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Introduction and Background 
 
Lowndes County covers 511 square miles (327,040 acres) in south-central Georgia.  It is 

bordered by Florida to the South, Brooks County to the West, Echols and Clinch 

Counties to the East and Cook and Berrien Counties to the North.  The Little River makes 

up the northwestern boundary of Lowndes County then joins with the Withlacoochee 

River, which flows from the northeast through the center of Lowndes County, to form the 

southwestern boundary of the county.  The Alapaha River forms part of Lowndes 

County’s eastern boundary.  The Withlacoochee River and Little River as well as two 

smaller streams, Bevel Creek and Franks Creek, are included in the Lowndes County 

Watershed Assessment Project.  Franks Creek discharges into Little River and Bevel 

Creek discharges into the Withlacoochee River in north-central Florida.  Lowndes 

County spans three major watersheds, the center portion of the Withlacoochee River 

watershed (1510.74 mi2), the southwest portion of the Alapaha River watershed (1815.56 

mi2) and the southeast portion of the Little River watershed (881 mi2) (See Appendix II, 

Figure 2-1).  The watersheds modeled for the Lowndes County Watershed Assessment 

are sub-watersheds of the Withlacoochee and Little River watersheds. (See Appendix II, 

Figures 2-2 & 2-3).  Figures 2-4 through 2-7 in Appendix II show water and wastewater 

service areas as well as general soils for the Lowndes County Area. 

 

Lowndes County, Georgia operates one wastewater treatment facility (WWTF), the South 

Lowndes Regional Wastewater Treatment Facility located in Southern Lowndes County 

near Big Grassy Pond (See Appendix II, Figure 2-8).  The facility incorporates a 

facultative lagoon (a lagoon or treatment pond with an aerobic upper section and an 
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anaerobic bottom section so that both aerobic and anaerobic biological processes can 

occur simultaneously) for wastewater treatment and a land application system. The 

wastewater is applied in two spray fields adjacent to the facultative lagoon (See 

Appendix II, Figure 2-9).  Currently, the South Lowndes Regional Wastewater Treatment 

Facility holds an NPDES (National Pollutant Discharge Elimination System) Permit for 

0.5 million gallons per day (mgd) discharge.  The county is seeking to increase the 

discharge of the South Lowndes Regional Wastewater Treatment Facility to 2.0 mgd, 

which will require a new NPDES Permit.  The State of Georgia's Environmental 

Protection Division (GAEPD) requires a comprehensive watershed assessment for the 

Lowndes County area in order to obtain the permits necessary to begin the expansion of 

the WWTF and land application site.  Lowndes County chose The University of 

Georgia's Watershed Group and Carter & Sloope, Inc. to conduct the watershed 

assessment.  The watershed assessment will determine the current health of Lowndes 

County's waterways and will help predict health of streams and rivers after expansion of 

the County's wastewater treatment facilities.  Based on the findings of the watershed 

assessment, the GAEPD will be able to make a decision on whether or not the county will 

receive permits for the expansion of their wastewater treatment facility and land 

application system.  See Appendix I for the GAEPD’s watershed assessment criteria and 

background information for Lowndes County.   

 

Watershed assessment, simply defined, is the use of chemical, physical, and biological 

indicators to assess the current health of a watershed.  Also included in watershed 

assessment are predicting future watershed conditions and suggesting management 
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practices that will maintain and improve the health of the watershed.  While this 

definition may seem straightforward, the actual process of assessing a watershed is very 

complex.  Lowndes County’s watershed assessment required the collaboration of the 

State of Georgia Environmental Protection Division, Lowndes County, several State and 

Federal Agencies (Farm Services Agency, Natural Resource Conservation Service, 

Cooperative Extension Service), the USGS Patuxent Wildlife Research Center, Carter & 

Sloope, Inc. and the University of Georgia’s Watershed Group.  Each organization 

involved in the Lowndes County watershed assessment had a key role in the completion 

of the project.  Mark Gatlin, of Carter & Sloope, Inc. consulted on the project and 

provided management for the watershed assessment in Lowndes County, GA.  The USGS 

Patuxent Wildlife Research Center in Athens, GA played an important role in the 

beginning of the watershed assessment conducted in Lowndes County by performing 

biological and habitat assessments on all streams associated with watersheds in the 

Lowndes County area.  The NRCS, FSA and the Cooperative Extension Service in 

Lowndes County were helpful in obtaining information on crops, tillage, and pesticide 

application throughout the county and the County Manager, Mr. Brad Arnold, served as 

an administrative contact for the Watershed Group.  The University of Georgia’s 

Watershed Group had the most involved role in Lowndes County’s watershed 

assessment.  The group was charged with water quality monitoring, data collection, 

watershed modeling, public education, interpretation of test and model results, and 

developing a management plan to ensure the streams of Lowndes County will not be 

adversely affected by development. 
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Characterization and Monitoring  

The first step in accurately characterizing the streams in Lowndes County was to choose 

sites for biological and habitat assessment as well as water quality sampling.  Sites were 

determined based on their location to significant stream confluences, wastewater 

treatment facilities, and other key stream junctions. 

 

Refer to Appendix II, Figure 2-10 and Table 2-1 for Lowndes County sampling site 

details. 

• Withlacoochee River 1 – bioassessment and water quality – downstream Sheriff’s 
Boys Ranch Sewage Disposal Pond NPDES permitted discharge 

 
• Withlacoochee River 2 – bioassessment and water quality – downstream Moody 

Air Force Base NPDES permitted discharge 
 

• Withlacoochee River 3 – bioassessment and water quality – upstream of the 
limestone sinks and the confluence with Cherry Creek  

 
• Withlacoochee River 4 – bioassessment and water quality – downstream of the 

limestone sinks and the confluence with Cherry Creek  
 

• Bevel Creek 1– bioassessment and water quality – downstream from Browns 
Pond and Paradise Fish Camp 

 
• Bevel Creek 2 – bioassessment and water quality – upstream of Cypress Lake, 

wooded area with some pasture and residential areas 
 

• Bevel Creek 3 – water quality – downstream of Cypress Lake and upstream of 
Tenneco’s NPDES permitted discharge 

 
• Franks Creek 1 – water quality – downstream of Hahira LAS NPDES permitted 

discharge 
 

• Franks Creek 2 – water quality – above confluence with Little River 
 

• Little River 1 – bioassessment and water quality – reference site 
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After the representative sites were selected, investigators began examining the streams 

associated with the Lowndes County watershed assessment.  Characterization began with 

the biological and habitat assessments.  As mentioned in the introduction, a team from the 

USGS Patuxent Wildlife Research Center in Athens, GA performed these assessments 

using the USEPA’s Rapid Bioassessment Protocols as a guide.  Dr. Parley Winger, Dr. 

Peter Lasier, and Kurt Bogenrieder began extensive examination of the selected 

biological and habitat assessment sampling sites in October 1999.  They evaluated 

physical and chemical parameters at each site and identified fish and benthic 

macroinvertebrate (aquatic insect) populations.  According to the results of the biological 

and habitat assessments, “the sites evaluated in this bioassessment of Lowndes County 

streams were categorized as nonimpaired” (Winger, P, et.al).  The term “nonimpaired” 

was determined by a ratio between the total RBP score for each site (habitat score + 

benthos score + fish score) and the total RBP score for the Little River reference site.  If 

the ratio was above 70%, the stream site was determined to be nonimpaired.  The 

biological and habitat assessment also stated that, “differences among sites were minimal 

and the variability probably represented more of a reflection of flows and basic habitat 

type (glide/pool – riffle/run) than biological differences.  The overall biological integrity 

of the aquatic systems included in these assessments may have been negatively impacted 

by the below normal flows” due to drought conditions throughout the State of Georgia 

(Winger, P, et.al).  A complete version of the Lowndes County biological and habitat 

assessment can be found in Appendix III of this document. 
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After completion of the biological and habitat assessments, a team from the UGA 

Watershed Group began the collection of water quality samples.  The stream sites were 

sampled every three to five weeks to get representative samples from each stream.  

Regular sampling events began on January 27, 2000 and ended on June 8, 2000.  This 

time span allowed for six different sampling events.  Unfortunately, due to drought 

conditions, a storm event was not sampled for Lowndes County.  This impacted the 

modeling process by making it necessary to estimate which pollutants would contribute 

to storm event runoff. 

 

The team from UGA measured several in-situ water quality parameters (dissolved 

oxygen, conductivity, turbidity, water temperature, and pH) using a multi-parameter 

meter.  All in-situ data, other pertinent information about the sampling site, weather, and 

possible equipment inaccuracies were recorded in a field notebook.  The team also 

collected samples for laboratory analysis.  For each sampling event, a one-liter bottle and 

two sterile whirl packs were used for accurate sample testing.  The sampling team used 

protocol outlined in Standard Methods for the Examination of Water and Wastewater for 

collecting and transporting stream samples.  See Appendix IV for detailed techniques and 

protocol for water quality sampling as well as specifications on sampling equipment. 

 

The University of Georgia’s Department of Biological and Agricultural Engineering 

Environmental Water Quality Laboratory performed the majority of water quality testing 

for the Lowndes County watershed assessment.  The lab tested for BOD (Biochemical 

Oxygen Demand), COD (Chemical Oxygen Demand), TSS (Total Suspended Solids), 
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ammonia, phosphorus, nitrate-nitrite and fecal coliform in keeping with standard testing 

procedures (Appendix V).  According to the document “List of Waters 2000” edition 

which lists impaired waters, Lowndes County has two waterways, Franks Creek and 

sections of the Withlacoochee River, partially supporting their designated uses, fishing 

(GAEPD, 2000).  The nine-mile reach of Franks Creek within the Lowndes County study 

area violates dissolved oxygen and fecal coliform criteria due to nonpoint source 

pollution.  The upper and lower reaches of the Withlacoochee River (from Cook and 

Berrien Counties to Bay Branch) violate fish consumption guidelines due to naturally 

occurring mercury.  The middle reach, from Bay Branch to the confluence with Little 

River, violates fecal coliform (due to nonpoint sources) and fish consumption guidelines 

criteria.  Because of these violations, close attention was paid to the findings of the 

laboratory testing for dissolved oxygen (Franks Creek) and fecal coliform (Franks Creek 

and the Withlacoochee River).  The fish consumption guidelines violations in Franks 

Creek and the Withlacoochee River are caused by naturally occurring mercury and do not 

violate any standard criteria.    In August of 1999 streams in the Withlacoochee River 

were tested for pesticides since several derivatives of DDT were listed as contaminants in 

the Withlacoochee River in the 1996-1997 “Water Quality in Georgia”.  The Agricultural 

and Environmental Services Laboratories Pesticide and Hazardous Waste Laboratory in 

Athens, GA performed the tests and, according to the results of the pesticide analysis, 

pesticides in the Withlacoochee River and the other streams were not detectable.  Please 

see Appendix VI for detailed results of the pesticide testing.    The College of 

Agricultural and Environmental Sciences Soil, Plant, and Water Laboratory in Athens, 

GA performed metals analysis on the stream samples.  Representative samples were 
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taken from study sites and analyzed for lead, zinc, cadmium, and copper.  Levels of zinc 

and copper were negligible and, for the most part, were below the acute criteria limit 

(Bevel Creek 3 had slightly high copper for one sampling event). Levels of lead were 

well below the EPA’s maximum level of 15 ppb.  The only metal that caused some 

concern was Cadmium.  At the parts per million sensitivity level, Cadmium was slightly 

high in all streams, about 0.0003 ppm above allowable levels.  The Cadmium samples 

were reevaluated at a more sensitive level (parts per billion) to determine if Cadmium 

levels were actually too high.  Test results showed the levels of Cadmium to be well 

below the allowable level established by the GAEPD.  Laboratory test results and 

detailed metals analysis results as well as in-situ water quality measurements and 

previous (existing) water quality data can be found in Appendix VI of this document. 

 

Modeling 

Lowndes County was modeled to predict the effects of growth and development on 

receiving water quality in the county.  The model selected for the Lowndes County 

Project, Soil and Water Assessment Tool (SWAT), was developed for the USDA-ARS 

(United States Department of Agriculture - Agricultural Research Service) at the 

Blacklands Research Center in Temple, Texas.  SWAT is a continuous-simulation model 

capable of predicting the influence of land management practices on water, sediment, and 

agricultural chemical yields in large watersheds with various soils, land uses, and 

management conditions.  The model requires information about soils, weather, 

vegetation, topography, and land management practices within a watershed.  With these 

inputs, SWAT can model physical processes associated with water movement, sediment 
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movement, nutrient cycling, etc.  SWAT incorporates in-stream nutrient water quality 

equations from QUAL2E (Enhanced Stream Water Quality Model) as well as urban build 

up/wash off (runoff) equations from SWMM (Storm Water Management Model).  See 

Appendix VII for more detail on SWAT. 

 

Once the model was selected, the Watershed Group began extensive data collection.  

Lowndes County provided the UGA Watershed Assessment Team with several data sets, 

including soils information, land use, and water use, which are required for SWAT to 

accurately model the watersheds.    The Watershed Group obtained Digital Orthophoto 

Quarter Quadrangles (aerial photography in digital form), Digital Elevation Models, and 

Digital Raster Graphics (digital topographic maps of the DOQQ’s), which gave a good 

idea of the land use and the general topography.  Weather and climate data were obtained 

from CIRRUS (Climate Interactive Rapid Retrieval Users System), which is maintained 

by the Southeast Regional Climate Center, based at the South Carolina Department of 

Natural Resources and from USGS gauging stations in the Valdosta area.  Land 

management, including pesticide application, irrigation, and best management practice 

information was gathered from the Farm Service Agency and the Natural Resources 

Conservation Service in Lowndes County.  Hydrography data was obtained from the 

South Georgia Regional Development Center (SGRDC) and soils data came from the 

USDA-NRCS soil survey for Lowndes County.  Existing water quality data (from point 

source pollution) were acquired from the Water Discharge Permits Query Form on the 

U.S. Environmental Protection Agency’s website, which affords water quality data from 

NPDES permitted facilities and through various water quality studies of the Lowndes 
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County area.  All other data required by the SWAT model were collected in the field and 

analyzed in the laboratories mentioned in the Characterization and Monitoring section. 

 

The Withlacoochee River and Little River basins were modeled in order to predict the 

effects of growth in Lowndes County.  Each large basin was divided into smaller sub-

watersheds, which allowed for even more accurate modeling.  The growth area was 

determined based on creating a 1000m buffer around the proposed and existing sewer 

service lines.  Each large basin located within the growth area was modeled for three 

scenarios.  The first scenario was based on current conditions of the watersheds.  The 

second and third scenarios were based on development from a low to medium density 

residential and from light to medium industrial/commercial.  The period between 1995 

and 2000 was used to compare the three scenarios using the SWAT model.  The results, 

from the large basins, showed relatively little change in pollutant loading between the 

baseline scenario and the development scenarios at the watershed level.  See Tables 1 & 2 

in Appendix VII for a description and results for each modeling scenario. To more 

accurately predict potential pollutant loadings, data from selected sub-watersheds were 

compared.  These sub-watersheds were also part of the growth corridor shown on page 7-

10 of Appendix VII.  More information on the land use of these sub-watersheds and their 

output loadings are outlined in Appendix VII.  Potential pollutants and parameters that 

were modeled included flow, sediment, soluble phosphorus, organic phosphorus, nitrate, 

ammonium, organic nitrogen, bacteria, metals, carbonaceous biochemical oxygen 

demand, and dissolved oxygen.  These outputs are in average daily cubic meter per 

second (flow), count/hectare (bacteria), and kilogram/hectare for all other parameters. 
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The output data generated by SWAT (in concentration format) showed that because flow 

rates increased as loads increased, the effects of the pollutant loads on the streams was 

dampened.  A complete summary of the results for each sub-watershed as well as the 

entire SWAT modeling report can be found in Appendix VII.   

 

During the time of this project, the makers of the SWAT model developed an updated, 

more robust version, SWAT 2000.  The SWAT 2000 model made many improvements to 

the existing model including debugging code, correcting errors in equations, and solving 

problems with the QUAL2E (water quality) interface. The Lowndes County simulations 

can be run in the future using SWAT 2000 for even more accurate and reliable results.   

 

Interpretation and Management 

From the results of the characterization and modeling studies, and discussions with 

county officials, the Watershed Team was able to suggest a management plan to protect 

Lowndes County’s watersheds.  There are three main goals to a Watershed Assessment 

Management Plan:  1.  Maintain the current conditions and ensure future watershed 

health by implementing a comprehensive storm water management plan, 2.  Set up a long 

term monitoring program to assess the success of the management practices and identify 

areas where additional efforts might be needed, 3.  Incorporate public education and 

involvement.  Initially, the Watershed Team provided Lowndes County with general 

guidelines that were designed to help the County develop a management plan suitable for 

their needs.  Please see Appendix VIII for general management recommendations. From 
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these recommendations and additional support from the Watershed Group, Lowndes 

County should be able to successfully manage their watersheds. 

 

Public Education and Involvement 

Public education and involvement in the Lowndes County watershed assessment is very 

important to Carter & Sloope, Inc and The University of Georgia Watershed Group.  To 

increase public awareness, Carter & Sloope, Inc and The University of Georgia 

conducted a public meeting on February 1, 2000 at 7:00 pm in Nevins Hall on the VSU 

Campus.  The primary objective of the meeting was to give the public a working 

definition of watershed assessment, to give them an idea of what will be going on 

regarding the Lowndes County watershed assessment in the months to come, and to field 

any questions the public might have.  The meeting was advertised in the local newspaper, 

The Valdosta Daily News, for two weeks prior to the meeting.  The meeting was well 

attended by many different groups including representatives from Lowndes County 

Utility and Solid Waste Management, Lowndes County Board of Commissioners, Keep 

Lowndes/Valdosta Beautiful, Adopt-A-Stream, Valdosta State University student 

environmental groups as well as concerned citizens.  After the initial public meeting, a 

series of one on one meetings occurred between members of the Watershed Assessment 

Team and the Lowndes County Manager, Brad Arnold.  These meetings were 

opportunities for the Watershed Assessment Team to update the County on the status of 

the watershed assessment and to hear any concerns raised by any of Lowndes County’s 

citizens.  In late January 2001, the Watershed Team presented final water quality and 

biological assessment results as well as preliminary modeling results and a general 
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management plan to the Lowndes County Planning Commission.  A website was 

developed to keep the public updated on the progress of the watershed assessment.  The 

website addresses basic watershed assessment concepts, including background 

information, model information, interpretation of results and best management practices 

that will help protect the watersheds associated with Lowndes County, Georgia.   

