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This document summarizes existing water quality data for the Upper Tar watershed including Fishing Creek (Tar River Basin).  The intent of this summary is to provide water quality information to support the watershed characterization (Phase 1) portion of the local watershed planning process initiated for portions of the Catalog Unit by the North Carolina Ecosystem Enhancement Program (EEP).  
I.  Background

A.  Location

In catalog unit 03020101, the EEP has selected the Fishing Creek watershed for local watershed plan (LWP) development. Fishing Creek consists of the portion of the Tar River drainage extending roughly from five miles north of Oxford south to the Tar River, all within Granville County.  The watershed area includes parts of US Highway 85, NC Highway 15, and the town of Oxford.  In addition to Fishing Creek, this targeted local watershed includes Gibbs Creek that is just east of Fishing Creek and several un-named tributaries to the Tar River on the southern side.  The entire watershed area is 69.7 square miles.  

B.  Stream Classification

Fishing Creek, Foundry Branch, Coon Creek, Jordan Creek, and Gibbs Creek are classified for aquatic life protection/propagation and secondary recreation with nutrient sensitive waters (C NSW).  Hatchers Run from its source to the dam at Devin Lake is classified as a water supply watershed with nutrient sensitive waters (WS II NSW).  Because Hatchers Run is classified as a WS II, it is also considered a high quality water (HQW).  Hatchers Run is also within 0.5 miles of a drinking water reservoir so it is also considered a critical area (CA).  From the dam at Devin Lake to the confluence with Fishing Creek Hatchers Run is classified as C NSW.

Lake Devin discontinued being a water supply to Oxford in 1993 (NCDWQ, 2004a).  It is still used for recreational fishing.

C.  Stream Description

Fishing Creek’s headwaters are in an agricultural research station near the western edge of Oxford.  Foundry Branch is a large tributary to Fishing Creek and drains a large portion of the Oxford.  Foundry Branch, a 3rd order stream according to the USGS topological maps, also receives water from the WWTP discharge.  The major tributary to Fishing Creek is Coon Creek and it’s surrounding land use is primarily rural.  However, it does seem to carry an excessive amount of sediment that was observed during June 2005.  A large third order tributary, Jordan Creek, joins Coon Creek.  Jordan Creek drains the northeastern portion of Oxford.  South of Oxford the habitat improves dramatically with one site receiving the highest rated habitat in the Tar basin.  Gibb’s Creek is also in the watershed.  However, it flows directly into the Tar River rather than into Fishing Creek.  The headwaters are in a silvacultural area.

D.  Impaired Waterbodies


The NC 303(d) list (NCDWQ 2004b) classifies Fishing Creek as impaired from its source until it enters the Tar River (index nos. 28-11a through e).  The creek is impaired based upon the biological monitoring conducted in 1999.  There are no stressors identified however municipal point sources, urban run off, and storm sewers are listed as potential sources of pollutants.  The upper portion of Fishing Creek to the confluence with Coon Creek has been on the 303(d) list since 1998 (earliest 303(d) list for NC).  The lower portion of Fishing Creek from its confluence with Coon Creek to the Tar River has been listed as impaired since 2000.  


Fishing Creek may not be included on future 303(d) lists.  Streams are typically listed as impaired if they receive a ‘Fair’ or ‘Poor’ rating from the benthic macroinvertebrate assessment.  In 2002, Fishing Creek received a ‘Good-Fair’ rating.  Due to when this data became available, it is unclear whether this rating or the 1999 ‘Poor’ rating was used to compile the current 303(d) list.  However, previous problems with lack of compliance by the WWTP may have also contributed to the current impairment listing.  

E.  NPDES Dischargers and Stormwater Permits

The City of Oxford’s Wastewater Treatment Plant (WWTP) has an individual permit (permit # NC0025054) to discharge 3.5 million gallons of wastewater per day into Fishing Creek (built to discharge 2.17 MGD).  Eighty-five percent of the effluent is of domestic origin and fifteen percent is industrial.  The instream waste concentration in Fishing Creek is permitted to be 98.5 percent of the flow during low flow (7Q10=0.05 cfs).  The original permit was issued in 1981.  The current five-year permit became effective February 2, 2004.  

Additionally, there are two individual stormwater permits in the watershed.  Bandag Inc., a tire retreader, (permit # NCS000281), discharges into an un-named tributary to Fishing Creek.  A building materials company, Certainteed Corporation (permit # NCS000140), discharges into Hatchers Run and Fishing Creek.
F. Oxford Waste Water Treatment Plant Status

The Oxford WWTP has historically had problems with compliance with their permit (NCDWQ 2004a).  Overflows have been a problem historically and despite upgrades they are still frequent.  There have been three bypasses so far in 2005.  The most recent bypass was on August 9, 2005.  Prior to 2002, the WWTP also had excessive selenium concentrations in its effluent.  An industrial user was the cause and they were required to change to a non-selenium process.  From June 2003 through June 2005, there have been numerous violations of the water quality limits.  These violations have been limited to cyanide (11 violations) and fecal coliform concentrations (6 violations).  In early 2003, there were two violations of surfactant limits.  

