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The North Carolina Ecosystem Enhancement Program (NCEEP) initiated a local 
watershed planning effort within the upper Great Coharie Creek watershed in August 
2009.  As a component of this watershed planning effort, the North Carolina Division of 
Water Quality-Watershed Assessment Team (NCDWQ-WAT) conducted a water quality 
monitoring and assessment project throughout the Local Watershed Planning (LWP) 
area within the Great Coharie Creek watershed from August 2010 through June 2011.  
The primary purposes of the monitoring were: 1) to characterize water quality at 
benthos sites and exit points of the four major subwatersheds;  2) to locate sources of 
stream degradation and nutrient enrichment; and 3) to identify possible water quality 
stressors on aquatic life.   

This Technical Memorandum briefly summarizes only the findings of water quality 
monitoring at twelve sites within the Great Coharie Creek LWP area and represents the 
completion of Task 2 of the original Scope of Work (NCDWQ-WAT 2009).  As per this 
Scope of Work, other monitoring tasks (benthic macroinvertebrates, aquatic vegetation) 
are detailed in separate documents (see NCDWQ-BAU 2010, NCDWQ-WAT 2011).  A 
final Integrated Water Quality Report will be submitted subsequently by NCDWQ-WAT. 

APPROACH 

Site Selection 

The LWP monitoring area has a drainage of approximately 53 square miles and is 
located in hydrologic unit (HU) 03030006, primarily in northern Sampson County, with a 
very small portion of the northeastern headwaters in Johnston County in the Rolling 
Coastal Plain Level IV Ecoregion (Griffith et al., 2002).  It includes three cataloging units 
(CU): -090010, -090015, and -090020 located within the NC Division of Water Quality 
(NCDWQ) subbasin Cape Fear 19 (03-06-19).  Twelve water quality monitoring sites 
were selected within the LWP area based on the results of field reconnaissance 
conducted in February and August 2009, including preliminary water quality data 
collected at six sites within upper Great Coharie Creek and its three major tributaries, 
Beaverdam Swamp, Kill Swamp, and Sevenmile Swamp.  The twelve monitoring sites 
coincided approximately with the NCDWQ benthic macroinvertebrate assessment sites.  
Figure 1 shows the NCDWQ-WAT sample locations and the spatial relationships to the 
locations of the benthic macroinvertebrate assessment sites, permitted livestock 
operations, and the discharge points from the single wastewater treatment plant 
(WWTP) for the town of Newton Grove.  Site codes, locations, and coordinates for each 
sampling location are in Table 1.  
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Figure 1. Locations of NCDWQ-WAT water quality monitoring stations and NCDWQ-BAU benthic 
macroinvertebrate monitoring stations1.   

                                            
1
 See Table 1 for a description of the location of the monitoring sites.   



 

3 
 

Table 1.  Locations of NCDWQ-WAT water quality sampling stations.* 

Site Code Location Latitude Longitude 

GCC-1646 Great Coharie Cr. at SR 1646 (Old Crow Rd.) 35.2418 -78.4118 

GCC-1703 Great Coharie Cr. at SR 1703 (Old Goldsboro Rd.) 35.2199 -78.3712 

GCC-1636b Great Coharie Cr. at SR 1636 (Roanoke Rd.) 35.1837 -78.3656 

BS-701 Beaverdam Swamp at US Hwy 701 35.2371 -78.3516 

BS-1800 Beaverdam Swamp at SR 1800 (Bryan Rd.) 35.2272 -78.3595 

KS-50 Kill Swamp at NC Hwy 50 35.2473 -78.2967 

KS-1710 Kill Swamp at SR 1710 (Emmett Thornton Rd.) 35.2373 -78.3056 

KS-1706 Kill Swamp at SR 1706 (Kornegay Town Rd.) 35.2258 -78.3360 

KS-701 Kill Swamp at US Hwy 701 35.2175 -78.3450 

SSUT-13b UTb to Sevenmile Swamp at US Hwy 13  35.2094 -78.4176 

SS-1703 Sevenmile Swamp at SR 1703 (Old Goldsboro Rd.) 35.1895 -78.3945 

SS-1804 Sevenmile Swamp at SR 1804 (House’s Mill Rd.) 35.1869 -78.3754 

CC-53 Colly Cr. at NC Hwy 53 34.4641 -78.2569 

*Sites are located upstream to downstream.  Colly Creek is outside of the LWP area. 

 

Data also were collected at Colly Creek (Figure 2), which served as a swamp stream 
water quality reference site that was unimpacted by development and agriculture, based 
on data from Mallin et al. (2004, 2006) that indicated that the major land use in the Colly 
Creek watershed was “undeveloped forest” and that the stream was one of the few, 
relatively pristine swamp streams in the coastal plain.   

Flow and Precipitation 

There are no USGS monitoring gages on Great Coharie Creek or its tributaries.  The 
nearest USGS gage is located on the Black River near Tomahawk (USGS gage 
02106500).  Discharge (flow) and gage height (stage) data were downloaded from this 
USGS gage for the time frame during the course of the project for use only as a 
reference for general stream stage and flow conditions within the region.  As a 
surrogate for actual flow data, on each sampling date, the stream stage was measured 
at each station as the distance to the water surface from a marked location on the 
bridge or culvert.   Staff also made a visual estimate of relative flow2.  When flow was 
very low and not discernible visually, we placed a drop of fluorescent tracer dye onto the 
water’s surface.  Rainfall data for the duration of the study were downloaded through 
Weather Underground from a personal weather station at Newton Grove 
(KNCNEWTO4)3.

