the genus Graci-
laria (Gracilariae, Rhodophyta), G. parvispora (Nelson et al. 
2001), G. edulis (Gmelin) (Kaladharan et al. 1996; Jones et 
al. 2001), G. tikvahiae (McLachlan) (Kinne et al. 2001), G. 
chilensis (Buschmann et al. 2001) and G. lemaneiformis 
(Zhou et al. 2006). In addition, Porphyra and Ulva species 
have also been used as biofilters (Msuya et al. 2006; Blouin 
et al. 2007). De Boer and Ryther (1977) and Fralick (1979) 
used seaweeds as biofilters to remove dissolved nitrogen 
from fish pond effluents. Harlin et al. (1979) used Graci-
laria sp. to remove the ammonium produced by the fish 
Fundulus heteroclitus. Similar results were reported by 
Haglund and Pedersen (1993) in a system using Gracilaria 
tenuistipitata. The use of Ulva lactuca in an integrated sys-
tem of gilthead seabream (Sparus aurata) was reported by 
Vandermeulen and Gordin (1990). They found that U. lac-
tuca efficiently removed 85% of total ammonia from fish-
pond effluent and found that it was a viable cost-effective 
way of removing nutrients. Jiménez del Río et al. (1994, 
1996) also reported that Ulva spp. had a higher nitrogen re-
moval capacity than Gracilaria spp. In addition, Ulva spp. 
had a higher resistance to epiphytes. Lobban and Harrison 
(1997) reported that nutrients can be concentrated by 
macroalgae by a factor of up to 105 over seawater levels. In 
Chile, the integration of Gracilaria into salmon aquaculture 
reduced the release of nitrogen (N) by 56% (Kautsky et al. 
1996; Troell et al. 1997). Porphyra is an efficient bioreme-
diator agent due to its morphology (Neori et al. 2004). The 
thin blade of the gametophyte is composed of 1 or 2 cell 
layers, with all cells involved in nutrient absorption. Por-
phyra has high surface area-to-volume ratio and the coup-

ling between ambient nutrient levels and internal pool is 
tight, thus enabling a rapid response to environmental nut-
rient availability (Neori et al. 2004). The rate of mass remo-
val of nitrogen equals to the growth rate multiplied by tis-
sue nutrient concentration. Hence, growth rate and tissue 
nutrient concentration are important for evaluation of the 
bioremediatory potential. In fact, Porphyra is one of the 
most effective nutrient sequesters among the seaweeds. In 
addition, the high productivity due to efficient nutrient 
accumulation in this seaweed makes polyculture systems 
valuable for the abatement of coastal nutrient loading by 
finfish aquaculture, while also providing a potentially valu-
able product upon harvest (Chung et al. 2002). Notably, the 
rate of nutrient uptake by P. amplissima can be compared to 
that of P. yezoensis, which is an important species cultivated 
in Asia. Porphyra amplissima can absorb both forms of in-
organic nitrogen simultaneously, removing NH+4 six times 
faster than NO�3 even when NO�3 supply exceeds. Agardhi-
ella subulata and Gracilaria tikvaiae grew faster with NH4+ 
as nitrogen source (De Boer et al. 1978). According to 
Marinho-Soriano et al. (2009), Gracilaria birdiae act as a 
biofilter for efficient removal of nutrients from shrimp pond 
effluents in addition to production of useful algal biomass. 
Their study showed that the concentration of NH4

+ de-
creased by 34%, NO3

- by 100% and PO4
3- by 93.5% after a 

4-week experiment. In another study by Carmona et al. 
(2006), Porphyra amplissima in an integrated finfish–algal 
aquaculture system removed 70–100% of N and 35–91% 
inorganic phosphorus within 3–4 days. 
 
4. Macrophytes 

 
The capability of aquatic plants to remove nutrients and 
their high productivity has created lot of interest for water 
treatment. Plants remove ammonia and phosphate from 
water while using sunlight for photosynthesis to produce 
organic compounds. Floating plants such as water hyacinth 
(Eichhornia crassipes), duckweed (Lemna spp.), pennywort 
(Hydrocotyle umbellata), salvinia (Salvinia rotundifolia), 
water lettuce (Pistia stratiotes) and azolla (Azolla spp.) 
have been evaluated for nutrient removal from wastewaters 
(Reddy and Smith 1987). Many other macrophytes such as 
Typha latifolia, Iris seudacorus, Scirpus sp., and Glyceria 
sp. have also been studied. Studies by Corpron and Arm-
strong (1983) have shown that the use of Elodea densa as a 
submerged aquatic plant in recirculating M. rosenbergii cul-
ture system had lower amount of NH4-N and NO2-N (0.2 
and 0.4 mg/L) compared to the system without the plant 
(4.0, 5.7 mg/L). 
 
Technologies for biological management of 
nitrogenous compounds 
 
The use of micro or macroorganisms in aquaculture systems 
to reduce the hazardous organic wastes to environmentally 
safe levels can be termed as 'bioremediation'. Micro or 
microorganism(s) and/or their products when used as water 
additives to improve water quality, are referred to as bio-
remediators or bioremediating agents in aquaculture ponds 
(Moriarty 1998). Bioremediators can comprise of bacteria, 
fungi, micro and macroalgae and their products like en-
zymes and metabolites. Bioremediation is a biotechnologi-
cal tool which has been recently introduced in the aqua-
culture sector (Moriarty 1996). Examples of organisms/sys-
tems involved in the biological management of nitrogenous 
compounds in aquaculture are given in Table 1. Most of the 
technologies for biological management of nitrogenous 
compounds encompass the principles of bioremediation 
which are described below: 
 
1. Biofilms 
 
According to Decho (1990) and Meyer-Reil (1994), bio-
films are microbial consortium associated with a matrix of 
extracellular polymeric substances and are bound to any 

25



Dynamic Biochemistry, Process Biotechnology and Molecular Biology 5 (Special Issue 1), 21-31 ©2011 Global Science Books 

 

submersed surfaces. Biofilms are responsible for many bio-
geochemical cycles especially nitrogen cycling in aquatic 
ecosystems. In freshwater ponds, biofilms grown on intro-
duced substrates helped to improve water quality, health of 
cultured organisms and fish production (Shankar et al. 
1998; Shankar and Mohan 2001). In addition, Thompson et 
al. (2002) found that in intensive shrimp culture ponds, a 
mature biofilm was able to maintain ammonium at low 
levels and it was mainly composed of pennate diatoms (Am-
phora, Campylopyxis, Navicula, Synedra, Hantzschia and 
Cylindrotheca) and filamentous cyanobacteria. Thus, bio-
film has the potential for use in hatchery to improve water 
quality and larval production. 

Periphyton is often referred to as biofilms which com-
prises of bacteria, fungi, protozoa, planktons and benthic 
organisms attached to the substratum. Bush et al. (1963) 
were the first to report on 100% removal of nitrogen using 
attached microalgae from sewage. The different microalgal 
genera commonly found in such biofilms are Oscillatoria, 
Navicula, Nitzschia, Scenedesmus, Stigeoclonium and Phor-
midium. Bender and Phillips (1995) and Zachleder et al. 
(2002) reported that mixed microbial mats consisting of 
filamentous cyanobacteria (Oscillatoria sp.) as the domi-
nant species are efficient in removing nitrogenous com-
pounds and other toxic chemicals from polluted sites. Algal 
Turf ScrubberTM (ATS) (Adey and Loveland 1998; Craggs 
et al. 1996) uses similar concept to that of microbial mats. 
The ATSTM is based on naturally occurring bacteria, micro-
algae and filamentous algae. Laboratory experiments 
showed that the mats rapidly removed ammonia from 4.1 to 
0.2 mg/L as a result of nitrifying bacteria present at the 
mat/substrate interface (Bender and Phillips 2004). 