The implementation of the management plan will call for increased public education and 

involvement.  Citizens will be encouraged to participate in a number of watershed related 

activities.   Among these activities are volunteering for river and stream clean up projects 

conducting water quality and biological sampling, and gathering information for future 

watershed modeling. 
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NPDES Permitted Facilities    
     
     
  Facility Name Address   
        
1 Moody Air Force Base 347th CES/CC  Moody Air Force Base  31699-1707   
2 Hahira LAS 102 S. Church Street  Hahira, GA  31632   
3 Lowndes County South Near Big Grassy Pond   
4 Georgia Sheriff's Boy's Ranch Boys Ranch Road  Hahira, GA  31632   
5 Hamilton Pointe 2400 Bemiss Road  Valdosta, GA  31603   
6 Tennenco Packaging Near Clyattville, GA   
     
     
     

Hazardous Waste Sites  
(Includes generators, transporters, treaters, storers and disposers of hazardous waste) 
     
     
  Facility Name Address   
        
1 Hahira Service Center I-75 Hahira Exit  Hahira, GA  31632   
2 Carlton Company 2966 Highway 84 West  Valdosta, GA  31601   
3 John T Friis Company 110 S. East Street  Lake Park, GA  31636   
4 Roadway Express 6470 Bellville Road  Lake Park, GA  31636   
5 Tomlinson Paint & Body 516 S. Church Street  Hahira, GA  31632   
6 Griffin Corporation 2509 Rocky Ford Road  Valdosta, GA  31603   
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Average Monthly Precipitation - Lowndes County, GA (1988-
1998) 
 

      
           

            
Month Year 

  1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
January        4.0300 0.4935 2.7226 13.9260 8.7167 7.8097 6.6333 6.7452 2.3355 6.4042 3.3065
February            6.5800 2.4679 4.0750 1.5786 4.4103 2.2143 3.1552 3.3640 1.0793 4.0964 6.6964

March 4.2839           3.8355 2.3774 6.2613 3.9138 5.7935 8.0935 2.3548 13.7840 0.6645 4.4258
April        no data 2.5400 0.7900 2.6700 0.9733 0.0000 2.4967 3.2267 2.5967 4.6467 7.8767
May            1.8258 1.4452 2.2097 4.2613 3.3774 0.7065 0.6903 2.1065 1.0806 4.2323 2.0700
June            1.2833 6.9367 0.8233 5.5633 5.4867 5.4800 10.7400 2.7167 0.8967 7.6767 2.7267
July            2.8368 4.0097 3.5290 7.4645 6.0323 5.2903 5.1097 4.4742 4.3613 1.1516 2.9390

August        10.1390 3.6258 2.0903 4.9581 4.9323 2.6032 6.7321 4.8375 6.5231 3.3516   
September             7.6833 2.6767 0.8333 2.2033 0.5433 2.6433 3.2333 1.7100 3.8633 2.4200

October 1.3613            1.3452 3.4323 0.8516 3.4419 5.2129 11.9130 4.0645 4.5226 7.7903
November             2.6000 0.7967 0.7700 0.0000 4.8933 2.5800 1.2267 1.1933 0.3300 6.6733
December             0.8710 4.3903 2.4194 2.5467 1.3900 2.4935 4.6387 1.8710 1.8613 1.5000

            
            

om:            Fr
CIRRUS (Climate Interactive Rapid Retrieval Users System) from the Southeast     
Regional Climate Center based at the South Carolina Department of Natural Resources     
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Figure 2-2.  Basins Simulated 
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Figure 2-3. Subbasins Simulated 
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Figure 2-7.  General Soils 
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Table 2-1.  Water Quality and Bioassessment Sites 
 

  Water Quality and Bioassessment Sites   
      
  Withlacoochee 1 GA Hwy 122, E of intersection with Skipper Bridge Road 
  Withlacoochee 2 McMillan/Skipper Bridge Road 
  Withlacoochee 3 River Chase Road, cul-de-sac 
  Withlacoochee 4 Langdale Park 
  Bevel Creek 1 Loch Laurel Road / Paradise Fish Camp 
  Bevel Creek 2 Lake Park Road, W of intersection with Loch Laurel Road 
  Bevel Creek 3 Cypress Lake Trail 
  Franks Creek 1 Old Valdosta Road 
  Franks Creek 2 Shiloh Road 
  Little River 1 - ref. GA Hwy 122 
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Abstract 
 
 Using the Rapid Bioassessment Protocols (RBP), bioassessments were conducted at a 
reference site on Little River and 6 stations on the Withlacoochee River and a tributary stream in 
Lowndes County, GA during October 1999.  The assessments included an evaluation of habitat 
at each site, as well as benthic macroinvertebrate populations and fish populations.  The streams 
and rivers were considered soft-water systems (specific conductance <200 microsiemens per 
centimeter (µS/cm) and hardness < 40 milligrams per liter (mg/L) as CaCO3) with little buffering 
capacity (alkalinity < 50 milligrams per liter (mg/L) as CaCO3).  Stream temperatures were 
higher in Bevel Creek (~25 ECelcius (C)) than those in the Withlacoochee and Little Rivers (15 - 
17 EC).  Discharge was highest at Station 4 on the Withlachoochee River.  Discharge at the 
lower stations on the Withlacoochee River was influenced by the loss of water into sinkholes.  
Bottom substrates were dominated primarily by sand.  Streambanks showed little erosion and 
were generally heavily vegetated.  Habitat integrity based on Total RBP scores was similar 
among sites and generally exceeded that of the reference station.  About 110 benthic taxa were 
identified in the samples collected during the bioassessment of the streams.  Most were collectors 
and intermediate to moderate in their tolerance to pollution.  The benthic assemblages were 
dominated by Odonata and Diptera (Chironomidae).   Only one site, Station 6 (Withlacoochee 
River at Langdale Park), was rated as slightly impaired; the other stations were nonimpaired.    
Thirty-eight fish species were collected.  The highest number of species was from the 
Centrarchidae family.  Most fish species were categorized as intermediate in tolerance to 
pollution.  Based on Total RBP scores, fish populations were impaired at all sites except Station 
3; Station 1 was moderately impaired and the others were slightly impaired.   The overall rating 
of the biological integrity based on the combined RBP scores from the three matrices categorized 
all sites as nonimpaired.  Although rated as unimpaired, Station 6 had the lowest overall rating 
(74).  This  was attributed to the lack of flow and stagnant conditions caused by the complete 
loss (sink holes) of water from the river.  Overall, streams/river evaluated in Lowndes County 
were of good quality, although negatively influenced by low flow conditions.   
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Introduction 

 The quality of stream habitat is dependent upon the integrity of the physical, chemical 

and biological components of the system.  Degradation in any one of these results in degraded 

stream quality.   Physical features, such as substrate stability, suitable stream flow and 

sedimentation, can have a profound effect on the habitat quality.  Similarly, chemical 

characteristics are also integral to the basic quality of the habitat; lack of dissolved oxygen, 

elevated stream temperatures, or presence of agricultural and industrial chemicals can 

significantly reduce habitat quality.  Although biological assemblages generally reflect the 

suitability of the physical and chemical components, adverse biological conditions, such as 

exotic species, infections and out of balance populations, can also influence biological 

communities.  Field evaluations used to establish the biological integrity of streams should 

incorporate assessments of the biological, chemical and physical components. 

 Using an integrated approach, the Rapid Bioassessment Protocol (RBP) incorporates the 

biological, chemical and physical components in a systematic field evaluation of stream integrity  

(Plafkin et al.  1989; Barbour et al.  1999).   This holistic evaluation provides information on 

each of the components, which can be combined to express an overall assessment.  This “weight 

of evidence” approach provides a more robust assessment than would be possible using only one 

of the environmental components.   

 

Methods and Materials 

Study Sites

 Seven sites in Lowndes County, GA were included in this evaluation: 2 on Bevel Creek, 

4 on the Withlacoochee River and 1 reference site on Little River.   
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 Station 1 was Bevel Creek 1 (upstream) located at the crossing on Loch Laurel Road, 

downstream from the Brown’s Pond outlet.   The stream in this area was pond like (mostly pool 

with no stable substratum) with emergent vegetation (e.g., pickerelweed, Pontederia lanceolata 

and spatterdock, Nuphar luteum) and heavily vegetated stream banks (cattail, Typha sp. and 

elephant-ear, Colocasia esculentum).   

 Station 2 on Bevel Creek 2 (downstream) was at the road crossing on Lakes Boulevard 

(west) off of I-75 at Exit 5.  This site was more stream like than the upstream station and it had a 

sandy bottom and a small amount of gravel.  There were rocks in the channel associated with the 

bridge.   

 Station 3 was the most upstream site on the Withlacoochee River (1) and was located at 

the road crossing of Highway 122.   This was a very scenic area.  The river channel had 

numerous log snags, sandy substratum and a diverse channel morphology (bends and alternating 

shallow/deep areas).   

 Station 4 was on the Withlacoochee River (2) at the crossing with McMillan Road.  This 

site had high, steep banks with little vegetation.  However, the over-bank areas were heavily 

vegetated.  The substratum was primarily sand. 

 Station 5 on the Withlacoochee River (3) was accessed through the River Chase 

Subdivision off Val Del Road at the Lefife residence (3561 River Chase).  This was a very 

picturesque area with high, fairly steep banks, large trees (many large cypress) lining the banks 

and pooled, slow-moving water.  The sampling area was upstream of a karst formation that 

caused pooling for a long distance upstream.  The sinkholes (where all the river water 

disappeared into the ground at several locations) were located approximately 500 meters 

downstream from this karst formation.   
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 Station 6 was on the Withlacoochee River (4) at the boat ramp at Langdale Park off North 

Valdosta Road.  The water was pooled at this site and there was essentially no flow.  This very 

pretty area had numerous large trees, especially on the far (west) bank (the side not used by the 

park visitors).  

  

Station 7 was the reference site on Little River located upstream of the Highway 122 road 

crossing.  This attractive area had a large number of logs and snags in the river channel.  The 

substratum was mostly sand and the depth varied from shallow to deep, giving the appearance of 

riffles in a couple areas.  The banks were high and steep and may be erodible during high flows.  

 

Field and Laboratory Procedures

 The sampling area at each site was generally 100 meters (m) in length.  At each site, a 

500-milliliter (mL) water sample was collected for measurement in the laboratory of alkalinity 

and hardness by titration.  Temperature, pH, dissolved oxygen, and specific conductance were 

measured in the field using the appropriate meters and electrodes.  The physical characteristics 

associated with the stream and stream bank were tabulated on site, as well as a general 

description of adjacent land usage.  Measurements in the stream included average width, depth 

and velocity, which were used to calculate discharge.  Metrics used to categorize the habitat 

quality at each site were rated and used to calculate the Rapid Bioassessment Protocol (RBP) 

score and included substratum type and stability, channel morphology, and stream bank stability.   

 Benthic macroinvertebrate populations were sampled from all available habitats using an 

aquatic kick net.  Kick samples were transferred into white plastic trays and sorted in the field.  

Three samples were collected at each site; each consisted of about 100 individuals that 

represented a cross section of the animals present.  These samples were preserved and taken to 
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the laboratory for identification and enumeration.  In the laboratory, each sample was randomly 

distributed in a white plastic tray by shaking and swirling, and a Sequential Comparison Index 

(SCI) was tabulated following the procedures described by Cairns et al. (1968) and Cairns and 

Dickson (1971).  The animals were identified to genera using the following taxonomic keys:  

Sinclair (1964), Brigham et al. (1982), Pennak (1978), Parrish (1975), Edmunds et al. (1976), 

Wiggins (1977), Wiederholm (1983), Klemm (1995), Epler (1995, 1996).   The numbers for each 

organism from the three samples were combined to form one sample that was used to calculate 

percent abundance and the Shannon-Weaver diversity index (Poole 1974) and other metrics for 

the RBP scores.  Tolerance to pollution and feeding habitats were determined using Merritt and 

Cummins (1978), Klemm et al. (1990) and Barbour et al. (1999).  The metrics used to compare 

benthic assemblages among sites and to calculate the RBP score included: number of taxa, 

Sequential Comparison Index, Shannon-Weaver diversity index, equitability, total number of 

taxa represented by Ephemeroptera, Plecoptera and Trichoptera (EPT), the total abundance of 

Ephemeroptera, Plecoptera and Trichoptera/ the number of Chironomidae (EPT/C ratio), 

Hilsenhoff Biotic Index (HBI), percent contribution of the three dominant taxa, and the 

Community Similarity Index (Plafkin et al.  1989). 

 Fish were collected at each site using either a backpack or boat Smith-Root electrofisher.  

The backpack unit was used if the stream/river was wadeable, but if the water was too deep to 

wade, the boat electrofisher was used.  Fish were identified to species, counted, weighed and 

returned to the stream/river unless laboratory verification was needed.  Identification in the 

laboratory was aided by Eddy (1957) and Rohde et al.  (1994).  Approximately 100 m of 

stream/river were electrofished, but this varied with stream reach.  At stations where the full 100-

m section could not be electrofished, numbers of fish collected per unit distance were 

extrapolated  to a 100-m stream length for comparative purposes.   
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 Fish data were evaluated similarly to those of benthos.  Metrics used for comparisons and 

RBP scores were: number of taxa, number collected, weight of fish collected, Shannon-Weaver 

diversity index, equitability, number of Centrarchidae, number of Cyprinidae, number of 

insectivores, number of piscivores, percent contribution of the three dominant taxa and 

Community Similarity Index.  Pollution tolerance and feeding guild were assigned based on 

Barbour et al. (1999).   

 Metrics for habitat, benthos and fish from each site were compared (normalized) to the 

reference site by dividing the metric value from the study area by that metric from the reference 

station (Station 7) on Little River.  The percentages derived from these comparisons were rated 

on a scale from 0 to 6, and the sum of these scores represented the RBP score for that station for 

the respective matrix (habitat, benthos, fish).    

 

Results and Discussion 

 Although Bevel Creek (Stations 1 and 2) was substantially smaller than the sites on the 

Withlacoochee and Little Rivers, discharge was higher, except for Station 4 on the 

Withlacoochee River.   The flow-pattern characteristics at each site were primarily the glide/pool 

type and consisted of pooled, slow moving water.  The overall low-flow conditions were a 

reflection not only of the season of the year that the assessments were conducted, but also the 

severity of the drought.  Lower than normal flow probably had an over-riding negative influence 

on the integrity of the rivers and streams included in this assessment.  

 The streams and rivers were characterized as soft-water systems with low hardness and 

ionic strength.   Hardness of the water at all sites was less than 40 mg/L as CaCO3 and specific 

conductance ranged from a low of around 40 µS/cm in Bevel Creek to 100 - 200 µS/cm at the 

river sites (Tables 1 and 2).  The pH at all sites was within acceptable limits and ranged from 5 to 
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6 in Bevel Creek and averaged about 7 for the river stations.  The buffering capacity (alkalinity) 

of these systems was on the low end with concentrations around 16 mg/L as CaCO3 in Bevel 

Creek and around 40 mg/L in the Withlachoochee and Little Rivers.  Water at all the sites had 

the characteristic tannic color of black-water systems that is generally indicative of elevated 

concentrations of dissolved organic carbon.  Dissolved oxygen was noticeably low at Station 1 

on Bevel Creek downstream of the lake and in the Withlachoochee River at Langdale Park 

(Station 6).  The amount of aquatic vegetation in the lake and in the outfall from the lake and the 

associated organic matter probably contributed to the low dissolved oxygen (DO) at Station 1.  

The stagnant conditions at Station 6 reflected the absence of flow (downstream of where the 

river water went underground), which may be responsible for the low D.O.  

 The stream banks at each site were generally stable and lined with woody vegetation that 

provided considerable shading and cover to the channel.  Sand was the predominant substratum 

at all sites, with the exception of the upstream site (Station 1) on Bevel Creek.  Bottom 

substratum at this site was primarily mud and silt, which probably originated from the upstream 

lake.  Woody debris (snags, roots, logs) was common at the river sites, but was absent from the 

Bevel Creek sites.  Conversely, aquatic vegetation was common at the Bevel Creek sites and 

generally sparse at the river sites.   

 The overall Total Habitat Scores were fairly uniform across all sites with values ranging 

from a low of 171 at Station 5 (Withlachoochee River at River Chase) to a high of 205 at Station 

7, the reference site on Little River (Tables 1 and 2).  The scarcity of riffles was the main factor 

causing the somewhat lower habitat scores at most of the sites. 

 Over 110 benthic macroinvertebrate taxa were collected at the 7 study sites in the 

streams/rivers included in the Lowndes County assessment (Table 3).  The majority of the taxa 

occurring in these systems were classified as intermediate in their tolerance to pollution (Barbour 
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et al. 1999), which may be typical for the benthic organisms that would inhabit these type of 

sandy, warm-water stream systems.  The majority of the benthic organisms collected at each site 

were classified as some type of collector.  Benthic animals in this category generally rely on 

allochthonous detritus (organic matter, such as leaves, produced outside of the stream/river).  

There were also a number of predators such as Heteroptera and Odonata.  About a third (35) of 

the taxa collected were found at only one station.  Four taxa (Oligochaeta, Caenis, Ischnura, 

Polypedilum) were collected at all sites, and an additional 6 taxa (Ferrisa, Hydracarina, 

Palaemonetes, Procambarus, Stenelemis, Tanytarsus) were found at 6 of the 7 stations.  Caenis 

(mayfly) and Ischnura (damselfly) were generally one of the more dominant taxa at each site.  

Both of these taxa are fairly tolerant of pollution and are commonly found in sand/silt dominated 

habitats.   

 Metrics for the benthic macroinvertebrates are shown in Table 4.  The highest numbers of 

taxa were found at Stations 4 and 5 (55 and 51, respectively) on the Withlacoochee River.  These 

stations also had the highest diversities for both the SCI (33 and 32) and the Shannon-Weaver 

Index (5.4 and 5.7).  Diversities generally decrease with increasing pollution.  However, the 

Hilsenhoff Biotic Index (HBI), which measures tolerance of the benthic macroinvertebrates, was 

also highest at these stations; this metric generally increases with disturbance/pollution.  The 

station with the highest percentage for the three dominant taxa was Station 7, the reference site 

on Little River.  This was surprising, because this metric generally increases with increasing 

disturbance/pollution.   Benthic communities at Stations 3, 4, and 5 (upper stations on the 

Withlacoochee River) were most similar to those of the reference site on Little River.   

 Comparisons of the benthic metrics from each station with those of the reference site are 

shown in Table 5.  Comparison with the reference site essentially normalizes the information 

from each station to the reference site for comparative purposes.  For each metric, sites that are 
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most similar to the reference site will have the highest values (percent comparison with the 

reference) and those that are less similar will have lower values (comparisons are shown in the 

upper portion of Table 5).   The scoring criteria for each metric are shown in Table 6 and these 

values reflect the biological condition, with 6 representing the highest or best conditions and 0 

representing the worst case condition.  The summation of the biological condition of the benthic 

population based on the metric scores is shown in the lower portion of Table 5.  The Total RBP 

Scores were quite similar across stations, but Station 6 (Withlachoochee River at Langdale Park) 

had a somewhat lower Total RBP Score than the other stations.  Based on the scoring criteria in 

Table 7, the overall comparison of the RBP Scores at each station with that of RBP Score for the 

reference indicated that benthic assemblages were moderately impaired at Station 1, slightly 

impaired at Station 6 and nonimpaired at the other sites. 

 There were 38 species of fish collected from the 7 study sites in Lowndes County (Table 

8).   The majority of these species were classified as insectivores, but there were 8 piscivores and 

1 omnivore.  Most of the fish species collected in these systems were classified as being 

intermediate in tolerance to pollution, but there were 4 classified as tolerant and 1 as intolerant.  

Two species (pirate perch and largemouth bass) were collected at all sites, and 9 species were 

collected at only one site (Tables 9 and 10).   The Centrarchidae family was represented with the 

greatest number of species (13), and the redbreast sunfish was generally one of the most 

abundant species at each site.    