                                            
2
 The visual scale for evaluating flow used a scale of 0 to 4, where: 0= no water present; 1= water present but no 

observable flow; 2= low flow; 3= moderate flow; 4= high flow. 
3
http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=KNCNEWTO4 

http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=KNCNEWTO4
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Figure 2.  Location of the LWP area, the reference site on Colly Creek at NC 53, and 
the streamflow  gage (USGS 02106500) on the Black River near Tomahawk, NC. 
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Field Measurements and Laboratory Analyses  

Between July 2010 and June 2011, field meter data (water temperature, dissolved 
oxygen concentration, percent oxygen saturation, pH, and specific conductance) and 
water quality samples were collected approximately monthly at the 12 LWP monitoring 
sites.  No samples were collected in November 2010 or January 2011.  Samples from 
the reference site (Colly Creek) were collected only from July through October 2010 and 
then discontinued.  Field parameters are easily and cost-effectively measured in situ 
using multi-probe field meters (YSI 85 dissolved oxygen meter and Accumet pH meter).  
Samples for laboratory analysis included nutrients (nitrite + nitrate nitrogen, ammonia 
nitrogen, total Kjeldahl nitrogen and total phosphorus), suspended residues, turbidity, 
and fecal coliform bacteria.  Field and laboratory samples were collected in accordance 
with DWQ SOPs (NCDWQ 2006, NCDWQ 2011) during base flow conditions (defined 
as > 48 hours since the last measurable rain event).  

Data Management and Analysis 

Data were entered into an Excel spreadsheet and then imported into SAS JMP 
statistical software.  Data collected previously during reconnaissance from stations that 
were monitored between July 2010 and June 2011 also were included for analysis as 
part of this monitoring dataset.  The JMP statistical software was used to prepare 
graphs and summary statistics for all monitoring data.  An Excel spreadsheet with raw 
monitoring data is provided with this Technical Memorandum in a separate file.   

RESULTS AND DISCUSSION 

This section provides a short summary of data collected during water quality monitoring 
at the twelve LWP sites and the reference station at Colly Creek.  The reference site 
was sampled only four times during the warmer months and subsequently was dropped, 
because it originates within the Sand Hills Level IV Ecoregion, adjacent to the Rolling 
Coastal Plain Level IV Ecoregion in which the Great Coharie Creek LWP area is 
located. Only significant findings will be presented in detail in this section.   

Data shown in the graphs and tables in this section are organized in an upstream to 
downstream order, beginning with the headwaters of Great Coharie Creek, followed by 
Beaverdam Swamp, Kill Swamp, Sevenmile Swamp, and the lowermost site on Great 
Coharie Creek at the exit point of the LWP area.  Data for the reference site (Colly 
Creek) are shown last.  Site Codes on the graphs and tables correspond to the 
locations shown in Table 1 and Figure 1.   

Field Data 

Field data were available for all water quality sampling dates except in a few cases in 
which equipment malfunction occurred.  

Flow and Precipitation.  There were no quantitative flow data available specifically 
for the LWP area.  Flow data from the nearest USGS gage (USGS 02106500 on the 
Black River near Tomahawk) provided an indirect estimation of possible changes in 
flow that might be occurring within the LWP area during the course of monitoring 
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(Figure 3 A).  Precipitation data downloaded from a private weather station at 
Newton Grove (Figure 3 B) showed that changes in flow within the Black River near 
Tomahawk corresponded fairly closely with rainfall within the LWP area.  As a 
surrogate for flow data, visual estimates of water flow made on each sampling date 
(Figure 3, C and D) indicate fairly clearly that there was little or no flow at most 
sampling stations and within the overall swamp stream watersheds within the LWP 
area, particularly the Beaverdam Swamp watershed and at one site each in Kill 
Swamp (KS-50) and Sevenmile Swamp (SS-1703).  Only the reference stream, 
Colly Creek, consistently had moderate to high flow (measured only four times 
during the warm months when lower flows are common).  

  

  
Figure 3.  Flow and precipitation data during LWP monitoring: A) Stream discharge in 
the Black River near Tomahawk (USGS gage 02106500); B) Precipitation at Newton 
Grove;  C) Relative flows in the LWP area and reference stream, Colly Creek, by 
monitoring site; D) Relative flows in the LWP area and reference stream, Colly Creek, 
by major watershed.  Relative flow estimates were made using a visual scale where: 0 = 
no water present; 1 = water present but no observable flow; 2 = low flow; 3 = moderate 
flow; and 4 = high flow. 
 

A B 

D C 
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Water temperature.  Water temperatures (data not shown) ranged from 6.4 to 
30.9oC within the LWP area and 15.4 to 27.4 in the reference stream, Colly Cr. 
(sampled only four times during the summer and fall of 2010).  These temperatures 
reflect normal seasonal differences occurring in coastal plain streams.   