To avoid the risks of developing harmful organisms as 
found in natural conditions, biofilms can be developed with 
selected periphyton species. Experiments by Khatoon et al. 
(2007) using selected cyanobacteria and diatoms coated 
substrates reported lowest concentrations of total ammonia 
nitrogen (TAN, 0.03 ± 0.0 mg/L) and nitrite–nitrogen 
(NO2–N, 0.01 ± 0.0 mg/L) in P. monodon postlarvae rearing 
system. Two systems have been developed and filed for 
patent by Yusoff et al. (2006) and Shariff et al. (2009) in 
which a consortium of microorganisms grown on substrates 
have been used for improving water quality by maintaining 
low levels of total ammonia nitrogen, nitrite nitrogen, solu-
ble reactive phosphorous and pathogenic bacteria. In ad-
dition highly nutritive diatoms provide natural food, in-
crease growth and survival of larvae in the P. monodon hat-
chery system. In a freshwater hatchery, Verdegem et al. 
(2005) reported an average removal of ammonia using bio-
films grown on bamboo and AquaMats® were 0.69 and 0.22 
g/m2/day, respectively. Ramesh et al. (1999) also reported 
that biofilm improves water quality in freshwater fish ponds 
by lowering ammonia concentration (0.42 �g/L). According 
to Azim et al. (2002), the average total ammonia concentra-
tion in periphyton-based freshwater aquaculture ponds (0.56 
mg/L) was significantly lower than the 0.95 mg/L observed 
in substrate-free ponds. 

Bacterial biofilters consist of bacterial biofilms grown 
on substrates in enclosed system to remove ammonia and 
harmful nitrogenous compounds. Bacterial biofilters use 
specific bacterial colonies for conversion of ammonia to 
nitrate for both freshwater as well as marine systems. Bio-
filters such as submerged, trickling, biodrums and fluidized 
beds are commonly used in hatcheries, nurseries, orna-
mental and commodity fish culturing systems. Microbial 
populations in biofilters are stable and independent of light 
conditions compared to algae. Different substrates such as 
gravel, sand, plastic, polyvinyl chloride (PVC) pipe, poly-
styrene, wood chips, wheat straw and microbeads have been 
used in biofilters. Experiment by Al-Hafedh et al. (2003) 
showed that plastic roll as a biofilter medium performed 
better in removing total ammonia nitrogen compared to 
PVC pipes and plastic scrub pads. Removal rates of 3.46 g 
TAN/m3/day and 0.77 g NO2-N/m3/day, as well as TAN and 
NO2-N removal efficiencies of 29.37 and 27.3% respec-

tively were achieved using this plastic roll biofilter. Saliling 
et al. (2007) showed that wood chips were found to be 
better than straw based on rate of mass loss. Liao and Mayo 
(1974) were the first to report on the use of trickling filters 
in salmonid hatchery. Miller and Libey (1985) demons-
trated that rotating biological contactor had total ammonia 
nitrogen areal removal rate of 0.19–0.79 g TAN/m2/day. 
Studies by Brazil (2006) showed that rotating biological 
contactor installed in a recirculating aquaculture system 
rearing tilapia had total ammonia nitrogen areal removal 
rate of 0.43 ± 0.16 g/m2/day. In another experiment using 
commercial scale trickling filter, Kamstra et al. (1998) de-
monstrated the total ammonia nitrogen areal removal rates 
between 0.24–0.55 g TAN/m2/day. Lyssenko and Wheaton 
(2006) reported total ammonia nitrogen areal removal rates 
of 0.64 g TAN/m2/day. Experiments done by Greiner and 
Timmons (1998) using microbead filters observed total am-
monia nitrogen areal removal rates of 0.45–0.60 g/m2/day 
whereas Timmons et al. (2006) using a commercial micro-
bead filter system reported an average total ammonia nitro-
gen areal removal rate of 0.30 g/m2/day. Studies done by 
Miller and Libey (1985) found that the total ammonia nitro-
gen removal rate was 0.24 g N/m2/day using fluidized bed 
reactor. The application of the ion exchange membrane bio-
reactor (IEMB) concept for removing nitrate from aquacul-
ture tanks or marine aquariums has been investigated by 
Matos et al. (2009). The IEMB system removed nitrate to 
concentrations below 27 mg/l from initial concentrations of 
251 and 380 mg/l. De Schryver and Verstraete (2009) 
showed that sequencing batch reactors (SBRs) dosed with 
glycerol or acetate, nitrogen removal efficiency reached up 
to 98% in lab-scale studies. 

Bacterial biofilter technologies are technically effective 
but their performance at the large production scale has not 
been studied extensively (Guerdat et al. 2010). Most of the 
evaluation of bacterial biofilters has been done at the labo-
ratory scale (Eding et al. 2006). In commercial scale sys-
tems, TAN and organic carbon concentrations are different 
from laboratory scale studies. Therefore, TAN removal rates 
between laboratory scale studies and actual production con-
ditions are needed. Moreover, its use is not widespread 
because the system is relatively complex (Shpigel 2005) 
and may not be cost effective. Besides, nitrifying bacteria 
are sensitive to high concentrations of ammonia and nitrous 
acid, low dissolved oxygen levels and pH (Masser et al. 
1999; Villaverde et al. 2000; Ling and Chen 2005). Nitrifi-
cation by the bacterial biofilm in the biofilter is also af-
fected due to type of substrate, dissolved oxygen concentra-
tions, organic matter, temperature, pH, alkalinity and sal-
inity (Satoh et al. 2000; Chen et al. 2006). Effective and 
environment friendly biofilter can be designed taking into 
consideration their ammonia sequestering capacity, ease of 
use as well as their effects on the sustainability of the aqua-
culture system. 
 
2. Macrobiofilters 

 
Shellfish are highly efficient filter feeders and can directly 
remove particulate matter, reduce turbidity, and remove 
nitrogen and other nutrients from the water. The use of 
shellfish in biofiltration systems is also an inexpensive op-
tion for the biological removal of toxic nitrogenous com-
pounds from aquaculture effluent water and is one of the 
best candidates for ecologically sustainable aquaculture. 
Oysters, mussels, clams acts as natural biofilters and are 
effective in reducing the small particles from the effluent 
(Wang 1990; Hopkins et al. 1993). According to Shumway 
et al. (2003), 100 kg of nitrogen per year from the environ-
ment can be removed by harvesting 10,000 oysters con-
taining 13.6 kg of nitrogen and 1.4 kg of phosphate. The or-
ganic particles ingested by the oysters are incorporated into 
the tissue and captured waste nutrients are converted into 
secondary cash crops. Experiments conducted by Jones et al. 
(2001) found that total nitrogen and phosphorus concentra-
tions were reduced to 66 and 56%, respectively in a flow 
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through system using Australian native oysters Saccostrea 
commercialis. They also reported that oysters are more 
effective in a flow-through system compared to filtering 
effluent in still water (no flow-through). In systems using 
shellfish as biofilters, flow rate needs to be optimized for 
optimum particulate filtration by shellfish. 