 The metrics for the fish assemblages are shown in Table 11.  Fifteen species of fish were 

collected at the reference site and 8 species were collected at Stations 1 and 6.  The highest 

number of fish (224) collected was  at the reference site (Station 7) and the lowest number (26) 

was collected at Station 2 on lower Bevel Creek.  The greatest weight (2,353 g) of fish was 

collected at Station 3 (upper Withlacoochee River) and was comprised mostly of largemouth 
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bass, crappie and chain pickerel.  The lowest biomass of fish (197 g) was collected at Station 1.  

Station 3 had the highest diversity and equitability and Station 4 had the lowest values for these 

two metrics.  The three dominant taxa had the highest percentage at Station 4 and the lowest at 

Station 3.  Fish assemblages at Station 4 and 5 were most similar to that at the reference site and 

least similar at Station 1.  Comparisons of fish metrics from each site with those at the reference 

site are summarized in the top half of Table 12.  As with the benthos, this comparison normalizes 

the data for the fish from each site with the reference site for comparative purposes.  Using the 

Scoring Criteria in Table 13, the biological condition of each site based on the specific metrics is 

shown in the bottom half of Table 12.  Station 1 had the lowest Total RBP Score (26)  and 

Station 3 had the highest (excluding the reference site).  Using the Scoring Criteria in Table 14, 

the level of impairment was obtained by comparing the RBP Score from each site to the RBP 

Score for the reference site.  Based on the fish assemblages, all sites, except Station 3, showed 

some level of impairment.  Station 3 was categorized as nonimpaired, Station 1 as moderately 

impaired and the rest were slightly impaired.  

 Combining the RBP evaluations for all three matrices (habitat, benthos and fish) together 

provides an overall evaluation of the biological integrity of each of the study sites (Table 15).   

The total RBP Scores were lowest for Stations 1, 5 and 6, but by contrasting these scores with 

that of the reference site and following the Scoring Criteria in Table 14, the sites evaluated in this 

bioassessment of Lowndes County streams were categorized as nonimpaired.   The values 

exceeded 70% at all sites.   Differences among sites were minimal and the variability probably 

represented more of a reflection of flows and basic habitat type (glide/pool - riffle/run) than 

biological differences.   The overall biological integrity of the aquatic systems included in these 

assessments may have been negatively impacted by the below normal flows.   
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Table 1 & 2  Physical and chemical characteristics of study sites in the Withlacoochee River Watershed--Lowndes Co, GA  in October, 1999.

Parameter Stations
1 2 3 4 5 6

Land Use lake-agricultural residenital forest-residential forest-agricultural forest-residential forest-residential
Erosion absent minor minor moderate minor minor
Channel stability stable stable stable some erosion stable some erosion
Predominant substrate mud/silt sand sand sand/muck sand sand
Woody debris sparse sparse common common common common
Leaf Packs sparse sparse common common common sparse
Undercut banks common common common common common common
Aquatic vegetation common common sparse sparse sparse common
Gravel/rubble absent sparse absent absent absent absent
Sand absent common common common common common
Mud/Muck/Silt common sparse sparse common common sparse
Hardpan/bedrock absent absent absent absent absent absent
Sediment bars absent absent absent sparse absent absent
Pool deposits mud/silt sand/silt sand/silt sand/muck sand/silt sand/silt
Observable  impact no, dam no none sedimentation none yes, campground
Pollution source - - - - - -
Odors normal normal normal normal normal normal
Canopy cover (%) 80 75 25 60 70 40
Stream type glide/pool riffle/run glide/pool glide/pool glide/pool glide/pool
Number of riffles/100 m 0 2 1 (run) 0 0 0
Number of bends/100 m 1 1 2 2 3 1
Channel width (m) 8 6 20 20 20 10
Average width (m) 6.6 5 6.5 12 16 0.74
Average depth (m) 0.45 0.52 0.18 0.62 0.34 0.05
Velocity (m/sec) 0.25 0.38 0.29 0.18 0.12 0.125
Discharge (m3/sec) 0.7 0.9 0.34 1.33 0.65 0.01
Land Use lake-agricultural residenital forest-residential forest-agricultural forest-residential forest-residential
Color tannic tannic tannic tannic tannic tannic
Stream temperature (C) 25 24 15 16 15 17
Dissolved oxygen (mg/L) 3.4 6 7.2 7.8 7 4.1
pH 5.1 5.9 7.1 7.2 7.1 6.9
Conductivity ( S/cm) 37 41 215 152 160 112
Alkalinity (mg/L CaCO3) 16 16 48 36 46 40
Hardness (mg/L CaCO3) - - 40 40 40 36
Instream cover* 17 19 18 18 16 18
Benthic substrate* 13 18 15 17 17 16



t

Pool substrate* 9 14 10 10 12 10
Pool variability* 11 14 11 16 11 16
Parameter Stations

1 2 3 4 5 6
Channel alteration* 18 16 16 16 18 16
Sediment deposition* 19 17 18 14 11 11
Frequency of riffles* 4 15 18 4 4 4
Sinuosity* 11 10 19 19 19 17
Channel flow status* 18 18 15 16 11 16
Bank vegetation*                left 
right
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Environmental Water Quality Laboratory 

Department of Biological and Agricultural Engineering 
University of Georgia, Athens, GA 30602 

 
 
STANDARD OPERATING PROCEDURES 
 
 
 

SOP # 610-BAE: Procedure to determine Chemical Oxygen Demand (COD) of 
Stream Water using the Reactor Digestion Method with a 
Spectrophotometer. 

 
WRITTEN BY: Krista Peterson    July 27, 1993 
UPDATED BY: Emily Cantonwine   July 06, 2000 
 Vicki Collins    September 14, 2001 
 
PURPOSE: To describe the procedures used to determine the COD of 

stream water samples by means of the Micro COD digestion 
Procedure. 

 
 

BACKGROUND INFORMATION 
 
The Chemical Oxygen Demand (COD) test is used as a measurement of the oxygen 
equivalent of the organic matter content in a sample that is susceptible to oxidation by 
a strong chemical oxidant. (Standard Methods, 5220) 

 
PROCEDURES: 
 
A. Apparatus 

 
1. Pipet (5ml disposable glass) 
2. Hach COD reactor, Model 45600 
3. 100ml volumetric flask (5) 
4. 1L volumetric flask 
5. 401 Spectrophotometer 
6. Test tube rack 
7. Kimwipes 
 

 B. Reagents 
 

1. Deionized water 
2. Potassium Hydrogen Phthalate, oven dried, 425mg 
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3. Hach low range, 0-150 mg/L COD digestion reagent vials. 
 
 C. Sample collection and preservation     COD page 2/3 
 

1. Collect sample in 1L Nalgene bottle and composite sampler.  Keep on 
ice or in refrigerator.  Test should be done within 48 hours of sample 
collection.  

 
 D. Prepare Potassium Hydrogen Phthalate (KHP) standards 
 

1. Weigh out 106.25mg of oven dried KHP and add to 250mL of super 
DI water to yield a 500mg/L COD solution.  (Each mg of KHP 
requires 1.175 mg Oxygen for complete oxidation).  Mix well. 

2. Prepare 5 working standards and a blank by adding the volume of 
500mg/L KHP solution designated in the table to a 100ml volumetric 
flask.  Fill flasks to 100ml mark with super DI water. * Use 

Kimax 
pipets to 
prepare 
standards 

 
COD concentration (mg/L) 

 

 
ml of 500mg/L COD solution 

 
0.0 0 (100% super DI water) 
5.0 1 
25.0 5 
50.0 10 
100.0 20 
150.0 30 

   3. Cap and mix. 
         4.   You will need a clean vial filled with only super DI water to zero   
                                    the spec when reading at 420 nm.  This vial can be saved and  
      reused. 
 
 E. Micro COD digestion procedure 
 

1. Turn on COD reactor and preheat to 150ºC. 
2. Label Low range COD vials with Sharpie on marking spot or top of 

cap. 
3. Add samples and standards to individual COD vials. 

a. Pipet 2ml of sample using pipet aid and 5ml disposable glass pipet. 
b. Remove cap of COD reagent vial and tilt vial to a 45º angle to 

minimize splashing and additional oxygenation.  Tilt open end 
away from you. 

c. Carefully dispense the 2ml of sample into vial and replace cap 
tightly. 

d. Hold the vial tight and gently invert vial several times to mix the 
contents well.  Vial will get hot!                                           
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 e. Repeat a-d for all samples and all standards including a   
            blank (2ml DI water). 

   4. Place all vials in the COD reactor and heat for 2 hours (set timer on 
reactor) at 150ºC.  If the front left switch on the reactor is set to the 
infinity mark then that means that when the timer goes off it will ring 
and you will have to manually switch off the heat.  If the switch is set 
to TIMER then when the timer goes off the reactor will turn off the 
heat but the timer does not ring.   

   5. After 2 hours, take vials out of reactor and gently invert each vial to 
mix contents well.  Place in test tube holder and put under a box to let 
vials cool to 120ºC or less in the dark (20-30 minutes). 

   6. Turn on Spectrophotometer to warm up. 
 
 F.  Colorimetric Measurement with Spectrophotometer 
  

1. Turn on and allow machine to warm up for 30 minutes. 
2. Set wavelength to 420nm (press 4, 2, 0, go to λ) 
3. Set detector to absorbance  (will see an A on the display)   
4. Clean the outside of the DI water vial with a Kimwipe and insert into 

the adapter slot.  Place the black tube cover over the adapter.  Allow the 
reading to stabilize and press AUTO ZERO.  Reading should be 
0.000A at 420nm. 

5. Remove DI vial from adapter 
6. Clean the outside of the lowest standard vial and place into the adapter 

and cover.  Record reading as % absorbance. 
7. Repeat step 8 with the remaining standards and sample vials 

   * NOTE:  Check DI vial occasionally to insure accurate readings. 
   ** FOR SPRINGFIELD DAIRY SAMPLES, ALSO MEASURE AT   
                                   600nm,  ZEROING WITH THE BLANK. 
  
 G. Clean up 
 

1. Turn off spectrophotometer and return dust cover. 
2. Make sure COD digestion reactor is turned off. 
3. COD vials contain hazardous materials and must be disposed of 

through HAZMAT pick up.  Therefore, keep used COD vials in a 
location designated for hazardous materials and request for HAZMAT 
pick up when enough vials are accumulated.  They will take vials as 
is...you do not have to dump contents into a separate container, 
although if you would like to reuse the COD vials this is an option.   
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H. Calculation of COD  
 

1. Calculate standard curve equation using the % absorbance reading from 
the standards. 

2. Use standard curve equation to determine sample COD in mg/L. 
3. See data management procedure for more information. 
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Environmental Water Quality Laboratory 
Department of Biological and Agricultural Engineering 

University of Georgia, Athens, GA 30602 
 
 
STANDARD OPERATING PROCEDURES 
 
 
 

SOP # 612-BAE: Procedure for the Enumeration of Fecal Streptococci in Stream 
Water Using the Membrane Filtration Method. 

 
WRITTEN BY: Krista Peterson    July 27, 1993 
UPDATED BY: Emily Cantonwine   July 06, 2000 
 
PURPOSE: To describe the procedures used to determine the presence and 

number of fecal streptococci in stream water samples by 
membrane filtration method. 

 
 
 
PROCEDURES: 
 
A. Apparatus 
 

1. 250ml erlenmeyer flask 
2. Hot Plate 
3. Stir Bar 
4. 50mm sterile petri dishes 
5. 150ml autoclavable dilution water bottles 
6. Autoclavable squirt bottles 
7. Sterile whirl-pak bags 
8. Cooler with ice for transportation 
9. 10ml sterile transfer pipets 
10. 47mm-diameter, 0.45µm sterile membrane filters 
11. Autoclavabale filtration funnel 
12. Vacuum filtration system (1liter vacuum flask and vacuum bar) 
13. Forceps 
14. Incubator (35ºC) 
15. Inoculating loop, sterile 
16. Microscope slides 
17. Screw-top test tubes, 10ml 
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B. Reagents 

4. KF Streptococcus Agar 
5. 1% 2, 3, 5-Triphenyltetrazolium Chloride (TTC) Solution 
6. Peptone powder pillow, Hach Co. 
7. 10% Sodium Carbonate solution, sterilized 
8. Brain Heart Infusion agar Slants, Hach Co. 
9. Brain Heart Infusion dehydrated 
10. Oxgall 
11. 3% Hydrogen Peroxide 
12. 10% ethanol 

 
 C. Sample Collection and Storage 
 

1. Grab samples with sterile whirl-paks.  Keep on Ice and test within 24 
hours. 

 
 D. Preparing growth media 

 
Day 
Before 

1. Add 7.64g of KF Streptococcis Agar to 100ml of DI water in a 250ml 
erlenmeyer flask. 

2. Heat on hot plate and use a stir bar to dissolve medium.  After completely 
dissolved (when it begins to boil), heat an additional 5 minutes being 
careful not to let it boil over. 

3. Cool to 50-60ºC and add 1ml of sterile 1% 2, 3, 5-Triphenyltetrazolium 
chloride solution. 

4. Remove stir bar with magnetic rod from the outside (try to not 
contaminate medium with non-sterile magnetic rod). 

5. In Biological hood, pour medium into 50mm sterile petri dishes.  One 
batch of agar makes 10-16 plates.  Try to just cover the bottom of the dish 
and reduce chunks of agar and air bubbles. 

6. Let cool in hood for 5 minutes and then on counter for 30 minutes.  Store 
in 4ºC refrigerator for no more than 2 weeks. 

 
 E. Preparation of Sterile Dilution Water  
 

1. Add contents of 1 peptone powder pillow to 1 liter of DI water.  Mix 
well.  Transfer 100ml of the dilution water into autoclavable dilution 
bottles and squeeze bottles.  Keep bottle tops loose for autoclaving.  
Sterilize in an autoclave on wet cycle for 15 minutes per liter (10 100mls 
= 1 liter) up to 60 minutes. 

Day 
Before 

2.   Let cool and tighten bottle tops.  Sterile fecal dilution water is good for 
up to 3 weeks. 
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F. Sterilization of Filters. 

 
Day 
Before 

1. Wash filters and cover all open areas with aluminum foil. 
2. Autoclave on dry cycle for 15 minutes, or add to dilution water 

autoclave run.  
 
 G. Determining Dilution Concentrations 
 

1. The ideal dilution for fecal streptococci testing yields between 20-100 
colonies. 

2. To insure at least one dilution falls within the range, three different 
dilutions should be filtered for samples where the streptococci number 
is uncertain.   

3. Begin by filtering volumes of 100, 50 and 10ml.  If the number of 
colonies per filter is too numerous, then increase the dilutions. 

 Common dilution combinations  a. 50, 10, 1ml 
       b. 10, 1, 0.1ml 
       c. 1, 0.1, 0.01ml 
       d. 0.1, 0.01, 0.001 
  
 For Springfield Dairy we use dilutions 10, 1 and 0.1ml sample. 
 For Watershed samples we typically use 100, 10, 1ml 

 
 H. Dilution technique  
 

1. Wash hands, put on gloves and wipe off counters with 10% ethanol. 
2. Shake sterile sample (whirl-pak) vigorously at least 25 times. 
3. Organize dilution bottles and loosen caps, but do not take caps off. 
4. With a sterile transfer pipet, pipet desired quantity of sample to a sterile 

dilution water bottle. 
5. Recap dilution bottle and shake vigorously. 
6. If more dilutions are needed repeat steps 4-5 using clean sterile pipets 

(the same one can be used if it is the same sample and has not touched 
anything) and additional bottles of sterile dilution water. 

 
7. Examples of dilution series 10,1.0 and 0.1ml are as follows 
 a. Pipet 11ml of sample from sterile whirl-pak and add to sterile   

dilution bottle. 
 b. Recap dilution bottle and shake vigorously. 
 c. To create a 1ml dilution, transfer 11ml of 10ml dilution to new    

sterile dilution bottle.  Shake vigorously. 
 d. 0.1ml dilution is created by transferring 11ml of 1ml dilution to 

new sterile dilution bottle.  Shake vigorously and then remove 
11ml from 0.1ml dilution to return the volume to 100ml.   

 ** Discard final 11ml or continue with dilutions. 
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 STREP page 4/5 
 
 I.  Fecal Strep Test 
 

1. Filter sample dilution bottles and at least 1 blank (dilution water with no 
sample added). 

 a. Place sterile filter on vacuum bar and turn on main vacuum line.   
 b. Sterilize forceps by dipping forcep tips in 10% ethanol and then 

heating with a flame from a bunsen burner until ethanol is 
completely evaporated. 

 c.  Use forceps to transfer a sterile membrane to filter.   
 d. Make sure filter is in place and empty the lowest concentration of 

sample dilution water (ec. 0.01) into filter.  You can turn filter 
vacuum on either before, after or during pouring the sample in.   

 e. Rinse with sterile dilution water using squeeze bottle and turn 
vacuum off. 

 f.  Use sterile forceps to transfer membrane from filter to KF agar 
plate.  Minimize air bubbles between membrane and agar.   

2. Repeat b-f with same filter for all dilutions of the same sample.  Change 
to a new sterile filter when sample site changes. 

3. Place agar plate upside down in 35ºC incubator for 48 hours. 
  
 J. Read Strep Test 
 

1. After 48 hours, count typical colonies (dark red to pink).  They can be 
very small to fairly large. 

2. Choose the dilution that had between 20-100 colonies and use the 
equation to determine colonies per 100ml 

       
 colonies per 100ml = colonies counted * (100/dilution concentration) 
 
3. Average results if more than one dilution fell within the range. 
4. Adjust value as needed according to verification results (see K7) 
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Environmental Water Quality Laboratory 
Department of Biological and Agricultural Engineering 

University of Georgia, Athens, GA 30602 
 
 
STANDARD OPERATING PROCEDURES 
 
 
 

SOP # 613-BAE: Procedure for the Enumeration of Fecal Coliforms in Stream 
Water Using the Membrane Filtration Method. 

 
WRITTEN BY: Krista Peterson    July 27, 1993 
UPDATED BY: Emily Cantonwine   July 06, 2000 
 
PURPOSE: To describe the procedures used to determine the presence and 

number of fecal coliforms in stream water samples by 
membrane filtration method. 

 
 
 
PROCEDURES: 
 
A. Apparatus 

18. 50mm sterile petri dishes 
19. 50mm gelman sterile absorbent pads 
20. 150ml autoclavable dilution water bottles 
21. Autoclavable squirt bottles 
22. Sterile whirl-pak bags 
23. Cooler with ice for transportation 
24. 10ml sterile transfer pipets 
25. 47mm-diameter, 0.45µm sterile membrane filters 
26. Autoclavabale filtration funnel 
27. Vacuum filtration system (1liter vacuum flask and vacuum bar) 
28. Forceps 
29. Hot Bath (44.5ºC) 
30. Inoculating loop, sterile 
31. Screw-top test tubes, 10ml 

 
 B. Reagents 

13. m-FC/Rosolic Acid Broth Ampules 
14. Lauryl tryptose broth tubes 
15. Peptone powder pillow, Hach Co. 
16. EC medium broth 
17. 10% ethanol 
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 C. Sample Collection and Storage 
 

8. Grab samples with sterile whirl-paks.  Keep on Ice and test within 24 
hours. 

 
 D. Preparing Fecal Coliform Plates 

 
1. Prepare right before use. 
2. In Biological hood, transfer 1 sterile absorbent pad into each 50mm 

sterile petri dishes.   
3. Pop open m-FC/Rosolic Acid broth ampules and empty contents onto pad 

in petri dishes.  1 ampule per dish.   
 