Dissolved oxygen.  Dissolved oxygen concentrations ranged from 0.36 to 9.03 
mg/L within the LWP area and 3.9 to 6.0 mg/L in the reference stream, Colly Creek 
(Table 2).  Low dissolved oxygen concentrations occurred largely during the warmer 
months and closely reflected the pattern of dissolved oxygen saturation (Figure 4).  
Very low dissolved oxygen is a common occurrence in swamp streams during the 
warmer months.  This is clearly shown in the individual plots for Great Coharie Creek 
at the exit point of the LWP area (Figure 4C) and in the reference stream, Colly 
Creek (Figure 4D).  Similar details are provided for all of the monitoring stations in 
Appendix A.   

Table 2.  Summary of dissolved oxygen data by monitoring site. 

Site Code N Minimum Median Maximum N < 4 % < 4 

GCC-1646* 12 0.39 2.5 6.8 9 75 

GCC-1703 12 0.37 3.3 7.2 10 83 

BS-701 9 0.36 0.8 3.6 9 100 

BS-1800 11 0.38 0.8 4.1 10 91 

KS-50 9 0.40 1.2 6.7 8 89 

KS-1710 11 0.65 2.7 8.7 10 91 

KS-1706 11 0.60 3.7 9.0 8 73 

KS-701 10 0.39 1.3 7.9 9 90 

SSUT-13b 10 0.40 2.4 8.6 6 60 

SS-1703* 12 0.40 2.9 6.4 9 75 

SS-1804* 13 1.72 5.5 8.8 4 31 

GCC-1636b 13 0.46 3.7 7.8 7 54 

COL-53 4 3.90 4.4 6.0 1 25 

*Values below the NC water quality standard of 4.0 mg/L at these monitoring sites may be 
partially the result of artificial impounding.  

 

The Beaverdam Swamp watershed had the lowest dissolved oxygen throughout the 
entire monitoring period, with a median concentration of less than 1.0 mg/L; 
dissolved oxygen exceeded 4.0 mg/L on only one occasion in that watershed (Figure 
5A). Median dissolved oxygen was below 4.0 mg/L in all of the other watersheds 
except Colly Creek.  The only individual monitoring station within the LWP area with 
a median dissolved oxygen concentration greater than 4.0 mg/L was Sevenmile 
Swamp at SS-1804, House’s Mill Rd. (Figure 5B).   
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Dissolved oxygen concentrations fell below 4.0 mg/L on a total of 99 occasions 
(74%) within the LWP area (Table 2) and only once (25%) in the reference stream.  
It cannot be determined from the available information whether or not these low 
dissolved oxygen concentrations constitute exceedences of NC standards.  The NC 
water quality standard for dissolved oxygen (15A NCAC 02B .0211 (3) (b)) is: “not 
less than a daily average of 5.0 mg/l with a minimum instantaneous value of not less 
than 4.0 mg/l for non-trout waters; swamp waters, lake coves or backwaters, and 
lake bottom waters may have lower values if caused by natural conditions” (NCAC 
2011).  Distinguishing clearly between low oxygen concentrations caused by “natural 
conditions” (e.g., swamps and beaver dams) and those caused by anthropogenic 
activities (e.g., man-made impoundments and blockage of flow by clogged culverts) 
anywhere within the LWP area is not possible from the available data.   

  

  
Figure 4.  Monthly plots of: A) Dissolved oxygen concentrations; and B) percent oxygen 
saturation; C) dissolved oxygen concentrations in Great Coharie Creek at the exit point 
from the LWP area; D) dissolved oxygen concentrations in the reference stream, Colly 
Creek at NC 53.  A red line indicates the instantaneous dissolved oxygen standard, 
including swamp streams unless lower concentrations are due to natural conditions. 
 

A B 

C D 



 

9 
 

  
Figure 5.  Dissolved oxygen data across LWP area and in the reference stream, Colly 
Creek: A) by watershed; B) by monitoring site.  A red line indicates the instantaneous 
dissolved oxygen standard, including swamp streams unless lower concentrations are 
the due to natural conditions. 

 

Specific conductance.  Specific conductance ranged from 72 to 200 uS/cm within 
the LWP area and 70 to 87 uS/cm in the reference stream, Colly Creek (Table 3).  
Although there is no water quality standard for specific conductance, conductance 
values greater than 150 uS/cm often suggest a source of inorganic pollution.  Nine of 
the LWP monitoring sites had at least one incidence in which conductance exceeded 
150.  Two sites in Beaverdam Swamp and one in Sevenmile Swamp had three 
instances in which conductance exceeded 150 uS/cm.  The highest conductance 
occurred at BS-1800, which was sited near the WWTP.  However, maximum 
conductance was only slightly lower just upstream (BS-701).  It is uncertain whether 
the three higher conductances measured at BS-1800 were related to the presence 
of the small WWTP, as the median conductances at both BS-701 and BS-1800 were 
very similar (Table 3, Figure 6B).  The ranges and medians for specific 
conductances were similar in the Beaverdam Swamp, Kill Swamp, and Sevenmile 
Swamp watersheds, slightly lower in Great Coharie Creek, and lowest in the 
reference stream (Figure 6A). 

