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Figure 3. Ammonium (NH4-N) concentrations over 
time in the Orange Trail Creek above and below the 
wetland. 
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     Figure 4. Total Kjeldahl nitrogen (TKN) concentra-
tions over time in the Orange Trail Creek above and 
below the wetland. 

 
Ammonium, total nitrogen, and total phosphorus con-

centrations increased downstream after enhancement of 
the wetland, while dissolved reactive phosphorus re-
mained at low and fairly constant concentrations (Table 
1). However, one outlying point in the ammonium results 
skewed the results, and the wetland appears to have little 
effect on ammonium concentrations (Fig. 3). 

Total nitrogen levels fluctuated over time, but outflow 
concentrations increased, compared with inflow, starting 
in the summer of 2008, one year after enhancement (Fig. 
4). 

Stream branches and seeps in the upper watershed of 
Orange Trail Creek were sampled and analyzed for nitrate, 
ammonium, and dissolved reactive phosphorus in an effort 
to pinpoint sources of stream nitrogen. Very high levels of 
nitrate were found in seeps coming into the stream below 
each of the three operational swine lagoons (Fig. 1). Am-

monium also tended to be high in these seeps (up to 2.5 
mg/L) but not in the stream. Each lagoon appeared to be 
constructed on top of a natural drainage to the stream 
based on examination of contour maps. The bedrock in 
this area is shallow based on the Radcliffe and Lichten-
stein study. Above the swine lagoon seeps, stream nitrate 
levels were high (2.8 to 4.6 mg/L) near the headwaters of 
the branches of the stream on the north and east, indicat-
ing nitrate sources other than swine lagoons were impact-
ing the Orange Trail Creek system. In-stream nitrate levels 
below the swine lagoon seeps varied from 4.6 to 7.6 mg/L. 
Nitrate concentration in a non-impacted seep on the east 
side of the wetland was below detection (<0.02 mg/L). 

 
 

CONCLUSIONS 
 

Wetland effectiveness to remediate nitrate appeared to 
increase over time, especially during the warm months of 
summer 2008, presumably due to the increased wetland 
stabilization with growth of wetland vegetation and mi-
crobial populations (Hunt et. al. 1995).  Wetland function 
should continue to increase over time.  

Stream ammonium levels were generally low (<1 
mg/L) and were only elevated when associated with 
groundwater seepage below swine lagoons. Ammonium 
can quickly convert to nitrate under the high oxygen con-
ditions in streams. The lack of ammonium remediation in 
the wetland may be due to an increase in low oxygen con-
ditions due to detrital mineralization (Stone et. al, 2003, 
Fig. 3). Total nitrogen is composed of both inorganic (ni-
trates, nitrites, and ammonium) and organic nitrogen. De-
composition of organic materials could contribute to the 
increased levels of TKN seen below the wetland. 

Nitrogen moves slowly through groundwater, over a 
period of several years. Nitrate levels found throughout 
the Orange Trail watershed may be due to both historic 
and current sources, and the watershed will serve as an 
excellent model for the fate of groundwater nitrate once 
the livestock facilities are moved to modern facilities over 
the next few years. 
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