 E. Preparation of Sterile Dilution Water  
 

Day 
Before 

1. Add contents of 1 peptone powder pillow to 1 liter of DI water.  Mix 
well.  Transfer 100ml of the dilution water into autoclavable dilution 
bottles and squeeze rinse bottles.  Keep bottle tops loose for autoclaving.  
Sterilize in an autoclave on wet cycle for 15 minutes per liter (10 100mls 
= 1 liter) up to 60 minutes. 

2.   Let cool and tighten bottle tops.  Sterile fecal dilution water is good for 
up to 3 weeks. 

 
 F. Sterilization of Filters. 
 

Day 
Before 

1. Wash filters and cover all open areas with aluminum foil. 
2. Autoclave on dry cycle for 15 minutes, or add to dilution water 

autoclave run.  
 
 G. Determining Dilution Concentrations 
 

1. The ideal dilution for fecal streptococci testing yields between 20-100 
colonies. 

2. To insure at least one dilution falls within the range, three different 
dilutions should be filtered for samples where the streptococci number 
is uncertain.   

3. Begin by filtering volumes of 100, 50 and 10ml.  If the number of 
colonies per filter is too numerous, then increase the dilutions. 

 Common dilution combinations  a. 50, 10, 1ml 
       b. 10, 1, 0.1ml 
       c. 1, 0.1, 0.01ml 
       d. 0.1, 0.01, 0.001 
  
 For Springfield Dairy we use dilutions 10, 1 and 0.1ml sample. 
 For Watershed samples we typically use 100, 10, 1ml 
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 H. Dilution technique  Coliform page 3/4 
 

1. Wash hands, put on gloves and wipe off counters with 10% ethanol. 
9. Shake sterile sample (whirl-pak) vigorously at least 25 times. 
10. Organize dilution bottles and loosen caps, but do not take caps off. 
11. With a sterile transfer pipet, pipet desired quantity of sample to a sterile 

dilution water bottle. 
12. Recap dilution bottle and shake vigorously. 
13. If more dilutions are needed repeat steps 4-5 using clean sterile pipets 

(the same one can be used if it is the same sample and has not touched 
anything) and additional bottles of sterile dilution water. 

 
14. Examples of dilution series 10,1.0 and 0.1ml are as follows 
 a. Pipet 11ml of sample from sterile whirl-pak and add to sterile   

dilution bottle. 
 b. Recap dilution bottle and shake vigorously. 
 c. To create a 1ml dilution, transfer 11ml of 10ml dilution to new    

sterile dilution bottle.  Shake vigorously. 
 d. 0.1ml dilution is created by transferring 11ml of 1ml dilution to 

new sterile dilution bottle.  Shake vigorously and then remove 
11ml from 0.1ml dilution to return the volume to 100ml.   

 ** Discard final 11ml or continue with dilutions. 
 
 I.  Fecal Coliform Test 
 

2. Filter sample dilution bottles and at least 1 blank (dilution water with no 
sample added). 

 a. Place sterile filter on vacuum bar and turn on main vacuum line.   
 b. Sterilize forceps by dipping forcep tips in 10% ethanol and then 

heating with a flame from a bunsen burner until ethanol is 
completely evaporated. 

 c.  Use forceps to transfer a sterile membrane to filter.   
 d. Make sure filter is in place and empty the lowest concentration of 

sample dilution water (ec. 0.01) into filter.  You can turn filter 
vacuum on either before, after or during pouring the sample in.   

 e. Rinse with sterile dilution water squeeze bottle and turn vacuum 
off. 

 f.  Use sterile forceps to transfer membrane from filter to coliform 
plate.   

2. Repeat b-f with same filter for all dilutions of the same sample.  Change 
to a new sterile filter when sample site changes.  

3. Put plates in a tightly sealed zip lock bag and place in 44.5ºC water bath 
for 24 hours. 
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J. Read Coliform Test 

 
1. After 24 hours, count typical colonies (blue to dark blue).  They can be 

very small to fairly large. 
2. Choose the dilution that had between 20-100 colonies and use the 

equation to determine colonies per 100ml 
       
  colonies per 100ml = colonies counted * (100/dilution) 
 
3. Average results if more than one dilution fell within the range. 
4. Adjust value as needed according to verification results (see K5) 

 
 K. Coliform verification 
 

1. Pick 10 typical colonies from a membrane and inoculate a Lauryl 
Tryptose Broth tube with a sterile inoculating needle or loop.   

2. Invert the tube to eliminate air trapped inside the inner glass tube. 
3. Incubate the inoculated tubes and a control tube for 48 hours in a 35C 

incubator. 
4. If gas is not produced in 48 hours, the colony was not fecal coliform.  If 

gas is produced, use a sterile loop to inoculate an EC medium broth tube.  
Incubate EC medium tubes at 44.5C for 24 hours.  Gas production in EC 
medium confirms the presence of fecal coliform.    

5. Multiply the % of verified colonies (ec. 10 verified of 10 tested = 1; 8 of 
10 tested = 0.8) to numbers counted during plate counts.  Use this 
number to report number of colonies.   
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K. Strep verification 

 
1. Pick 10 typical colonies from a membrane and inoculate a brain heart 

infusion agar slant with a sterile inoculating needle. 
2. Incubate the inoculated slants and a control slant for 24-48 hours in a 

35ºC incubator. 
3. If growth is detected, transfer a loopful of growth using a sterile 

inoculating loop to a clean slide and add a few drops of 3% hydrogen 
peroxide to the smear.  The absence of bubbles indicates a negative 
catalase test (probably a streptococcal culture).  If there are no bubbles, 
discontinue test. 

4. If growth did not bubble, transfer a loopful of growth from the brain 
heart infusion slant to a 20X150mm tube of sterile brain heart infusion 
broth using a sterile inoculating loop.  Incubate at 45ºC for 48 hours. 
(see next section for preparation of brain heart infusion broth) 

5. Transfer another loopful of growth from the slant into a 20X150mm tube 
of sterile bile broth medium.  Incubate at 35ºC for 3 days.  (see next 
section for bile broth recipe) 

6. Growth (turbidity) in the brain heart infusion broth means the colony is 
of the fecal streptococcus group.  Growth in the bile broth indicates that 
the colony belongs to the enterococcus group.   

7. Multiply the % of verified colonies (ec. 10 verified of 10 tested = 1; 8 of 
10 tested = 0.8) to numbers counted during plate counts.  Use this 
number to report number of colonies.   

 
 L. Preparation of verification broths. 
 

1. Brain Heart Infusion Agar Slants are pre-prepared and purchased from 
VWR or Hach Co. 

 
2. Brain Heart Infusion Broth – add 9.25g of dehydrated brain heart 

infusion to 250ml of distilled water.  Add 5ml solution to autoclavable 
test tubes with screw caps and place caps on loosely.  Autoclave for 20 
minutes.  Tighten caps when solution is cool. 

 
3. Bile Broth Medium – Add 3ml of sterile Brain Heart Infusion Broth to 

an autoclavable test tube and autoclave.  Before use, add 2ml of 10% 
oxgall solution to 3ml BHI broth.    
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Environmental Water Quality Laboratory 
Department of Biological and Agricultural Engineering 

University of Georgia, Athens, GA 30602 
 
 
STANDARD OPERATING PROCEDURES 
 
 
 

SOP # 614-BAE: Procedure for determining Biochemical Oxygen Demand 
(BOD) in stream water Using 5 day BOD Test. 

 
WRITTEN BY: Krista Peterson    July 27, 1993 
UPDATED BY: Emily Cantonwine   July 06, 2000 
 
PURPOSE: To describe the procedures used in measuring BOD of stream 

water samples using 5 day BOD test. 
 
 
BACKGROUND INFORMATION: 
 
The biological oxygen demand (BOD) test is used to determine the relative oxygen 
requirements of waters.  The 5 day BOD test measures the molecular oxygen utilized 
during a 5 day incubation period for the biochemical degradation of organic material 
and the oxidation of some inorganic material such as sulfides and ferrous iron.  
(Standard Methods, 5210) 
 
PROCEDURES: 
 
A. Apparatus 
 

1. Low temperature (20ºC) incubator 
2. 1 gallon carboy and 10 liter carboy 
3. 300ml BOD bottles 
4. 1 liter Nalgene bottles 
5. Stir plate 
6. Air pump and stone 
7. Pipet Aid 
8. 5ml disposable glass pipet 
9. 100ml graduated cylinder 
10. 400ml beaker 
11. Plastic BOD bottle caps and glass bottle stoppers 
12. pH meter 
13. Dissolved oxygen probe with stirrer and meter 
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1. BOD nutrient buffer pillows (Hach Co.) 
2. Sodium Hydroxide, 1N (if necessary) 
3. Polyseed-NX® 
4. Glucose and glutamic acid 
5. Deionized (DI) water, reagent grade 

  
 
 C. Sample Collection and Storage 
 

1. Collect grab sample of stream water in 1L Nalgene bottle.  Store on ice 
from field to the lab.   

 
 D. Preparation of BOD Dilution Water 
 

1. When preparing BOD dilution water, the DI water must be at 20ºC and 
saturated with oxygen.  To obtain this 

 a. Fill a 1 gallon carboy with 3liters DI water, or a 10 liter carboy 
with 6 liters or 9 liters DI water, depending on how much BOD 
dilution water is needed. 

 b. Let water sit for at least 24 hours in 20ºC incubator to saturate 
water with oxygen.  Quick oxygen saturation method is to 
oxygenate DI water with air stone.  Quick technique is not 
recommended and should be used only in emergency situations. 

2. Add the appropriate amount of BOD nutrient buffer pillows to 
oxygenated DI water.  (ex. 3L pillow in 3L water).  

 a.  Shake pillow(s) well, cut open, and add contents to carboy. 
 b. Cap carboy and shake vigorously for 1 minute to mix. 
 c. Be sure to label carboy appropriately so you know BOD pillows 

have been added. 
3. Check to make sure the pH of the BOD dilution water is between 7.0 

and 7.2.  Adjust with 1N sodium hydroxide if necessary. 
 

E. Preparation of Seed Solution 
  

1. Place the contents of one Polyseed-NX capsule in 250ml of prepared 
BOD dilution water in 400ml beaker. 

2. Stir the seeded water with stir-bar and stir-plate and aerate with air 
pump for at least 1 hour.  Continue to stir and aerate throughout the 
preparation of the test.  Use seeded water within 6 hours of rehydrating 
the Polyseed-NX capsule. 
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1. Turn on DO meter and let machine warm up for at least 30 minutes.   
2. Check DO probe membrane for air bubbles. 
 a. If there are no air bubbles, dry membrane with kimwipe and return 

to BOD storage bottle.  Storage bottle should be filled with 1” water 
to provide 100% relative humidity. 

 b. If there are air bubbles, or if membrane has not been changed in 
awhile, change membrane with YSI 5906 membrane cap kit.  Screw 
off old membrane.  Fill new membrane with O2 probe solution and 
screw membrane in place.  Make sure there are no bubbles 
underneath the membrane.  Let probe stand at least 30 minutes with 
meter on after changing a membrane.   

3. Calibrate meter 
a. Press CALIBRATE soft-key 
b. When display readings are stable, press DO CAL 
c. Adjust % humidity using UP, DOWN and DIGIT until the DO 

(mg/L) reading and the meter temperature fit the DO and 
Temperature equation:  DO = [(temp – 71.26) / -5.76] 

d. Press ENTER and then MODE. 
 
G. Check pH of samples        

 
1. Turn on pH meter and let warm up for 30 minutes. 
2. Calibrate meter.  
3. Samples should have a pH between 6.5 and 7.5 at 25ºC.  If they do not, 

adjust sample pH using 1N NaOH or 10% H2SO4. 
 
H. BOD test preparation 

 
1. Prepare Standards  
 a. 2 Blank bottles (100% BOD dilution water) 
 b. 2 Glucose and Glutamic Acid (GGA) standards (6ml GGA, 3ml 

seeded water (seed), rest BOD dilution water)...see GGA section. 
 c. 3 Seed standards 
   5ml seed  (5ml seed, rest BOD water) 
   10ml seed  (10ml seed, rest BOD water) 
   15ml seed (15ml seed, rest BOD water) 
2. Prepare Samples 
 a. 3 dilutions for each sample.   
  For stream water use a graduated cylinder to put 50ml, 150ml and 

300ml of sample into 3 separate BOD bottles.   
  For other types of water, see Dilution Volume Chart. 
 b.   Add 3ml seed to all samples right before Initial DO reading. 

c. Fill the rest of each bottle with BOD water just below the lip to 
insure a tight air seal.
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I.  Measuring DO        BOD page 4/6 

 
1. Insert DO probe into BOD bottle 
2. Turn stir bar ON with red switch located on the probe. 
3. Check for air bubbles and an airtight seal.  If there are air bubbles, stop 

stir bar, lift up probe and allow air to float to suface.  If there is not an 
airtight seal, add more BOD water. 

4.   Water temperature must be between 19ºC and 21ºC to take reading.  If 
not, then let samples sit on countertop to warm up or place in 4ºC 
refrigerator to cool down. 

5. When temperature is within range, allow DO reading to stablize and 
report reading in Initial DO reading slot. 

 
 

 J. Final DO readings 
   

1. After samples have been stored in 20ºC incubator for 5 days, recalibrate 
meter and take a final DO reading. 

 
 
 K. Calculating Results 
 

1. Use the following equation to calculate BOD: 
 
           (D1-D2)  -  ((B1-B2)*f) 

BOD =       p 
 
 
BOD = biochemical oxygen demand of sample (mg/L) 
D1 = initital DO reading of sample (mg/L) 
D2 = final DO reading of sample (mg/L) 
B1 = initial DO of seed standard that depleted 40%-70% DO (mg/L) 
B2 = final DO of same seed standard 
f = ratio of seed in sample to seed in chosen seed standard used in B1&B2. 
p = volume of sample (50, 150, 300) divided by total volume (300ml). 
 
2. Reportable BOD 
 a. BOD reading are reportable if Test BLANKS depleted < 0.2 mg/L. 
 b. Average all BOD readings that fulfill the 2 requirements. 
  1) Depletion minus seed correction factor (BOD * p) is >2.0. 
  2) Reading variation is not too large (use GGA variation to 

determine limits.)  
 c. If no BOD readings have a depletion minus seed correction factor 

>2.0, then report BOD as <2.0.
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 L. Preparation of Glucose and Glutamic Acid Standard    

 
1. Dry reagent-grade glucose and glutamic acid at 103ºC for one hour. 
2. Add 150mg glucose and 150mg glutamic acid to DI water and dilute to 

1 liter.  Prepare fresh immediately before use. 
3. Determine the 5 day 20ºC BOD of a 2% dilution of the GGA standard.  

Add 6ml GGA standard, 3ml seed and fill the rest of the BOD bottle up 
with BOD dilution water. 

4. The calculated BOD of the GGA standard should be in the range of 198 
mg/L ± 30.5 mg/L. 

5. Use the GGA BOD readings to create a coefficient of variation (CV) 
(relative standard variation).  CV can be used to determine which 
sample BOD readings should be included in the average.  See 
ADVMAN/Rev:08/01-01-97 pg 32 for more details. 
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 M. Determining Sample Volume 
 
A. Minimum Sample Size B. Maximum Sample Size 
 
Sample            Est. BOD             Sample 
 Type                 (mg/L)              Size (ml) 
 

Estimated BOD (mg/L) at Elevation: 
 
Sea Level     305 m       1524 m      Sample 
                                                        Size (ml) 

 
   Strong              600                       1 
trade waste 

 
  2460            2380          2032              1 
    

                            
                            300                      2 
                     
                            200                      3 
                     
                            150                      4 
    Raw and                  
                            120                      5 
     Settled                  
                            100                      6 
     Sewage                 
                              75                      7 
                     
                              60                      8 
                  

   
  1230            1189          1016              2 
    
    820             793            677               3 
    
    615             595             508              4 
    
    492             476             406              5 
    
    410             397             339              6 
    
    304             294             251              8 
    
    246             238             203             10 
  

 
                              50                     12 
 
                              40                     15 
    Oxidized 
                              30                     20 
    Effluents 
                              20                     30 
 
                              10                     60 
 

 
    205             198             169             12 
     
    164             158             135             15 
 
    123             119             101             20 
 
      82               79               68             30 
 
      41               40               34             60 
 

 
                               6                    100 
     Polluted 
                               4                    200 
 River Waters 
                               2                    300 
 

 
      25               24               21           100 
 
      12               12               10           200 
 
        8                8                  7           300 
 

ml of sample taken and diluted to 300ml in standard BOD bottle with BOD dilution water. 
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Environmental Water Quality Laboratory 
Department of Biological and Agricultural Engineering 

University of Georgia, Athens, GA 30602 
 
 
STANDARD OPERATING PROCEDURES 
 
 
 

SOP # 615-BAE: Procedure for Measuring Total Suspended Solids (TSS) in 
Stream Water Using the Gravimetric Method. 

 
WRITTEN BY: Krista Peterson    July 27, 1993 
UPDATED BY: Emily Cantonwine   July 06, 2000 
 
PURPOSE: To describe the procedure that is used when measuring the 

amount of TSS in stream water samples by use of the 
gravimetric method. 

 
 
 
PRINCIPLE: 
 
A well-mixed sample is filtered through a weighed standard glass-fiber filter and the 
residue retained on the filter is dried to a constant weight at 103ºC.  The increase in 
weight of the filter represents the total suspended solids.  (Standard Methods 2540 D) 
 
PROCEDURES: 
 
A. Apparatus 

 
8. Drying oven set at 103ºC. 
9. 2µm, 47mm-diameter glass fiber filter disks 
10. Aluminum weigh pans 
11. Filtration apparatus consisting of reservoir and coarse fritted disk as 

filter support.  Gelman No. 4201 or equivalent. 
12. Filter clamp 
13. Vacuum filtration system (1liter vacuum flask and vacuum bar) 
 

 B. Reagents 
 

18. Deionized water 
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TSS page 2/2 
C. Sample collection and preservation 

 
2. Collect sample in 1L Nalgene bottle.   

 
 D. Gravimetric Method for determining TSS. 
 

1. Set up vacuum filtration system and turn on vacuum. 
2. Set drying oven to 103ºC. 
3. Pre-rinse glass fiber disks. 

   a. Use forceps to place a glass fiber filter disk in the filter holder 
with the wrinkled surface upward. 

   b. Clamp the top of the filter in place. 
   c. Add 200ml DI water to filter and turn on vacuum. 
   d. Remove the disk from the filter and place in aluminum weigh pan. 
   e. Do this for all samples and a blank. 
   f. Place aluminum weigh dished with filters in 103C oven and let 

dry for 1 hour. 
4. Take initial weights of disks. 
  a. After 1 hour of drying, cool disks in a desiccator for 5 minutes. 
  b. With forceps weigh each disk to the nearest 0.1 mg. 
5. Filter samples and Blank 
  a. Again place disk in the filter (wrinkled side up) and clamp filter 

top in place. 
  b. Filter 200ml (less is solids are high) of well-mixed sample 

through filter. (200ml DI water for blank) 
  c. Rinse filter and apparatus with DI water. 
6.  Return filters to aluminum weigh pans and dry in oven for 1 hour. 
7. After 1 hour, allow filters to cool in desiccator and take final weight 

to nearest 0.1 mg. 
 
