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1. Introduction 

Today we known that solar energy can be stored as edible biomass by photosynthesis,  but 

10,000 years ago this assumption was unthinkable. However, the Neolithic man could 

developed  agriculture, based on plant germination observations. Nowadays, the systems 

used for food production are practically the same (Koning et al., 2008). But for neolitican 

man, the empirical observation of germination processes and biological cycles of certain 

species ended in the discovery of agriculture.  

Even our agriculture is still the same, the climate scenario is changing. Our current carbon-

based economy has caused massive greenhouse emissions, and consequences are global 

warming and the depletion of the ozone layer. The biological, economical and social impact 

on the environment is significant. Water scarcity and natural catastrophes (tsunamis, 

earthquakes, floods and erosion) damage cultivable land, reducing local food availability 

(Franck et al., 2011, IPCC, 2007). 

Clearly, it is necessary the innovation of new food production systems. Aquatic food 

production is an alternative to land-based, 2-dimensional systems (Alagaraja, 2007). Due to 

physical differences between air and water (thermal conductivity, heat capacity, density, etc), 

most aquatic organisms do not use energy in thermal regulation. The consequence is a more 

efficient food-tissue conversion ratio compared with land-based system yield (FAO, 2010). 

There are limitations, of course. Because overfishing causes fish stock depletion, aquaculture 
has become an alternative to provide fish products (Naylor, 2009; Brander, 2007; Pillay et al., 
2003; Naylor, 2000). 

The notorious growth in aquaculture has been possible by the application of science. 
Aquacultural and fisheries science produce new and replicable knowledge based on 
scientific method. The research is usually done in farms or in a laboratory. The mathematical 
and analytical methods used by researches are generally robust and provided a verifiable 
knowledge. Nevertheless, there is a gap between the scientific results and its practical use. 
Lukefar (1999) pointed out that the examples taught on classroom lectures are usually based 

www.intechopen.com



 
Aquaculture and the Environment - A Shared Destiny 

 

126 

under realistic, idealized situations. But there is a necessity to find practical solutions 
applicable for commercial aquaculture.  

The problem of the academic extension is an important issue in aquaculture if we consider 
that small-scale aquaculture provides almost half of the worldwide inland fish production 
(FAO, 2010). Kawarazuka (2010) commented “aquaculture and small-scale fisheries can 
improve the food intake”. Mohanty et al. (2010) mentioned that at least 90 % of the people 
involved in aquacultural practices works in small fisheries.  

Facing the problem of the continuous rising world population, it seems to be clear that the 
good use of all natural resources (including small freshwater bodies), must be done. So there 
is an important, unattended practical knowledge field to be considered. Technologies for 
small-scale fish producers are ready available (Van Gorder, 2003), and the current 
knowledge on aquatic science can be helpful for the producer with the goal to optimize its 
own resources (time, land, water and energy). 

The objective of the present chapter is to present selected topics on water quality 
management, especially if they can be carried out by low-cost technologies in small systems. 
Due to the close relationship among water quality and yields, we hope it can be helpful as a 
practical guide for fish producers based on scientific principles.  

2. Overview of water quality in aquaculture 

Water is the physical environment where fish develop, growth and reproduce. The dynamic 
of the mass and energy involved on an aquaculture system is complex, because bacteria, 
algae and fish growth together in the pond (Wheaton, 1982). The main energy input comes 
from sunlight, and nutrients of the system are commonly provided by pelletized fish feed. 
So the transformation of the elements carried out by autotrophic and heterotrophic 
organisms change the physical/chemical/biological composition of the water (Hargreaves, 
1998). 

Temperature and pH are fundamental for the aquatic living organisms, due to the intimate 
relationship between them and the velocity of its biochemical processes. Oxygen (O2) and 
carbon dioxide (CO2) are important molecules because they are involved in photosynthesis 
and respiration processes. Nutrients like nitrogen are essential on biological metabolism: 
when is ingested as protein or amino acid, it can be incorporated by the organism as 
functional proteins or in structural tissues. But when is excreted by the fish as ammonium 
(NH3), in certain circumstances it can be toxic and even lethal in high doses. Another 
nutrients, like phosphorus, potassium and calcium are also important, and they lack are 
usually diagnosed by deficiency. 

Besides the physical and chemical factors, the biotic component also can change the water 
composition. For example, algae can consume of produce oxygen and carbon dioxide, 
depending on light presence or absence. The nitrogen, phosphorus and potassium can be 
used and assimilated by unicellular organism, incorporating them as biomolecules. 
Moreover, the nitrogen can be also used to produce energy on chemoautotrophic 
biochemical cycles (Hargreaves, 1998). 

So, the biological impacts of water quality over the cultivated species could be analyzed 
under physical, chemical or biological perspectives. For practical purposes, a quick 
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overview of the basic principles is given below. The parameters mentioned have been 
divided into two main categories: Critical and important parameters. 

2.1 Critical water quality parameters 

The critical parameters are very important in the aquacultural system. They are 
temperature, pH, dissolved oxygen (DO) and ammonia. They must be measure daily, or in 
the case of intensive systems, all day long. They do influence the physical properties and 
chemical composition of the water, and thereafter its correct management can improve the 
overall fish performance (health and growth). In the other hand, if they are not properly 
attended, the consequences can be serious, varying from poor growth rates, stress, and 
death. 

2.1.1 Temperature 

Temperature is probably the most important physical variable on aquatic ecology. It affects 
directly the metabolism of all living organisms. As a consequence, temperature set the 
growth, development and reproduction rates in biological species in biological species. This 
fact is very useful in aquaculture: because fish do not expend energy on corporal 
temperature regulation, they can assimilate almost the food nutrients into muscular tissue 
(Soto-Zarazúa et al., 2011). As results of an adequate temperature condition, the biomass 
production and final yield of the fish farm can increase.  

It is important to remark the influence of temperature in fish respiration rate. A rise of 
temperature causes more oxygen consumption in bacteria, algae and fish (Boyd, 1998). 
Because respiration implies carbon dioxide release and energy consumption, the gas balance 
can be dangerous for fish. If there are enough inorganic nutrients in the water, the algae 
biomass can increase to considerable levels. Even some algae species can double its biomass 
in only 3.5 hours (Brennan & Owende, 2010). Then, the elevated rates of nutrient 
assimilation will produce significant impacts on the water quality. 

