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USDA CSREES Grants

• Monitoring and TMDL Modeling Techniques to 
Assess Bacterial Loading in Estuarine 
Environments Applied to Improve Shellfish 
Resource Management Programs (12/06)

• Integrated Watershed-based Molecular and 
Hydrologic Monitoring Techniques to Assess 
Pathogen Loading in Estuarine Environments 
and Improve Shellfish Resource Management 
Programs (9/07)



Shellfish Resources





Open Grounds Farm

Jumping Run Creek

Pettiford Creek



Watersheds

• Jumping Run Creek
– Area: ~800 ac
– Land Use: Commercial, residential, mining
– Soil: Leon and Kureb sand & Murville mucky sand

• Pettiford Creek
– Area: ~2800 ac
– Land use: National forest
– Soils: Leon sand and Murville mucky sand

• Open Grounds Ditch
– Area: ~630 ac
– Land use: Cropland
– Soils: Ponzer muck and Arapahoe loamy sand



Jumping Run Creek
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PHYSICAL CHARACTERISTICS

• Hydrology
– Permeable soils, relatively little surface runoff

– High water table

• Drainage
– Ditched extensively

• Topography
– Flat (slopes <1%) except near Jumping Run
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Bogue Sound
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Drainage Areas

• EMC1– 63 ha, commercial/industrial , few 

houses, open space

• EMC2- 112 ha, residential, open space, woods

• EMC4- 44 ha, residential, open space, soil 

mining, woods



Mobile Home Park (EMC4)

Soil Mining (EMC4)



Commercial (EMC1)



Residential (EMC2)

On-site septic systems
Pets



Jumping Run Creek (EMC2)
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MONITORING SCHEME

• Discharge and rainfall

• Nonstorm grab (NO3, NH3, PO4, TSS, FC)

• Flow-proportional storm composite (NO3, 
NH3, PO4, TSS, FC)



QA/QC

• Sampler Blank- 23 & <2 mpn/100 ml

• Duplicate Sample- both 330 mpn/100 ml



STORM SAMPLES

5930.020.070.125811EMC4

11520.020.050.05777EMC2

12710.050.050.04218EMC1

mpn/100 mlmg/Lmg/Lmg/Lmg/Lntu

FCaPO4NO3NH4TSSTurb

a Geometric mean
Note: 71-96 storms between 9/99 and 2/04



EXPORT (9/99-2/04)

118,9000.250.671.422351165EMC4

193,3000.190.570.39259836EMC2

76,9000.250.420.2970531EMC1

Mill mpn/ha-yr-------- kg/ha-yr -------mm/yr

FCPO4NO3NH4TSSQ



STORM LOAD’S % of TOTAL

%%%%%%

384535528238EMC4

735129385845EMC2

907227438463EMC1

FCPO4NO3NH4TSSQ



SEASONAL LOAD

11,610913371125705,770EMC4

139,460425710435788,380Mar-Nov

896,6707062,243135094230,470Mar-Nov

374,6006941803360063518,140Mar-Nov

53,60027964184338214,790EMC2

15,3401082512631314,450EMC1

Mill mpn/ha-wkkg/wk   ------ g/week  -----m3/wk

FCPO4NO3NH4TSSQ



Pettiford Creek



Monitoring site

Public road

Croatan National Forest







PHYSICAL CHARACTERISTICS

• Hydrology
– Relatively little surface runoff

– High water table, swampy

• Drainage
– Ditched, not extensively (forest operations)

• Topography
– Flat (slopes <1%)



STORM SAMPLES

1152a0.020.050.05777EMC2

191a0.040.010.0541.5PC

mpn/100 mlmg/Lmg/Lmg/Lmg/Lntu

FCPO4NO3NH4TSSTurb

a Geometric mean of 38 and 73 samples



PC EXPORT (10/02-2/04)

193,3000.190.570.39259836EMC2

18,1000.260.030.179653PC

Mill mpn/ha-yr------ kg/ha-yr -----mm/yr

FCPO4NO3NH4TSSQ



Seasonal Loads at PC

mill mpn/wk-------- g/wk -------kg/wkm3/wk

575,70057208564253262149100Mar-Nov

896,6707062,243135094230,470Mar-Nov

53,60027964184338214,790EMC2

81,0705330297274358127900PC

FCPO4NO3NH4TSSQ



Open Grounds Farm Ditch
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PHYSICAL CHARACTERISTICS

• Hydrology
– Permeable soils relatively little surface runoff

– Soil/Crop effects

• Drainage
– Ditched extensively, controlled drainage 

• Topography
– Flat (slopes <1%) 



STORM SAMPLES

7840.280.290.094412OPG

11520.020.050.05777EMC2

1910.040.010.0541.5PC

mpn/100 mlmg/Lmg/Lmg/Lmg/Lntu

FCaPO4NO3NH4TSSTurb

a Geometric mean



EXPORT

193,3000.190.570.39259836EMC2

18,1000.260.030.179653PC

33,3141.091.410.24231536OPG

Mill mpn/ha-yr-------- kg/ha-yr --------mm/yr

FCPO4NO3NH4TSSQ



STORM %

%%%%%%

735129385845EMC2

662232454925PC

798172958480OPG

FCPO4NO3NH4TSSQSite



Seasonal Loads

Mill mpn/wk---------- g/week ----------m3/wk

187,50057807959140028,300OPG

158,70052706714107026,000Mar-Nov

575,7005720856262149,100Mar-Nov

896,6707062,24394230,470Mar-Nov

53,60027964138214,790EMC2

81,070533029758127,900PC

FCPO4NO3TSSQ



SUMMARY

Bacteria Sources
• Low Dens Residential > Cropland > Forest

Storm vs Nonstorm
• Most (>66%) FC moves during storm events

Seasonal Effect
• Export greater during Mar-Nov for PC & 

EMC2, but not OPG 



Future Work

• Swine Waste Application on Cattle Pasture

• Bacteria Source Tracking testing at all sites
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