 E. Calculation of TSS 

 
 Use the equation below to determine TSS 
         
 TSS (mg/L) =   [(A-B)*1000]/ sample volume (ml) 
 
 Where  A = final weight (mg) 
     B = initial weight (mg) 
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Environmental Water Quality Laboratory 
Department of Biological and Agricultural Engineering 

University of Georgia, Athens, GA 30602 
 
 
STANDARD OPERATING PROCEDURES 
 
 
 

SOP no #: Procedure for Measuring Total Solids (TS), including Total 
Volatile Solids (TVS) and Total Non-Volatile Solids (TNVS) 
in Stream Water Using Evaporation Method. 

 
WRITTEN BY: Emily Cantonwine   July 06, 2000 
 
 
PURPOSE: To describe the procedure that is used when measuring the 

amount of TS, TVS and TNVS in stream water samples by use 
of the evaporation method. 

 
 

 BACKGROUND INFORMATION: 
 
 

PRINCIPLE: 
 
A well-mixed sample is added to an evaporation plate and the water is allowed to 
evaporate off, leaving all solids in the plate.  TVS are determined by heating the plate 
and solids at extremely high temperatures for 1.5 hours thus volitalizing all solids 
volatile in nature.   
 
PROCEDURES: 
 
A. Apparatus 

 
14. Drying oven set at 98ºC and 103ºC. 
15. Ceramic evaporation plates 
16. 550ºC muffle oven 
17. Pipet aid and 25ml pipet &/OR 100ml graduated cylinder 
18. Tongs 

 
 B. Reagents 
 

19. Deionized water 
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 C. Sample collection and preservation 
 

3. Collect sample in 1L Nalgene bottle.   
 
 D. Evaporation Method for determining TS. 
 

1. Pre-fire evaporating plates (EP) for all samples and a blank at 550ºC for 
1 hour.  When muffle oven temperature is between 250ºC - 100ºC take 
EP out of oven using tongs and allow them to cool to room temperature 
in a desiccator.   

2. Weigh EP and place in 98ºC drying oven.  Throughout entire process 
only touch EP with tongs.  Do not set EP plates anywhere where they 
may pick up extra solids or oils. 

3. Add a well-mixed sample to a designated EP using either a clean 
graduated cylinder or a pipet.  EP can hold 75ml-100ml at a time.  If 
more sample is needed for the test then repeat this step after 
evaporation until appropriate amount has been added.  Be sure to record 
amount added. 

4. After total amount has been added and all EP are dry, raise the 
temperature to 103ºC and for at least 1 hour. 

5. Let EP cool to room temperature in desiccators and take a second 
weight.   

6. Fire EP at 550ºC in muffle oven for 1.5 hours.  (2 hours from time 
muffle oven is turned on). 

7. Allow EP to cool to room temperature in desiccator. 
8. Take final (3rd) weight of EP.  
 

 E. Calculation of TS, TVS and TNVS 
 
  TS (mg) = 2nd weight (mg)  – 1st weight (mg) 
  TS (mg/L) = [TS (mg)*1000] / sample volume (ml) 
 
  TVS (mg) = 2nd weight (mg)  – 3rd weight (mg) 
  TVS (mg/L) = [TVS (mg)*1000] / sample volume (ml) 
 
  TNVS (mg) = TS (mg) – TVS (mg) 
  TNVS (mg/L) = TS (mg/L) – TVS (mg/L) 
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From The Stable Isotope/Soil Biology Laboratory of the University of Georgia Institute of Ecology 
 
NITROGEN, NITRATE-NITRITE  
Method 353.2 (Colorimetric, Automated, Cadmium Reduction)  

STORET NO.: Total 00630 

1. Scope and Application  
1.1 This method pertains to the determination of nitrite singly, or nitrite and nitrate 
combined in surface and saline waters, and domestic and industrial wastes. The 
applicable range of this method is 0.05 to 10.0 mg/l nitrate-nitrite nitrogen. The range 
may be extended with sample dilution.  

2. Summary of Method  
2.1 A filtered sample is passed through a column containing granulated copper-
cadmium to reduce nitrate to nitrite. The nitrite (that originally present plus reduced 
nitrate) is determined by diazotizing with sulfanilamide and coupling with N-(1-
naphthyl)-ethylenediamine dihydrochloride to form a highly colored azo dye which is 
measured colorimetrically. Separate, rather than combined nitrate-nitrite, values are 
readily obtained by carrying out the procedure first with, and then without, the Cu-Cd 
reduction step.  

3. Sample Handling and Preservation  
3.1 Analysis should be made as soon as possible. If analysis can be made within 24 
hours, the sample should be preserved by refrigeration at 4 degrees C. When samples 
must be stored for more than 24 hours, they should be preserved with sulfuric acid (2 
ml conc. H2SO4 per liter) and refrigeration.  
Caution: Samples for reduction column must not be preserved with mercuric 
chloride.  

4. Interferences  
4.1 Build up of suspended matter in the reduction column will restrict sample flow. 
Since nitrate-nitrogen is found in a soluble state, the sample may be pre-filtered.  
4.2 Low results might be obtained for samples that contain high concentrations of 
iron, copper or other metals. EDTA is added to the samples to eliminate this 
interference.  

4.3 Samples that contain large concentrations of oil and grease will coat the surface of 
the cadmium. This interference is eliminated by pre-extracting the sample with an 
organic solvent.  

5. Apparatus  
5.1 Technicon AutoAnalyzer (AAI or AAII) consisting of the following components:  
5.1.1 Sampler. 
5.1.2 Manifold (AAI) or analytical cartridge (AAII). 
5.1.3 Proportioning Pump 
5.1.4 Colorimeter equipped with a 15 mm or 50 mm tubular flow cell and 540 nm 
filters. 
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5.1.5 Recorder. 
5.1.6 Digital printer for AAII (Optional). 

6. Reagents  
6.1 Granulated cadmium: 40-60 mesh (E M Laboratories, Inc., 500 Exec. Blvd., 
Elmsford, NY 10523, Cat. 2001 Cadmium, Coarse Powder).  
6.2 Copper-cadmium: The cadmium granules (new or used) are cleaned with dilute 
HCI (6.7) and copperized with 2% solution of copper sulfate (6.8) in the following 
manner:  
6.2.1 Wash the cadmium with HCI (6.7) and rinse with distilled water. The color of 
the cadmium so treated should be silver.  
6.2.2 Swirl 10 g cadmium in 100 ml portions of 2% solution of copper sulfate (6.8) 
for five minutes or until blue color partially fades, decant and repeat with fresh 
copper sulfate until a brown colloidal precipitate forrns.  

6.2.3 Wash the cadmium-copper with distilled water (at least 10 times) to remove all 
the precipitated copper. The color of the cadmium so treated should be black.  
6.3 Preparation of reduction column AAI: The reduction column is an 8 by 50 mm 
glass tube with the ends reduced in diameter to permit insertion into the system. 
Copper-cadmium granules (6.2) are placed in the column between glass wool plugs. 
The packed reduction column is placed in an up-flow 20 degree incline to minimize 
channeling. See Figure 1.  
6.4 Preparation of reduction column AAII: The reduction column is a U-shaped, 35 
cm length, 2 mm I.D. glass tube (Note 1). Fill the reduction column with distilled 
water to prevent entrapment of air bubbles during the filling operations. Transfer the 
copper- cadmium granules (6.2) to the reduction column and place a glass wool plug 
in each end. To prevent entrapment of air bubbles in the reduction column be sure 
that all pump tubes are filled with reagents before putting the column into the 
analytical system. NOTE 1: A 0.081 I.D. pump tube (purple) can be used in place of 
the 2 mm glass tube.  

6.5 Distilled water: Because of possible contamination, this should be prepared by 
passage through an ion exchange column comprised of a mixture of both strongly 
acidic-cation and strongly basic-anion exchange resins. The regeneration of the ion 
exchange column should be carried out according to the manufacturer's instructions.  

6.6 Color reagent: To approximately 800 ml of distilled water, add, while stirring, 
100 ml conc. phosphoric acid, 40 g sulfanilamide, and 2 g N-(1-naphthyl)-
ethylenediamine dihydrochloride. Stir until dissolved and dilute to 1 liter. Store in 
brown bottle and keep in the dark when not in use. This solution is stable for several 
months.  

6.7 Dilute hydrochloric acid, 6N: Dilute 50 ml of conc. HCI to 100 ml with distilled 
water.  

6.8 Copper sulfate solution, 2%: Dissolve 20 g of CuSO4 x 5H20 in 500 ml of 
distilled water and dilute to 1 liter.  
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6.9 Wash solution: Use distilled water for unpreserved samples. For samples 
preserved with H2SO4, use 2 ml H2SO4 per liter of wash water.  

6.10 Ammonium chloride-EDTA solution: Dissolve 85 g of reagent grade ammonium 
chloride and 0.1 g of disodium ethylenediamine tetracetate in 900 ml of distilled 
water. Adjust the pH to 8.5 with conc. ammonium hydroxide and dilute to 1 liter. Add 
1/2 ml Brij-35 (available from Technicon Corporation).  

6.11 Stock nitrate solution: Dissolve 7.218 g KNO3 and dilute to 1 liter in a 
volumetric flask with distilled water. Preserve with 2 ml of chloroform per liter. 
Solution is stable for 6 months. 1 ml = 1.0 mg NO3-N.  

6.12 Stock nitrite solution: Dissolve 6.072 g KNO2 in 500 ml of distilled water and 
dilute to 1 liter in a volumetric flask. Preserve with 2 ml of chloroform and keep 
under refrigeration. 1.0 ml = 1.0 mg NO2-N.  

6.13 Standard nitrate solution: Dilute 10.0 ml of stock nitrate solution (6.11) to 1000 
ml. 1.0 ml = 0.01 mg NO3-N. Preserve with 2 ml of chloroform per liter. Solution is 
stable for 6 months.  

6.14 Standard nitrite solution: Dilute 10.0 ml of stock nitrite (6.12) solution to l000 
ml. 1.0 ml = 0.01 mg NO2-N. Solution is unstable; prepare as required.  

6.15 Using standard nitrate solution (6.13), prepare the following standards in 100.0 
ml volumetric flasks. At least one nitrite standard should be compared to a nitrate 
standard at the same concentration to verify the efficiency of the reduction column.  
  Concentration, 
mg NO2-N or NO3-N/l           ml Standard Solution/100 ml 
--------------------          --------------------------- 
 
     0.0                                  0 
     0.05                                 0.5 
     0.10                                 1.0 
     0.20                                 2.0 
     0.50                                 5.0 
     1.00                                10.0 
     2.00                                20.0 
     4.00                                40.0 
     6.00                                60.0 
      

NOTE 2: When the samples to be analyzed are saline waters, Substitute Ocean Water 
(SOW) should be used for preparing the standards; otherwise, distilled water is used. 
A tabulation of SOW composition follows:  
NaCl  - 24.53 g/l    MgCl2 - 5.20 g/l    Na2SO4 - 4.09 g/l 
CaCl2 -  1.16 g/l    KCl   - 0.70 g/l    NaHCO3 - 0.20 g/l 
KBr   -  0.10 g/l    H3BO3 - 0.03 g/l    SrC12  - 0.03 g/l 
NaF   - 0.003 g/l 
      

7. Procedure  
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7.1 If the pH of the sample is below 5 or above 9, adjust to between 5 and 9 with 
either conc. HCl or conc. NH40H.  
7.2 Set up the manifold as shown in Figure 2 (AAI) or Figure 3 (AAII). Note that 
reductant column should be in 20 degree incline position (AAI). Care should be taken 
not to introduce air into reduction column on the AAII.  

7.3 Allow both colorimeter and recorder to warm up for 30 minutes. Obtain a stable 
baseline with all reagents, feeding distilled water through the sample line. NOTE 3: 
Condition column by running 1 mg/l standard for 10 minutes if a new reduction 
column is being used. Subsequently wash the column with reagents for 20 minutes.  

7.4 Place appropriate nitrate and/or nitrite standards in sampler in order of decreasing 
concentration of nitrogen. Complete loading of sampler tray with unknown samples.  

7.5 For the AAI system, sample at a rate of 30/hr, 1:1. For the AAII, use a 40/hr, 4:1 
cam and a common wash.  

7.6 Switch sample line to sampler and start analysis.  
8. Calculations  

8.1 Prepare appropriate standard curve or curves derived from processing NO2 and/or 
NO3 standards through manifold. Compute concentration of samples by comparing 
sample peak heights with standard curve.  

9. Precision and Accuracy  
9.1 Three laboratories participating in an EPA Method Study, analyzed four natural 
water samples containing exact increments of inorganic nitrate, with the following 
results:  
                                             Accuracy as 
  Increment as       Precision as      ------------------------ 
Nitrate Nitrogen  Standard Deviation   Bias,            Bias, 
   mg N/liter         mg N/liter         %            mg N/liter 
----------------  ------------------   -----          ---------- 
 
      0.29              0.012         + 5.75           +0.017 
      0.35              0.092         +18.10           +0.063 
      2.31              0.318         + 4.47           +0.103 
      2.48              0.176         - 2.69           -0.067 
     

Bibliography  
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From The Stable Isotope/Soil Biology Laboratory of the University of Georgia Institute of Ecology 
 
NITROGEN, AMMONIA  
Method 350.1 (Colorimetric, Automated Phenate)  

STORET NO.:  
Total 00610 
Dissolved 00608 

1. Scope and Application  
1.1 This method covers the determination of ammonia in drinking, surface, and saline 
waters, domestic and industrial wastes in the range of 0.01 to 2.0 mg/l NH3 as N. 
This range is for photometric measurements made at 630-660 nm in a 15 mm or 50 
mm tubular flow cell. Higher concentrations can be determined by sample dilution. 
Approximately 20 to 60 samples per hour can be analyzed.  

2. Summary of Method  
2.1 Alkaline phenol and hypochlorite react with ammonia to form indophenol blue 
that is proportional to the ammonia concentration. The blue color formed is 
intensified with sodium nitroprusside.  

3. Sample Handling and Preservation  
3.1 Preservation by addition of 2 ml conc. H2SO4 per liter and refrigeration at 4 
degrees C.  

4. Interferences  
4.1 Calcium and magnesium ions may be present in concentration sufficient to cause 
precipitation problems during analysis. A 5% EDTA solution is used to prevent the 
precipitation of calcium and magnesium ions from river water and industrial waste. 
For sea water a sodium potassium tartrate solution is used.  
4.2 Sample turbidity and color may interfere with this method. Turbidity must be 
removed by filtration prior to analysis. Sample color that absorbs in the photometric 
range used will also interfere.  

5. Apparatus  
5.1 Technicon AutoAnalyzer Unit (AAI or AAII) consisting of:  
5.1.1 Sampler. 
5.1.2 Manifold (AAI) or Analytical Cartridge (AAII). 
5.1.3 Proportioning pump. 
5.1.4 Heating bath with double delay coil (AAI). 
5.1.5 Colorimeter equipped with 15 mm tubular flow cell and 630-660 nm filters. 
5.1.6 Recorder. 
5.1.7 Digital printer for AAII (optional). 

6. Reagents  
6.1 Distilled water: Special precaution must be taken to insure that distilled water is 
free of ammonia. Such water is prepared by passage of distilled water through an ion 
exchange column comprised of a mixture of both strongly acidic cation and strongly 
basic anion exchange resins. The regeneration of the ion exchange column should be 
carried out according to the instruction of the manufacturer.  
NOTE 1: All solutions must be made using ammonia-free water.  
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6.2 Sulfuric acid 5N: Air scrubber solution. Carefully add 139 ml of conc. sulfuric 
acid to approximately 500 ml of ammonia-free distilled water. Cool to room 
temperature and dilute to 1 liter with ammonia-free distilled water.  
6.3 Sodium phenolate: Using a 1 liter Erlenmeyer flask, dissolve 83 g phenol in 500 
ml of distilled water. In small increments, cautiously add with agitation, 32 g of 
NaOH. Periodically cool flask under water faucet. When cool, dilute to 1 liter with 
distilled water.  
6.4 Sodium hypochlorite solution: Dilute 250 ml of a bleach solution containing 
5.25% NaOCl (such as "Clorox") to 500 ml with distilled water. Available chlorine 
level should approximate 2 to 3%. Since "Clorox" is a proprietary product, its 
formulation is subject to change. The analyst must remain alert to detecting any 
variation in this product significant to its use in this procedure. Due to the instability 
of this product, storage over an extended period should be avoided.  
6.5 Disodium ethylenediamine-tetraacetate (EDTA) (5%): Dissolve 50 g of EDTA 
(disodium salt) and approximately six pellets of NaOH in 1 liter of distilled water.  
NOTE 2: On salt water samples where EDTA solution does not prevent precipitation 
of cations, sodium potassium tartrate solution may be used to advantage. It is 
prepared as follows:  
6.5.1 Sodium potassium tartrate solution: 10% NaKC4H4O6 x 4H2O. To 900 ml of 
distilled water add 100 g sodium potassium tartrate. Add 2 pellets of NaOH and a few 
boiling chips, boil gently for 45 minutes. Cover, cool, and dilute to 1 liter with 
ammonia-free distilled water. Adjust pH to 5.2 +/-.05 with H2SO4. After allowing to 
settle overnight in a cool place, filter to remove precipitate. Then add 1/2 ml Brij-35 
(note 4) (available from Technicon Corporation) solution and store in stoppered 
bottle.  
6.6 Sodium nitroprusside (0.05%): Dissolve 0.5 g of sodium nitroprusside in 1 liter of 
distilled water.  
6.7 Stock solution: Dissolve 3.819 g of anhydrous ammonium chloride, NH4CI, dried 
at 105 degrees C, in distilled water, and dilute to 1000 ml. 1.0 ml = 1.0 mg NH3-N.  
6.8 Standard Solution A: Dilute 10.0 ml of stock solution (6.7) to 1000 ml with 
distilled water. 1.0 ml = 0.01 mg NH3-N.  
6.9 Standard solution B: Dilute 10.0 ml of standard solution A (6.8) to 100.0 ml with 
distilled water. 1.0 ml = 0.001 mg NH3-N.  
6.10 Using standard solutions A and B. prepare the following standards in 100 ml 
volumetric flasks (prepare fresh daily):  
ml Standard Solution/100 ml            NH3-N, mg/l 
---------------------------            ----------- 
 
        Solution B 
        ---------- 
            1.0                           0.01 
            2.0                           0.02 
            5.0                           0.05 
           10.0                           0.10 
 
        Solution A 
        ---------- 
            2.0                           0.20 
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            5.0                           0.50 
            8.0                           0.80 
           10.0                           1.00 
           15.0                           1.50 
           20.0                           2.00 
    

NOTE 3: When saline water samples are arnlyzed, Substitute Ocean Water (SOW) 
should be used for preparing the above standards used for the calibration curve; 
otherwise, distilled water is used. If SOW is used, subtract its blank background 
response from the standards before preparing the standard curve.  
        Substitute Ocean Water (SOW) 
        ---------------------------- 
 
NaCl     24.53 g/l             NaHCO3    0.20  g/l 
MgCl2     5.20 g/l             KBr       0.10  g/l 
Na2SO4    4.09 g/l             H3BO3     0.03  g/l 
CaCl2     1.16 g/l             SrCl2     0.03  g/l 
KCl       0.70 g/l             NaF       0.003 g/l 
    

7. Procedure  
7.1 Since the intensity of the color used to quantify the concentration is pH 
dependent, the acid concentration of the wash water and the standard ammonia 
solutions should approximate that of the samples. For example, if the samples have 
been preserved with 2 ml conc. H2SO4/liter, the wash water and standards should 
also contain 2 ml conc. H2SO4/liter.  
7.2 For a working range of 0.01 to 2.00 mg NH3-N/l (AAI), set up the manifold as 
shown in Figure 1. For a working range of .01 to 1.0 mg NH3-N/l (AAII), set up the 
manifold as shown in Figure 2. Higher concentrations may be accommodated by 
sample dilution.  
7.3 Allow both colorimeter and recorder to warm up for 30 minutes. Obtain a stable 
baseline with all reagents, feeding distilled water through sample line.  
7.4 For the AAI system, sample at a rate of 20/hr, 1:1. For the AAII use a 60/hr 6:1 
cam with a common wash.  
7.5 Arrange ammonia standards in sampler in order of decreasing concentration of 
nitrogen. Complete loading of sampler tray with unknown samples.  
7.6 Switch sample line from distilled water to sampler and begin analysis.  