The WWTP began improving its sanitary sewer system in 2004.  In early 2005 it began construction on upgrades to the WWTP.  The WWTP will be expanding to 3.5 MGD, but will have reduced permit limits of 5 mg/L BOD5 and 1 mg/L ammonia.      
G.  Overview of Data Availability

Data sources include:

· Benthic macroinvertebrate community monitoring by the Division of Water Quality (DWQ) at five sites beginning in 1989

· Habitat data collected by DWQ  

· Fish data collected by DWQ

· Lake Devin study

· Ambient water quality data from DWQ for three sampling stations from 1968 to 2004

· Effluent testing for toxicity and water quality from the Oxford WWTP  

Data gaps:

· Ambient water quality data from DWQ were not collected for approximately 15 years (1976-1990)

· Toxicity testing is limited to whole effluent testing from the WWTP

· Sufficient flow data

· Water quality data from storms

· Analysis on erodability of soils, especially for the Coon Creek subwatershed

· Lack of comparison of water quality upstream of the WWTP to downstream of the WWTP

· Water quality data from Fishing Creek for variables found in the effluent that are known to be problematic, including chlorine, cyanide, and selenium
 II.  Summary of Existing Data

Water quality and biological data was collected from several sites in the Fishing Creek watershed (Figure 1).  Water quality sites and NPDES/Stormwater permits were identified by GPS coordinates.  Biological sites were identified by road names.  There is one benthic macroinvertebrate monitoring site that is not shown on Figure 1 because there are no road names or GPS coordinates.  This site is located somewhere below the WWTP and was only assessed in 1989. There is some discrepancy in stream names between DWQ’s Basinwide Assessment Report (2003) and the USGS maps.  This report uses the stream names from the USGS maps.

A. Water Quality Data

Ambient water quality data for Fishing Creek was collected from three sites; two on Fishing Creek and one on a tributary to Fishing Creek.  Data summaries are provided for each site in the Appendix (Tables A1 through A3).  Data was collected from June 24, 1968 through May 19, 1975 for the tributary to Fishing Creek in Oxford and an un-named tributary to Foundry Branch in Oxford.  Data was collected from June 24, 1968 to March 2, 2004 from a downstream site in Fishing Creek (at SR 1643).   Since the latter site is more current, it was used for a more detailed data analysis (Figures 1 through 4).

Ambient water quality data was compared to a variety of benchmarks.  Nutrient concentrations were compared to reference values from the EPA’s Aggregrate Ecoregion IX, Level 3 Ecoregion 45 for either streams or lakes and reservoirs in the piedmont region (USEPA, 2000a, b).  Metals concentrations were compared with the EPA’s National Ambient Water Quality Criteria (NAWQC) (USEPA, 1999) and the EPA’s Tier II values (USEPA, 1995).  Observed pollutant concentrations can also be compared with the North Carolina’s Water Quality Standards (NCWQS) for freshwater aquatic life (NCDWQ, 2004c).    

The reference values for nutrient concentrations are calculated as the twenty-fifth percentile of all samples from the stream or lake in the piedmont ecoregion.  The concentrations of nutrients at the twenty-fifth percentile are used as a proxy for un-impacted streams and are considered protective of aquatic life and recreational activities by the EPA.  In lakes, these reference values are considered protective of nutrient enrichment and the resulting eutrophication.
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Figure 1.  Fishing Creek watershed.

1.  Field measurements

Numerous measurements were taken in the field.  However, only a few are directly applicable to aquatic life.  Temperature and pH were found to be within the range of the state standards.  However, there is some evidence that the pH may have increased between the early 1970’s and the 1990’s (Figure 1a).  This may be due in part to the WWTP that began operation in 1981.    Another possible affect of the WWTP is the high specific conductance as shown in Figure 1b.  The specific conductance is higher than best professional judgment indicates would be naturally occurring in this area of the piedmont.  Concentrations of dissolved oxygen have not fallen below the instantaneous state standard of 4.0 mg/L recently (Figure 1c).  However, there are a few instances of supersaturation (> 110%) that may be caused from extensive algal blooms or extreme mixing of the water (Figure 1d).
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	Figure 1.  Field measurements from Fishing Creek at SR1643.1


1 Solid lines represent state standards. The dashed line in Figure 1b was determined by best professional judgment to be a value above which the specific conductance is probably caused by anthropogenic activities.  The dashed line in Figure 1d was determined by best professional judgment to be a value above which the water is supersaturated with oxygen.   Note the time scale varies for each figure.

2. Nutrients

Nitrogen containing nutrients were analyzed infrequently in the early 1970’s and therefore conclusions regarding changes over time cannot be made.  There is no reference criterion for ammonia but best professional judgment indicates that a concentration of 0.1 mg/L or greater is not conducive to supporting aquatic life.    Ammonia concentrations in Fishing Creek exceeded this frequently (Figure 2a).  Total Kjeldhal nitrogen (TKN) and nitrite plus nitrate (NO2+NO3) almost always exceeded EPA’s criteria for reference streams in Ecoregion 45 (Figure 2b and 2c).  Total phosphorus was exceptionally high during the early 1970’s.  Phosphates in detergents were limited during the mid 1970’s.  This coincides with the reduction of total phosphorus measured in Fishing Creek.  However, phosphorus still exceeds its EPA reference criterion regularly.  
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	Figure 2.  Nutrient concentrations in Fishing Creek at SR1643.1  




1  Solid lines are the EPA’s Ecoregion 45 reference values (EPA, 2000).  Dashed lines are values determined by best professional judgment to be potentially problematic for aquatic life.  Note the time scale varies for each figure.
3.  Metals

Analysis of water samples for the concentrations of ten metals began in 1991.  Iron was commonly measured at high concentrations (mean =1070 ug/l; Appendix Table A3), however this is not unusual in piedmont streams as iron concentrations are high in the surrounding soils.  Areas with erosion problems are more likely to have excessive iron concentrations.  Other metals, including arsenic, chromium, manganese, mercury, and nickel were not found in high concentration (Appendix Table A3).  