Fed aquaculture, where diet consists of formulated feed 
and trash fish, discharges heavy nutrient loads into coastal 
waters, e.g., 35 kg N and 7 kg per ton of cultured fish (Cho-
pin et al. 2001). To overcome the problem of high nutrient 
discharge, farming of fish and seaweed in an integrated 
system has been developed. Seaweeds are able to remove 
90% of the nutrient discharge from fish farms. In 1976, 
Tenore first reported the successful polyculture of Ulva sp. 
and abalone together. Hughes-Games (1977) and Gordin et 
al. (1981) first described the integrated cultures of marine 
fish and shellfish with phytoplankton. Since then, several 
researches have focused on polyculture and integrated mari-
culture system in which two to three species are usually 
included in the system. Some researchers integrated macro-
algae and fish in their systems (McDonald 1987; Cohen and 
Neori 1991; Chopin et al. 2001; Schuenhoff et al. 2003; 
Neori et al. 2004) while others used fish, shrimp and oys-
ters (Wang 1990; Qian et al. 1999). 

Several studies have also been done by different resear-
chers in which they combined seaweed culture with land-
based fish tanks or open sea fish cages e.g., Troell et al. 
(1999), Neori et al. (2000), Buschmann et al. (2001), Cho-
pin et al. (2001), and Hernández et al. (2002). Cohen and 
Neori (1991) reported mean ammonia-N removal rate of 
49–56% when using Ulva lactuca to treat marine fishpond 
effluents. Wang et al. (2007) using Ulva pertusa as biofilter 
in the production of juvenile sea cucumber (Apostichopus 
japonicus) demonstrated that U. pertusa tank removed 68% 
of total ammonia nitrogen. The average removal rate of am-
monia was 0.459 g N/m2/day. According to Troell et al. 
(2009) integrated multi-trophic aquaculture (IMTA) system 
combine fed aquaculture species (e.g. finfish), with inor-
ganic extractive aquaculture species (e.g. seaweeds) and or-
ganic extractive species (e.g. suspension- and deposit-feed-
ers). It increase significantly the sustainability of aquacul-
ture, based on a number of potential economic, societal and 
environmental benefits, including the recycling of waste 
nutrients from higher trophic-level species into production 
of lower trophic-level crops of commercial value. 

Systems of integrated aquaculture are ideal because the 
N and P in the animal effluent are necessary requirements 
for the growth of the seaweeds. Therefore, in integrated sys-
tems, the selection of suitable macroalgae, microalgae and 
shellfish species are important. The species cultured should 
be able to grow throughout the year and are of economic 
importance. 
 
3. Immobilization 
 
One of the major problems in bioremediation using algae is 
the separation or harvesting of the algae biomass from the 
treated water before discharge. Several methods such as 
filtration, centrifugation and flocculation have been tried 
but they are either expensive or not effective. Therefore, im-
mobilization as an alternative method has been investigated. 
Immobilization involves the fixation of cells into a solid 
matrix or being retained by a membrane so that their sta-
bility is increased. The advantages are faster removal rates 
of nutrients and cell-free effluent (Hoffmann 1998). Some 
of the microalgae used for immobilization are Anabaena, 
Chlorella, Chlamydomonas, Phormidium, Spirulina, and 
Scenedesmus. Alginate, carrageenan and chitosan are the 
popular polymers used for immobilization. Some other 
polymers used for immobilization are collagen, agar, aga-
rose, cellulose, polyurethane, polyvinyl and acrylamide. 

In 1985, Chevalier and de la Noüe reported on the use 
of carrageenan immobilized Scenedesmus obliquus for 
treatment of wastewater and showed a higher uptake rate of 
NH4-N. Rai and Mallick (1992) found that using immobi-

lized Anabaena doliolum and Chlorella vulgaris, the uptake 
rate for NH4

+ was 24 and 18% higher, respectively than the 
free living cells. In another experiment, Vílchez and Vega 
(1994) used Chlamydomonas reinhardtii immobilized in 
calcium alginate and showed optimum nitrite uptake rate of 
14 μmol/mg Chl/h. Studies by Tam and Wong (2000) 
showed that Chlorella immobilized in Ca-alginate and used 
in a transparent PVC column showed higher nitrate removal 
rate. Studies have shown nitrogen removal efficiencies of 
more than 90% over a period of 24 h from wastewater by 
immobilized algae at different temperatures, pH and light 
levels (Hoffmann 1998). Poly (allyl amine hydrochloride) 
(PAA·HCl) polymer hydrogels have also been found to 
remove efficiently nitrate (NO3

-), nitrite (NO2
-) and ortho-

phosphate (PO4
3-) nutrient anions from the aquaculture 

wastewater. Kioussis et al. (2000) reported that the hydro-
gels are suitable materials in treating aquaculture waste-
water effluents and are able to reduce the nutrient anion 
concentrations to less than 10 mg/l NO3–N, 0.08 mg/l NO2–
N and 0.3 mg/l PO4–P. 

Apart from algae, bacteria has also been immobilized 
and used in aquaculture system to reduce ammonia. Shan 
and Obbard (2001) reported an innovative and economical 
in situ treatment technology using indigenous nitrifying 
bacteria immobilized onto porous clay pellets for the remo-
val of total ammonia from marine prawn aquaculture water. 
The total ammonia nitrogen concentrations were maintained 
at 0.2 mg/L under fed-batch culture conditions. The tech-
nology has distinct advantages over conventional water 
quality control methods that are associated with high capital 
costs. However, for large scale application the cost of using 
immobilized microorganisms is expensive. Research is on-
going to find better and inexpensive polymers. 
 
4. Bioflocs 

 
Aquaculture using biofloc technology also offers a solution 
for a better water quality for the aquaculture industry. In 
this technology bacterial community is established and 
maintained in the system. The bacteria accumulate in clumps, 
also known as flocs. The floc serves as a food source for 
finfish and shellfish and is also important for nutrient re-
cycling (Serfling 2006). It removes nitrogenous substances 
from the water with the production of microbial biomass. 
The development of this material consists mainly of bac-
teria, algae, fungi and detritus (Burford et al. 2004; Holl et 
al. 2006; Serfling 2006) that control levels of ammonia and 
nitrite. According to Hargreaves (2006), the nitrogen uptake 
by bacterial growth rapidly decreases the ammonium con-
centration faster than nitrification. 
 
CONCLUSION 
 
Biological management of nitrogenous compounds in aqua-
culture using different technologies is important to maintain 
the water quality which is an essential feature of successful 
aquaculture. This approach based on the principles of bio-
remediation is dependent on the environmental conditions 
and the microorganisms present. Biofilters, biofilms, im-
mobilization, bioflocs technologies and integrated systems 
are effective in removing nitrogenous compounds in aqua-
culture systems. Periphyton, bioflocs and integrated sys-
tems are sustainable methods and serve the dual purpose of 
lowering nitrogenous compounds in aquaculture system as 
well as providing nutrition to cultured organisms. These 
systems also help in reducing the input of feed which cons-
titute about 50% of production cost. However, additional 
research in biological management of nitrogenous wastes 
using different systems is needed especially on the selection 
of bacteria, microalgae or macroalgae species and study 
their efficacy on absorbing toxic nitrogenous compounds as 
well as survival and growth of the target cultured organisms. 
 