In other hand, a higher temperature produces higher metabolic rates. The increment in fish 

metabolism enhances the protein breakdown. As a consequence, the release of NH3 by fish 

will be high, too. The resulting combination of high temperatures with NH3 high 

concentration is very a toxic environment (Eshchar et al., 2006). 

Finally, if the exposure to high temperatures is very long, the structure of the proteins 

begins to break, causing fish death.  

2.1.2 pH 

The pH is a measure of acidity and basicity inside an aqueous solution. It indicates the 
concentration of hydrogen ions on water. When pH is below 7 the solution is considered 
acid, and when is above 7 is named basic or alkaline. Distilled water has a pH of 7. pH can 
be defined as the negative logarithm of the molar concentration of hydrogen ions on water. 
In mathematical notation, pH is described as 

ܪ݌ = log ͳ[ܪା] = 	 −log	[ܪା] 
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Where [H+] is the concentration of hydrogen ions. Fish and other vertebrates have a pH 
blood value near to 7.4. The contact between environmental water and fish blood is only 
separated by one or two cells of the gills. An ideal pH for an aquacultural system must be 
near to 7. The lethal limits are below 5 and above 10, for most of the fish species.  

There is an important relation between fish respiration and pH. In the gills the gaseous 

interchange of O2 instead CO2 occurs. This interchange can be difficult if pH is not optimum. 

The effects are called Bohr and root. So even if we have enough oxygen in our system, if pH 

is not adequate fish could not breathe (Wurts & Durborow, 1992).  

pH, like temperature, is always changing. For example: In afternoon, the oxygen 

concentration decrease and the phytoplankton photosynthesis stops by the absence of 

sunlight. The concentrations of O2 and CO2 began to change, and the pH can vary due its 

intimate relationship with CO2 equilibrium (Wurts & Durborow, 1992). Another important 

factor to take into account is that cinematic of certain types of bacteria can change in low 

pH, so the mass and energy transformations of the pool carried out by unicellular organism 

can influence the environment (Ebeling et al., 2006).  

2.1.3 Dissolved oxygen 

According to Rumei et al. (2003), dissolved oxygen is the most important manageable 

variable in aquaculture. The oxygen is necessary to glucose breakdown and energy release 

inside fish cells. However, its diffusivity and availability on water is mediated by 

temperature, elevation and salinity (Boyd, 1998). 

Low concentrations of oxygen can produce negative impacts on fish health, like poor 

growth performance, low feeding rate, and increase risk on potential diseases or even fish 

death. These impacts are specific for every fish species. The particular oxygen requirements 

depend principally on the fish biology. For example, trout needs a high quantity of oxygen 

(about 7 ppm), but catfish (bottom, detritivore fish) can survive with only 0.5 ppm of oxygen 

(Akinwole & Faturoti, 2007).  

The presence of dissolved oxygen on aquaculture water ponds depends on physical 

factors (salinity, temperature and altitude), algae photosynthesis or artificial supplying 

(Boyd, 1998). Oxygen consumption depends on the carry capacity of the systems. The fish 

biomass is an important factor to be considered in a system, because the food supplied to 

the fish plays an important role in water ponds biogeochemistry (Timmons, 2002; 

Hargreaves, 1998).  

2.1.4 Ammonia 

The ammonia is a nitrogen compound excreted by fish through gills and faeces. So the 

amount of ammonia is in direct relation with the amount of feed input on the pond. 

Ammonia can also be produced in pond by organic material decomposition driven by 

bacterial activity (Durborow et al., 1997a).  

The ammonia is presented in two forms: the high toxic un-ionized ammonia (NH3), and the 
non-toxic ionized ammonia (NH4+). They are in chemical equilibrium driven by temperature 
and pH. The sum of NH3 and NH4+ is called Total Nitrogen Ammonia (TAN). In general, 
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the fraction of toxic ammonia increases at elevated temperature and high values of pH 
(Durborow et al., 1997a), as it can be seen in the following equation: ܰܪଷܶܰܣ = ௘௤ͳͲି௣ுܭ +  ௘௤ܭ

Where keq is the negative logarithm of pK (ܭ݌ = −log	ሺܭ௘௤ሻ), and	ܭ݌ = Ͳ.ͲͻͲͳͺ + ʹ͹ʹ͹.ͻ −ሺܶ + ʹ͹͵.ͳሻ + ሺͲ.ͳͷͷʹ + Ͳ.ͲͲͲ͵ͳͶʹܶሻܫ, T is temperature (°C) and I is Ionic strength (M) 
(Eshchar et al., 2006). For more convenient purposes, computations of ammonia toxic 
fractions can be made with the tables provided by Durborow et al. (1997a). Measures of 
TAN, pH and temperature are required. 

2.2 Important water quality parameters 

The dynamic of the important parameters occurs slower than the reactions implicit on 

critical ones, so they can be monitored with less frequency. Solids, nitrite (NO2), nitrate 
(NO3), carbon dioxide (CO2), hardness and alkalinity can be measure once a week. Lethal 

effects on the fish at high concentrations of this parameters are not common, but their 
accumulation can affects directly and indirectly the fish growth. Also, if unfavourable 

conditions are presented, an enhanced risk to infections or diseases can be presented. 

2.2.1 Solids 

In aquaculture, the solids are placed into a special category because in most of the cases they 
can be controlled by good management practices. Solids in pond are presented as uneaten 
food, faeces, fish scales, dead bacteria and algae, dust, and dead fish (Cripps and Bergheim, 
2000). The adverse consequences driven by the presence of organic solids in the system are 
caused mainly by bacterial processes. It implies additional oxygen consumption and carbon 
dioxide release, among other effects. In some anoxic environments, hydrogen sulfide (H2S) 
and ammonia can be release to water by bacterial bacterial anaerobic processes.  

In general, the solids can be classified in three major divisions. 1) Settleable solids, wich can 
be easy separated by sedimentation or decantation (for example, uneaten feed, fish scales, 
faeces); 2) Suspended solids, which are very fine solids without the capacity of rapid 
sedimentation (about 1-10 μm on diameter); and 3) dissolved solids, which are nano-scale 
elementary forms as molecules or atoms. (Losordo et al., 1999; Malone, 1991). 