Copper, lead, and zinc were found in concentrations to warrant further investigation (Figure 3).  Concentrations of metals were compared to the EPA’s National Ambient Water Quality Criteria (NAWQC) for chronic exposure (USEPA, 1999).  The NAWQC for metals varies depending on the water hardness.  Copper exceeded even the upper end of the criteria range five times in the 1990’s (hardness=100 mg/L).  There were numerous instances where the concentrations of copper exceeded the criterion for a hardness of 25 mg/l but not 100 mg/L.  Lead seemed to exceed its chronic criterion in all cases.  However, the chronic criterion is below the laboratory detection limit of 10 ug/L.  Lead was detected three times in the 1990’s and always exceeded the chronic criterion.  However, these lead concentrations were below the state standard of 25 ug/L for lead in Class C waters.  Zinc exceeded its criterion for a hardness of 25 mg/l but not 100 mg/L on several occasions.  It exceeded the criterion for waters with a hardness of 100 mg/L once.
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	Figure 3.  Metals in Fishing Creek at SR1643.1


1  The National Ambient Water Quality Criteria for metals varies depending on the water hardness.  The solid lines represent the chronic NAWQC for waters with a hardness of 25 mg/L while the dashed lines represent those waters with a hardness of 100 mg/L.  Hardness in piedmont streams is typically between 25 mg/L and 100 mg/L.

4. Other Water Quality Measures

Turbidity, total residue, and fecal coliform concentrations were also investigated since erosion and incomplete wastewater treatment may be problematic in this watershed (Figure 4).  Turbidity exceeded the state standard of 50 NTU occasionally.  Despite conforming to the state turbidity standards, the turbidity was often higher than would be expected in a stream that does not have excessive erosion or stormwater problems.  Fecal coliform concentrations in Fishing Creek seem to be increasing slightly since the early 1970’s.  There is no state standard for fecal coliform when samples are taken on a haphazard schedule as these samples were.  However, as a general guideline a fecal coliform concentration exceeding 400 cfu/100ml is very high.  This is the state standard that states if twenty percent of the five or more samples collected in a 30 day period exceed this criteria then there is an exceedance. 
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	Figure 4.  Water quality in Fishing Creek at SR1643.1



1  The solid line in Figure 4a represents the state standard for turbidity.   The solid line in Figure 4c represents the state standard that states if twenty percent of the samples exceed this standard then there is an exceedance.   Note the time scale is different for each figure.

B. Oxford WWTP Effluent Water Quality 

The Oxford WWTP is required by its permit to test its effluent for toxicity and numerous water quality variables.  The effects of the WWTP’s effluent on Fishing Creek are unknown, but knowing what is being released from the WWTP does given an indication of how to assess the water quality downstream of the outfall.  There are numerous processes that occur as the effluent travels downstream including dilution, breakdown of chemicals, binding of chemicals to sediment, and the possible growth of bacteria.  These will all influence the downstream water quality.  Given the high instream waste concentration that is allowed (98.5%), it is apparent that during low flows the WWTP will have a larger impact on the stream.  

1.  Effluent Toxicity Testing

The Oxford WWTP is required by its permit to test its effluent for toxicity on a regular basis (ranging from monthly to quarterly).  Currently, the permit requires quarterly testing.  Toxicity testing is done with a Ceriodaphnia 7 day chronic pass/fail test where the effluent is diluted to a concentration of 90 percent and the results are compared statistically to the results from a control solution at P > 0.01.  Alternately, a serial dilution of the effluent is made and a chronic value is calculated.  In Fishing Creek, this chronic value must be 90 percent or greater to be in compliance.  

There has been a large improvement in the quality of the water in Fishing Creek recently.  From 1987 through 1999, 67 toxicity tests were conducted with 28 failures (41.8% failure).  However, since 2000, 26 toxicity tests have been conducted with only 3 instances of non-compliance (11.5% non-complaint).  The most recent toxicity failure was on January 22, 2003.     

2.  Effluent Water Quality

In addition to the toxicity testing of the effluent, the permit requires testing of several water quality variables.  The results from January 2000 through May 2005 are summarized in the Appendix (Table A4).  As expected in effluent all nutrient concentrations were exceedingly high.  Fecal coliform concentrations were much lower in the effluent than what was measured farther downstream in Fishing Creek (mean 26.8 cfu/100 ml versus 518 cfu/100 ml).  There was also an instance of a high silver concentration in November 2004 (20 ug/L).  Cyanide was also frequently detected in the effluent.  