pH.  The pH ranged from 5.2 to 6.7 s.u. within the LWP area (Table 4, Figure 7).  
The standard for pH usually is between 6.0 and 9.0 s.u., but may be as low as 4.3 in 
swamp waters (15A NCAC 02B .0211 (3) (g)), if it is due to natural conditions 
(NCAC 2011).  It should be noted that pH in the reference stream, Colly Creek, 
ranged between 3.31 and 3.40 during the four times it was monitored.  This would 
suggest exceedences of the NC standard.  However, it should be pointed out that 
the creek originated within a state forest and that there were essentially no 
anthropogenic impacts.  Hence, the exceptionally low pH values observed in Colly 
Creek can be surmised to be the result of natural conditions in the headwaters.  
Colly Creek also originates in an adjacent Level IV Ecoregion.  Low pH and the 
origin outside the Rolling Coastal Plain Level IV Ecoregion, in which the LWP area is 

A B 
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located, were the primary reasons Colly Creek was dropped as the water quality 
reference for the LWP area.   

Table 3.  Summary statistics for specific conductance by monitoring site, 
including exceedences of the screening value of 150 uS/cm.  

Site Code N Minimum Median Maximum N > 150 % > 150 

GCC-1646 13 78 99 130 0 0 

GCC-1703 13 72 101 164 1 8 

BS-701 10 64 125 174 3 30 

BS-1800 11 116 128 200 3 27 

KS-50 10 92 126 151 1 10 

KS-1710 12 91 128 155 1 8 

KS-1706 12 106 131 172 2 17 

KS-701 12 101 124 155 1 8 

SSUT-13b 10 105 136 178 1 10 

SS-1703 13 78 122 172 3 23 

SS-1804 12 89 109 124 0 0 

GCC-1636b 14 88 105 124 0 0 

COL-53 4 70 78 87 0 0 
 
 

  
Figure 6.  Specific conductance across LWP area and in the reference stream, Colly 
Creek: A) by watershed; B) by monitoring site.  The dashed black line represents the 
reference value of 150 uS/cm. 
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Table 4.  Summary statistics for pH by monitoring site, including 
values less than the NC water quality standard of 4.3 s.u. for swamp 
streams. 

Site Code N Minimum Median Maximum % < 4.3 

GCC-1646 13 5.4 5.6 6.0 0 

GCC-1703 12 5.4 5.7 6.7 0 

BS-701 10 5.3 5.9 6.3 0 

BS-1800 12 5.5 5.7 6.2 0 

KS-50 10 5.3 5.6 6.1 0 

KS-1710 12 5.6 5.8 6.2 0 

KS-1706 12 5.4 5.8 6.5 0 

KS-701 11 5.5 5.7 6.2 0 

SSUT-13b 10 5.4 5.6 6.1 0 

SS-1703 13 5.3 5.6 6.0 0 

SS-1804 12 5.5 5.9 6.3 0 

GCC-1636b 14 5.3 5.6 6.1 0 

COL-53 4 3.3 3.3 3.4 100 

 

  
Figure 7.  pH measurements across LWP area and in the reference stream, Colly 
Creek: A) by watershed; B) by monitoring site. 
 

Microbiological  

Fecal coliform bacteria.  Fecal coliform bacteria are indicators of the presence of 
fecal contamination from animals, including wildlife, as well as from anthropogenic 
sources (e.g., WWTPs, leaking sewer lines, and failing septic systems).  A 200 
cfu/100 mL (i.e. 200 colony forming units/100 mL water) level was selected for this 
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monitoring as a reference to guide subsequent assessments within the LWP area 
based on the NC fecal coliform standard. However, the standard is based on a 
sampling frequency of five consecutive samples within 30 days.  If the geometric 
mean of those five samples exceeds 200 cfu/100 mL, or if more than 20 percent of 
the samples collected during this 30-day period exceed 400 cfu/100 mL, the 
standard has been violated.  Sampling within the Great Coharie LWP area was 
conducted only for evaluating existing conditions with the watersheds and 
subwatersheds and not to determine if violations existed.   

Fecal coliform bacteria counts ranged from 1 to 1200 cfu/100 mL within the LWP 
area and 47 to 160 cfu/100 mL in the reference stream (Table 5).  Median counts fell 
between 65 and about 150 across all four watersheds and the reference stream 
(Figure8A, Table 5).  Fecal bacteria counts exceeded the 200 cfu/100 mL reference 
level one or more times at all sampling sites except KS-1710 and the reference 
stream (Figure 8B).  The highest median fecal coliform counts occurred in the large 
tributary to Sevenmile Swamp, SSUT-13b, and the lowest at SS-1804, just below 
House’s Mill Pond.  The SSUT-13b site was downstream from a hog operation.  
Median fecal coliform counts at the station just above the mill pond (SS-1703) were 
similar to those measured at SSUT-13b.  The low fecal coliform counts below the 
mill pond suggest that the mill pond effectively reduced fecal bacteria counts 
downstream.  The data show clearly that the WWTP wasn’t a significant source of 
fecal coliform bacteria, at least during this baseflow monitoring, as both median and 
maximum counts at BS-1800 were among the lowest within the LWP area.  It is 
uncertain whether the higher counts observed were related to agriculture, wildlife, or, 
more likely, a combination of these.  Further investigation may be warranted here. 