In general, the impacts of the solids in aquaculture systems are negative. For example, in the 
surface when the water turbidity rises, the photosynthetic activity in algae decreases. In 
bottom, accumulation of solid wastes causes anaerobic zones, in which undesirable bacteria 
can proliferate. In ponds, high clay turbidity usually causes acidity, low nutrient levels, and 
limited light penetration for photosynthesis (Yi et al., 2003). Dead fish are solids too, and its 
presence on culture water can be a factor for pathogenic propagation inside the farms 
(Cripps & Bergheim, 2000).  

Is useful to think that solids on aquacultural environments are mainly composed by organic 
material. If they remain in the water, they became basics nutrients, like nitrogen and 
phosphorus that could be easy assimilated by microscopic organism. So the total oxygen 
budget will rise (Timmons et al., 2002).  
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2.2.2 Nitrite 

The presence of nitrite inside an aquaculture pond is often caused by ammonia biological 
oxidation (Hargreaves, 1998). The stoichiometric reaction is the following: ܰܪସା + 	ͳ.ͷܱଶ 	 → ܱܰଶି + ାܪʹ +  ଶܱܪ

As a result, there is a free energy yield (Δ G) of – 65 kcal mole-1 from the ammonia oxidation.  

This reaction is carried out by bacteria that naturally growths in the aquacultural 
environment. Bacteria of the genus Nitrosomonas are the main responsible for nitrification in 
aquaculture, but there are other important genus involved in this processes (Hovaneck & 
DeLong, 1996; Ebeling et al., 2006).  

The physiological effects of nitrite in the fish health are mainly caused by a chemical reaction 
on the haemoglobin. The role of this protein is the oxygen transportation all over the blood 
stream. In the presence of nitrite, haemoglobin becomes methaemoglobin, a non-efficient 
oxygen transporter (Jensen, 2003). As a result of oxygen deficit, the fish blood became brown, 
and a gasping behaviour can be observed. If nitrite intoxication remains unattended, massive 
fish dead became after a short time caused by hypoxia (Masser et al., 1999). 

High nitrogen concentrations in ponds occurs more frequently in the fall and spring, when 
low and fluctuating temperatures cause decay rates on phytoplankton and bacteria 
metabolisms (Durborow et al., 1997b). 

2.2.3 Nitrate 

The presence of nitrate in aquaculture water is water is delivered as a waste product of 
organic bacterial activity in the pond. The reaction involves the presence of nitrite and 
oxygen. The following stoichiometric reaction shows the overall process (Wheaton, 1982). ܱܰଶି + 	ͳ.ͷܱଶ → ܱܰଷି  

In total, when a nitrite molecule is oxidized, a free energy yield (ΔG) of -18 kcal mole-1 is 
released. In aquacultural ponds, the most representative bacteria genus that can perform the 
nitrite conversion to nitrate is Nitrobacter, but other genus of bacteria are commonly 
presented during the nitrification (Camargo et al., 2005).  

The nitrate is commonly controlled in aquaculture systems by dilution. In intensive 
recirculation systems between 5 and 10% of water are removed and replaced every day. In 
systems with low technification, the daily water exchange usually is more than 10%.  

A natural pathway to remove the nitrite in an aquacultural system is done by denitrification. 
The reaction is carried out by bacteria in absence of oxygen and in presence of methanol as a 
carbon compounds. The general reaction is done in two steps (Van Rijn et al., 2006): 

ܱܰଷ +	 ͷ͸ ܪଷܱܪܥ → ͳʹ ଶܰ + 	 ͷ͸ ଶܱܥ + ʹ͵ ଶܱܪ +  ିܪܱ

2.2.4 Carbon dioxide 

Carbon dioxide (CO2) in aquatic systems is very important, because its presence is required 
in some chemical and biological processes. For example, CO2 interacts with water to form a 
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natural buffer system which helps to maintain a constant pH. Is also important for biological 
primary production, because is necessary in algal photosynthesis to synthetize glucose. Is 
important to note that biological activity can also release CO2 to the media, when fish and 
algae breathe. Some bacteria also need CO2 to maintain its metabolic cycles in constant 
function. 

Bacteria also release CO2, both autotrophs and heterotrophs. For example: The free acid 
produced during nitrification reacts with bicarbonate alkalinity in water to release more CO2 
than autotrophs consume. So for every gram of  TAN metabolized, 4.6 ppm of oxygen will 
be consumed, and 5.9 g of CO2 will be released. In heterotrophic reactions, for every gram of 
O2 consumed, 1.38 g of CO2 is released (Summerfelt & Sharrer, 2004). 

When CO2 is dissolved in water, part of it combines to form carbonic acid (H2CO3). This weak 
acid tend to react with calcium carbonate (CaCO3) to form calcium bicarbonate [Ca(HCO3)], 
which is often dissociated on hydrogen ions and carbonate ions (Wheaton, 1982): ܱܥଶ + 	 	ଶܱܪ ↔ 	 ଷܱܥଶܪ ↔ 	 ାܪ + ଷܱܥܪ	 ↔ ାܪ +  ଷଶିܱܥܪ	

These four reactions are mediated by hydrogen concentration. They proceed to the right 
when pH rises and they go to the left when pH decreases. Therefore, the carbon dioxide 
usually can be found in water under four different forms: As free gas (CO2), as carbonic acid 
(H2CO3), as carbonate (CO32-) and as bicarbonate (HCO3-) (Wheaton, 1982). Thus, the 
chemical importance of CO2 relies in the fact that is a pH buffer, and it has a lot of relation 
with other physicochemical parameters, like hardness and alkalinity. 

2.2.5 Hardness 

The hardness is defined as the total concentration of calcium and magnesium ions, 
expressed as calcium carbonated. However, if other metallic ions are presented in the water 
(Al, Fe, Mg, Sr, Zn) they can be also considered in the definition (Wheaton, 1982). 

The hardness is an important water quality parameter because a direct relation between 
water metal content and pH variations exists. When the concentration of Ca and Mg trends 
to be higher, the buffering capacity of the water becomes higher, too, and is more capable to 
smooth pH variations. In other words, hard water is more stable than soft water. 