Additional key water quality variables are shown in Figure 5.  Chlorine occasionally exceeded the state standard of 17 mg/L for aquatic life.  These concentrations are not a permit violation however it may be detrimental to aquatic life further downstream.  Therefore, its influence on Fishing Creek needs to be investigated further.  Selenium also occasionally exceeded the state standard of 5 ug/L.  The metals copper and zinc exceeded their NAWQC on numerous occasions.  Both of these metals also exceeded their state Action Levels (Copper=7 ug/L and Zinc= 50 ug/L).
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	Figure 5.  Chlorine and metals in effluent from Oxford Wastewater Treatment Plant.1


1  The National Ambient Water Quality Criteria (NAWQC) for metals varies depending on the water hardness.  The solid lines in Figure 5b and 5d represent the chronic NAWQC for waters with a hardness of 25 mg/L while the dashed lines represent those waters with a hardness of 100 mg/L.  The solid line in 5a and 5c indicate the state standards.

C. Lake Devin Water Quality 

Lake Devin was part of a special study conducted in the summers of 1997 and 2002 (Table 4).  Surface waters were measured at two sites for physical characteristics such as dissolved oxygen, temperature, pH, specific conductance, and Secchi depth.  Chemical data, including nutrients, chlorophyll a, total solids, suspended solids, and turbidity, was analyzed from samples taken in the photic zone.  Comparisons were made of these data to state standards and to reference values from the EPA’s Aggregrate Ecoregion IX, Level 3 Ecoregion 45 for lakes and reservoirs (USEPA, 2000) (Table 5). 

Dissolved oxygen, temperature, and specific conductance did not exceed the state standards or EPA reference criteria.  Turbidity, total solids, and suspended solids did not exceed their state standards.  However, several other variables did exceed their criteria or standards.  Secchi depth was consistently less than the EPA reference criterion indicating that the water is not as transparent as would be found in a reference quality lake.  On June 6, 2002 the pH at one of the sampling sites exceeded the state standard of 9.0 S.U with a measurement of 9.9 S.U.  Without additional data it is difficult to determine the origins of the high pH.  However, lakes in the area are typically not highly buffered and an abundant algal population can raise the pH substantially.  Dissolved oxygen was measured at 9.0 mg/L on this date, which is indicative of a large algal population.  Chlorophyll a concentrations, an indicator of phytoplankton biomass, were low enough to point to large populations of macrophytic algae as being the probable cause of the high pH.  

Nutrient enrichment and subsequent eutrophication are common problems in lakes and reservoirs.  Nutrient enrichment can be assessed from algal populations and from water chemistry data.  Chlorophyll a concentrations did not exceed the state standard of 40 ug/L.  However all chlorophyll a measurements did exceed the EPA’s reference criteria (12.95 ug/L), indicating the potential for nutrient enrichment.  

Nutrient concentrations were compared to the EPA reference criteria.  In general, all forms of nitrogen had higher concentrations than the reference criteria.  However, ammonia concentrations were typically quite low.  There is no reference criterion for ammonia.  The ammonia concentration on June 6, 2002 was high, but the additional data from this date indicate that this measurement may be due to laboratory error or contamination.  Total phosphorus concentrations were also high during the two summers of sampling.  Phosphorus is usually the limiting nutrient for algae and aquatic plants in freshwater.  It is often tightly bound to soil particles and enters the water from erosion.

In the summer of 2002, DWQ investigated three suspected algal blooms in Lake Devin.  The dominant algae from those blooms were Cyanophyceae, and Chlorophyceae (NCDWQ, 2003).  No fish kills were associated with the blooms.

Table 4.  Surface physical water data and photic zone chemistry data collected from Lake Devin.1
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1  Source:  Appendix 22 of DWQ’s Basinwide Assessment Report for the Tar River Basin (2003)

Table 5.  Reference values for lakes and reservoirs in Ecoregion 45.1
	
	Ecoregion 45 Reference Values for Lake and Reservoirs

	Total Phosphorus (mg/L)
	0.0225

	Total Nitrogen (mg/L)
	0.304

	Nitrite + Nitrate (mg/L)
	0.059

	Total Kjeldahl Nitrogen (mg/L)
	0.245

	Chlorophyll a (ug/L)
	4.513

	Secchi Depth (m)
	1.655


1 Source:  EPA, 2000

C. Biological Community Evaluation

The DWQ’s Biological Assessment Unit first collected benthic macroinvertebrate samples from Fishing Creek in 1989.  The fish community was assessed in Fishing Creek and Coon Creek in 1997 and 2002.  Habitat was also assessed for suitability for benthic macroinvertebrates and fish.  

1.  Benthic Macroinvertebrates 

The DWQ uses benthic macroinvertebrate monitoring in free-flowing freshwater streams to assign bioclassifications ranging from ‘Poor’ to ‘Excellent’ (five classifications) to each benthic sample.  Macroinvertebrate sampling was conducted using the Division’s standard operating procedures (NCDWQ, 2001).  Two primary indicators of stream health are derived from macroinvertebrate community data:  the diversity of a more sensitive subset of the invertebrates (EPT) is evaluated using taxa richness; and the pollution tolerance of those organisms present is evaluated using a biotic index (BI).  "EPT" is an abbreviation for Ephemeroptera + Plecoptera + Trichoptera (mayflies, stoneflies and caddisflies), insect groups that are generally intolerant of many kinds of pollution.  Generally, a high number of different EPT species (species richness) indicates a healthy benthic community.  Conversely, a low biotic index indicates a community dominated by taxa that are relatively sensitive to pollution and other disturbances (intolerant).  Thus, the lower the biotic index, the healthier the benthic community.