Table 5.  Summary statistics for fecal coliform bacteria by monitoring site. 

Site Code N Minimum Median Maximum % > 200 % > 400 

GCC-1646 10 12 92 380 20 0 

GCC-1703 12 5 130 320 8 0 

BS-701 10 1 80 930 20 10 

BS-1800 12 2 66 230 8 0 

KS-50 10 6 120 830 30 10 

KS-1710 10 23 85 120 0 0 

KS-1706 10 11 110 320 10 0 

KS-701 12 26 63 190 0 0 

SSUT-13b 10 31 185 1200 40 10 

SS-1703 12 29 180 360 25 0 

SS-1804 12 5 49 330 17 0 

GCC-1636b 13 44 170 580 38 8 

COL-53 4 47 115 160 0 0 
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Figure 8.  Fecal coliform bacteria counts across LWP area and in the reference stream, 
Colly Creek: A) by watershed; B) by monitoring site.  The solid red line is a screening 
value of 200 cfu/100mL; see text above for more information. 
 

Nutrients 

Ammonia nitrogen.  Ammonia nitrogen concentrations in the LWP area ranged 
from less than the PQL (Practical Quantitation Limit) of 0.02 mg/L to 4.4 mg/L, and 
concentrations in the reference stream ranged from < 0.02 to 0.18 mg/L (Table 6).  
There is no water quality standard for ammonia nitrogen.  However, ammonia 
concentrations in streams exceeding 1 mg/L may be considered to be high (best 
professional judgment)4.  Consequently, 1 mg/L ammonia nitrogen was set as a 
reference level for comparison within the LWP area.   

Median ammonia nitrogen concentrations within the four stream systems within the 
LWP area were highest within the Kill Swamp watershed (Figure 9A).  Median 
concentrations in the reference stream were slightly higher than in the Kill Swamp 
watershed and significantly higher than those in the other three LWP area 
watersheds (Figure 9A).  This may reflect organic decomposition and insufficient 
dissolved oxygen to oxidize ammonia nitrogen to nitrate.    

Data from individual sites (Table 6, Figure 9B) show that four out of the five 
occasions on which ammonia nitrogen exceeded 1.0 mg/L were in Kill Swamp, and 
three of these were at the uppermost monitoring station (KS-50).  The KS-50 site 
was surrounded by agricultural fields and also had the highest median ammonia 
nitrogen (0.38 mg/L).  High ammonia nitrogen potentially might suggest application 

                                            
4
 USEPA (1999) recommended 1.24 mg NH3-N/L as an ammonia criterion when early life stages were present.  

USEPA (2009) subsequently revised their criteria as follows: “This ammonia criteria update document recommends 
an acute criterion of 2.9 or 5.0 mg N/L (at pH 8 and 25

o
 C) depending on whether freshwater mussels are present 

or absent, and a chronic criterion of either 0.26 or 1.8 mg N/L depending on the same (at pH 8 and 25
o
 C and 

whether freshwater mussels present or absent).”  
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of poultry manure onto agricultural fields for fertilizer.  The highest ammonia nitrogen 
measured occurred at KS-1706, downstream from two hog operations.  One site in 
Sevenmile Swamp, SSUT-13b, had the highest ammonia nitrogen concentration 
measured outside of Kill Swamp and also was just downstream from a hog farm.  
Median ammonia nitrogen also decreased in Sevenmile Swamp going downstream, 
suggesting loss in the swamp and mill pond.  This decrease in ammonia nitrogen 
going downstream may have been the result of uptake by algae and aquatic plants.  
The oxidation of ammonia to nitrate also may have been a factor here, as the 
median dissolved oxygen also increased going downstream (Figure 5).   
Interestingly, the lowest ammonia nitrogen occurred at BS-1800 near the WWTP.  
Agricultural fields and animal operations may be contributing to the high ammonia 
nitrogen concentrations observed at several locations within the LWP area, 
particularly in Kill Swamp and the headwaters of Sevenmile Swamp.  

 

Table 6.  Summary statistics for ammonia nitrogen by monitoring 
site including exceedences of the screening value of 1.0 (see text 
above for details). 

Site Code N Minimum* Median Maximum % > 1 

GCC-1646 10 < 0.02 0.04 0.68 0 

GCC-1703 12 < 0.02 0.02 0.19 0 

BS-701 10 < 0.02 0.05 0.19 0 

BS-1800 12 < 0.02 0.03 0.13 0 

KS-50 10 < 0.02 0.38 2.50 30 

KS-1710 10 < 0.02 0.09 1.00 0 

KS-1706 10 < 0.02 0.18 4.40 10 

KS-701 12 < 0.02 0.03 0.46 0 

SSUT-13b 10 < 0.03 0.16 3.00 10 

SS-1703 12 < 0.02 0.02 0.36 0 

SS-1804 12 < 0.02 0.03 0.19 0 

GCC-1636b 13 < 0.02 0.06 0.45 0 

COL-53 4 < 0.02 0.11 0.18 0 

*Values indicated as “< 0.02” were under the PQL of 0.02 mg/L. 
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Figure 9.  Ammonia nitrogen concentrations across LWP area and in the reference 
stream, Colly Creek: A) by watershed; B) by monitoring site. 