In the biological perspective, calcium is important in fish metabolism, because is used on the 
scale and bond formation, and to keep the adequate balance of Na and K in the blood 
(Wurst & Durborow, 1992). Calcium is often required in neural synapses, and in 
physiological ion balance. In the case of magnesium, it is used is used by photosynthetic 
organism because is embedded in the center of the chlorophyll molecule, and it is also 
required as prosthetic group in proteins (Müller-Esterl, 2008) 

In the farm, hardness is very important when the organisms are cultivated for reproduction 
purposes in hatcheries. If invertebrates are cultivated, hardness becomes an important 
variable to consider, because Ca and Mg are very important in the formation of hard parts 
(i.e., exoskeleton or shells). 

Changes in the water hardness are slowly. They take place typically in weeks or months.  

However, is a good management practice to monitoring this variable constantly. 
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2.2.6 Alkalinity 

The alkalinity is the amount of acids (H+) that water can neutralize before to reach a given 
pH. It is defined as the stoichiometric sum of the bases in a solution. Common bases found 
in fish ponds include carbonates, bicarbonates, hydroxides, phosphates and berates. 
Carbonates and bicarbonates are the most common and the most important components of 
alkalinity. Because total alkalinity can be expressed as ppm of CaCO3, is common to confuse 
it with hardness (Wurts & Durborow, 1992).  

Like another water quality parameters, alkalinity can be affected by the biological activity of 
systems. Because photosynthesis of phytoplankton requires CO2 to synthesize glucose, pH 
in the water increases due to inorganic carbon adsorption in water (mainly H2CO3 and CO32-

). During long periods of intensive photosynthesis, the release of carbonate can elevate the 
pH levels over 9. These effects can be observed if water has low alkalinity (20 to 50 ppm) or 
low bicarbonate (75 to 200 ppm). High photosynthetic activity can be presented when the 
sodium and potassium carbonates are dissolved in water, because they are more soluble 
than calcium and magnesium bicarbonates (Wurts & Durborow, 1992).  

3. Low-tech water quality management 

Currently, the aquacultural engineering gives a considerable number of solutions to control 
the variables involved in aquaculture water quality. In general, they are available 
commercial devices and chemical products to control water quality. However, there are 
alternative techniques used by scientist that considered the pool as a bioreactor. New 
aquaculture techniques are bio-flocs (Avnimelech, 2006), Integrated Multi-trophic 
Aquaculture (IMTA) (Chopin, 2003), greenwater systems (Hargreaves, 2006), Zero-Exchange 
water systems (Panjaitan, 2010; Olvera-Olvera et al., 2009) and aquaponics (Rakocy & 
Hargreaves, 1993), among others. 

3.1 Temperature 

The temperature control on aquaculture could be difficult, because the high specific heat 
capacity of water (4.18 kJ kg-1 °K-1) implies a high amount of energy when water is heated or 
cooled. In addition, the water volume used on aquacultural facilities is frequently high, so 
the monetary and environmental cost to raise water temperature could be unaffordable 
(Seginer & Mozes, 2008). 

There are several alternatives to increase thermal stability on aquaculture. The most 
effective system is the use of greenhouse to cover aquaculture ponds or tanks (Soto-Zarazúa 
et al, 2011; Fuller, 2007). Some farms use heating pumps, thermosolar systems, fossil fuel 
heaters or electric resistances, but all of them are expensive ways to heat water, both by 
initial and operational cost. Besides, some of them imply negative environmental impacts 
caused by greenhouse gas emissions (Mohanty et al., 2010).  

Nevertheless, there are alternatives for the small-scale producers. The most effective 
strategy is a good planning on farm building. Then, the most important thing is to pick a 
good geographical location. The climate and the temperature of the make-up water must be 
adequate for the cultivated fish. An analysis of the local climatologically data, if available, 
can give us an idea if the selected location is proper to our intentions.  

www.intechopen.com



 
Aquaculture Water Quality for Small-Scale Producers 

 

133 

If low air temperatures are presented, covering the tanks with plastic sheets could be is 
useful (Van Gorder, 2003; Crab, 2009). On the other hand, if temperature rises, a packed 
aeration column can be built as a chiller (Wheaton, 1982). In both cases (low and high water 
temperatures), to add new make-up water can be useful. Is also important to remember that 
some fish doesn’t growth on winter, like tilapia (Crab et al., 2009) 

If fish tanks are used, it could be helpful to cover its walls with heat insulators. Elastomeric 
foams are a good choice, because they are generally designed to support extreme insulation 
and hard management. Fiber glass and polystyrene foams could be used, too (Alatorre, 2010).  

Another option is to consider solar heating water systems. Despite the high initial cost, they 
can help to raise the water temperature from 1 to 5 °C. Solar pool blankets, geodesic 
structures and active/passive solar collectors have been tested with considerable results 
(Fuller, 2007). A practical guide and cases studies is available in www.retscreen.net. A 
complete guide to thermosolar processes can be found on Duffie and Beckman (1992). 

3.2 pH 

A common action to pH control is the addition of chemical substances. When pH is low, it 
could be useful adding lime (Wurts and Durborow, 1992). If pH rises, small amounts of 
phosphoric acid or acetic acid can help to neutralize water. Some people uses sulphuric acid, 
but it can be dangerous if there is no previous experience on dangerous substances 
management. Another way to pH control is the enrichment of the biological activity in the 
pool (Hargreaves, 2006).  

In our experience, many traditional aquaculture managers do not monitoring pH. This can 
be a bad choice, because as we discussed previously, a certain combination of temperature, 
pH and ammonium can kill entire production stocks.  

In the case of aquaponics systems, pH management is fundamental. In this kind of systems 
plants, fish and bacteria are cultivated. In general, the nitrogen cycle is completed inside the 
culture water, and the final metabolite (nitrate) is assimilated by plants. As a result, the 
nutrients provided by fish feed are recycled, and the negative environment impacts are 
diminished (Diver, 2006). But there is a problem. The optimum pH value for plants, fish and 
bacteria is 6, 7 and 8 respectively. There is necessary reconciling pH in this systems. Tyson 
(2008a,b) recommended a pH value of 8 to improve nitrogen assimilation by bacteria.  

3.3 Dissolved oxygen 

Mechanical aeration is by far the most common and effective way to increasing DO 

concentrations in ponds. In semi-intensive aquaculture, aeration is applied in case of 

emergency.(Boyd, 1998). 