 
 

27



Dynamic Biochemistry, Process Biotechnology and Molecular Biology 5 (Special Issue 1), 21-31 ©2011 Global Science Books 

 

REFERENCES 
 
Adey WH, Loveland K (1998) Dynamic Aquaria: Building Living Ecosystems 

(2nd Edn), Academic Press, NY, 498 pp 
Alcaraz G, Espina S (1995) Nitrite median lethal concentration of juvenile, 

Ctenopharyngodon idella with respect to effect of fish weight and tempera-
ture. Bulletin of Environmental Contaminants and Toxicology 55, 473-478 

Al-Hafedh YS, Alam MA, Alam A (2003) Performance of plastic biofilter 
media with different configuration in a water recirculation system for the cul-
ture of Nile tilapia (Oreochromis niloticus). Aquacultural Engineering 29, 
139-154 

Armstrong DA, Chippendale D, Knight AW, Colt JE (1978) Interaction of 
unionized and ionised ammonia on short-term survival and growth of prawn 
larvae. Marine Biology Bulletin 154, 15-31 

Azim ME, Wahab MA, Verdegem MCJ, van Dam AA, van Rooij JM, 
Beveridge MCM (2002) The effects of artificial substrates on freshwater 
pond productivity and water quality and the implications for periphyton-
based aquaculture. Aquatic Living Resources 15, 231-241 

Barat S, Jana BB (1987) Effect of farming management on the distribution 
pattern of ammonification rates, protein mineralising and ammonifying bac-
terial population in experimental culture tanks. Bamidgeh 39, 120-132 

Beck MJ, Layton AC, Easter JP, Sayler GS, Barton J, Reeves M (1997) An 
integrated treatment system for polychlorinated biphenyls remediation. In: 
Biotechnology in the Sustainable Environment, Plenum Press, New York, pp 
73-84 

Bender J, Phillips P (1995) Biological remediation of mixed wastes by micro-
bial mats. Federal Facilities Environmental Journal 6, 77-85 

Bender J, Phillips P (2004) Microbial mats for multiple applications in aqua-
culture and bioremediation. Bioresource Technology 94, 229-238 

Blouin N, Xiugeng F, Peng J, Yarish C, Brawley SH (2007) Seeding nets with 
neutral spores of the red alga Porphyra umbilicalis (L.) Kützing for use in 
integrated multi-trophic aquaculture (IMTA). Aquaculture 270, 77-91 

Boyd CE (1990) Shrimp pond bottom soil and sediment management. In: Pro-
ceedings of the Special Session on Shrimp Farming, World Aquaculture Soci-
ety, 8-12 August, 1990, Baton Rouge, Louisiana, pp 161-181 

Boyd CE (1992) Water Quality for Aquaculture, Alabama Agricultural Experi-
ment Station, Auburn University, Alabama, 33 pp 

Boyd CE, Gross A (1998) Use of probiotics for improving soil and water qua-
lity in aquaculture ponds. In: Advances in Shrimp Biotechnology, National 
Centre for Genetic Engineering and Biotechnology, Bangkok, pp 101-105 

Brazil BL (2006) Performance and operation of a rotating biological contactor 
in a tilapia recirculating aquaculture system. Aquacultural Engineering 34, 
261-274 

Burford MA, Thompson PJ, McIntosh RP, Bauman RH, Pearson DC 
(2004) The contribution of flocculated material to shrimp, Litopenaeus van-
namei, nutrition in a high-intensity, zero-exchange system. Aquaculture 232, 
525-537 

Burgess PJ (1995) Marine whitespot disease. Freshwater Marine Aquaculture 
18, 168-196 

Buschmann AH, Correa JA, Westermeier R, Hernández-González M, 
Norambuena R (2001) Red algal farming in Chile: A review. Aquaculture 
194, 203-220 

Buschmann AH, Troell M, Kautsky N, Kautsky L (1996) Integrated tank cul-
tivation of salmonids and Gracilaria chilensis (Gracilariales, Rhodophyta). 
Hydrobiologia 326/327, 75-82 

Bush AF, Isherwood JD, Rodgi S (1963) Dissolved solids removal from waste 
water by algae. Transactions of the American Society of Civil Engineers 128, 
84-102 

Carmona R, Kraemer GP, Yarish C (2006) Exploring Northeast American 
and Asian species of Porphyra for use in an integrated finfish–algal aquacul-
ture system. Aquaculture 252, 54-65 

Chen JC, Chen CT, Cheng SY (1994) Nitrogen excretion and changes of 
hemocyanin, protein and free amino acid levels in the hemolymph of 
Penaeus monodon exposed to ambient ammonia-N at different salinity levels. 
Marine Ecology Progress Series 110, 85-94 

Chen JC, Chen KW (1996) Hemolymph oxyhemocyanin, protein levels, acid–
base balance, and ammonia and urea excretion of Penaeus japonicus exposed 
to saponin at different salinity levels. Aquatic Toxicology 36, 115-128 

Chen JC, Chia PG (1996) Hemolymph ammonia and urea and nitrogenous 
excretions of Scylla serrata at different temperature and salinity. Marine 
Ecology Progress Series 139, 119-125 

Chen JC, Chin TS (1988) Acute toxicity of nitrite to tiger prawn Penaeus 
monodon larvae. Aquaculture 69, 253-262 

Chen JC, Kau TT (1996) Effects of temperature on oxygen consumption and 
nitrogenous excretion of juvenile Macrobrachium rosenbergii. Aquaculture 
145, 295-303 

Chen JC, Liu PI, Lin YT (1991) Reduction of ammonia and nitrite in shrimp 
larviculture in a recirculatory system. Asian Fisheries Science 4, 211-218 

Chen S, Ling J, Blancheton JP (2006) Nitrification kinetics of biofilm as 
affected by water quality factors. Aquacultural Engineering 34, 179-197 

Chevalier P, de la Noüe J (1985) Wastewater nutrient removal with microalgae 
immobilized in carrageenan. Enzyme and Microbial Technology 7, 621-624 

Chin TS, Chen JC (1987) Acute toxicity of ammonia to larvae of the tiger 

prawn, Penaeus monodon. Aquaculture 66, 247-253 
Chopin T, Buschmann AH, Halling C, Troell M, Kautsky N, Neori A, Krae-

mer GP, Zertuche-González JA, Yarish C, Neefus C (2001) Integrating 
seaweeds into marine aquaculture systems: A key toward sustainability. Jour-
nal of Phycology 37, 975-986 

Chung I, Kang YH, Yarish C, Kraemer G, Lee J (2002) Application of sea-
weed cultivation to the bioremediation of nutrient-rich effluent. Algae 17, 
187-194 

Cohen I, Neori A (1991) Ulva lactuca biofilters for marine fishpond effluent. I. 
Ammonia uptake kinetics and nitrogen content. Botanica Marina 34, 475-
482 

Colt JE, Armstrong DA (1981) Nitrogen toxicity to crustaceans, fish and mol-
lusks. In: Bioengineering Symposium for Fish Culture, American Fisheries 
Society, Northeast Society of Conservation Engineers, Bethesda, pp 34-47 

Corpron KE, Armstrong DA (1983) Removal of nitrogen by an aquatic plant, 
Elodea densa in recirculating Macrobrachium culture systems. Aquaculture 
32, 347-360 

Craggs RJ, Adey WH, Jenson KR, St. John MS, Green FB, Oswald WJ 
(1996) Phosphorus removal from wastewater using an algal turf scrubber. 
Water Science and Technology 33, 191-198 

Day JG, Benson EE, Fleck RA (1999) In vitro culture and conservation of 
microalgae: Applications for aquaculture, biotechnology and environmental 
research. In Vitro Cellular and Developmental Biology - Plant 35,127-136 

de la Noüe J, Laliberté G, Proulx D (1992) Algae and waste water. Journal of 
Applied Phycology 4, 247-254 

De Schryver P, Verstraete W (2009) Nitrogen removal from aquaculture pond 
water by heterotrophic nitrogen assimilation in lab-scale sequencing batch re-
actors. Bioresource Technology 100, 1162-1167 