8. Calculations  
8.1 Prepare appropriate standard curve derived from processing ammonia standards 
through manifold. Compute concentration of samples by comparing sample peak 
heights with standard curve.  

9. Precision and Accuracy  
9.1 In a single laboratory (EMSL), using surface water samples at concentrations of 
1.41, 0.77, 0.59 and 0.43 mg NH3-N/l, the standard deviation was +/-0.005.  
9.2 In a single laboratory (EMSL), using surface water samples at concentrations of 
0.16 and 1.44 mg NH3-N/l, recoveries were 107% and 99%, respectively.  
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From The Stable Isotope/Soil Biology Laboratory of the University of Georgia Institute of Ecology 
 
PHOSPHORUS, ALL FORMS  
Method 365.1 (Colorimetric, Automated, Ascorbic Acid)  

STORET NO.:  
Total 00665 
Total Orthophosphate (P-ortho) 70507 
Total Hydrolyzable Phosphorus (P-hydro) 00669 
Total Organic Phosphorus (P-org) 00670 
Dissolved Phosphorus (P-D) 00666 
Dissolved Orthophosphate (P-D, ortho) 00671 
Dissolved Hydrolyzable Phosphorus (P-D, hydro) 00672 
Dissolved Organic Phosphorus (P-D, org) 00673 
Insoluble Phosphorus 00667 
Insoluble orthophosphate00674 
Insoluble Hydrolyzable Phosphorus 00675 
Insoluble Organic Phosphorus 00676 

1. Scope and Application  
1.1These methods cover the determination of specified forms of phosphorus in 
drinking, surface and saline waters, domestic and industrial wastes.  

 
1.2 The methods are based on reactions that are specific for the orthophosphate ion. 
Thus, depending on the prescribed pretreatment of the sample, the various forms of 
phosphorus given in Figure 1 may be determined. These forms are defined in Section 
4.  
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1.2.1 Except for in-depth and detailed studies, the most commonly measured forms 
are phosphorus and dissolved phosphorus, and orthophosphate and dissolved 
orthophosphate. Hydrolyzable phosphorus is normally found only in sewage-type 
samples. Insoluble forms of phosphorus are determined by calculation.  
1.3 The methods are usable in the 0.001 to 1.0 mg P/l range. Approximately 20-30 
samples per hour can be analyzed.  

2. Summary of Method  
2.1 Ammonium molybdate and antimony potassium tartrate react in an acid medium 
with dilute solutions of phosphorus to form an antimony-phospho-molybdate 
complex. This complex is reduced to an intensely blue-colored complex by ascorbic 
acid. The color is proportional to the phosphorus concentration.  
2.2 Only orthophosphate forms a blue color in this test. Polyphosphates (and some 
organic phosphorus compounds) may be converted to the orthophosphate form by 
manual sulfuric acid hydrolysis. Organic phosphorus compounds may be converted to 
the orthophosphate form by manual persulfate digestion(2). The developed color is 
measured automatically on the AutoAnalyzer.  

3. Sample Handling and Preservation  
3.1 If benthic deposits are present in the area being sampled, great care should be 
taken not to include these deposits.  
3.2 Sample containers may be of plastic material; such as cubitainers, or of Pyrex 
glass.  
3.3 If the analysis cannot be performed the same day of collection, the sample should 
be preserved by the addition of 2 ml conc. H2SO4 per liter and refrigeration at 4 
degrees C.  

4. Definitions and Storet Numbers  
4.1 Total Phosphorus (P) - all of the phosphorus present in the sample regardless of 
form, as measured by the persulfate digestion procedure. (Storet #00665)  
4.1.1 Total Orthophosphate (P-ortho) - inorganic phosphorus [(PO4)-3] in the 
sample as measured by the direct colorimetric analysis procedure. (70507)  
4.1.2 Total Hydrolyzable Phosphorus (P-hydro) - phosphorus in the sample as 
measured by the sulfuric acid hydrolysis procedure, and minus predetermined 
orthophosphates. This hydrolyzable phosphorus includes polyphosphates [(P207)-4, 
(P3O10)-5, etc.] plus some organic phosphorus. (00669)  
4.1.3 Total Organic Phosphorus (P-org) - phosphorus (inorganic plus oxidizable 
organic) in the sample as measured by the persulfate digestion procedure, and minus 
hydrolyzable phosphorus and orthophosphate. (00670)  
4.2 Dissolved Phosphorus (P-D) - all of the phosphorus present in the filtrate of a 
sample filtered through a phosphorus-free filter of 0.45 micron pore size and 
measured by the persulfate digestion procedure. (00666)  
4.2.1 Dissolved Orthophosphate (P-D, ortho) - as measured by the direct 
calorimetric analysis procedure. (00671)  
4.2.2 Dissolved Hydrolyzable Phosphorus (P-D, hydro) - as measured by the 
sulfuric acid hydrolysis procedure and minus predetermined dissolved 
orthophosphates. (00672)  
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4.2.3 Dissolved Organic Phosphorus (P-D, org) - as measured by the persulfate 
digestion procedure, and minus dissolved hydrolyzable phosphorus and 
orthophosphate. (00673)  
4.3 The following forms, when sufficient amounts of phosphorus are present in the 
sample to warrant such consideration, may be calculated:  
4.3.1 Insoluble Phosphorus  
(P-I) = (P) - (P-D) (00667)  
4.3.1.1 Insoluble orthophosphate  
(P-I, ortho) = (P, ortho) - (P-D, ortho) (00674)  
4.3.1.2 Insoluble Hydrolyzable Phosphorus  
(P-I, hydro) = (P.hydro) - (P- D, hydro) (00675)  
4.3.1.3 Insoluble Organic Phosphorus  
(P-I, org) = (P. org) - (P-D, org) (00676)  
4.4 All phosphorus forms shall be reported as P. mg/l, to the third place.  

5. Interferences  
5.1 No interference is caused by copper, iron, or silicate at concentrations many times 
greater than their reported concentration in sea water. However, high iron 
concentrations can cause precipitation of and subsequent loss of phosphorus.  
5.2 The salt error for samples ranging from 5 to 20% salt content was found to be less 
than 1%.  
5.3 Arsenate is determined similarly to phosphorus and should be considered when 
present in concentrations higher than phosphorus. However, at concentrations found 
in sea water, it does not interfere.  
5.4 Sample turbidity must be removed by filtration prior to analysis for 
orthophosphate. Samples for total or total hydrolyzable phosphorus should be filtered 
only after digestion. Sample color that absorbs in the photometric range used for 
analysis will also interfere.  

6. Apparatus  
6.1Technicon AutoAnalyzer consisting of:  
6.1.1 Sampler. 
6.1.2 Manifold (AAI) or Analytical Cartridge (AAII). 
6.1.3 Proportioning pump. 
6.1.4 Heating bath, 50 degrees C. 
6.1.5 Colorimeter equipped with 15 or 50 mm tubular flow cell. 
6.1.6 650-660 or 880 nm filter. 
6.1.7 Recorder. 
6.1.8 Digital printer for AAII (optional). 
6.2 Hot plate or autoclave.  
6.3 Acid-washed glassware: All glassware used in the determination should be 
washed with hot 1:1 HCl and rinsed with distilled water. The acid-washed glassware 
should be filled with distilled water and treated with all the reagents to remove the 
last traces of phosphorus that might be adsorbed on the glassware. Preferably, this 
glassware should be used only for the determination of phosphorus and after use it 
should be rinsed with distilled water and kept covered until needed again. If this is 
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done, the treatment with 1:1 HCI and reagents is only required occasionally. 
Commercial detergent should never be used.  

7. Reagents  
7.1 Sulfuric acid solution, 5N: Slowly add 70 ml of conc. H2SO4 to approximately 
400 ml of distilled water. Cool to room temperature and dilute to 500 ml with distilled 
water.  
7.2 Antimony potassium tartrate solution: Weigh 0.3 g K(SbO)C4H4O6 x 1/2H20, 
dissolve in 50 ml distilled water in 100 ml volumetric flask, dilute to volume. Store at 
4 degrees C in a dark, glass-stoppered bottle.  
7.3 Ammonium molybdate solution: Dissolve 4 g (NH4)6Mo7O24 x 4H2O in 100 ml 
distilled water. Store in a plastic bottle at 4 degrees C.  
7.4 Ascorbic acid, 0.1M: Dissolve 1.8 g of ascorbic acid in 100 ml of distilled water. 
The solution is stable for about a week if prepared with water containing no more 
than trace amounts of heavy metals and stored at 4 degrees C.  
7.5 Combined reagent (AAI): Mix the above reagents in the following proportions for 
100 ml of the mixed reagent: 50 ml of 5N H2SO4 (7.1), 5 ml of antimony potassium 
tartrate solution (7.2), 15 ml of ammonium molybdate solution (7.3), and 30 ml of 
ascorbic acid solution (7.4). Mix after addition of each reagent. All reagents must 
reach room temperature before they are mixed and must be mixed in the order given. 
If turbidity forms in the combined reagent, shake and let stand for a few minutes until 
the turbidity disappears before processing. This volume is sufficient for 4 hours 
operation. Since the stability of this solution is limited, it must be freshly prepared for 
each run.  
NOTE 1: A stable solution can be prepared by not including the ascorbic acid in the 
combined reagent. If this is done, the mixed reagent (molybdate, tartrate, and acid) is 
pumped through the distilled water line and the ascorbic acid solution (30 ml of 7.4 
diluted to 100 ml with distilled water) through the original mixed reagent line.  
7.6 Sulfuric acid solution, 11 N: Slowly add 310 ml conc. H2S04 to 600 ml distilled 
water. When cool, dilute to 1 liter.  
7.7 Ammonium persulfate.  
7.8 Acid wash water: Add 40 ml of sulfuric acid solution (7.6) to 1 liter of distilled 
water and dilute to 2 liters. (Not to be used when only orthophosphate is being 
determined).  
7.9 Phenolphthalein indicator solution (5 gal): Dissolve 0.5 g of phenolphthalein in a 
solution of 50 ml of ethyl or isopropyl alcohol and 50 ml of distilled water.  
7.10 Stock phosphorus solution: Dissolve 0.4393 g of pre-dried (105 degrees C for 1 
hour) KH2PO4 in distilled water and dilute to 1000 ml. 1.0 ml = 0.1 mg P.  
7.11 Standard phosphorus solution: Dilute l00.0 ml of stock solution (7.10) to 1000 
ml with distilled water. 1.0 ml = 0.01 mg P.  
7.12 Standard phosphorus solution: Dilute 100.0 ml of standard solution (7.11) to 
1000 ml with distilled water. 1.0 ml = 0.001 mg P.  
7.13 Prepare a series of standards by diluting suitable volumes of standard solutions 
(7.11) and (7.12) to 100.0 ml with distilled water. The following dilutions are 
suggested:  
       ml of Standard             Conc, 
 Phosphorus Solution (7.12)       mg P/l 
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 --------------------------       ------ 
 
            0.0                    0.00 
            2.0                    0.02 
            5.0                    0.05 
           10.0                    0.10 
 
       ml of Standard 
Phosphorus Solution (7.1.1)       mg P/l 
---------------------------       ------ 
 
            2.0                    0.20 
            5.0                    0.50 
            8.0                    0.80 
           10.0                    1.00 
     

8. Procedure  
8.1 Phosphorus  
8.1.1 Add 1 ml of sulfuric acid solution (7.6) to a 50 ml sample and/or standard in a 
125 ml Erlenmeyer flask.  
8.1.2 Add 0.4 g of ammonium persulfate.  
8.1.3 Boil gently on a preheated hot plate for approximately 30-40 minutes or until a 
final volume of about 10 ml is reached. Do not allow sample to go to dryness. 
Alternately, heat for 30 minutes in an autoclave at 121 degrees C (15-20 psi).  
8.1.4 Cool and dilute the sample to 50 ml. If sample is not clear at this point, filter.  
8.1.5 Determine phosphorus as outlined in (8.3.2) with acid wash water (7.8) in wash 
tubes.  
8.2 Hydrolyzable Phosphorus  
8.2.1 Add l ml of sulfuric acid solution (7.6) to a 50 ml sample and/or standard in a 
125 ml Erlenmeyer flask.  
8.2.2 Boil gently on a preheated hot plate for 30 10 minutes or until a final volume of 
about 10 ml is reached. Do not allow sample to go to dryness. Alternatively, heat for 
30 minutes in an autoclave at 121 degrees C (15-20 psi).  
8.2.3 Cool and dilute the sample to 50 ml. If sample is not clear at this point, filter.  
8.2.4 Determine phosphorus as outlined in (8.3.2) with acid wash water (7.8) in wash 
tubes.  
8.3 Orthophosphate  
8.3.1 Add l drop of phenolphthalein indicator solution (7.9) to approximately 50 ml of 
sample. If a red color develops, add sulfuric acid solution (7.6) drop-wise to just 
discharge the color. Acid samples must be neutralized with 1 N sodium hydroxide (40 
g NaOH/l).  
8.3.2 Set up manifold as shown in Figure 2, AAI or Figure 3. AAII.  
8.3.3 Allow both calorimeter and recorder to warm up for 30 minutes. Obtain a stable 
baseline with all reagents, feeding distilled water through the sample line.  
8.3.4 For the AAI system, sample at a rate of 20/hr, I minute sample, 2 minute wash. 
For the AAII system, use a 30/hr, 2:1 cam, and a common wash.  
8.3.5 Place standards in Sampler in order of decreasing concentration. Complete 
filling of sampler tray with unknown samples.  
8.3.6 Switch sample line from distilled water to Sampler and begin analysis.  
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9. Calculation  
9.1 Prepare a standard curve by plotting peak heights of processed standards against 
known concentrations. Compute concentrations of samples by comparing sample 
peak heights with standard curve. Any sample whose computed value is less than 5% 
of its immediate predecessor must be rerun.  

10. Precision and Accuracy (AAI system)  
10.1 Six laboratories participating in an EPA Method Study, analyzed four natural 
water samples containing exact increments of orthophosphate, with the following 
results:  
                                              Accuracy as 
Increment as      Precision as            ------------------- 
Orthophosphate    Standard Deviation      Bias,        Bias, 
mg P/liter        mg P/liter               %        mg P/liter 
--------------    ------------------      ------    ---------- 
 
    0.04               0.019               +16.7      +0.007 
    0.04               0.014               - 8.3      -0.003 
    0.29               0.087               -15.5      -0.05 
    0.30               0.066               -12.8      -0.04 
     
10.2 In a single laboratory (EMSL), using surface water samples at concentrations of 
0.04, 0.19, 0.35, and 0.84 mg P/l, standard deviations were +/-0.005, +/-0.000, +/-
0.003, and +/-0.000, respectively.  
10.3 In a single laboratory (EMSL), using surface water samples at concentrations of 
0.07 and 0.76 mg p/l, recoveries were 99% and 100%, respectively.  
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Lowndes County Management Plan 
Modeling Overview 
Wes Byne 
5 Oct 2000 
 
 
RESOURCES 
 
The data required to model Lowndes County included soils, elevation, hydrography, and 

landuse.  All of this information was available in a geographic information system (GIS), 

which is a database attached to spatial data.  The soils information was obtained from the 

South Georgia Regional Development Center (SGRDC), and is an electronic version of 

the USDA NRCS soil survey for Lowndes County.  The elevation information was 

obtained from the Georgia GIS Clearinghouse in the form of 30m resolution USGS 

digital elevation models (DEMs).  The hydrography information was obtained from the 

SGRDC  (for Lowndes County) and Georgia Clearinghouse (for upstream counties), and 

was used to verify that flow calculations based on the DEMs were appropriate.  The 

landuse information was obtained by digitizing 1993 digital orthophoto quarter 

quadrangles (DOQQs) from the National Aerial Photography Program (NAPP) and was 

verified by comparison to aerial photography flown for the county’s tax assessor office.  

The 16 landuses used in modeling are included in Table 8-1.  Because counties above 

Lowndes were only modeled to correctly account for flow in the study watersheds, 

generalized information was used to model upstream areas.  STATSGO (STATe Soil 

GeOgraphic) soils data and the state DNR landuse data from 1988 were used to simulate 

conditions in upstream areas.   
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Table 8-1: Landuses Used in Lowndes County Simulation 
 
 
1.   Water 
2.   Forest 
3.   Roads 
4.   Crops 
5.   Urban (Heavy) 
6.   Urban (Light) 
7.   Industrial 
8.   Pasture 
9.   Airport 
10. Wetland 
11. Residential (Low-Density) 
12. Planted Pines 
13. Forest (Sparse) 
14. Pecan Orchard 
15. Unknown 
16. Commercial 

 
 
 
 
MODEL 
 
Lowndes County was modeling using the SWAT (Soil and Water Assessment Tool) 

model available from USDA Agricultural Research Service (ARS) at the Blacklands 

Research Center, Texas A&M.  It is a process-based, basin-scale model, originally 

designed to simulate the long-term effects of management practices on agricultural 

watersheds.  In recent years, an urban component has been added, and therefore the 

model is applicable to mixed land-use watersheds.  The model incorporates the QUAL2E 

receiving water model, and model inputs are managed by an ArcView interface.  The 

SWAT model will be incorporated into the BASINS package of modeling tools in 

BASINS 3.0. 
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The Lowndes County simulation was divided into two major basins, with the outlet of the 

first being Highway 84 at the Withlacoochee River and the outlet of the second being the 

third sampling site in the Twin Lakes Area.  Both are shown in Figure 8-1.  The first 

basin was further divided into 5 smaller watersheds, representing sampling points in the 

Little River and the Withlacoochee River basins.  The second basin was simulated as a 

single watershed.  All watersheds were further subdivided into subwatersheds using 

ArcView, assuming a minimum watershed area of 2471 acres (1000 ha).  Landuse and 

soils for each subwatershed was calculated using the Arcview tool, assuming that the 

dominant soil and landuse combination would control runoff and loading from each 

subwatershed.   