Paddlewheel aerators and propeller-aspirator-pumps are the most common aerators used in 
aquaculture. Aeration amounts varies from 1-2 kW ha-1 in extensive cultures, to 15-20 kW 
ha-1 in intensive culture of marine shrimp. For every kW of aeration extra, the gains are  
estimated over 500 kg fish/crustacean biomass  (Boyd, 1998). 

All basic types of mechanical aerators have been used in aquaculture, but vertical pumps, 
pump sprayers, propeller-aspirator-pumps, paddle wheels, and diffused-air systems are the 
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most common. However, paddle wheels aerators and propeller-aspirator-pumps are the 
most efficient devices (Boyd, 1998). 

There are some useful indications about the use of aerators. In semi-intensive culture, is 
common to turn on mechanical aeration at night, when is a lack of photosynthesis and the 
respiration rate is in a maximum value. However, is important to note that if the aerators are 
operated on sunny afternoons when water is supersaturated, oxygen will be lost (degassed) 
from the water (Tucker, 2005) 

When commercial aerators are not available, a degassing column can be constructed with 
local available materials. Wheaton (1982) mentioned how to build a simple aeration tower. 
Tucker (2005) gives photos and a short description about it uses on farm systems. 
Theoretical background can be found in Boyd (1998), Summerfelt et al. (2000) and Vinatea & 
Carvalho (2007) 

3.4 Nitrogen compounds 

Ebeling et al. (2006) pointed out the following: for every gram of ammonia-nitrogen 
converted to nitrate-nitrogen, 4.18 of dissolved oxygen and 7.05 g of alkalinity (1.69 g of 
inorganic carbon) are consumed and 0.20 g of microbial biomass (0.105 g organic carbon) 
and 5.85 g of CO2 (1.59 g inorganic carbon) are produced. So the nitrogen cycle in pond 
water affects the physical, chemical and biological components present in the system. To 
control the accumulation of every kind of components in the pond the most usual method is 
the addition of make-up water. However, there are alternatives to manage the levels of 
nitrogen compounds. Some of them are described below. 

3.4.1 Ammonia 

The most extended method to control ammonia inside aquacultural ponds is to keep a 
good feeding schedule based on nutrimental tables. If the feeding regimen in the fish farm 
is intensive, then pH control is also recomended. If pH can be maintained lower than 8, 
the toxic fraction of TAN will remain in minimal percentage (Hargreaves and Tucker, 
2004).  

A common method to control ammonia in recirculating aquaculture systems is a biofilter 
addition in the system. Biofilters design and theoretical foundations are already in literature 
(Bazil (2006), Drennan II et al. (2006), Eding et al. (2006), Gutierrez-Wing and Malone (2006), 
Kuo-Feng & Kuo-Ling (2004)). Examples of applications and affordable designs can be 
found in Soto-Zarazúa et al. (2010), Timmons et al. (2006), Al-Hafedh et al. (2003) and Ridha 
& Cruz (2001)  

Another method to control ammonia is the increment of microbiological activity inside the 
pond (Hargreaves and Tucker, 2004). The addition of organic carbon in relation with nitrogen 
concentration is very useful (Crab et al., 2009). Theoretical background of this technique (also 
named bio-floc technology) is already available in Avnimelech (2006, 2003 and 1999).  

3.4.2 Nitrite 

A common practice to reduce nitrite toxicity is the elevation of chloride concentration in the 
culture water (Losordo et al., 1998). For this purpose, common salt (sodium chloride) is 
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used. Calcium chloride can also be used. A high chloride:nitrate ratio of 10:1 is used to 
prevent brown blood disease. In catfish, for example, is recommended to maintain at least 
100 ppm chloride in pond waters (Durborow et al., 1997). 

When brown gill disease is not presented, a good practice is to flush water. In general, the 
absorption of NO2 by bacteria is presented in tanks and ponds. To enhance its activity, 
biofiltration is recommended.  

3.4.3 Nitrate 

In general, nitrate is a non-toxic form of nitrogen in pond. However, nitrate management is 
usually carried out by water exchanges. Phytoplankton and bacterial uptake is another 
method to assimilate nitrate into cellular tissue (Gross et al., 2000). Aquaponics is another 
way to assimilate NO3 into fresh, marketable plant biomass, as lettuce, tomato, basil and 
other crops (Graber & Junge, 2009; Rico-García et al., 2009; Savidov et al., 2005).  

Denitrification is also an alternative to eliminate aquacultural nitrate. Theory and practice 
examples can be found in van Rijn et al., 2006. 

3.5 Solids 

The management of solids include feed design and management, flow regulation and 
separation treatment technology (Cripps and Bergheim, 2000). In small scale aquaculture, a 
good start point is to asses an adequate feed schedule. In our experience, we have noted that 
overfeeding is usual in new managers, so the detriment of the water quality is faster.  

Fish also waste a lot of feed. In the case of tilapia, even 50% of their feed can be wasted 
(Avnimelech, 2003). So the experience of the manager is fundamental in solids control.  

A complementary approach to treat solid wastes is a quickest remotion of them (Timmons et 
al., 1998). In general, the settleable solids can be easily remove from the culture water. If 
circular tanks are used, the centrifugal forces and conical bottoms must help to accumulate 
the solids in the center drain. (Timmons et al., 1998; Summerfelt et al., 1998). If rectangular 
tanks are used, is recommended to adjust length/width ratios to increased bottom velocities 
and reduced biosolid accumulation (Oca and Masaló, 2007). In some cases additional 
components can be used, like settling basins or hydroclones (Wheaton, 1982). For 
aquaponics, the size reduction of solid wastes from pellets to fine particles or even until 
basic organic compounds is desirable (Rakocy & Hargreaves, 1993). 

If extensive ponds are used, the use of chemicals to enhance flocculation of organic 
particulate material could be useful. The addition of gypsum helps to diminish the negative 
electrical charges between particulate material, enhancing the flocculation and 
sedimentation of suspended solids. The recommended amounts are between 100 to 300 mg 
per liter (Hargreaves, 1999).  

3.6 Carbon dioxide (CO2) 

In general terms, rarely CO2 concentration cause problems in fish ponds with sufficient 
alkalinity. However, if the pond is deeper than 5 feet and poor mixing is presented, there is 
a risk of water stratification (Hargreaves and Brunson, 1996). Vigorous aeration can prevent 
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stratification, and it would be helpful if CO2 is saturated on pond water (Wurts and 
Durborow, 1992).  