De-Boer J, Ryther J (1977) Potential yields from a waste recycling algal mari-
culture system. In: Krauss RW (Ed) The Marine Plant Biomass of the Pacific 
Northwest Coast, Oregon State University Press, Oregon, pp 231-248 

De-Boer JA, Guigli HJ, Israel TL, D’Elia CF (1978) Nutritional studies of 
two red algae. 1. Growth rate as a function of nitrogen source and concentra-
tion. Journal of Phycology 14, 261-266 

Decho AW (1990) Microbial exopolymer secretions in ocean environments: 
their roles in food webs and marine processes. Oceanography and Marine 
Biology Annual Review 28, 73-153 

Dupree UK (1981) An overview of the various techniques to control infectious 
diseases in water supplies and in water reuse aquacultural systems. In: Bioen-
gineering Symposium for Fish Culture, American Fishery Society, Bethesda-
MD, USA, pp 83-89 

Dvorak P (2004) Selected specificity of aquarium fish disease. Bulletin VURH 
Vodnany 40, 101-108 

Eding EH, Kamstra A, Verreth JAJ, Huisman EA, Klapwijk A (2006) De-
sign and operation of nitrifying trickling filters in recirculating aquaculture: A 
review. Aquacultural Engineering 34, 234-260 

Emerson K, Russon RC, Lund RE, Thurston RV (1975) Aqueous ammonia 
equilibrium calculations: effect of pH and temperature. Journal of the Fishe-
ries Research Board of Canada 32, 2379-2383 

Evans DH, Piermarini PM, Choe KP (2005) The multifunctional fish gill: 
dominant site of gas exchange, osmoregulation, acid-base regulation, and ex-
cretion of nitrogenous waste. Physiological Reviews 85, 97-177 

FAO (2006) State of world aquaculture. FAO Fisheries Technical Paper. No. 
500. Rome, 134 pp 

FAO (2007) The State of World Fisheries and Aquaculture 2006. FAO Fisheries 
and Aquaculture Department. Food and Agricultural Organization of the Uni-
ted Nations, Rome. 162 pp 

Folke C, Kautsky N (1989) The role of ecosystems for a sustainable develop-
ment of aquaculture. Ambio 18, 234-243 

Fouzi MNM (2008) Shrimp health assessment in the west coast of Peninsular 
Malaysia with emphasis on the impact of aquaculture activity. PhD thesis, 
Universiti Putra Malaysia, 218 pp 

Fralick RA (1979) The growth of commercially useful seaweeds in a nutrient 
enriched multiporpose aquaculture system. In: Proceedings of the Internatio-
nal Seaweed Symposium IX, Science Press, Princeton, pp 629-698 

Furukawa K, Lieu PK, Tokitoh H, Fujii T (2006) Development of single-
stage nitrogen removal using anammox and partial nitritation (SNAP) and its 
treatment performances. Water Science and Technology 53, 83-90 

Ghosh S, Sinha A, Sahu C (2007) Effect of probiotic on reproductive perfor-
mance in female livebearing ornamental fish. Aquaculture Research 38, 518-
526 

Goldburg R, Naylor R (2005) Future seascapes, fishing, and fish farming. 
Frontiers in Ecology and Environment 31, 21-28 

Gordin H, Motzkin F, Hughes-Games WL, Porter C (1981) Seawater mari-
culture pond – an integrated system. European Mariculture Society 6, 1-13 

Greiner AD, Timmons MB (1998) Evaluation of the nitrification rates of 
microbead and trickling filters in an intensive recirculating tilapia production 
facility. Aquacultural Engineering 18, 189-200 

Guerdat TC, Thomas M, Losordo JJ, Classen JA, Osborne JA, Dennis PD 
(2010) An evaluation of commercially available biological filters for recircu-
lating aquaculture systems. Aquacultural Engineering 42, 38-49 

Gutierrez-Wing MT, Malone RF (2006) Biological filters in aquaculture: 
trends and research directions for freshwater and marine applications. Aqua-

28



Management of nitrogenous compounds in aquaculture. Yusoff et al. 

 

cultural Engineering 34, 163-171 
Haberfield EC, Haas LW, Hammen CS (1975) Early ammonia release by a 

polychaete Nereis virens and a crab Carciunus maenas in diluted sea water. 
Comparative Biochemistry and Physiology 52, 501-503 

Haglund K, Pedersén M (1993) Outdoor pond cultivation of the subtropical 
marine red alga Gracilaria tenuistipitata in brackish water in Sweden. 
Growth, nutrient uptake, co-cultivation with rainbow trout and epiphyte con-
trol. Journal of Applied Phycology 5, 271-284 

Haines KC (1975) Growth of the carrageenan-producing tropical red seaweed 
Hypnea musciformis in surface water, 870 m deep water effluent from a clam 
mariculture system, and in deep water enriched with artificial fertilizers or 
domestic sewage. In: Proceedings of 10th European Symposium Marine Biol-
ogy (Vol 1), Ostend, Belgium, 17-23 September, 1975, Universa Press, Wet-
teren, pp 207-220 

Hanstein R (1970) Nitrogen metabolism in insect arthropods. In: Comparative 
Biochemistry of Nitrogen Metabolism-1, The Invertebrates, Academic Press, 
NY, pp 298-372 

Hargreaves JA (2006) Photosynthetic suspended-growth systems in aquacul-
ture. Aquacultural Engineering 34, 344-363 

Harlin MM, Thorne-Miller B, Thursby BG (1979) Ammonium uptake by 
Gracilaria sp. (Florideophycea) and Ulva lactuca (Chlorophycea) in closed 
system fish culture. In: Proceeding of International Seaweed Symposium IX, 
Science Press, Princeton, pp 285-293 

Haywood GP (1983) Ammonia toxicity in teleost fishes: a review. Canadian 
Technical Report of Fisheries and Aquatic Sciences 1177, 1-35 

Hellinga C, Schellen AAJC, Mulder JW, van Loosdrecht MCM, Heijnen JJ 
(1998) The SHARON process: an innovative method for nitrogen removal 
from ammonium-rich wastewater. Water Science and Technology 37, 135-142 

Herbert RA (1975) Heterotrophic nitrogen fixation in shallow estuarine sedi-
ments. Journal of Experimental Marine Biology and Ecology 18, 215-225 

Herbert RA (1982) Nitrate dissimilation in marine and estuarine sediments. In: 
Sediment Microbiology, Academic Press, London, pp 53-72 

Hernández I, Martínez-Aragón JF, Tovar A, Pérez-Lloréns JL, Vergara JJ 
(2002) Biofiltering efficiencies for dissolved ammonium in three species of 
estuarine macroalgae cultivated with sea bass (Dicentrarchus labrax) waste 
waters. Journal of Applied Phycology 14, 375-384 

Hippen A, Rosenwinkel KH, Baumgarten G, Seyfried CF (1997) Aerobic de-
ammonification: A new experience in the treatment of wastewaters. Water 
Science and Technology 35, 111-120 

Hoffmann JP (1998) Wastewater treatment with suspended and non suspended 
algae. Journal of Phycology 34, 757-763 

Holl CM, Tallamy CJ, Moss SM (2006) Varied microbes important to recircu-
lating aquaculture systems. Global Aquaculture Advocate 9, 38-39 

Hopkins JS, Hamilton IIRD, Sandifer PA, Browdy CI (1993) The production 
of bivalve mollusks in intensive shrimp ponds and their effect on shrimp pro-
duction and water quality. World Aquaculture 24, 74-77 

Hughes-Games WL (1977) Growing the Japanese oyster (Crassostrea gigas) 
in subtropical seawater fishpond: 1. Growth rate, survival and quality index. 
Aquaculture 7, 225-229 