Biotic index values are combined with EPT taxa richness ratings to produce a final bioclassification (‘Excellent’, ‘Good’, ‘Good-Fair’, ‘Fair’ or ‘Poor’).  Final bioclassifications are used to determine if a stream is impaired.  Streams with bioclassifications of ‘Excellent’, ‘Good’, and ‘Good-Fair’ are all considered unimpaired.  Those with ‘Fair’ and ‘Poor’ ratings are considered impaired. 

Benthic macroinvertebrate data were available from five locations in the Fishing Creek watershed (Table 3).  The four sites in the upper portion of the watershed, above the confluence with Coon Creek, were each rated as ‘Poor’ or ‘Fair’.  Below the confluence with Coon Creek the biological rating from benthic macroinvertebrates increased to ‘Good-Fair’ and ‘Fair’ with the unnamed tributary to Coon Creek as being rated as ‘Good-Fair’.  This could lead to the possible erroneous conclusion that Fishing Creek’s ability to support a benthic macroinvertebrate community is being improved by the inputs from Coon Creek.  However, the data from the upper portions of Fishing Creek are six to fifteen years old.  There have been many changes in the watershed during that time including improvements in the WWTP.  Therefore, additional benthic macroinvertebrate monitoring is needed in several locations in the Fishing Creek watershed to assess the current conditions. 

Table 3.  Summary of benthic macroinvertebrate sampling results in the Fishing Creek watershed.1
	Waterbody
	Location
	Date
	Total no. Species
	No. EPT

Species
	Biotic Index
	EPT Biotic Index
	Bio-Classification
	Habitat Score

	UT to Fishing Creek above WWTP
	SR1649
	6/13/89
	27
	0
	8.97
	0.00
	Poor
	

	
	
	9/19/90
	55
	11
	7.45
	6.65
	Fair
	

	UT to Fishing Creek below WWTP
	Below WWTP
	6/13/89
	16
	0
	9.15
	0.0
	Poor
	

	Fishing Creek below confluence with Hatchers Run
	SR1608
	9/19/90
	54 
	3
	7.96
	7.60
	Poor
	

	
	
	5/18/99
	41
	5
	7.91
	6.11
	Poor
	

	Fishing Creek below confluence with Coon Creek
	SR1643
	9/19/90
	11
	11
	5.27
	5.27
	Fair
	

	
	
	7/27/92
	79
	18
	6.08
	5.35
	Good-Fair
	

	
	
	7/21/97
	61
	18
	5.77
	5.34
	Good-Fair
	

	
	
	5/18/99
	11
	11
	5.63
	5.63
	Fair
	

	
	
	7/22/02
	62
	16
	5.69
	5.13
	Good-Fair
	92

	UT to Coon Creek
	SR1515
	6/13/89
	--
	19
	--
	4.32
	Good-Fair
	


1  Source:  NCDWQ, 2003

2.  Fish Community Structure

The DWQ Biological Assessment Unit assessed the fish community as part of a special study.  The fish study was conducted at two sites; Coon Creek above the confluence with Fishing Creek was sampled in 2002 and Fishing Creek below the confluence with Coon Creek was sampled in 1992, 1997, and 2002.  The North Carolina Index of Biotic Integrity (NCIBI) incorporates information about species richness and composition, trophic composition, fish abundance, and fish condition in wadeable streams.   The NCIBI then is assigned a rating depending on the basin it is in.   The assessment of the fish community in the Fishing Creek watershed has resulted in consistently higher ratings than the benthic macroinvertebrate community.  Fishing Creek has been rated ‘Good-Fair’ once and ‘Good’ twice, while Coon Creek has been rated ‘Excellent’ (Table 4).

Table 4.  Summary of fish sampling results in the Fishing Creek watershed.1  

	Waterbody
	Location
	Date
	NCIBI Score
	NCIBI Rating
	Habitat Score

	Fishing Creek below the confluence with Coon Creek
	SR1643
	4/07/92
	42
	Good-Fair
	

	
	
	4/14/97
	52
	Good
	88

	
	
	4/08/02
	50
	Good
	95

	Coon Creek above the confluence with Fishing Creek
	SR1609
	4/08/02
	54
	Excellent
	58


1  Source:  NCDWQ, 2003

The DWQ states in its assessment report (2003) that over an unspecified length of time that there has been a slight increase in the percentage of omnivores+herbivores, a slight decrease in the percentage of insectivores, and a decrease in the overall number of fish (Table 5).  They attribute these changes to the impact from the WWTP and low water levels. 