 

Total Kjeldahl nitrogen.   

Total Kjeldahl nitrogen (TKN) ranged from 0.29 to 12.00 mg/L in the LWP area and 
from 1.00 to 1.60 mg/L in the reference stream (Table 7).  The highest median TKN 
concentrations within the LWP area occurred in the Kill Swamp watershed (Figure 
10A).  Median TKN in the reference stream was slightly higher than that in any of the 
LWP watersheds.  This potentially may reflect both higher organic nitrogen loading 
and higher ammonia nitrogen.  The highest median (1.15 mg/L) and maximum (12 
mg/L) TKN for any monitoring site occurred at KS-1706, and the lowest occurred at 
SS-1804 below House’s Mill Pond.  The three highest TKN concentrations measured 
occurred at KS-1706, KS-50, and SSUT-13b (Figure 10B); these sites also had the 
three highest ammonia nitrogen concentrations.  Total Kjeldahl nitrogen includes 
both organic nitrogen (i.e., nitrogen bound in algae, bacteria, zooplankton, and 
organic detritus) and ammonia nitrogen.  Simple subtraction of ammonia nitrogen 
from TKN would show that there were very high levels of organic nitrogen at all three 
of these sites.  
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Table 7.  Summary statistics for total Kjeldahl nitrogen 
by monitoring site. 

Site Code N Minimum Median Maximum 

GCC-1646 10 0.38 0.88 2.40 

GCC-1703 12 0.40 0.82 2.60 

BS-701 10 0.34 0.85 1.60 

BS-1800 12 0.34 0.77 0.99 

KS-50 10 0.48 1.65 5.30 

KS-1710 10 0.58 1.15 2.30 

KS-1706 10 0.50 1.15 12.00 

KS-701 12 0.20 0.99 2.10 

SSUT-13b 10 0.58 0.97 6.10 

SS-1703 12 0.53 0.73 1.80 

SS-1804 12 0.40 0.96 1.60 

GCC-1636b 13 0.29 0.92 1.60 

COL-53 4 1.00 1.45 1.60 

 

  
Figure 10.  Total Kjeldahl nitrogen concentrations across LWP area and in the reference 
stream, Colly Creek: A) by watershed; B) by monitoring site. 
 

Nitrite + nitrate nitrogen.  Concentrations of nitrite + nitrate nitrogen (hereafter 
abbreviated “NOx”) ranged from less than the PQL of 0.02 mg/L to 4.1 mg/L in the 
LWP area and less than PQL to only 0.2 mg/L in Colly Creek (Table 8).  The highest 
median concentration occurred in the Sevenmile Swamp watershed; all except one 
measurement was at or below PQL in the Beaverdam Swamp watershed (Figure 
11A).  The three highest median and three of the four highest maximum NOx 
concentrations occurred in the three Sevenmile Swamp stations (Table 8, Figure 
11B), but the highest NOx occurred at KS-1706.  There is a drinking water standard 
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of 10 mg/L nitrate nitrogen, but no standard for NOx in streams.  However, 1 mg/L 
NOx may be sufficient to stimulate algal blooms.  The 1 mg/L NOx concentration 
was selected as a reference level for comparison across watersheds in the LWP 
area.  This reference level was exceeded once each in two Kill Swamp sites (Table 
8) and on nine occasions within the Sevenmile Swamp monitoring sites.  It is 
interesting to note that the three Sevenmile Swamp sites had the three highest 
median NOx concentrations measured in the LWP area, and that the lowermost site 
(SS-1804 below House’s Mill Pond) had both the lowest NOx maximum and median 
concentrations of the three sites.  This suggests that substantial NOx was being 
absorbed by the swamp and mill pond, likely as the result of uptake by algae and 
aquatic plants.  Further examination of this to determine the source of NOx and to 
explain the downstream decrease in NOx may be warranted. 

 

Table 8.  Summary statistics for nitrite + nitrate nitrogen by 
monitoring site, including exceedences of the screening value of 
1.0 mg/L (see text above for details). 

Site Code N Minimum* Median Maximum % > 1 

GCC-1646 10 < 0.02 < 0.02 0.04 0 

GCC-1703 12 < 0.02 < 0.02 0.10 0 

BS-701 10 < 0.02 < 0.02 0.02 0 

BS-1800 12 < 0.02 < 0.02 0.10 0 

KS-50 10 < 0.02 < 0.02 0.94 0 

KS-1710 10 < 0.02 < 0.02 1.20 10 

KS-1706 10 < 0.02 0.03 4.10 10 

KS-701 12 < 0.02 < 0.02 0.10 0 

SSUT-13b 10 < 0.02 0.88 3.10 42 

SS-1703 12 < 0.02 0.39 2.60 25 

SS-1804 12 < 0.02 0.22 1.80 8 

GCC-1636b 13 < 0.02 0.06 0.33 0 

COL-53 4 < 0.02 0.02 0.02 0 

*Values indicated as “< 0.02” were under the PQL of 0.02 mg/L. 
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Figure 11.  Nitrite + nitrate nitrogen concentrations across LWP area and in the 
reference stream, Colly Creek: A) by watershed; B) by monitoring site. 
 