Hwang SC, Lin CS, Chen IM, Wu J-S (2007) Removal of nitrogenous sub-
stances by Aspergillus niger in a continuous stirred tank reactor (CSTR) sys-
tem. Aquacultural Engineering 36, 177-183 

Ip YK, Chew SF, Randall DJ (2001) Ammonia toxicity, tolerance, and excre-
tion. In: Wright PA, Anderson PM (Eds) Nitrogen Excretion, Academic Press, 
San Diego, pp 109-148 

Jana BB, Roy SK (1983) Estimates of microbial populations involved in the N-
cycle and their activity in water and sediments of fish farming ponds under 
mono and poly culture systems in India. International Reviews in Hydrobiol-
ogy 58, 581-590 

Jawahar Abraham T, Sasmal D, Ghosh S (2004) Development and efficacy 
of bioremediators for ammonia removal in shrimp aquaculture. In: Proceed-
ings of the National Seminar on New Frontiers in Marine Bioscience Re-
search, Allied, India, pp 69-75 

Jayashankar P, Muthu MS (1983) Toxicity of ammonia to the larvae of 
Penaeus indicus, H. Milne Edwards. Indian Journal of Fisheries 30, 1-12 

Jensen FB (2003) Nitrite disrupts multiple physiological functions in aquatic 
animals. Comparative Biochemistry and Physiology 135, 9-24 

Jetter RM, Ingraham JL (1981) The denitrifying prokaryotes. In: Starr MP, 
Stolp H, Truper, HG, Balows A, Schlegel HG (Eds) The Prokaryotes: A 
Handbook on Habitats, Isolation and Identification of Bacteria, Springer-
Verlag, Berlin, pp 913-925 

Jiménez del Río M, Ramazanov Z, García-Reina G (1994) Optimization of 
yield and biofiltering efficiences of Ulva rigida C. Ag. cultivated with Sparus 
aurata L. waste waters. Scientia Marina 58, 329-335 

Jiménez del Río M, Ramazanov Z, García-Reina G (1996) Ulva rigida 
(Ulvales, Chlorophyta) tank culture as biofilters for dissolved inorganic nit-
rogen from fishpond effluents. Hydrobiologia 326, 61-66 

Jones AB, Dennison WC, Preston NP (2001) Integrated mariculture of shrimp 
effluent by sedimentation, oyster filtration and macroalgal absorption: a labo-
ratory scale study. Aquaculture 193, 155-178 

Kaladharan P, Vijayakumaran K, Chennubhotla VSK (1996) Optimization 
of certain physical parameters for the mariculture of Gracilaria edulis (Gme-
lin) Silva in Minicoy lagoon (Laccadive Archipelago). Aquaculture 139, 265-

270 
Kamstra A, van der Heul JW, Nijhof M (1998) Performance and optimisation 

of trickling filters on eel farms, Aquacultural Engineering 17, 175-192 
Karim MA (2008) Utilisation of local Penicillium spp. in consortium with 

Bacillus spp. as bioremediators for shrimp cultutre. MSc thesis, Universiti 
Putra Malaysia, 165 pp 

Kautsky N, Berg H, Buschmann A, Folke C, Troell M (1996) Ecological 
footprint, resource use and limitations to aquaculture development IX. In: 
Congreso Latinoamericano de Acuicultura, p 193 (Abstract) 

Khatoon H, Yusoff FM, Banerjee S, Shariff M, Mohamed S (2007) Use of 
periphytic cyanobacterium and mixed diatoms coated substrate for improving 
water quality, survival and growth of Penaeus monodon Fabricius postlarvae. 
Aquaculture 271, 196-205 

Kinne PN, Samocha TM, Jones ER (2001) Characterization of intensive 
shrimp pond effluent and preliminary studies on biofiltration. North Ameri-
can Journal of Aquaculture 63, 25-33 

Kioussis DR, Wheaton FW, Kofinas P (2000) Reactive nitrogen and phos-
phorus removal from aquaculture wastewater effluents using polymer hydro-
gels. Aquaculture Engineering 23, 315-352 

Koike I, Holon-Hansen O, Biggs DC (1986) Inorganic nitrogen metabolism by 
Antarctic phytoplankton with special reference to ammonium cycling. 
Marine Ecology Progress Series 30, 105-116 

Krom MP, Neori A (1989) A total nutrient budget for an experimental intensive 
fishpond with circularly moving seawater. Aquaculture 83, 345-358 

Krom MP, Porter C, Gordin H (1985) Description of the water quality con-
ditions in a semi-intensively cultured marine fish pond in Eilat, Israel. Aqua-
culture 49, 141-157 

Kumar M, Lin J-G (2010) Co-existence of anammox and denitrification for 
simultaneous nitrogen and carbon removal – Strategies and issues. Journal of 
Hazardous Materials 178, 1-9 

Lakshmanaperumalsamy P, Chandramohan D, Natarajan R (1975) Studies 
on the nitrogen fixation by marine nitrogen fixing bacteria. Bulletin of 
Department of Marine Sciences University, Cochin 8, 103-116 

Langton RW, Haines KC, Lyon RE (1977) Ammonia-nitrogen production by 
the bivalve mollusc Tapes japonica and its recovery by the red seaweed 
Hypnea musciformis in a tropical mariculture system. Helgoländer wiss. 
Meeresunters 30, 217-229 

Lewis WM, Morris DP (1986) Toxicity of nitrite to fish: A review. Transac-
tions of the American Fisheries Society 115, 183-195 

Liao PB, Mayo RD (1974) Intensified fish culture combining water recondi-
tioning with pollution abatement. Aquaculture 3, 61-85 

Ling J, Chen S (2005) Impact of organic carbon on nitrification performance of 
different biofilters. Aquacultural Engineering 33, 150-162 

Lobban CS, Harrison PJ (1997) Seaweed Ecology and Physiology, Cambridge 
University Press, New York, NY, 366 pp 

Lyssenko C, Wheaton F (2006) Impact of positive ramp short-term operating 
disturbances on ammonia removal by trickling and submerged-upflow biofil-
ters for intensive recirculating aquaculture. Aquacultural Engineering 35, 26-
37 

Mangum CP, Silverthorn SU, Harris JL, Towle DW, Krall AR (1976) The 
relationship between blood pH, ammonia excretion, and adaptation to low 
salinity in the blue crab, Callinectes sapidus. Journal of Experimental Zool-
ogy 195, 129-136 

Margiocco C, Arillo A, Mensi P, Shenone G (1983) Nitrite bioaccumulation in 
Salmo gairdneri Rich. and haematological consequences. Aquatic Toxicology 
3, 261-270 

Marinho-Soriano E, Nunes SO, Carneiro MAA, Pereira DC (2009) Nut-
rients’ removal from aquaculture wastewater using the macroalgae Gracilaria 
birdiae. Biomass and Bioenergy 33, 327-331 

Masser MP, Rakocy J, Losordo TM (1999) Recirculating aquaculture tank 
production systems-management of recirculating systems. SRAC Publication, 
Vol 452, 12 pp 

Matos CT, Sequeira AM, Velizarov S, Crespo JG, Reis MA (2009) Nitrate 
removal in a closed marine system through the ion exchange membrane bio-
reactor. Journal of Hazardous Materials 166, 428-434 

Matos J, Costa S, Rodrigues A, Pereira R, Sousa Pinto I (2006) Experimen-
tal integrated aquaculture of fish and red seaweeds in Northern Portugal. 
Aquaculture 252, 31-42 