 

 
PARAMETERS 

Parameters modeled for Lowndes county include flow rate, nitrogen, phosphorus, 

dissolved oxygen (DO), carbonaceous biochemical oxygen demand (CBOD), sediment, 

fecal bacteria, chromium, zinc, aluminum, and pesticides where applicable.  The SWAT 

model has internal routines capable of generating nutrient and sediment loads, and 

routing these to determine their effects on water quality.  Fecal loads may be input as 

point sources or as distributed sources through manure application, however there is no 

provision for non-point source (NPS) generation.  Metals may be input as point sources 

(e.g.-municipal WWTP or industry discharges), however there is not an upland load 

generation component to the model.  For this reason, urban point loads for fecal bacteria 

and metals were calculated for each subwatershed based on PLUARG (Marsalek, 1978) 

studies and input into the model as direct point loads to streams.  The loads were 
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calculated based on yearly averages, and only assumed to be input to the model when 

rainfall exceeded one inch per day.  The model then routes these constituents through the 

basin.  Pesticide loadings are calculated based on application rate, and any number may 

be simulated at the subwatershed level, however due to the complexity of the simulation, 

only one may be routed through the basin at a time.  Several parameters were calibrated, 

including flow rate, nitrification rates, and algal settling rates, and are describe in more 

detail below. 

 

SCENARIOS 

Three scenarios were modeled for Lowndes County.  The first was a baseline condition, 

designed to represent current conditions.  The second was a growth scenario calculated 

by assuming medium or low-density residential growth within a 3280 ft (1000 m) buffer 

of the proposed Lowndes County sanitary sewer service line.  The third scenario utilized 

the same buffer, but assumed growth would be commercial.  The different landuses 

affected flow and pollution load in the model.  Figure 8-2 shows the 3280 ft (1000 m) 

buffer representing potential growth areas in the county. 

 

BASELINE 

The current scenario was modeled for a period of 38 years to allow the water balance to 

come to equilibrium in the model.  The period of record was also chosen to allow flow 

calibration on the entire basin.  Several USGS gaging stations have been in place along 

the Withlacoochee or Little Rivers in the past, and have historical records.  The period of 

time allowed calibration and validation of model flow at four points in the basin, one 
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below Lenox, one below Adel, one at Skipper Bridge Road in Lowndes County, and one 

at Highway 84 in Lowndes County.  No flow data were available for calibration of the 

Twin Lakes basin, however the calibrated parameters from the first basin were used as 

best estimates of inputs.  The calibrated model was found to fit measured flow data 

adequately.  

 

Measured pollutant loads were compared to modeled data to determine quality of model 

predictions.  The baseline simulation of both scenarios was calibrated by manipulation of 

soil organic carbon and algal settling rates which controlled CBOD and subsequently 

DO.  Also, rate constants that affected nitrification were adjusted to improve model fit.  

The nutrient predictions fit the measured data adequately, while CBOD and DO 

predictions fit measured data well.  There was no validation period due to the limited 

number of sampling points, all of which were baseflow measurements due to the lack of 

rainfall in the basin in the previous twelve months. 

 

SCENARIO 1 

The first scenario utilized the same time period as the baseline simulation, however 

landuse differed from the baseline simulation.  The 3280 ft (1000 m) buffer generated 

around the proposed sanitary service area was superimposed on the subwatersheds used 

in the simulation to determine the areas that would be affected.  Each affected area was 

then converted to the appropriate landuse and routed with its parent subwatershed.  The 

landuse change for scenario1 was urban-residential, medium to low density. 
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SCENARIO 2 

The second scenario was prepared in the same manner as Scenario 1, however the 

landuse was assumed to change from baseline conditions to commercial development. 

 

RESULTS 

The period of 1995 to 2000 was used for comparison of model results between the 

different scenarios.  Five-year monthly averages and maximum values were compared, 

and the results are included in Table 8-2 and Table 8-3.  Calculations are shown in mg/L 

to three decimal places or four decimal places where appropriate because the 

concentrations were calculated from predicted loads and therefore do not exhibit 

significant variation.   

 

DISCUSSION 

Comparison of Prediction Scenarios 

 

Basin 1, Withlacoochee River at Highway 84 

 
Modeling results from basin 1 indicated increased average and peak flow rates, as would 

be expected from urbanization.  Predicted average sediment concentration decreased 

between baseline and residential landuse, and increased between residential and 

commercial landuse, while overall average sediment concentration decreased. Maximum 

sediment concentration increased from baseline to residential to commercial, 

corresponding to increased peak flow rate.  Average and maximum phosphorus 

concentrations decreased as increased flow rates caused dilution.  Average and maximum 
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nitrogen concentrations increased due to predicted increased loadings from the urbanizing 

landuses.  Nitrate values decreased on average, while peak concentration decreased from 

baseline to residential and increased from residential to commercial landuse.  Again this 

is due to the variation of loading assumed with the urbanizing landuses.  Algae 

concentration remained constant while CBOD decreased in both average and maximum 

concentrations from baseline conditions to residential conditions, and slightly increased 

in average concentration from residential to commercial landuse.  Maximum 

concentration increased slightly greater than 1 mg/L as landuse changed from residential 

to commercial.  Dissolved oxygen, which is driven by CBOD and reaeration rate, 

followed the opposite trend of CBOD.  Average and maximum predicted fecal bacteria 

increased from baseline conditions to residential, and decreased from residential to 

commercial.  The low baseline fecal concentration was due to lack of unit-load 

information for the mixed conditions as they currently exist, and therefore baseline loads 

were assumed to only originate from point WWTP sources.  For this reason, the relative 

loading of fecal coliforms indicated overall increase of bacteria as landuse changed from 

baseline to residential, and then decreased as landuse changed from residential to 

commercial.  The simulated residential landuse would probably not differ from the 

baseline condition as greatly as the numbers indicate.  Average and maximum chromium 

values did not vary with landuse, while average and maximum zinc concentrations 

increased as landuse changed from baseline conditions to residential and then to 

commercial.  Average and maximum predicted aluminum concentrations increased from 

baseline to residential conditions while average concentration decreased from residential 

to commercial and the maximum concentration remained unchanged.  All predicted 
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pesticide concentrations were small enough that they were well under detection limits, 

and are not included here for comparison. 

 

 

Basin 2, Bevel Creek Sampling Site #3 

 

Modeling results from basin 2 indicated unchanged average flow rate from baseline to 

residential conditions, while peak flow rate decreased.  Predicted average and peak 

commercial landuse flow rates were greater than residential landuse and baseline landuse.  

Sediment concentration predictions decreased from baseline to residential for both 

average and peak, and increased from residential to commercial landuse.  Overall, 

average and peak sediment concentrations decreased.  Total average phosphorus 

concentration decreased from baseline conditions to residential, while peak concentration 

increased.  Total average phosphorus concentration increased from residential to 

commercial, and peak concentration increased.  Average TKN increased average and 

peak concentrations as landuse changed from baseline to residential to commercial.  Peak 

and average nitrate values increased from current to residential conditions, while average 

and peak values decreased from residential to commercial.  Average algae concentration 

decreased from baseline to residential landuse, while peak concentration decreased by 

one-half.  Average and peak concentrations of algae increased from residential to 

commercial landuse.  Average and peak CBOD concentrations decreased from baseline 

to residential and then to commercial scenarios.  Average and peak dissolved oxygen 

showed the opposite trend, except that peak DO levels did not increase from residential to 
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commercial landuse.  Fecal bacteria once again show relative increased contribution due 

to the lack of available data for estimating unit fecal loads.  The predictions indicate 

increased average and peak concentration from baseline to residential to commercial 

landuse.  Once again, the proposed residential landuse would probably not differ from the 

baseline conditions as greatly as the numbers indicate.  Average and peak chromium 

concentrations increased from baseline to residential landuse, while decreasing from 

residential to commercial landuse.  Zinc concentrations followed the same trend.   
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Study Watersheds – Lowndes County, GA
Figure 8-1 
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Study Watersheds and Predicted Build Out

Lowndes County, GA 
Figure 8-2 
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Table 8-2 
 

             
             

              

           
Withlacoochee River - Basin 1 
   

          

Scenario Value Flow Sed. Conc. P (Org+Sol) N (Org+NH4) NO3 Algae CBOD 4 DO 5 Fecal Bacteria 6 Chromium 6 Zinc 6 Aluminum 6

    (cms) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ct/100 mL) (mg/L) (mg/L) (mg/L) 
Scenario 1 1 average 41.30 35.92 0.256 0.446 1.081 0.011 2.53    5.90 0.03 0.0002 0.0001 0.0007
  max 195.50 111.20 0.609 1.200 6.509 0.054 17.26    7.27 0.17 0.0008 0.0003 0.0032
                            
Scenario 2 2 average 41.46 35.19 0.252 0.472 1.077 0.011 2.34    5.96 14.50 0.0002 0.0003 0.0010
  max 195.70 113.00 0.598 1.198 6.450 0.053 14.44    7.27 73.32 0.0008 0.0015 0.0041
                            
Scenario 3 3 average 41.75 35.72 0.250 0.474 1.072 0.011 2.35    5.97 7.42 0.0002 0.0004 0.0009
  max 196.20 113.50 0.589 1.205 6.471 0.053 15.55    7.26 37.16 0.0008 0.0017 0.0041
              
              
              

    

    

1.  Baseline simulation of current conditions in the watershed         
2.  Baseline simulation assuming 5 years with medium to low density residential buildout in the 1000 meter buffer    
3.  Baseline simulation assuming 5 years with commercial density buildout in the 1000 meter buffer    
4.  CBOD calculated based on soil organic carbon and shows reduction due to decreased soil exposure    
5.  DO calcuated as a direct function of CBOD and flow         
6.  Bacteria and metals calculated based on unit loads measured in PLUARG studies. (Marsalek, 1978) 
          

   

 Marsalek, J (1978).  Pollution Due to Urban Runoff:  Unit Loads and Abatement Measures, Pollution    
  from Land Use Activities Reference Group, International Joint Commission,     
  Windsor, Ontario.  (reference and info taken from Novotny & Olem's Water Quality,     

Prevention, Identification, and Management of Diffuse Pollution, 1994, Van Nontrand Reinhold) 
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Table 8-3 
 

Bevel Creek - Basin 2 
  

          

Scenario Value Flow Sed. Conc. P (Org+Sol) N (Org+NH4) NO3 Algae CBOD 4 DO 5 Fecal Bacteria 6 Chromium 6 Zinc 6

    (cms) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ct/100 mL) (mg/L) (mg/L) 
Scenario 1 1 average 0.80 66.80 0.19 0.28 0.90      0.005 3.70 4.00 0.00 0.0000 0.0000
  max 4.90 213.70 0.78 0.62 3.80       0.018 8.90 6.70 0.00 0.0000 0.0000
                          
Scenario 2 2 average 0.80         35.90 0.17 0.36 1.00 0.001 1.10 6.20 93.70 0.0004 0.0088
  max 4.70 104.50 1.03 1.99 6.50       0.009 5.30 9.70 1018.00 0.0039 0.0844
                          
Scenario 3 3 average 1.10         50.40 0.19 0.36 0.60 0.003 0.80 7.30 111.00 0.0002 0.0047
  max 5.40 113.40 1.96 3.75 5.60       0.010 3.80 9.70 613.40 0.0012 0.0260
             
             
             

    

    

1.  Baseline simulation of current conditions in the watershed        
2.  Baseline simulation assuming 5 years with medium to low density residential buildout in the 1000 meter buffer   
3.  Baseline simulation assuming 5 years with commercial density buildout in the 1000 meter buffer    
4.  CBOD calculated based on soil organic carbon and shows reduction due to decreased soil exposure    
5.  DO calcuated as a direct function of CBOD and flow         
6.  Bacteria and metals calculated based on unit loads measured in PLUARG studies. (Marsalek, 1978) 
         

   

 Marsalek, J (1978).  Pollution Due to Urban Runoff:  Unit Loads and Abatement Measures, Pollution   
  from Land Use Activities Reference Group, International Joint Commission,     
  Windsor, Ontario.  (reference and info taken from Novotny & Olem's Water Quality,     

Prevention, Identification, and Management of Diffuse Pollution, 1994, Van Nontrand Reinhold) 
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Background 
 
Storm water runoff is the water from rain and snow melt that flows across land. Pollutants that 
have been deposited on land are carried by runoff into nearby rivers, streams, lakes, ponds, 
wetlands, marine waters, and ground water. This contaminated runoff significantly degrades 
water quality and aquatic habitat.  Storm water runoff also may increase flooding and erosion. 
Development increases storm water runoff, which alters natural drainage features, increases 
flooding, and may reduce the ground water recharge to support wetlands and maintain base flows 
in streams. Development also increases the concentration and types of pollutants that can be 
carried by runoff, including nutrients, solids, metals, salt, pathogens, pesticides, and 
hydrocarbons.  Storm water runoff and discharges from storm water drainpipes are often the 
largest contributors to water quality problems in rivers, streams, and marine waters. The state’s 
surface water quality standards, which identify and protect water uses such as water supplies and 
fish and wildlife habitat, are not being met in many locations. 
 
In 1999, Lowndes County, Georgia commissioned Carter & Sloope, Inc and the University of 
Georgia’s Watershed Team to conduct a comprehensive watershed assessment.  The watershed 
assessment was mandated by new rules issued by the Georgia DNR, Environmental Protection 
Division (EPD) associated with permits for the discharge of wastewater.  The purpose of the 
project was to assess the current health of the watersheds in Lowndes County, to predict future 
watershed health and to develop a management plan for the purpose of maintaining the high 
quality of Lowndes County’s streams.   
 
A watershed assessment project is typically composed of four steps: characterization of the local 
watersheds, streams, potential pollutant sources, etc.; modeling to help explain the current 
conditions and predict impacts of future land use changes; development of a management plan, 
which becomes part of the wastewater discharge permit, to correct current deficiencies and 
prevent future problems; and ongoing monitoring to demonstrate improvement in stream health 
if the streams are currently impaired or to demonstrate that the management plan is effectively 
protecting the streams as land uses change due to growth. If ongoing monitoring shows that the 
current management plan is not meeting the expressed goals, then the plan should be modified in 
order to meet the expressed stream health objectives.  Thus the management plan should be 
viewed as a work in progress.  It would be impossible for city/county/regional planners to 
foresee precise growth patterns and economic development trends.  As conditions vary from 
those upon which the management plan was developed, the plan should be revisited and 
modified such that the ultimate goal of maintaining healthy streams is achieved.   
 
Summary of Characterization Study 
 
Bioassessment 
To begin the characterization phase of the watershed assessment, investigators from the 
Watershed Team conducted preliminary site visits to meet with county officials and regional 
planners to discuss current and projected future growth patterns.  Based on these discussions that 
focused on the future expansion of sewerage service areas along certain corridors, the Team 
selected sites for water quality sampling and biological and habitat assessments along the Little 
River, Withlacoochee River, Bevel Creek and Franks Creek.  The sites were selected to represent 
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current land uses and development in the county as well as to characterize areas that might be 
impacted by future development.  These preliminary visits also gave the team a chance to 
establish a working relationship with key stakeholders in the County.   
 
In October 1999, a team of investigators from the USGS Patuxent Wildlife Research Center in 
Athens, GA performed biological and habitat assessments at seven study sites (two on Bevel 
Creek – Stations 1 & 2, four on Withlacoochee River – Stations 3-6, and one on the Little River 
– see bioassessment section of the complete watershed assessment report for location map).  
Franks Creek was not included in the bioassessments due to zero flow conditions.  The team 
used indicator species of benthic macroinvertebrates (aquatic insects) and fish to determine 
biological health and assessed physical and chemical characteristics to determine habitat health 
for representative 325-foot long sections of the streams.  These physical, chemical, and 
biological assessments were based on methods that, taken together, comprise what is known as 
the Rapid Bioassessment Protocol (RBP). 
 
The study streams were all characterized as soft-water systems with acceptable pH levels 
(between 5 and 7), and elevated concentrations of dissolved organic carbon (tannin) due to the 
decay of aquatic vegetation and tree leaves from the heavily vegetated streams common in this 
area.  Stream banks were, for the most part, stable with enough vegetation to provide substantial 
shade and cover to the channel.  Taking into account the water quality and the general habitat 
description, the investigators concluded that all study stream sites fell into the “optimal” RBP 
Habitat Condition Category.   
 
Biological assessments were conducted at all the study sites.  Over 100 different benthic 
macroinvertebrates were identified at the study sites with the majority of them classified as 
having intermediate tolerance to pollution.  Using several indices that measure tolerance and 
diversity, investigators found that benthic macroinvertebrate assemblages were slightly impaired 
at station 6 (Withlacoochee River at Langdale Park) and nonimpaired at all the rest of the 
stations.   
 
Fish were also sampled at all study sites.  Thirty-eight species were collected at the study sites; 
most were classified as having intermediate tolerance to pollution.  There were four species 
classified as tolerant to pollution and one species was classified as intolerant.  Based on species 
of fish collected, all sites were classified as slightly impaired, except site 3 (Withlacoochee River 
at Highway 122) was nonimpaired and site 1 (Bevel Creek at Loch Laurel Road) was moderately 
impaired.   
 
Combining the evaluations for habitat, benthic macroinvertebrates, and fish gives an overall 
assessment of each study site.  Investigators determined that while some of the sites had lower 
RBP Scores, all the streams associated with the Lowndes County watersheds are nonimpaired.  It 
was also noted that severe drought conditions resulting in extremely low flow most likely had a 
negative influence on the overall integrity of the study streams.  See Biological and Habitat 
Assessment Interpretive Graphs at the end of this document. 
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Water Quality Monitoring 
Water Quality sampling began in January 2000 on ten study sites (1 on the Little River, 2 on 
Franks Creek, 3 on Bevel Creek, and 4 on the Withlacoochee River).  Several parameters were 
measured in-situ including dissolved oxygen (DO) concentration, electrical conductivity (EC), 
temperature, pH and depth.  Laboratories on the University of Georgia campus measured other 
parameters.  The Environmental Water Quality Laboratory tested for fecal coliform, biochemical 
oxygen demand, chemical oxygen demand, total suspended solids, turbidity, total phosphorus, 
ammonia, total Kjeldahl nitrogen, and nitrate-nitrite. The Soil, Plant, and Water Laboratory 
measured lead, copper, cadmium, zinc and hardness, and the UGA Cooperative Extension 
Service Laboratory tested for pesticides.  Measuring pesticide levels in the streams of Lowndes 
County was very important initially because the mainstem of the Withlacoochee River was listed 
on the 303(d) List of Impaired Waters (part of the Clean Water Act) for several derivatives of the 
pesticide DDT.  The UGA Cooperative Extension Service Laboratory found no traces of the 
DDT derivatives in the streams of Lowndes County.  The measured data and the laboratory data 
results were compared to the limits for water quality parameters as outlined in the State of 
Georgia’s Rules and Regulations for Water Quality Control.  All of the water quality parameters 
were within limits with the exception of cadmium, which was slightly high at all of the study 
sites. This was likely due to the measurement range used during the testing.   The streams of 
Lowndes County will be sampled for cadmium and re-tested at a more sensitive level, parts per 
billion instead of parts per million. If the levels of cadmium are still too high, the streams of 
Lowndes County will be monitored for water quality and a specific component of the 
management plan will be developed to reduce cadmium levels if the problem persists.  
 