Table 5.  Structure of the fish community during 2002 in the Fishing Creek watershed.1
	
	d.a. (mi2)
	No. Species
	No. Fish
	No. Sp. Darters
	No. Sp. Sunfish
	No. Sp. Suckers
	No. Intol. Sp.
	% Tolerant
	% Omni + Herb
	% Insect
	% Pisc
	% DELT
	% MA

	Fishing Cr. at SR1643
	44.1
	20
	201
	3
	5
	3
	2
	16
	38
	61
	0.5
	0.00
	70

	Coon Cr. at SR1609
	25.2
	18
	390
	4
	4
	2
	3
	5
	11
	89
	0.5
	0.0
	50


1 Abbreviations are d.a.= drainage area, No. = Number, Sp. = Species, intol. = Intolerants, Omni + Herb = omnivores+herbivores, Insect = insectivores, Pisc. = piscivores, DELT = disease, erosion, lesions, and tumors, and MA = species with multiple age groups.

Source:  NCDWQ, 2003

3. Habitat Evaluation

DWQ’s Biological Assessment Unit assessed the habitat at two sites in the Fishing Creek watershed (Tables 3 and 4).  The habitat assessments evaluate at least 100 m of stream and incorporate a variety of factors including canopy cover, bank stability, riparian zone width, instream habitat, and hydrological features such as pools and riffles.  It is scored out of 100 points with a score of 100 being an area with exceptional habitat. Fishing Creek below the confluence of Coon Creek had exceptional habitat for benthic macroinvertebrates and fish.  The 2002 rating of 92 during the benthic macroinvertebrate sampling (Table 1) was the highest rating given to any benthic site during 2002 (NCDWQ, 2003).   Coon Creek’s lower habitat rating of 58 (Table 4) was primarily due to the sandy substrate that results in a lack of riffles and lower bank stability.   

III. Conclusions

· Fishing Creek routinely has high nutrient and fecal coliform concentrations.  

· The metals copper, zinc, and lead occasionally exceeded the EPA’s NAWQC in Fishing Creek.  

· Turbidity, pH, dissolved oxygen saturation, and specific conductance rarely exceeded any criteria in Fishing Creek, however their measurements were high enough to warrant future investigations.

· The effluent from the WWTP probably influences water quality in the downstream portions of the watershed particularly during low flow.

· Effluent from the WWTP contained high concentrations of copper, zinc, selenium, cyanide, nutrients, and chlorine.

· Toxicity of the effluent has been a problem historically, but there has been a recent improvement.

· Lake Devin had high pH and high dissolved oxygen concentrations during the summers of 1997 and 2002.  This is not a highly buffered lake, and these problems may be from macrophytic algae rather than phytoplankton.

· Lake Devin has high nutrient concentrations compared to reference values.

· It is questionable whether Fishing Creek is impaired based on its biological community.  The benthic macroinvertebrate community had a recent rating of ‘Good-Fair’.  There also seems to be a diverse and abundant fish community.

· Habitat in the lower portion of the watershed is exceptional with wide forested buffers, however the upper portion of the watershed is either rural or urban.
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The Oxford WWTP has historically had problems with compliance with their permit (NCDWQ 2004a).  Overflows have been a problem historically and despite the upgrades to the plant they are still frequent.  There have been three bypasses so far in 2005.  The most recent bypass was on August 9, 2005.  Prior to 2002, the WWTP also had excessive selenium concentrations in its effluent.  An industrial user was the cause and they were required to change to a non-selenium process.  From June 2003 through June 2005, there have been numerous violations of the water quality limits.  These violations have been limited to cyanide (11 violations) and fecal coliform concentrations (6 violations).  In early 2003, there were violations of surfactant limits.  

The WWTP began improving its sanitary sewer system in 2004.  In early 2005 it began construction on upgrades to the WWTP.  The WWTP will be expanding to 3.5 MGD, but will have reduced permit limits of 5 mg/L BOD5 and 1 mg/L ammonia.      

Table A1.  Summary of water quality data from an un-named tributary to Fishing Creek in Oxford.  

	
	Fishing Creek Tributary at Oxford

(STORET # O0200000)

6/24/1968 - 5/19/1975

	Variable Name
	N
	Mean
	S.E.
	Median
	Min
	Max

	Alkalinity
	34
	54.7
	11.30
	48.5
	0
	262

	BOD 5 day (mg/L)
	2
	8.8
	5.25
	8.8
	3.5
	14

	Cadmium
	0
	
	
	
	
	

	Chemical oxygen demand (COD)
	1
	110.0
	
	110.0
	110
	110

	Cloud cover
	5
	78.0
	9.70
	90.0
	50
	100

	Dissolved oxygen (DO)
	20
	6.8
	0.44
	7.0
	1.8
	9.4

	Dissolved oxygen saturation
	20
	73.0
	4.46
	75.0
	20
	108

	Fecal Coliform
	14
	3023.6
	1071.87
	1850.0
	200
	16000

	Flow
	2
	16.0
	16.00
	16.0
	0
	32

	Specific conductance
	4
	160.0
	16.96
	157.5
	125
	200

	Stream flow severity (scale of 1-4)
	0
	
	
	
	
	

	Stream stage height
	3
	4.7
	0.96
	4.1
	3.48
	6.6

	T ORG C C MG/L
	0
	
	
	
	
	

	Temperature, air
	0
	
	
	
	
	

	Temperature, water
	20
	20.0
	1.21
	21.5
	9
	28

	Total Coliform
	14
	3023.6
	1071.8
	1850.0
	270000
	1E+08

	True Color
	1
	500.0
	
	500.0
	500
	500

	Turbidity
	1
	200.0
	
	200.0
	200
	200

	Wind direction (direction from, expressed 0-360 deg)
	2
	190.0
	70.00
	190.0
	120
	260

	Wind force, Beaufort scale
	2
	4.0
	0.00
	4.0
	4
	4

	pH
	19
	7.0
	0.09
	6.9
	6.2
	7.8


Table A2.  Summary of water quality data from Fishing Creek in Oxford.