Other alternative is chemical treatment. The addition of quicklime, hydrated lime or sodium 
carbonate will increase the alkalinity of the pond, dropping the presence of dissolved CO2 in 
water. Treatment calculations can be found on Hargreaves and Brunson, (1996). In the case 
of intensive systems, CO2 could be a problem. In this case, the addition of a degassing tower 
is recommended (Summerfelt and Sharrer, 2004). 

4. Conclusions 

The processes involved in aquaculture water quality are affected by many variables and 
they are generally complex. However, the driving forces involved in fish farms can be 
controlled in order to increase fish productivity. This control involves learned skills to make 
the right decisions to correct present problems and to prevent new ones.  

In this chapter we had discussed extensively the theoretical foundations of fish water 
quality, with emphasis on small-scale aquaculture correction techniques. As it can be seen, 
physical, chemical and biological processes involved in the pond dynamics are strongly 
related, and they can´t be considered as isolated phenomena. The understanding of these 
processes can be useful to improve the final yields on the farm with the minimal waste of 
time, energy and money. As a result, the sustainability of the protein production can be rise 
and the negative environmental impact can be diminished.  

5. References 

Akinwole, A. O. & Faturoti, E. O. (2007). Biological performance of African catfish (Clarias 
gariepinus) cultured in recirculating system in Ibadan. Aquacultural engineering 
36:18-23. 

Al-Hafedh Y. S., Alam A. & Alam M. A. (2003). Performance of plastic biofilter media with 
different configuration in a water recirculation system for the culture of Nile tilapia 
(Oreochromis niloticus). Aquacultural engineering 29:139-154. 

Alagaraja, K. (1991). Aquaculture productivity. On Proceedings of the Symposium on 
Aquaculture Productivity. December 1998. Hindustan Lever Research Foundation. 
Oxford & IBH Publishing Co. PVT. LTD. New Delhi. Sinha, V.R.P and H. C. 
Srivastava. 

Alatorre-Jácome, O. (2010). Implementación de un sistema thermosolar para alevinaje 
(Nursery) de tilapia (Oreochromis niloticus L.). MSc. thesis dissertation. Universidad 
Autónoma de Querétaro, México. 

Alatorre-Jácome, O., Rico-García, E., Soto-Zarazúa, G. M. García-Trejo, F. & Herrera-Ruiz, G. 
(2011). A thermosolar nursery for tilapia (Oreochromis niloticus L.). Scientific 
Research and Essays. In Press. 

Avnimelech, Y. (2006). Bio-filters: The need for a new comprehensive approach. Aquacultural 
engineering 34:172-178. 

Avnimelech,Y. (2003). Control of microbial activity in aquaculture systems: active 
suspension ponds. World Aquaculture 34(4):19-21. 

Avnimelech, Y. (1999). Carbon/nitrogen ratio as a control element in aquaculture systems. 
Aquaculture 176: 227-235. 

www.intechopen.com



 
Aquaculture Water Quality for Small-Scale Producers 

 

137 

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

Boyd, C. (1998) Pond water aeration systems. Aquacultural Engineering 18:9-40.  
Brander, K. M. (2007). Global fish production and climate change. Proceedings of the National 

Academy of Sciences 104 (50): 19709–19714 
Brenan, L. & Owende, P. (2010). Biofuels from microalgae—A review of technologies for 

production, processing, and extractions of biofuels and co-products. Renewable and 
Sustainable Energy Reviews 14:557–577. 

Camargo, J. A., Alonso, A. & Salamanca, A. Nitrate toxicity to aquatic animals: a review  for 
freshwater invertebrates. Chemosphere 58:1255-1267 

Chen, S. & Malone, R. F. (1991). Suspended solids control in recirculating aquacultural 
systems. Engineering aspects of intensive aquaculture, pp. 170-186 in Proceedings 
from the aquaculture symposium, Cornell University, Ithaca, New York, 1991. 

Chopin, T. (2003). Integrated aquaculture. Canadian Geographic 123(5):24 
Crab, R., Kochva, M., Verstraete, W. & Avnimelech, Y. (2009). Bio-flocs technology 

application in over-wintering of tilapia. Aquacultural Engineering 40:105-112. 
Cripps, S. J. & Bergheim, A. (2000). Solids management and removal for intensive land-

based aquaculture production systems. Aquacultural Engineering 22:33-56. 
Diver, S. (2006). Aquaponics - Integration of hydroponics with aquaculture. Publication No. 

IP163. ATTRA. National Sustainable Agriculture Information Service.  
Duffie, J. A. & Beckman, W. A. (1992). Solar Engineering of thermal processes. 2th edition. 

John Wyley & Sons, Inc. USA. 
Drennan II, D. G., Hosler, K. C., Francis, M., Weaver, D., Aneshansley, E., Beckman, G., 

Johnson, C. H. & Cristina, C.M. (2006). Standardized evaluation and rating of 
biofilters II. Manufacturer´s and user´s perspective. Aquacultural engineering 34:403-
416 

Durborow, R. M., Crosby, D. M. & Brunson, M. W. (1997a). Ammonia in fish ponds. SRAC 
Publication No. 463. 

Durborow, R. M., Crosby, D. F. & Brunson, M. W. (1997b). Nitrite in fish ponds. SRAC 
Publication No. 462. 

Eding, E. H., Kamstra, A., Verreth J. A.J., Huisman E. A. & Klapwijk, A. (2006). Design and 
operation of nitrifying trickling filters in recirculating aquaculture: A review. 
Aquacultural engineering 34:234-260. 

Ebeling, J. E., Timmons, M. B. & Bisogni, J. J. (2006) Engineering analysis of the 
stoichiometry of photoautotrophic, autotrophic, and heterotrophic removal of 
ammonia-nitrogen in aquaculture systems. Aquaculture 257:346-358. 

Eshchar, M., O., Lahav, N. Mozes, A. Peduel & B. Ron (2006). Intensive fish culture at high 
ammonium and low pH. Aquaculture 255:301-313. 

Food and Agriculture Organizations of the United Nations (FAO). (2010). The State of 
World Fisheries and Aquaculture (SOFIA), 2010. FAO Fisheries Department, Roma.  

