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Denitrification

Denitrification is the microbial reduction of nitrate to di-nitrogen gas. Denitrification is sometimes
referred to as 'dissimilatory’ nitrate reduction because it occurs in association with the dissimilation

(decomposition) of organic matter [1]. The denitrification reaction for the oxidation of organic mat
with Redfield molar proportions is as follows [2]:

106(CH,0)16(NH,) + H,PO, + 94HNO,= 106CO, + H,PO, + 177H,0 + 55.2N,

The nitrate (NO;) is used in the respiratory process of the microbes, and can be derived from the

water column or from nitrification occurring during the mineralisation of organic matter in sediments.
When nitrate for denitrification is derived from nitrification, the process is called coupled nitrification-
denitrification.
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Figure 1. Schematic diagram of N cycling in coastal sediments under relatively low levels of carbon loading. Note that

some nitrogen is vented to the atmosphere as dinitrogen gas (modified from Heap et al., 2001 [4]).

Significance of Denitrification in Coastal Waterways

Denitrification is an important reaction in coastal waterways because it can permanently remove
nitrogen from the system as di-nitrogen gas (Figure 1). As such, it can counteract the eutrophication
process [3,4,13]. If benthic denitrification ceases, flushing by tides or freshwater becomes the only
way to eliminate excess nitrogen [5]. The cessation of nitrification and denitrification is also an
important cause of hysteresis in the loading response of estuaries to nutrients [6].

Some Controls on Denitrification Rates
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from sediments. Denitrification efficiencies become successively lower as carbon loadings move
into the mesotrophic eutrophic and hypertrophic range [3], and more and more nitrogen is re-cycled

indicator’ of sustainable carbon loading rates in coastal waterways (e.g. the denitrification
efficiency) [3].

Denitrifying bacteria are anaerobic but they require an oxidised form of nitrogen (e.g. nitrate).
Denitrification can be enhanced by the presence of benthic infauna which increase sediment
surface area (burrows) and enhance irrigation (oxidation) of deeper sediments. Benthic
invertebrates thus cause localised increases in concentrations of organic matter and solutes (i.e.
ammonium) and ultimately enhance microbial activity and oxic / anoxic microenvironments (and
therefore coupled nitrification / denitrification) in their burrow linings, excreta and organic particles
[7,17].

Seagrasses and other "benthic plants and algae may also enhance coupled nitrification-
denitrification because they oxygenate the upper sediment layers [8]. However saturating the upper
sediment layers with oxygen can also have the reverse effect, and lower denitrification rates during
daylight hours. Moreover, if water column nitrogen concentrations are really low, benthic microalgae
may inhibit nitrification and denitrification because they compete for nitrate [15].

Denitrifying activity tends to be highest in the summer months coinciding with warmer water
temperatures [11]. It also varies inversely with ionic concentration, and is especially high when
salinities are <10 ppt [10]. High concentrations of the heavy metals cadmium, copper and zinc in
sediment can inhibit denitrification [12].

Vangrine

Marsh

Phymplanktan

Lt al

Flusial sand

Anoxic

Nud

denltrlflcatlon is less important, and most nitrogen is recycled as ammonium (NH4) which is available to plants (modified
from Heap et al., 2001 {4]).
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