	
	Un-named Tributary to Foundry Branch Oxford

(STORET # O0300000)

6/24/1968 - 5/19/1975

	Variable Name
	N
	Mean
	S.E.
	Median
	Min
	Max

	Alkalinity
	35
	72.5
	11.75
	83
	0
	208

	BOD 5 day (mg/L)
	2
	6.9
	1.15
	6.95
	5.8
	8.1

	Chemical oxygen demand (COD)
	1
	120
	
	120
	120
	120

	Cloud cover
	6
	77.5
	7.93
	82.5
	50
	100

	Dissolved oxygen (DO)
	21
	6.25
	0.43
	6.6
	0.4
	8.9

	Dissolved oxygen saturation
	21
	69.1
	4.41
	72
	5
	97

	Fecal Coliform
	7
	3301.4
	2953.02
	200
	10
	21000

	Specific conductance
	5
	283.2
	32.06
	270
	210
	365

	Stream stage height
	3
	11.8
	0.088
	11.77
	11.76
	12.03

	Temperature, water
	21
	21.7
	1.23
	24
	10
	29

	Total Coliform
	3
	1.9E+07
	5206833
	20000000
	1E+07
	2.8E+07

	True Color
	1
	650
	
	650
	650
	650

	Turbidity
	1
	270
	
	270
	270
	270

	Wind direction (direction from, expressed 0-360 deg)
	2
	210
	30
	210
	180
	240

	Wind force, Beaufort scale
	2
	4
	0
	4
	4
	4

	pH
	20
	7.13
	0.06
	7.2
	6.4
	7.7


Table A3.  Summary of water quality data from Fishing Creek at SR1643.


	
	Fishing Creek at SR 1643

(STORET # O0600000)