Franck, S., von Bloh, W., Müller, C., Bondeau, A. & Sakschewski, B. (2011). Harvesting the 
sun: New estimations of the maximum population of planet earth. Ecological 
Modelling 222(12):2019-2026. 

Fuller, R. J. (2007). Solar heating systems for recirculation aquaculture. Aquacultural 
Engineering 36:250-260. 

Graber, A. & Junge, R. (2009). Aquaponic systems: Nutrient recycling from fish wastewater 
by vegetable production. Desalination 246:147-156. 

www.intechopen.com



 
Aquaculture and the Environment - A Shared Destiny 

 

138 

Gross, A., Boyd, C. E, Wood & C. W. (2000). Nitrogen transformations and balance in 
channel  catfish ponds. Aquacultural Engineering 24:1-14. 

Gutierrez-Wing, M. T. & Malone, R. F. (2006). Biological filters in aquaculture: Trends and 
research directions for freshwater and marine applications. Aquacultural Engineering 
34:163-171. 

Hannesson, R. (2003). Aquaculture and fisheries. Marine policy 27:196-178. 
Hargreaves, J. A. (2006). Photosynthetic suspended-growth systems in aquaculture. 

Aquacultural engineering 34:344-363 
Hargreaves, J. A. & Tucker, C. S. (2004). Managing ammonia in fish ponds. SRAC 

Publication No. 4603. USA. 
Hargreaves, J. A. (1999). Control of clay turbidity in ponds. SRAC Publication No. 460. 
Hargreaves, J. A. (1998). Nitrogen biogeochemistry of aquaculture ponds. Aquaculture 

166:181-212. 
Hargreaves, J. & Brunson, M.(1996). Carbon dioxide in fish ponds. SRAC Publication No. 468. 
Hovanec, T. A. & DeLong, E. F. (1996). Comparative analysis of nitrifying bacteria 

associated with freshwater and marine aquaria. Applied and environmental 
microbiology 62(8):2888-2896. 

Jensen, F. B. (2003). Nitrite disrupts multiple physiological functions in aquatic animals. 
Comparative Biochemistry and Physiology Part A 135:9-24. 

Kawarazuka, N. (2010). The contribution of fish intake, aquaculture, and small-scale 
fisheries to improving nutrition: A literature review. The World Fish Center 
Working Paper No. 2106. The World Fish Center, Penang, Malasya. 51 p. 

Koning, N. B. J., Van Ittersum, M. K., Becx, G. A., Van Boekel, M. A. J. S., Brandenburg, W. 
A., Van Den Broek, J. A., Goudriaan, J., Van Hofwegen, Jongeneel, G., R. A.,Schiere, 
J. B. & Smies, M. (2008). Long-term global availability of food: continued 
abundance or new scarcity? NJAS 55(3):229-292. 

Kuo-Feng, T. & Kuo-Lin W. (2004). The ammonia removal cycle for a submerged biofilter 
used in a recirculating ell culture system. Aquacultural Engineering 31:17-30. 

Losordo, T. M., Masser, M. P. & Rakocy, J. E. (1999). Recirculating aquaculture tank production 
systems. A review of component options. SRAC publication No. 453. USA. 

Losordo, T. M., Masser, M. P. & Rakocy. (1998). Recirculating aquaculture tank production 
systems. An overview of critical considerations. SRAC publication No. 451. USA. 

Lukefar, S. (1999). Teaching international animal agriculture. Journal of Animal Science 
77(11):3106-3113.  

Masser, M. P; Rakocy, J. & Losordo, T. M. (1999). Recirculating aquaculture tank production 
systems. Management of recirculating systems. Sourthern Regional Aquaculture 
Center, Publication No. 452. USA. 

Müller-Esterl, W. (2008). Bioquímica. Fundamentos para la medicina y ciencias de la visa. 
Editorial Reverté, S. A. España. 

Mohanty, B. P., Mohanty, S., Sahoo, J. K. & Sharma, A. P. (2010). Climate change: impacts on 
fisheries and aquaculture. In Simard, S. (ed.) Climate change and variability InTech 
Publishing ISBN 978-953-307-144-2   

Naylor, R. L., Hardy, R.W., Bureau, D.P., Chiu, A., Elliot, M., Farrell, A. P., Forster, I.,Gatlin, 
D.M., Goldburg, R.J., Hua, K. & Nichols, P. D. (2009). Feeding aquaculture in an era 
of finite resources. Proceedings of the National Academy of Sciences 106 (36):15103-15110. 

www.intechopen.com



 
Aquaculture Water Quality for Small-Scale Producers 

 

139 

Naylor, R. L., Goldburg, R.J., Primavera, J. H., Kautsky, N., Beveridge, M. C. M., Clay, J., 
Folke, C., Lubchenco, J., Mooney, H., & Troell, M. (2000). Effect of aquaculture on 
world fish supplies. Nature 405(29):1017-1024. 

Oca, J., & Masaló, I. (2007). Design criteria for rotating flow cells in rectangular aquaculture 
tanks. Aquacultural Engineering 36:36-44. 

Olvera-Olvera, C., Olvera-González, J. E., Mendosa-Jasso, J., Peniche-Vera, R., Castañeda-
Miranda, R. & Herrera-Ruiz, G. (2009). Feed dosage and ammonium control device 
base on C/N ratio for a zero-discharge system. International Journal of Agriculture 
& Biology 11(2):173-177. 

Panjaitan, P. (2010). Shrimp culture of Penaeus monodon with zero water exchange model 
(ZWEM) using molasses. Journal of Coastal Development 14(1):35-44 

Rakocy, J. E., & Hargreaves, J. A. (1993). Integration of vegetable hydroponics with fish 
culture: A review. In Wang, Jaw-Kai. Techniques of modern aquaculture. 
Proceedings of an Aquacultural Engineering Conference. 21 – 23 June, 1993. 
Spokane, Washington .pp. 112-136. Published by American Society of Agricultural 
Engineerings. 

Rico-García, E.; Casanova-Villareal, V. E., Mercado-Luna, A., Soto-Zarazúa, G. M., Guevara-
González, R. G., Herrera-Ruiz, G., Torres-Pacheco, I., Velázquez-Ocampo, R. V. 
(2009). Nitrate content on summer lettuce production using fish culture water. 
Trends in Agriculture Economics 2(1):1-9. 