Total phosphorus.  Total phosphorus concentrations (hereafter called 
“phosphorus”) ranged from less than the PQL of 0.02 mg/L to 0.58 mg/L in the LWP 
area and less than PQL to 0.06 mg/L in the reference stream (Table 9).  Both 
median and maximum phosphorus concentrations were highest in Kill Swamp 
(Figure 12A, B) and lowest in the reference stream.  There are no water quality 
standards for phosphorus, but concentrations exceeding approximately 0.10 mg/L in 
stream water are sufficient to stimulate the growth of bacteria, algae, and 
macrophyte vegetation.  Phosphorus exceeded this reference value of 0.10 mg/L at 
least once in all of the LWP monitoring sites, 50 to 60% of the time in Beaverdam 
Swamp, and 90% of the time at three of the sites in Kill Swamp (Table 9).  The Kill 
Swamp sites are heavily impacted by agriculture and animal operations.  Poultry 
manure application to agricultural fields is common in this area.  High phosphorus 
concentrations appear to reflect this combination of fertilized fields and animal 
operations in the Kill Swamp watershed.  Sevenmile Swamp at SSUT-13b also had 
high phosphorus on one occasion and may have been impacted by agriculture in the 
headwaters of that subwatershed and/or animal operations just upstream.  Follow-up 
assessments may help delineate the sources of these elevated phosphorus values. 
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Table 9.  Summary statistics for total phosphorus by monitoring site. 

Site Code N Minimum* Median Maximum % > 0.10** 

GCC-1646 10 < 0.02 0.04 0.12 30 

GCC-1703 12 < 0.02 0.05 0.14 20 

BS-701 10 0.02 0.13 0.20 60 

BS-1800 12 < 0.02 0.11 0.19 50 

KS-50 10 0.04 0.23 0.58 90 

KS-1710 10 0.03 0.18 0.42 60 

KS-1706 10 0.03 0.21 0.31 90 

KS-701 12 0.02 0.23 0.56 90 

SSUT-13b 10 0.02 0.07 0.38 10 

SS-1703 12 < 0.02 0.04 0.11 10 

SS-1804 12 0.02 0.05 0.13 10 

GCC-1636b 13 0.03 0.08 0.16 20 

COL-53 4 < 0.02 0.04 0.06 0 

*Values indicated as “< 0.02” were under the PQL of 0.02 mg/L. 
**There is no water quality standard for phosphorous. However, 
phosphorus concentrations > 0.10 mg/L are sufficient to stimulate 
dense macrophyte, algal and bacterial growth. 

 

  
Figure 12.  Total phosphorus concentrations across LWP area and in the reference 
stream, Colly Creek: A) by watershed; B) by monitoring site. 
 

Other Laboratory Analyses 

Turbidity.  Turbidities ranged from 1 to 100 NTU in the LWP area and from 1 to 2 in 
the reference stream (Table 10).  Median turbidities (Figure 13A) were low in all four 
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LWP watersheds; however turbidities exceeded the standard of 50 NTU (15A NCAC 
02B .0211 (3) (k)) at least once in each of the four watersheds (NCAC 2011).  
Median turbidities also were very low at all monitoring sites, but the standard was 
exceeded at least once at six monitoring sites, including three times each for BS-
1800 and KS-50 (Figure 13B).  Turbidity is a measurement of the ability of particles 
suspended in the water column to scatter light and closely parallels total suspended 
solids.  Higher turbidities (where exceedences occurred) probably were due to a 
combination of algae, bacteria, and substantial suspended organic particulates that 
were observed frequently during monitoring. 

Table 10.  Summary statistics for turbidity by monitoring site. 

Site Code N Minimum Median Maximum % > 50 

GCC-1646 10 1 4 18 0 

GCC-1703 10 2 16 70 20 

BS-701 10 1 11 30 0 

BS-1800 10 2 18 70 30 

KS-50 10 3 19 100 30 

KS-1710 10 2 9 20 0 

KS-1706 10 2 14 60 10 

KS-701 10 2 14 90 20 

SSUT-13b 10 2 9 55 10 

SS-1703 10 1 3 15 0 

SS-1804 10 3 4 10 0 

GCC-1636b 11 3 7 23 0 

COL-53 4 1 1 2 0 

*The NC standard for turbidity is 50 NTU. 

 

  
Figure 13.  Turbidity across LWP area and in the reference stream, Colly Creek: A) by 
watershed; B) by monitoring site.  A red line indicates the NC standard of 50 NTU. 
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Total suspended residues.  Total suspended residues ranged from less than the 
PQL (usually 6.2, sometimes 12 mg/L5) to 49 mg/L in the LWP area and less than 
PQL to 12 mg/L in the reference stream (Table 11).  There is no water quality 
standard for suspended residues.  About 30% of the total suspended residue 
analyses were indicated as under the PQL.  Medians for all LWP watersheds were 
low, with the lowest occurring in the Sevenmile Swamp watershed (Figure 14A).  
The highest median for individual monitoring sites occurred on Great Coharie Creek, 
GCC-1703, but the highest individual measurement occurred on the large UT to 
Sevenmile Swamp, SSUT-13b (Figure 14B).  We also measured fixed and volatile 
suspended residues, but the usable data do not justify the time to present and 
discuss, due to the large percentage (77-84%) that fell below the PQLs.  It should be 
noted that all of the LWP monitoring occurred at relatively low flow.  Changing the 
PQL for laboratory QA/QC makes interpretation of low range residue data very 
difficult.  Because of this, it does not appear that analysis for total suspended 
residues is sufficiently productive during baseflow to warrant the cost of analysis. 