6/24/1968 – 3/02/2004

	Variable Name
	N
	Mean
	S.E.
	Median
	Min
	Max

	Alkalinity
	43
	28.74
	4.15
	30
	0
	100

	Aluminum
	107
	679.62
	92.82
	280
	50
	6300

	Ammonia nitrogen (mg/L)
	55
	0.132
	0.032
	0.04
	0.01
	1.2

	Ammonia, unionized
	66
	0.0007
	0.000221
	0
	0
	0.013

	Arsenic
	55
	10
	0
	10
	10
	10

	BOD 5 day (mg/L)
	3
	3.1
	0.95
	3.9
	1.2
	4.2

	Cadmium
	56
	2.018
	0.018
	2
	2
	3

	Chemical oxygen demand (COD)
	1
	63
	
	63
	63
	63

	Chromium
	55
	25
	0
	25
	25
	25

	Cloud cover
	145
	43.86
	3.42
	30
	0
	100

	Copper
	105
	4.77
	0.38
	4
	2
	38

	Depth, bottom
	6
	2.05
	0.184
	1.95
	1.6
	2.9

	Detergent suds severity (scale of 1-5)
	3
	2
	0.577
	2
	1
	3

	Dissolved oxygen (DO)
	160
	9.09
	0.209
	8.45
	2.8
	20

	Dissolved oxygen saturation
	81
	83.44
	1.86
	83.3
	32
	132

	Fecal Coliform
	149
	518.02
	117.62
	120
	9
	11000

	Fixed Solids
	3
	45
	32.60
	17
	8
	110

	Flow
	5
	44.8
	26.61
	16
	11
	150

	Hardness CaCO3 total (mg/L)
	44
	47.75
	2.31
	46.5
	1
	87

	Hardness, Ca + Mg
	60
	45.18
	1.24
	44.5
	21
	68

	Horizontal sampling location (% from right bank)
	6
	50
	0
	50
	50
	50

	Iron
	114
	1070.35
	85.07
	805
	150
	5100

	Lead
	58
	10.21
	0.125
	10
	10
	15

	Manganese
	22
	44.86
	6.26
	39.5
	11
	130

	Mercury
	55
	0.2
	0
	0.2
	0.2
	0.2

	NO2+NO3
	122
	0.96
	0.087
	0.61
	0.01
	6.4

	Nickel
	56
	10.04
	0.036
	10
	10
	12

	Nitrogen, Kjeldahl
	120
	0.567
	0.038
	0.43
	0.08
	3

	Nitrogen, Nitrate (NO3)
	7
	1.31
	0.457
	0.9
	0.1
	3.2

	Nitrogen, Nitrite (NO2)
	1
	0.2
	
	0.2
	0.2
	0.2

	Nitrogen, ammonia (NH3)
	62
	0.18
	0.052
	0.06
	0.01
	2.3

	Phosphorus total
	128
	0.48
	0.136
	0.1
	0.01
	13

	Phosphorus, orthophosphate
	9
	0.083
	0.022
	0.08
	0.01
	0.21

	Precipitation
	116
	0.146
	0.087
	0
	0
	10

	Reference point reading (linear ft.)
	5
	47.53
	0.231
	47.82
	46.83
	47.95

	Residue total
	52
	16.77
	4.78
	5
	1
	200

	Residue volatile
	1
	1
	
	1
	1
	1

	Salinity
	44
	0.016
	0.0056
	0
	0
	0.1

	Secchi Transparency (m)
	1
	0.1
	
	0.1
	0.1
	0.1

	Specific conductance
	144
	164.71
	7.71
	137
	23
	515

	Stream flow severity (scale of 1-4)
	79
	2.25
	0.106
	2
	1
	4

	Stream stage height
	70
	14.55
	1.72
	8.495
	6.54
	46.3

	T ORG C C MG/L
	2
	21.5
	15.5
	21.5
	6
	37

	Temperature, air
	132
	20.58
	0.74
	22
	2
	38

	Temperature, water
	160
	15.58
	0.54
	16
	2
	27.4

	Total Coliform
	5
	34485.8
	17795.81
	18000
	19
	84000

	Total Solids
	62
	36.94
	8.75
	5.5
	1
	260

	True Color
	1
	600
	
	600
	600
	600

	Turbidity
	144
	19.75
	2.82
	9.25
	1.2
	210

	Turbidity severity (choice list)
	38
	2.47
	0.176
	2.5
	1
	4

	Volatile Solids
	2
	23
	21
	23
	2
	44

	Water level reference point elevation
	53
	46.9
	0.117
	46.54
	45.38
	48.46

	Wind direction (direction from, expressed 0-360 deg)
	82
	214.1
	11.00
	240
	0
	360

	Wind force, Beaufort scale
	2
	3.5
	0.5
	3.5
	3
	4

	Wind velocity
	112
	5.84
	0.482
	5
	0
	20

	Zinc
	96
	30.03
	3.03
	20
	10
	200

	PH
	157
	7.12
	0.028
	7.1
	6.1
	7.9


Table A4.  Water quality data from Oxford WWTP 2000-2005.1

	
	Units
	N
	Mean
	S.E.
	Median
	Min
	Max
	Permit Limit2

	BOD, 5-Day (20 Deg. C)
	mg/L
	66
	5.48
	0.39
	4.64
	1.42
	16.61
	15-30

	Cadmium, Total (as Cd)
	ug/L
	33
	0.01
	0.01
	0.00
	0.00
	0.40
	

	Chlorine, Total Residual
	mg/L
	65
	2.08
	0.81
	0.21
	0.00
	41.65
	

	Coliform, Fecal MF, M-FC Broth,44.5C
	col/100ml
	66
	26.88
	3.80
	17.25
	4.00
	189.20
	

	Copper, Total (as Cu)
	ug/L
	65
	7.12
	0.85
	5.67
	0.00
	37.67
	

	Cyanide, Total (as Cn)
	ug/L
	66
	1.27
	0.37
	0.00
	0.00
	19.75
	

	DO, Oxygen, Dissolved
	mg/L
	66
	9.31
	0.16
	9.14
	5.73
	12.60
	

	Flow, in conduit or thru treatment plant
	mgd
	66
	1.26
	0.03
	1.22
	0.84
	1.94
	2.17

	Lead, Total (as Pb)
	ug/L
	17
	0.00
	0.00
	0.00
	0.00
	0.00
	

	Mercury, Total (as Hg)
	ug/L
	49
	0.00
	0.00
	0.00
	0.00
	0.01
	

	Nickel, Total (as Ni)
	ug/L
	17
	0.99
	0.45
	0.00
	0.00
	5.25
	

	Nitrogen, Ammonia Total (as N)
	mg/L
	66
	0.38
	0.07
	0.16
	0.00
	3.55
	4-8

	Nitrogen, Total (as N)
	mg/L
	66
	5.82
	0.46
	4.93
	1.20
	16.00
	

	Oil & Grease
	mg/L
	49
	2.69
	0.35
	2.26
	0.00
	11.20
	30

	Phosphorus, Total (as P)
	mg/L
	66
	0.65
	0.08
	0.42
	0.00
	4.00
	

	Selenium, Total (as Se)
	ug/L
	38
	1.06
	0.44
	0.00
	0.00
	14.00
	

	Silver, Total (as Ag)
	ug/L
	55
	0.39
	0.36
	0.00
	0.00
	20.00
	

	Solids, Total Suspended
	mg/L
	66
	9.25
	0.53
	8.61
	2.10
	21.37
	15-30

	Surfactants (MBAS)
	ug/L
	48
	193.36
	23.00
	174.60
	0.00
	925.00
	

	Temperature, Water
	oC
	66
	16.81
	0.69
	16.96
	7.25
	25.63
	

	Zinc, Total (as Zn)
	ug/L
	53
	155.08
	10.28
	130.00
	55.00
	464.00
	


1  Flouride was not included in the analysis because of an inconsistency in the units used throughout the sampling.  It was not possible to discern which was an error versus an actual value.  pH was also measured but a range of pH values were recorded for each month.  Values that were not detected were assigned a value of zero. 

2  If a range of permit limits is shown, the higher value is for November – March and the lower value is the limit for April – October.
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