McDonald ME (1987) Biological removal of nutrients from wastewater: An 
algal-fish system model. In: Reddy KR, Smith WH (Eds) Aquatic Plants for 
Water Treatment and Resource Recovery, Magnolia Publishing Inc, Orlando, 
pp 959-968 

Mevel G, Prieur D (2000) Heterotrophic nitrification by a thermophilic Bacil-
lus species as influenced by different culture conditions. Canadian Journal of 
Microbiology 46, 465-473 

Meyer-Reil M (1994) Microbial life in sedimentary biofilms-the challenge to 
microbial ecologists. Marine Ecology Progress Series 112, 303-311 

Miller GE, Libey GE (1985) Evaluation of three biological filters suitable for 
aquacultural applications. Journal World Mariculture Society 16, 158-168 

Moriarty DJW (1996) Microbial biotechnology: A key ingredient for sustaina-
ble aquaculture. Infofish International 4, 29-33 

Moriarty DJW (1998) Control of luminous Vibrio species in penaeid aquacul-
ture ponds. Aquaculture 164, 351-358 

29



Dynamic Biochemistry, Process Biotechnology and Molecular Biology 5 (Special Issue 1), 21-31 ©2011 Global Science Books 

 

Msuya FE, Kyewalyanga S, Salum D (2006) The performance of the seaweed 
Ulva reticulate as a biofilter in a low-tech, low-cost, gravity generated water 
flow regime in Zanzibar, Tanzania. Aquaculture 254, 284-292 

Muir PR, Sutton DC, Owens L (1991) Nitrate toxicity to Penaeus monodon 
protozoea. Marine Biology 108, 67-71 

Mulder A (1992) Anoxic ammonia oxidation, US Patent 5,078,884 
Nagler PL, Glenn EP, Nelson SG, Napolean S (2003) Effects of fertilization 

treatment and stocking density on the growth and production of the economic 
seaweed Gracilaria parvispora (Rhodophyta) in cage culture at Molokai, 
Hawaii. Aquaculture 219, 379-391 

Naylor RL, Goldburg RJ, Primavera JH (2000) Effect of aquaculture on 
world fish supplies. Nature 45, 1017-29 

Nelson SG, Glenn EP, Conn J (2001) Cultivation of Gracilaria parvispora 
(Rhodophyta) in shrimp-farm effluent ditches and floating cages in Hawaii: a 
two-phase polyculture system. Aquaculture 193, 239-248 

Neori A, Chopin T, Troell M, Buschmann AH, Kraemer GP, Halling C, 
Shpigel M, Yarish C (2004) Integrated aquaculture: rationale, evolution and 
state of the art emphasizing seaweed biofiltration in modern mariculture. 
Aquaculture 231, 361-391 

Neori A, Shpigel M, Ben-Ezra D (2000) A sustainable integrated system for 
culture of fish, seaweed and abalone. Aquaculture 186, 279-291 

Pauly D, Christensen V, Guenette S (2002) Towards sustainability in world 
fisheries. Nature 418, 689-95 

Pshenin LN (1963) Distribution and ecology of Azotobacter in the Black Sea. 
In: Oppenheimer CH (Ed) Symposium on Marine Microbiology, Thomas, 
Springfield, Illinois, pp 383-391 

Pynaert K, Smets BF, Beheydt D, Verstraete W (2004) Start-up of autotro-
phic nitrogen removal reactors via sequential biocatalyst addition. Environ-
mental Science and Technology 38, 1228-1235 

Qian PY, Wu M, Ni IH (1999) Integrated mariculture. III. Simultaneous cul-
tivation of seaweeds, shellfishes and fishes to improve seawater quality and 
the maximize productivity. In: Proceedings of APEC Conference on Sustain-
ability of Marine Environment: What can the Private Sector Do? 1-3 Septem-
ber, 1999, Kaohsiung, Chinese Taipei, pp 58-95 

Rai LC, Mallick N (1992) Removal and assessment of toxicity of Cu and Fe to 
Anabaena doliolum and Chlorella vulgaris using free and immobilized cells. 
World Journal of Microbiology and Biotechnology 8, 110-114 

Ramesh MR, Shankar KM, Mohan CV, Varghese TJ (1999) Comparison of 
three plant substrates for enhancing carp growth through bacterial biofilm. 
Aquacultural Engineering 19, 119-131 

Rao PS, Sudha PM (1996) Emerging trends in shrimp farming. Fishing 
Chimes 16, 25-26 

Rao PS, Sudha PM, Sreekanta S, Sasi N (1997) Bioaugmentation in aquacul-
ture systems. Fish Health Section News Letter, Asian Fisheries Society, 
Manila, pp 3-7 

Reddy KR, Smith WH (1987) Aquatic Plants for Water Treatment and Re-
source Recovery, Magnolia Publishing Inc., Orlando, 1032 pp 

Regnault M (1987) Nitrogen excretion in marine and fresh-water crustacea. 
Biological Reviews 62, 1-24 

Rheinheimer G (1974) Aquatic Microbiology, John Wiley & Sons, Ltd. Lon-
don, 183 pp 

Roels OA, Haines KC, Sunderlin JB (1976) The potential yield of artificial 
upwelling mariculture. In: Proceedings of 10th European Symposium on 
Marine Biology, pp 17-23 September, 1975, Ostend, Belgium, Universa Press, 
Wetteren, Vol 1, 358-394 

Russo RC, Thurston RV (1991) Toxicity of ammonia, nitrite, and nitrate to 
fishes. In: Brune D E, Tomasso JR (Eds) Aquaculture and Water Quality, The 
World Aquaculture Society, Baton Rouge, Louisiana, USA, pp 58-89 

Ryther JH, Goldman JC, Gifford CE, Huguenin JE, Wing AS, Clarner JP, 
Williams LD, Lapointe BE (1975) Physical models of integrated waste re-
cycling – marine polyculture systems. Aquaculture 5, 163-177 

Saliling WJ, Westerman PW, Losordo TM (2007) Wood chips and wheat 
straw as alternative biofilter media for denitrification reactors treating aqua-
culture and other wastewaters with high nitrate concentrations. Aquacultural 
Engineering 37, 222-233 

Satoh H, Okabe N, Watanabe Y (2000) Significance of substrate C/N ratio on 
structure and activity of nitrifying biofilms determined by in situ hybridiza-
tion and the use of microelectrodes. Water Science and Technology 41, 317-
321 

Schuenhoff A, Shpigel M, Lupatsch I, Ashkenazi A, Msuya FE, Neori A 
(2003) A semirecirculating, integrated system for the culture of fish and sea-
weed. Aquaculture 221, 167-181 

Serfling SA (2006) Microbial flocs. Natural treatment method supports fresh-
water, marine species in recirculating systems. Global Aquaculture Advocate 
9, 34-36 

Shan H, Obbard JP (2001) Ammonia removal from prawn aquaculture water 
using immobilized nitrifying bacteria. Applied Microbiology and Biotechnol-
ogy 57, 791-798 

Shankar KM, Mohan CV (2001) The potential of biofilm in aquaculture. 
World Aquaculture 32, 62-63 

Shankar KM, Mohan CV, Nandeesha MC (1998) Promotion of substrate 
based microbial biofilm in ponds-a low cost technology to boost fish pro-
duction. NACA 21, 18-22 

Shariff M, Yusoff FM, Banerjee S, Khatoon H (2009) Agent and System for 
Improving Water Quality. Patent filed, application No. PI20097001 

Shishehchian F, Yusoff FM, Omar H, Kamarudin MS (1999) Nitrogenous 
excretion of Penaeus monodon postlarvae fed with different diets. Marine 
Pollution Bulletin 39, 224-227 

