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The North Carolina Ecosystem Enhancement Program (NCEEP) has a stream 

restoration project encompassing two streams within the West Haven Apartments 

Complex owned by the Goldsboro Housing Authority (GHA).  The restoration, located at 

the northeast corner of the intersection of W. Grantham Street (US 13 and US 117) and 

W. Ash Street (US 70) in Goldsboro, was completed in October 2008.  It includes a 

large stormwater BMP on a tributary entering from the southeast corner of the project.  

The BMP is an off-line constructed wetland that was intended to provide nitrogen 

reduction by intercepting flow diverted from the tributary during storm events of > 1 inch.  

This tributary has a drainage area of approximately 147 acres and receives stormflow 

from a culvert running under US 70 and a roadside ditch along the north side of US 70.   

The NCEEP requested assistance of the Division of Water Resources (DWR) 

Watershed Assessment Team (WAT) to provide short-term monitoring to evaluate the 

effectiveness of the off-line wetland for treating stormflow.  The primary objective was to 

collect additional data that will be used by the NCEEP as part of the closeout dataset to 

support regulatory closure and crediting for the larger stream restoration project.   

Methods 

The Division of Water Resources (DWR) Watershed Assessment Team (WAT) 

conducted short-term monitoring following three stormflow events between April 25 and 

August 15, 2013 to evaluate the effectiveness of an off-line wetland for treating 

stormflow.  Passive samplers were placed at the following three locations to collect 

stormflow information: 1) below the influent riser in the tributary to collect  the rising limb 

of the hydrograph, 2) at the point of inflow into the wetland;  3) at the effluent structure 

and 4) within the unnamed tributary (UT) that feeds the wetland.  

Samples were collected following three stormflow events between April 25 and August 

15, 2013.  Baseflow samples were collected in the tributary which feeds the BMP on 

dates whenever stormflow samples were collected and on dates when the samplers 

were reset for an anticipated storm event.  On July 25, 2013, samples also were 

collected from the effluent water exiting the outflow structure.  No samples from the 

actual outflow were taken on other dates because of lack of outflow at the time samples 

were collected from the passive samplers.   



 

Samples were analyzed by the DWR laboratory section for nutrients (ammonia nitrogen, 

total Kjeldahl nitrogen, nitrite + nitrate nitrogen, and total phosphorus), total suspended 

residues, and four metals (cadmium, copper, lead, and zinc).   

Results  

Ammonia nitrogen and total Kjeldahl nitrogen (TKN) were lowest during baseflow and 

increased during stormflow (Figure 1).  Concentrations of both were highest on the 

rising limb of the hydrograph and declined slightly as the water level increased to the 

point where it began entering the wetland and filling the influent samplers, as was 

anticipated.  Concentrations of both, however, increased again slightly in the effluent 

samplers.  The concentrations of total nitrogen were dominated by the influences of 

ammonia nitrogen and TKN, consequently the pattern of total nitrogen passing from the 

tributary and through the wetland reflected those of ammonia nitrogen and TKN.   

The pattern of nitrite + nitrate nitrogen (NOx) was different than those of ammonia 

nitrogen and TKN.  Nitrite + nitrate nitrogen (NOx) concentrations were highest during 

baseflow, declined during the rising limb of the hydrograph, and declined further as 

water entered the wetland BMP. Concentrations of NOx in the effluent samplers were 

approximately the same as those entering the wetland.  Phosphorus concentrations 

exhibited a similar pattern as ammonia nitrogen and TKN and were dramatically higher 

in the effluent sampler than elsewhere.  In the single sample of outflow water collected 

on July 25, the concentrations of all nutrients then declined again sharply.  

Concentrations of total suspended residues, phosphorus, and metals (except 

cadmium1) all exhibited a similar pattern as ammonia nitrogen and TKN, and all three 

were dramatically higher in the effluent samplers than elsewhere (Figure 2).  The 

concentrations of all three metals decreased sharply in the single sample of effluent 

water, compared with those collected in the effluent samplers.2  The freshwater 

standards for aquatic life for lead and zinc are 25 and 50 ug/L, respectively; copper has 

an action level (AL) for aquatic life of 7 ug/L.  All three metals exceeded their respective 

standards or AL at least once on the rising limb of the hydrograph.  Lead and copper 

also exceeded their respective standard/ALs once in water collected from the effluent 

samplers.  Concentrations of zinc consistently exceeded the standard of 50 ug/L in all 

samples collected except at baseflow and in the single sample of effluent water; zinc 

concentrations collected from the effluent samplers all were > 200 ug/L, and exceeded 

1000 ug/L in one instance.   

                                                           
1
 Cadmium concentrations were consistently below detection in all samples and are not discussed here.  

2
 The sample bottle was lost in the field while attempting to collect a sample for total suspended residues.  

We hypothesize that total suspended residues also would have shown a similar dramatic decrease as 
phosphorus and the metals, as phosphorus and metals tend to bind strongly to suspended particulates  



 

  

  

Figure 1.  Fate of nitrogen and phosphorus passing through the wetland BMP. 

 

Discussion 

It is unclear exactly why nutrients, suspended residues, and metals all were higher in 

the effluent samplers than in the influent samplers.  WAT personnel noticed that the 

effluent samplers contained sediment following the first sampled storm event.  The initial 

hypothesis was that the samplers had been contaminated during setup.  However, on 

the two subsequent sample collection dates, the same phenomenon occurred even 

though extra care was taken not to contaminate the samplers during setup.   

There are several potential explanations for the increases in concentrations of nutrients, 

suspended residues, and metals observed between the influent and effluent risers.  The 

rise in TKN in the effluent samplers suggests that some organic nitrogen may have 

been released from the wetland into the stormwater as it passed through the wetland.  A 

logical hypothesis for the behavior of phosphorus and the three metals (copper, lead, 

and zinc) would be that at least a portion of these were bound to very fine particulates 

residing on the surface of the soil in the BMP. As the stormwater began to flow into the 

wetland, the phosphorous and metals associated with these fine particulates then  



 

  

  

Figure 2.  Fate of suspended residues and metals passing through the wetland BMP. 

 

became resuspended and may have been temporarily concentrated in the initial outflow 

at the effluent riser, which also filled the effluent samplers.  This would account for the 

increase in phosphorus and metals concentrations in the effluent samplers.  After the 

suspended fine particulates have washed out in the initial flow, subsequent flow through 

the wetland would have diluted all of the nutrients and metals, resulting in the dramatic 

drop in their concentrations measured in the single set of actual effluent samples3.  

Confirmation of this latter hypothesis would require time series sampling at both the 

influent riser and the effluent riser and many more analyses to determine the dynamics 

of nutrients, suspended residues, and metals passing into and through this BMP  

This short-term study suggests that nitrogen, phosphorus, and metals are being trapped 

by the wetland BMP, but also that a certain amount are being lost initially as water 

levels in the wetland rise high enough to begin flowing out of the effluent riser.   

 

                                                           
3
 The sample from the actual effluent would have been collected many hours after the effluent samplers 

had filled. 