Table 11.  Summary statistics for total suspended 
residues by monitoring site.* 

Site Code N Minimum** Median Maximum 

GCC-1646 10 < 6.2 8 18 

GCC-1703 10 < 6.2 16 34 

BS-701 10 < 6.2 12 24 

BS-1800 10 < 6.2 13 36 

KS-50 10 < 6.2 15 46 

KS-1710 10 < 6.2 12 28 

KS-1706 10 < 6.2 < 12 < 24 

KS-701 10 < 6.2 11 22 

SSUT-13b 10 < 6.2 14 49 

SS-1703 10 < 6.2 < 6.2 12 

SS-1804 10 < 6.2 8 14 

GCC-1636b 11 < 6.2 12 20 

COL-53 4 < 6.2 < 6.2 12 

*There is no standard for total suspended residues. 
**Values indicated by a “< 6.2” were under the PQL of 
6.2 mg/L; a second PQL of 12 mg/L is for a split sample 
used by the DWQ laboratory for QA/QC. 

 

 

                                            
5
 The PQL for total suspended residues normally is 6.2 mg/L.  Every 10

th
 sample is split for laboratory QA/QC, 

resulting in a PQL of 12 mg/L. 
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Figure 14.  Total suspended residues across LWP area and in the reference stream, 
Colly Creek: A) by watershed; B) by monitoring site.  Black squares are values less than 
the laboratory PQL. 
 

 

SUMMARY AND CONCLUSIONS 

 Low rainfall and low to negligible flow occurred during most of the LWP 
monitoring period; and no storm flow conditions were monitored. 

 Low flow appears to have had a significant impact on dissolved oxygen. 

 Low dissolved oxygen occurred across the LWP area, particularly during the 
warm months, and appears to be related to a combination of natural swamp 
conditions, beaver dams, and anthropogenic impacts (dams, road blockages, 
and nutrient enrichment). 

 Specific conductance was slightly higher near the WWTP than just upstream, but 
it is uncertain whether this was an impact of the WWTP. 

 The pH within the LWP area was consistently above 4.3 s.u. and is normal for 
swamp streams. 

 Fecal coliform bacteria counts were moderate at most sites during most of the 
monitoring period.  Instances where counts exceeded a 200 cfu/100 mL 
reference threshold appear to reflect the presence of upstream animal operations 
and, possibly, use of poultry manure fertilizer on cropping fields in some areas. 

 Ammonia nitrogen was elevated in the Kill Swamp and upper Sevenmile Swamp 
watersheds and appears to be the result of agricultural operations, particularly 
animal operations, in those watersheds. 

 Nitrite + nitrate nitrogen (NOx) was elevated particularly in the Sevenmile Swamp 
watershed, and to a lesser extent within Kill Swamp and Great Coharie Creek 
below the confluences with the two other watersheds.  This most likely reflected 
runoff from agricultural fertilizer applications.   

 NOx was significantly lower in Sevenmile Swamp below House’s Mill Pond, 
demonstrating that nitrogen from the headwaters is being retained within the 
swamp and by the pond. 
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 Elevated total Kjeldahl nitrogen (TKN) corresponded with high ammonia nitrogen 
concentrations at the same sites.  This reflects both the high ammonia nitrogen 
and considerable bound (organic) nitrogen.  A drop in TKN below House’s Mill 
Pond suggested organic nitrogen sequestering within the pond and swamp 
above it. 

 Elevated phosphorus concentrations occurred in Kill Swamp and appear to 
reflect the presence of animal operations in the watershed. 

 Turbidity was relatively low most of the time during monitoring, but exceedences 
of the 50 NTU standard occurred at least once within each of the LWP 
watersheds, particularly in Kill Swamp.  The higher turbidities probably were the 
result of bacteria, phytoplankton, and organic debris, as all monitoring occurred 
during baseflow.   

 Total suspended residues generally were very low and were below the laboratory 
PQL about 30% of the time.  Low suspended residues are expected during 
baseflow.  It is not worth the cost of analysis to measure suspended residues 
during low flow, especially as there is no standard and the DWQ laboratory's 
QA/QC requirements result in widely ranging PQLs.  Turbidity is a more practical 
surrogate measurement for suspended particulates during low flow, as very low 
turbidities are readily measured (the PQL is 1 NTU), and there also is a water 
quality standard for turbidity. 

 

RECOMMENDATIONS 

1. Further monitoring should be conducted to determine the sources of elevated fecal 
coliform bacteria counts at locations across the LWP area. 

2. Additional monitoring should be conducted to determine the sources of elevated 
nutrients including NOx, particularly in the Sevenmile Swamp watershed, and ammonia 
nitrogen in the Kill Swamp watershed and the large UT to Sevenmile Swamp (SSUT-13b). 
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APPENDIX A 

Monthly Dissolved Oxygen Concentrations at Individual Monitoring Stations 
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