Ridha, M. T. & Cruz, E. M. (2001). Effect of biofilter media on wáter quality and biological 
performance of the Nile tilapia Oreochromis niloticus L. reared in a simple 
recirculating system. Aquacultural Engineering 24:157-166 

Rumei, W., Setian, F., Guo, T., Lizhong, F. & Xiaoshuan (2003). Evaluation of the 
aquaculture pond water quality. ASAE Annual International Meeting.  Nevada, 
USA. Paper ASAE 031298. 

Savidov, N. A., Hutchings, E., Rakocy, J. E. (2005). Fish and plant production in a 
recirculating aquaponic system: A new approach to sustainable agriculture in 
Canada. Acta horticulturae 742:209-222. 

Seginer, I. & Halachmi, I.(2008). Water heating to enhance fish growth. Is it justified? 
Proceedings AgEng2008 (CD), Paper OP-630 (1131237). 

Summerfelt, S. T. & Sharrer, M. J. (2004). Design implication of carbon dioxide production 
within biofilters contained in recirculating salmonid culture systems. Aquacultural 
engineering 32:171-182. 

Summerfelt, S. T., Vinci, B. J. & Piedrahita, R. H. (2000). Oxygenation and carbon dioxide 
control in water reuse systems. Aquacultural engineering 22:87-108. 

Summerfelt, S. T., Timmons, M. B., Watten, B. J. (1998). Culture tank designs to increase 
profitability. In Libey, G. S. and Timmons, M. B. (1998) Proceedings of the Second 
International Conference on Recirculating Aquaculture. July 16-19, Roanoke, 
Virginia. 

Timmons, M. B.; Holder, J. L., Ebeling, J. B. (2006). Application of microbead biological 
filters. Aquacultural engineering 34:332-343. 

Timmons, M. B.; Ebeling, J. M., Wheaton, F. W., Summerfelt, S. T., Vinci, B. J. (2002). 
Recirculating aquaculture systems. Cayuga Aqua Ventures Inc. 2th. Edition. USA. 

Timmons, M. B.; Summerfelt, S. T., Vinci, B. J. (1998). Review of circular tank technology and 
management. Aquacultural Engineering 18:51-69. 

www.intechopen.com



 
Aquaculture and the Environment - A Shared Destiny 

 

140 

Soto-Zarazúa, M. G., Rico-García, E. & Toledano-Ayala, M. (2011). International Journal of 
the Physical Sciences 6(5):1039-1044. 

Soto-Zarazúa, M. G., Herrera-Ruiz, G., Rico-García, E., Toledano-Ayala, M., Peniche-Vera, 
R., Ocampo-Velázquez, R. & Guevara-González, R. (2010). Development of efficient 
recirculation system for Tilapia (Oreochromis niloticus) culture using low cost 
materials. African Journal of Biotechnology 9(32):5203-5211. 

Tucker, C. (2005). Pond aeration. Sourthern Regional Aquaculture Center, Publication No. 
3700. USA. 

Tyson, R. V., Simonne, E. H., Treadwell, D. D., Davis, M. & White, J. M. (2008a). Effect of 
water ph on yield and nutritional status of greenhouse cucumber grown in 
recirculating hydroponics. Journal of plant nutrition 31(11):2018-2030. 

Tyson, R. V., Simonne, E. H., Treadwell, D. D., White, J.M. & Simone, A. (2008b). Reconciling 
pH for ammonia biofiltration and cucumber yield in a recirculating aquaponic 
system with perlite biofilters. HortScience 43(3):719-724. 

Van Gorder, S. (2003). Small-scale aquaculture and aquaponics. The new and the nostalgic. 
Aquaponics Journal 7(3):14-17. 

Van Rijn, J., Tal, J. & Schreier, H. J. (2006). Denitrification in recirculating systems: Theory 
and applications. Aquacultural Engineering 34:364-376. 

Vinatea, L. & Carvalho, J. W. Influence of water salinity on the SOTR of paddlewheel and 
propeller-aspirator-pump aerators, its relation to the number of aerators per 
hectare and electricity costs. Aquacultural engineering 37 (2): 73-78. 

Wheaton, F. W. (1982). Acuacultura. Diseño y construcción de sistemas. AGT Editor, S. A. 
México, D. F. 

Wurts, W. A. & Durborow, R. M. (1992). Interactions of pH, carbon dioxide, alkalinity and 
hardness in fish ponds. Sourthern Regional Aquaculture Center, Publication No. 
464. USA. 

Yi, Y. & Kwei-Lin, C. & Diana, J. S. (2003). Techniques to mitigate clay turbidity problems in 
fertilized earthen fish ponds. Aquacultural Engineering 27:39-51. 

www.intechopen.com



Aquaculture and the Environment - A Shared Destiny

Edited by Dr. Barbara Sladonja

ISBN 978-953-307-749-9

Hard cover, 246 pages

Publisher InTech

Published online 22, December, 2011

Published in print edition December, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Aquaculture is the art, science and business of cultivating aquatic animals and plants in fresh or marine

waters. It is the extension of fishing, resulted from the fact that harvests of wild sources of fish and other

aquatic species cannot keep up with the increased demand of a growing human population. Expansion of

aquaculture can result with less care for the environment. The first pre-requisite to sustainable aquaculture is

clean wate, but bad management of aquatic species production can alter or even destroy existing wild habitat,

increase local pollution levels or negatively impact local species. Aquatic managers are aware of this and

together with scientists are looking for modern and more effective solutions to many issues regarding fish

farming. This book presents recent research results on the interaction between aquaculture and environment,

and includes several case studies all over the world with the aim of improving and performing sustainable

aquaculture.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Oscar Alatorre-Ja ́come, Fernando García-Trejo, Enrique Rico-García and Genaro M. Soto-Zarazu ́a (2011).

Aquaculture Water Quality for Small-Scale Producers, Aquaculture and the Environment - A Shared Destiny,

Dr. Barbara Sladonja (Ed.), ISBN: 978-953-307-749-9, InTech, Available from:

http://www.intechopen.com/books/aquaculture-and-the-environment-a-shared-destiny/aquaculture-water-

quality-for-small-scale-producers



© 2011 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


