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Hypotheses

Introduction
Eutrophication, the process by which water bodies such as lakes or ponds
become enriched with nutrients, can cause serious harm to an ecosystem. When
excess nutrients are added to a system via stormwater runoff from land, it can
trigger algal blooms that later die off and create a biochemical oxygen demand
(BOD) by the bacteria feeding on the decaying algae. The ensuing BOD generates
hypoxic, or low oxygen conditions, that can lead to localized fish kills (Mallin et
al., 2016, Diaz & Rosenberg, 1995). Nutrient loading also stimulates toxic algal
blooms (Burkholder, 1998).
Dissolved inorganic nitrogen (DIN) occurs in stormwater runoff mainly as
ammonium (NH4+) and nitrate (NO3-). It is DIN that is assimilated by aquatic plants
to grow and build living tissue, but as mentioned, excess DIN can fuel harmful or
noxious algal blooms in certain situations. This is readily apparent in the large
cyanobacterial blooms that afflict Greenfield Lake in urban Wilmington, NC. Thus,
removal of DIN from the system is a key goal in lake restoration.
Denitrification is a natural and important, microbially-mediated process that
removes nitrogen from the aquatic ecosystem. It primarily occurs in the top layer of
sediment (Inwood et al., 2007) and when soils are anaerobic with enough organic
carbon available for use as substrate (Weisner et al., 1994). Within these soils,
bacteria reduce nitrate to nitrous oxide (N2O), and later to nitrogen (N2) gas that is
then released into the atmosphere. This process can help to eliminate nitrogen that
is introduced to the aquatic environment through stormwater runoff.
Thus, the following study aims to identify how to increase the extent of
denitrification that is taking place in local wet detention ponds and determine which
physical, chemical, and biological factors create ideal conditions for denitrification
in the urbanized landscape in Wilmington, NC.

• Sediments with vegetation will show higher rates of denitrification than bare sediment
samples due to increased rhizome substrate for bacteria
• If a receiving pond accumulates an excess amount of nitrate, then this pond will exhibit
higher overall denitrification activity
• High dissolved organic carbon loads within the sediment and overlying water will lead to
higher rates of denitrification
• As impervious surface coverage within the watershed increases, so too will the
denitrification activity in the pond

Stormwater pond surrounded by vegetation in Wilmington, NC (Picha)

Methodology
Nine city owned detention ponds were sampled on 7 occasions from July 2021 to
March 2022. At each pond, water temperature, pH, and dissolved oxygen were all
recorded by a YSI and water samples were taken for nitrate and dissolved organic carbon
(DOC) analysis. Sediment samples were taken for both total organic carbon
measurement (TOC) and sediment grain size analysis. The dominant aquatic macrophyte
species at each pond was recorded during each sampling period.
Sediment cores were taken from both vegetated and bare sediment in each of the
ponds each month. These cores were subsampled in the lab and our procedure for
measuring denitrification followed a modified Long, et al. 2013 methodology, incubating
sediments with a 15NO3 tracer to acquire denitrification rates for each pond every month.
Watershed delineation and impervious surface coverage will be examined via ArcGIS
software to assess the effect increased impervious surface coverage can have on
denitrification efficiency in these ponds.

Results
There was no significant difference in sediment grain size between the nine ponds; most of
the sediment was sand with a small amount of clay. A positive relationship between both nitrate
and DOC concentrations and denitrification rate existed in several ponds, and the vegetated
sediments in general showed higher rates than the bare sediment samples. Interestingly,
denitrification activity did not increase with increasing water temperature and lower dissolved
oxygen in the overlying water, contrary to what was expected.
Further analysis will reveal TOC measurements in the sediment, and we anticipate seeing a
strong positive correlation between TOC concentration and denitrification rate as previous
studies have shown that organic carbon provides a substrate for bacteria to digest (Weisner, et
al., 1994). We also expect to see an increase in nitrate concentrations and subsequent
denitrification activity in watersheds with high impervious surface coverage which would lead
to a surge in stormwater runoff.

Figures 1 and 2. Denitrification rate vs dissolved organic carbon and nitrate concentrations (Picha, 2022)
Figure 4. Denitrification rates for each pond each month of sampling (Picha, 2022)
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