Shpigel M (2005) Bivalves as biofilters and valuable by products in land-based 
aquaculture systems. In: Dame RF, Olenin S (Eds) The Comparative Roles of 
Suspension-Feeders in Ecosystems, Springer, Berlin, pp 183-197 

Shumway SE, Davis C, Downey R, Karney R, Kraeuter J, Parsons J, Rhe-
ault R, Wikfors G (2003) Shellfish aquaculture – In praise of sustainable 
economies and environments. World Aquaculture 34, 15-18 

Sisler FD, ZoBell CE (1951) Nitrogen fixation by sulphate reducing bacteria 
indicated by nitrogen/argon ratios. Science 113, 511-512 

Sliekers AO, Derwort N, Gomez JLC, Strous M, Kuenen JG, Jetten MSM 
(2002) Completely autotrophic nitrogen removal over nitrite in one single 
reactor. Water Research 36, 2475-2482 

Spotte S (1979) Fish and Invertebrate Culture, Water Management in Closed 
System, Wiley, New York, 179 pp 

Strous M, Fuerst JA, Kramer EH, Logemann S, Muyzer G, van de Pas-
Schoonen KT, Webb R, Kuenen JG, Jetten MS (1999) Missing lithotroph 
identified as new planctomycete. Nature 400, 446-449 

Svobodova Z, Machova J, Poleszczuk G, Huda J, Hamackova J, Kroupova 
H (2005) Nitrite poisoning of fish in aquaculture facilities with water-recir-
culating systems: three case studies. Acta Veterinaria Brno 74, 129-137 

Tam NFY, Wong YS (2000) Effect of immobilized microalgal bead concentra-
tions on wastewater nutrient removal. Environmental Pollution 107, 145-151 

Tenore KR (1976) Food chain dynamics of abalone in a polyculture system. 
Aquaculture 8, 23-27 

Thomas GM, Ward CH, Raymond RL, Wilson JT, Loehr RC (1992) Bio-
remediation. In: Leperberg J (Ed) Encyclopedia of Microbiology, Academic 
Press, London, pp 369-385 

Thompson FL, Abreu PC, Wasielesky W (2002) Importance of biofilm for 
water quality and nourishment in intensive shrimp culture. Aquaculture 203, 
263-278 

Timmons MB, Holder JL, Ebeling JM (2006) Application of microbead bio-
logical filters. Aquacultural Engineering 34, 332-343 

Troell M, Halling C, Nilsson A, Buschmann AH, Kautsky N, Kautsky L 
(1997) Integrated marine cultivation of Gracilaria chilensis (Gracilariales, 
Rhodophyta) and salmon cages for reduced environmental impact and in-
creased economic output. Aquaculture 156, 45-61 

Troell M, Joyce A, Chopin T, Neori A, Buschmann AH, Fang JG (2009) 
Ecological engineering in aquaculture – Potential for integrated multi-trophic 
aquaculture (IMTA) in marine offshore systems. Aquaculture 297, 1-9 

Troell M, Rönnbäck P, Halling C, Kautsky N, Buschmann A (1999) Ecolo-
gical engineering in aquaculture: use of seaweed for removing nutrients from 
intensive mariculture. Journal of Applied Phycology 11, 89-97 

Truper HG, Genovese S (1968) Characterisation of photosynthetic sulphur 
bacteria causing red water in Lake Faro. Limnology and Oceanography 13, 
225-232 

Trussell RP (1972) The percent un-ionized ammonia in aqueous ammonia solu-
tions at different pH levels and temperatures. Journal of the Fisheries Re-
search Board of Canada 29, 1505-1507 

van Rijn J, Tal Y, Schreier HJ (2006) Denitrification in recirculating systems: 
Theory and applications. Aquacultural Engineering 34, 364-376 

Vandermeulen H, Gordin H (1990) Ammonia uptake using Ulva (Chloro-
phyta) in intensive fishpond system: Mass culture and treatment of effluent. 
Journal of Applied Phycology 2, 363-374 

Verdegem MCJ, Eding EH, Sereti V, Munubi RN, Santacruz- Reyes RA, 
van Dam AA (2005) Similarities between microbial and periphytic biofilms 
in aquaculture systems. In: Periphyton: Ecology, Exploitation and Manage-
ment, CABI Publishing, UK, pp 191-205 

Vílchez C, Vega JM (1994) Nitrate uptake by Chlamydomonas reinhardtii cells 
immobilized in calcium alginate. Applied Microbiology and Biotechnology 
41, 137-141 

Villaverde S, Fdz-Polanco F, García PA (2000) Nitrifying biofilm acclimation 
to free ammonia in submerged biofilters, Start-up influence. Water Research 
34, 602-610 

Wang H, Liu CF, Qin CX, Cao SQ, Ding J (2007) Using a macroalgae Ulva 
pertusa biofilter in a recirculating system for production of juvenile sea cu-
cumber Apostichopus japonicus. Aquacultural Engineering 36, 217-224 

Wang JK (1990) Managing shrimp pond water to reduce discharge problems. 
Aquacultural Engineering 9, 61-73 

Whitefield M (1978) The hydrolysis of ammonia ions in seawater: Experiment-
tal confirmation of predicted constants at one atmospheric pressure. Journal 
of Marine Biology Association 58, 781-787 

Wickins JF (1976) The tolerance of warm-water prawns to recirculated water. 
Aquaculture 9, 19-37 

Wickins JF (1985) Ammonia production and oxidation during the culture of 
marine prawns and lobsters in laboratory recirculation systems. Aquaculture 
Engineering 4, 155-159 

Wilkie MP (2002) Ammonia excretion and urea handling by fish gills: Present 
understanding and future research challenges. Journal of Experimental Zool-
ogy 293, 284-301 

30



Management of nitrogenous compounds in aquaculture. Yusoff et al. 

 

Witzel KP, Overbeck HJ (1979) Heterotrophic nitrification by Arthrobacter sp. 
strain 9000 as influenced by different culture conditions, growth state and 
acetate metabolism. Archives in Microbiology 122, 137-143 

Wynn-Williams DD, Rhodes ME (1974a) Nitrogen fixation in seawater. Jour-
nal of Applied Bacteriology 37, 203-216 

Wynn-Williams DD, Rhodes ME (1974b) Nitrogen fixing marine Athiorho-
daceae. Journal of Applied Bacteriology 37, 217-229 

Yusoff FM, Law AT, Goh YJ, Subasinghe R (1998) Effects of nitrite and pH 
on a tropical fish fry, Puntius Gonionotus (Bleeker). Pertanika Journal of 
Tropical Agricultural Science 21, 29-36 

Yusoff FM, Shariff M, Suhaila M, Kuppan P (2006) Periphyton based ap-

paratus for improving aquaculture production and methods of preparing 
thereof. Patent filed application No. P120063949 

Zachleder V, Hendeychova J, Bisova B, Kubin S (2002) Viability of dried 
filaments, survival and reproduction under water stress and survivability fol-
lowing heat and UV exposure in Lyngbya martesiana, Oscillatoria agardhii, 
Nostoc calcicola, Spirogyra sp. and Vaucheria gemiata. Folia Microbiologica 
47, 61-68 

Zhou Y, Yang HS, Hu HY, Liu Y, Mao YZ, Zhou H, Xu XL, Zhang FS 
(2006) Bioremediation potential of the macroalga Gracilaria lemaneiformis 
(Rhodophyta) integrated into fed fish culture in coastal waters of north China. 
Aquaculture 252, 264-276 

 
 

31


