Tool-kits for the sustainable management of Ghana’s riverine biodiversity
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Indicator 6: Concentration of nitrogen 
summary
Nitrogen (N) comprises over 78% of the atmosphere in the form of N2, a relatively inert gas that is unavailable to plants because of its chemical structure.  There are several other forms of N, some of which are important greenhouse gases but, in aquatic environments it is commonly found as nitrate (NO3), nitrite (NO2) and ammonium (NH4).  Nitrogen gas is converted into these forms largely by microorganisms in soil, and some forms that exist in water, such as cyanobacteria.  Lightning, too, converts N into forms usable by plants by combining it with oxygen, and accounts for around 5% of the global supply.  In recent decades, the natural N-cycle has become overwhelmed by industrial sources of plant-usable N, which now constitute around four times that supplied to the environment by natural processes (Fowler et al. 2004).
Nitrogen is used by organisms in their construction, metabolism, growth and reproduction and is excreted into the environment and leached by living and dead organisms.  Large quantities of N are applied to agricultural land and used in animal feeds, therefore major sources of soluble N are found in agricultural runoff such as irrigation water, concentrations of animals or animal wastes, and in sewage treatment works.  Nitrogen is much more soluble than phosphorus and does not as readily become attached to particles.  This means that an increased concentration of NO3 in river water can be an indicator of an agricultural or sewage pollution event.  When N is stored in sediments, it is usually as part of living or decaying organisms or tissue, and tends to be released into the water column in soluble form as NH4.
Nitrates are produced by the bacterial conversion of NH4 to NO2 then NO3, but decomposition of N-rich organic material can deplete oxygen and promote hypoxia, which then slows the process and results in comparatively low concentrations of NO3 compared with NH4.  It is therefore important to measure both of the main forms of dissolved N.  Both NO3 and NH4 can be toxic to aquatic life in high concentrations, especially NH4.
Plant-available forms of N are important in aquatic systems because they are essential plant nutrients.  Available N may be the limiting nutrient where phosphorus (P) is abundant, and increased N concentrations can cause rapid growth of algae and plants if a supply of P is present.  Such eutrophication can lead to the development of toxic blooms of algae, which are difficult and expensive to remove.  Increased plant growth leads to consequent changes in the composition of the plant and algal assemblage, which has implications for the invertebrates and vertebrates that rely on them.

Where redox conditions are suitable, N is denitrified at the sediment surface or in the water column and is lost to the atmosphere as N2 gas.  This is an important because it means that, unlike P, which is recycled within the water body, N is not recycled within the water column to the same extent that P is.
Measurement and Sources of Data

In lakes and rivers, concentrations of NO3 of around 1 mg L-1 and <0.5 mg L-1 NH4 are considered normal, but concentrations can be tens of mg L-1 in effluents.
A common technique for NO3 detection is the cadmium reduction method (APHA 1992), but this involves the use of cadmium, which must be disposed of with care after use.  An alternative simple method uses an NO3 electrode in the form of a probe, but the accuracy of the probe can be influenced by pH and chloride fluctuations.
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