Using data collected for the biological and habitat assessments and the data from water quality 
testing, Watershed Team investigators concluded that the current health of the watersheds 
associated with Lowndes County is, for the most part, excellent.  Thus, there is no need for a 
component of the overall management plan to address improving the current health of Lowndes 
County streams.  The Management Plan outlined in this document will address ways to maintain 
the health of the watersheds as Lowndes County develops and land uses change.   
 
Modeling Impacts of Growth 
In order to suggest ways to prevent pollution, future pollutant loadings must be predicted.  To do 
this, the Watershed Team used a computer model called the Soil and Water Assessment Tool 
(SWAT).  SWAT makes use of data sets (soils, weather, vegetation, topography, etc.) to predict 
the impact of land management practices (development and watershed protection measures) on 
watersheds.   
 
The County was divided into two major basins, the Withlacoochee River (with the outlet near 
Highway 84) and Bevel Creek (with the outlet in the Twin Lakes area).  The two large basins 
were subdivided into smaller watersheds.  The Withlacoochee River basin was divided into five 
sub-watersheds and the Bevel Creek basin was divided into three sub-watersheds.  Three 
scenarios were modeled, using SWAT, for the Withlacoochee River and the Bevel Creek basin.  
The first was a baseline condition, designed to represent current conditions.  The second was a 
growth scenario calculated by assuming medium or low-density residential growth along the 
proposed Lowndes County sewer service line.  The third scenario also used the proposed sewer 
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service line as a guide and assumed medium or low-density commercial growth.  Details of the 
modeling procedures and results are present in the full watershed assessment report 
 
Modeling results from both the Withlacoochee River and Bevel Creek basins indicated increased 
average and peak flow rates, corresponding to decreases in vegetative cover and increases in 
impervious cover.  The predicted average sediment concentrations decreased between baseline 
and residential development conditions representing decreased agricultural impacts, and 
increased between residential and commercial conditions, while overall average sediment 
concentrations decreased with increased development. Maximum sediment concentrations 
increased with increasing development, corresponding to increased peak flow rates and 
corresponding increases in stream channel scour.  Sediments are the leading cause of stream 
impairment in Georgia.  Interactions between rainfall, runoff, land use, and channel hydraulics 
are very complex.  Decreased inputs of sediments to a stream channel might not result in 
decreased sediment concentrations within the channel if there is a corresponding increase in flow 
rates.  The increased velocities within the channel can scour the banks and bottoms of channels 
and entrain new sediments into the water or resuspend existing sediment deposits within the 
channel.  Many of the other potential pollutants in water are associated with sediment 
concentrations and are usually transported into the water body with the sediments.  Thus, 
decreasing sediment transport from the land surface to the stream can often significantly reduce 
many other pollutants.  The other water quality parameters that are of interest did not change 
significantly as land use changed from current conditions to increased residential and increased 
commercial development. 
 
Modeling development scenarios generally requires assumptions of steady state conditions.  That 
is we model a baseline scenario with, say, 10% residential land use and we model an increased 
residential scenario with, say, 50% residential land use.  It is generally not possible to accurately 
represent the varied conditions as the development occurs.  That is, it is difficult to model widely 
dispersed areas as the land is being disturbed to build houses or commercial developments.  
Many of the expected water quality problems, such as increased sedimentation, arising from 
development occur during these transition periods and are reduced as the new land uses are 
stabilized and mature.   
 
From the results of the characterization and modeling studies and discussions with county 
officials, the Watershed Team was able to suggest a management plan to protect Lowndes 
County’s watersheds.  The plan that follows is presented for discussion and comment by county 
officials and stakeholders.  It is anticipated that these discussions will lead to modifications in the 
suggested plan prior to being finalized for submission to the EPD. 
 
The Management Plan 
 
The Management Plan for the watersheds associated with Lowndes County has three primary 
objectives:  1) maintain the current conditions and ensure future watershed health by 
implementing a comprehensive storm water management plan, 2) set up a long term monitoring 
program to assess the success of the management practices and identify areas where additional 
efforts might be needed, and 3) public education and involvement.  Achievement of the 

 5



objectives will require clearly established responsibilities and time lines for the associated 
activities. 
 
Storm Water Management Activities 
The goal of storm water management activities is to protect and maintain the current high quality 
of the streams and rivers in Lowndes County.  Since it is almost always more expensive to 
correct environmental problems than it is to prevent them, the focus of activities should be to 
prevent deterioration of stream health as the county grows and develops.  The primary causes of 
stream deterioration associated with changes in land use are changes in the hydrology of the 
watershed (increased peak flows, often decreased base flows) and transport of pollutants from 
the land surface into the streams by storm water.  Based on these considerations, storm water 
management activities should focus on efforts to: 

1. Reduce generation of runoff from storm events 
2. Retain runoff on the land surface for as long as is practicable 
3. Minimize generation of potential water pollutants from land use activities 
4. Provide opportunities to remove pollutants prior to the water entering the 

receiving stream. 
 
These general goals can be achieved in many different ways.  Ideally selected practices will help 
meet more than one of these goals.  It is not the intention of this plan to provide proscriptive 
methods of achieving this goal.  These approaches are best left to local planning agencies and 
citizens to determine based upon specific site conditions and their acceptability to those who 
would be impacted.  In general, however, these approaches should take the form of local zoning 
and ordinances that limit the overall degree of impervious surfaces that are constructed and to 
create opportunities to increase the infiltration of storm water runoff.  It is recommended that 
these ordinances themselves not be too proscriptive, but instead to identify targets for storm 
water and pollutant reduction and leave flexibility for developers and engineers to be innovative 
and economical in selection of practices necessary to meet the targets.   
 
It is suggested that current land-use and zoning ordinances be modified, or a comprehensive 
Storm Water Management Plan (SWMP) developed, that incorporate specific targets for storm 
water management such as: 
 
1. No new storm water conveyances (e.g., outfalls) may discharge untreated storm water 

directly to or cause erosion in wetlands or waters of the State. 
 

2.  Storm water management systems must be designed so that post-development peak 
discharge rates do not exceed pre-development peak discharge rates. 
 

3.  Loss of annual recharge to groundwater should be minimized through the use of 
infiltration measures to the maximum extent practicable. The annual recharge from the 
post-development site should approximate the annual recharge from the pre-development 
or existing site conditions, based on soil types. 
 

4.  For new development, storm water management systems should be designed to remove 
80% of the average annual load (post-development conditions) of Total Suspended Solids 
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(TSS). Due to difficulties in quantifying such compliance, it could be presumed that this 
standard is met when: 
(a) Suitable nonstructural practices for source control and pollution prevention are 
implemented, 
(b) Storm water management best management practices (BMPs) are sized to capture the 
prescribed runoff volume; and 
(c) Storm water management BMPs are maintained as designed. 
 
The new State NPDES General Permit for storm water discharges have essentially the 
same presumptive attainment guidelines and may result in satisfactory compliance with 
this suggested guideline.   
 

5. Storm water discharges from areas with higher potential pollutant loads require the use of 
specific storm water management BMPs. The use of infiltration practices in these areas 
without pretreatment should be prohibited. 

 
6. Storm water discharges to critical areas must utilize certain storm water management 

BMPs approved for critical areas.  Critical areas in Lowndes County should include 
recharge areas for public water supplies and public swimming areas. 

 
7. Redevelopment of previously developed sites must meet the storm water management 

standards to the maximum extent practicable. However, if it is not practicable to meet all 
the standards, new (retrofitted or expanded) storm water management systems must be 
designed to improve existing conditions. 

 
8. Erosion and sediment controls must be implemented to prevent impacts during 

construction or land disturbance activities (careful review of land disturbing activity 
permit requests for proper BMP design, local enforcement of LDA BMP installation and 
maintenance). 

 
9. All storm water management systems must have an operation and maintenance plan to 

ensure that systems function as designed. 
 

The County should develop a technical guidance document to help developers and engineers 
select BMPs that are effective, economical and appropriate to the local conditions.  
Unfortunately, the State does not have a comprehensive technical guidance document for storm 
water BMPs.  Many of the BMPs contained in the Manual for Erosion and Sediment Control in 
Georgia (the Green Book) are appropriate for some storm water management activities.  
However, they were developed primarily for minimization of erosion on construction sites and, 
therefore, are not sufficient in themselves to satisfy the need for additional technical guidance.  
Gwinnett County has developed a technical guidance document for storm water management and 
it presumed that other counties are doing likewise.  Some of these documents could be modified, 
based on local conditions, for use in the Lowndes County Storm Water Management Plan. 
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In developing or revising local ordinances, Lowndes County must first address a fundamental 
question: should storm water be treated and controlled on a localized or more regional scale.  
Localized management essentially places the burdens of compliance on developers, project 
owners, and individuals with enforcement by the County.  Larger scale management of storm 
water essentially becomes a County service that is provided to the citizens of the County, just 
like waste water services, and is funded through some type of tax or utility fee. 

The localized approaches to SWMP represents the traditional, and probably still the most 
common planning approach to runoff control. Under this approach local problems are addressed 
without evaluating the potential of the control measure to adversely impact downstream areas. 
This type of approach is preferred when the program is:  

• Single-goal oriented, especially flood control;  
• Aimed at managing runoff from new development;  
• Oriented primarily towards structural controls;  
• Targeted at technically preventable problems caused by new development; and  
• Limited by financial funding.  

Under the localized approach, runoff control responsibilities are usually delegated through 
ordinances and various regulations to local land developers. With this approach, each developer 
is responsible for constructing control facilities to maintain site post-development peak discharge 
rates, volume, and pollutant loads at pre-development levels.  Little thought is given to 
cumulative effects of the individual developments and their control facilities on downstream 
lands and waters. 

Potential disadvantages of the localized approach include: 

• Greater risk of negative effects.  
• Insignificant flood protection results from emphasis on reducing minor localized 

flooding.  
• Ineffective regional runoff control results from the failure to evaluate locational 

differences in the effectiveness of control facilities.  
• High local costs for facility maintenance usually result as the outcome of small-scale 

structural solutions rather than large-scale non-structural solutions.  
• Flooding problems may be solved upstream but are often increased downstream.  

In contrast to the traditional piecemeal approach, the regional, or watershed, approach entails the 
development of a comprehensive watershed plan. The watershed approach is increasingly 
becoming more common. This approach is preferred when a program is:  

• Multiple-goal oriented;  
• Targeted at existing runoff problems;  
• Incorporates non-structural controls; and  
• Adequately funded (usually from dedicated sources).  
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Focused at the regional or basin level, the watershed SWMP identifies appropriate structural and 
also nonstructural BMPs and optimal locations for control facilities. The watershed approach 
requires a long-term commitment of time, energy and money. However, it is thought that the 
long-term benefits and cost savings make the effort and investment worthwhile. The following 
components are typical for a watershed-based SWMP.  

• An inventory of watershed characteristics.  
• The use of a single control system to address the regional problem of post-development 

runoff.  
• The use of storm water conveyance improvements upstream from the regional facility.  
• The use of nonstructural management practices through the watershed. Examples are: 

acquisition of floodplains, wetlands, natural storm water depressional storage areas; 
control of land use development; limited amounts of impervious cover; use of innovative 
structural facilities (i.e.: grassed swales and redirection of runoff).  

Advantages of the watershed approach include the following.  

• Reductions in capital and operation and maintenance costs.  
• Reductions in risks of downstream flooding.  
• Ability to better manage storm water problems.  
• Increased opportunities for recreational uses of water bodies.  
• Contributions to local land use planning.  
• Increased opportunities for storm water reuse.  
• Is popular among land developers.  
• Management goals can be resource oriented and aimed at protection rather than the more 

costly goal of restoration.  

The following disadvantages are identified.  

• Requires extensive studies of the watershed prior to locating and designing facilities.  
• A future land use plan must be available and implemented so that the facility will be 

designed properly for loads resulting from upstream development and impervious 
surfaces.  

• Smaller streams above the regional facility may be inadequately protected 
• Facilities must be planned, designed, financed and built prior to local development.  
• Water quality oriented maintenance activities may be extreme if the public perceives the 

facility as primarily a recreational facility.  

 
Long Term Monitoring 
 
Water Quality: 
 Local groups interested in maintaining and improving stream health in Lowndes County 

should coordinate monitoring and conduct the sampling. 
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 The Watershed Assessment Team will be available as a resource for managers and 
monitors. 

 
 The Watershed Assessment Team will provide local coordinators with standard operating 

procedures (SOP’s) for the collection and transport of water quality samples.  The 
Watershed Team will also compile a list of sampling equipment (sampling bottles, sterile 
whirl-packs, etc) that will be necessary to conduct water quality sampling.  Standard data 
recording formats should be used.  Good examples are forms used by Georgia Adopt-A-
Stream. 

 
 Water quality sampling should be conducted on a seasonal basis; once each spring, 

summer, fall, and winter.  Samples should also be collected during (or immediately after) 
significant storm events (those events with at least one (1) inch of rain per hour) or as 
prescribed by law.   

 
 Water quality samples should be collected for the following streams and rivers:  Bevel 

Creek, Franks Creek, Withlacoochee River and Little River.  Local monitoring 
coordinators will be supplied with maps and descriptions indicating the locations of 
sampling sites used in this study. 

 
 The water samples should be tested for the following parameters:  water temperature (at 

the site), pH, biochemical oxygen demand (BOD), chemical oxygen demand (COD), total 
suspended solids (TSS), fecal coliform, turbidity, dissolved oxygen (DO), electrical 
conductivity (EC), total lead, total cadmium, total zinc, total copper, ammonia, total 
Kjeldahl nitrogen (TKN), nitrate-nitrite, and total phosphorus. 

 
 The UGA Environmental Water Quality Laboratory and other laboratories on the UGA 

Campus can complete sample analysis.  However, local alternatives, such as commercial 
or governmental (water treatment plants) are recommended, as some tests have to be run 
within hours of collection.  The University of Georgia’s Tifton Campus is capable of 
running many of the water quality tests, as is the USDA in Tifton 

 
 
Biological and Habitat Assessment: 
 Local public service groups interested in biological and habitat assessments will be 

encouraged to perform the majority of the monitoring for biological and habitat 
assessments. The Watershed Team will be available to assist with the biological and 
habitat assessments or will advise Lowndes County should they choose to explore other 
avenues for biological and habitat assessment such as private consultants.   

 
 Standard data recording forms and methods should be used for biological and habitat 

assessments.  Good examples are forms and methods used by Georgia Adopt-A-Stream. 
 
 Biological and habitat assessments should be conducted at each of the monitoring sites 

utilized in this study, and others if local conditions warrant it, at least once every two (2) 
years.  If local groups are conducting the monitoring, it is suggested that they monitor 
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four sites per year (3 sites plus the reference site) in order to develop and maintain their 
proficiency in bioassessment.  In this way, every site will be assessed at least once every 
two years. 

 
 Follow-up biological and habitat assessments should include the collection of habitat and 

water chemistry data as well as benthic macroinvertebrate and fish data.  Local groups 
might not have the resources available to conduct fish surveys.  If this is the case, then 
this portion of the ongoing biological monitoring program should be contracted to 
qualified consultants. 

 
 
Public Education and Participation 
A key component of any watershed management plan is a public education/participation 
program.  Lowndes County can organize and implement a public education and awareness 
program on its own, or it can support the development of a program by local public interest 
groups.  It is likely that some components of the overall program will reside within the County 
government (such as education of staff, developers, etc.) and public interest groups could best 
handle other components.   
 
First, the goals of the education program need to be determined. Program goals should promote 
clear identification and understanding of the problem and the solutions, identify responsible 
parties and efforts to date, promote community ownership of the problems and the solutions, and 
integrate public feedback into program implementation. 

In order to effectively achieve desired goals, the target audience must be identified. Educational 
programs should be targeted not only at the general public and the regulated community, but also 
to the officials, agencies, and county employees who will be involved in the SWMP 
implementation. The target audience may potentially include: 

• Political - elected officials, Chambers of Commerce, and heads of departments, agencies 
and commissions  

• Technical (internal) - county department and agency staffs  
• Technical (external) - state agencies and neighboring governments  
• Business - commercial and industrial, including trade associations  
• Community groups - fraternal, ethnic, hobby, horticultural, senior citizen, and service  
• Environmental groups  
• General public/residential  
• Schools/Youth groups  
• Media - print and electronic  
• Pollutant-defined - groups of individual defined by the specific pollutant(s) they 

discharge (e.g., used motor oil, pesticides).  

To increase the acceptance and success of a SWMP, the public must be taught and encouraged to 
appreciate the importance of a SWMP and understand how everyday activities contribute to 
runoff problems. A goal of most education programs is to help the community understand the 
regulations so that compliance with the regulations is enhanced. As part of the education 
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program, small businesses that may not be regulated by state, federal, or local regulations need to 
be informed of how their operations may affect urban runoff.  

Additional technical training may be necessary for county employees who will be required to 
perform new tasks related to the SWMP as well as county employees whose department may not 
be directly related to storm water but whose actions may affect it. As needed, special training 
and/or certification are recommended for plan reviewers, inspectors, designers, and contractors. 
Continuity among local officials and agencies is very important in the permitting and regulatory 
processes of a SWMP and these individuals/entities should be well informed on all aspects of the 
SWMP. 

The typical components of a public relations program include:  

• Identify audience(s)  
• Identify communication medium(s)  
• Measure results (qualitative and quantitative)  

The first component of any public information program is the identification of your audience(s). 
An audience is the group or groups with whom you would like to communicate. For the purpose 
of educating persons about nonpoint source pollution, audiences are likely to include 
manufacturers, developers, builders, commercial interests, media, homeowners or even your own 
county employee base.  

The medium you choose for communicating your message depends on who your audience is. For 
example, a builder’s group can be communicated with through its trade magazines and local 
builders’ association. City staff can be informed through intranet, informational meetings or staff 
newsletters, and so on. 

The effectiveness of a public information education program should be measured on a regular 
basis to:  

• Validate any activities;  
• Determine if the messages are clear and concise enough to be accepted;  
• Prioritize activities for future funding; and  
• Establish the impact and successes of the program.  

To ensure responsiveness and to identify successful activities as well as those that need 
adjustment, public education programs should be tracked to ensure that the techniques being 
utilized are effective. Establishing a baseline from information collected through surveys at the 
beginning of a program's implementation is an excellent tool for evaluating success. Surveys 
may be used to gather information such as the use of toxic materials, perceptions of health risk, 
disposal practices, support and willingness to pay for new programs, and overall environmental 
awareness. Over time the survey results can be compared to evaluate changes in public 
awareness, perception, and support. Conducted on a regular basis, surveys can be used to rate the 
effectiveness of the education program.  
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Summary 
 
A watershed assessment was undertaken as a component of an application for a modified 
wastewater treatment permit for Lowndes County.  This assessment, to date, has consisted of 
characterization of the current health of streams in Lowndes County and suggestions for 
measures necessary to prevent deterioration of the health of the local streams as land uses in 
Lowndes County change with growth and development. 
 
The current health of the streams in Lowndes County is very good.  These resources are a 
uniquely beautiful asset to the county and are certainly one of the reasons behind the growth and 
development in this area.  It is in the best interests of everyone in the county therefore to work 
together to protect these resources from degradation through uncontrolled growth and 
development. 
 
These resources can, and will, be protected though a comprehensive Storm Water Management 
Program (SWMP).  The primary goals of the SWMP will be to:  1) maintain the current 
conditions and ensure future watershed health, 2) set up a long term monitoring program to 
assess the success of the management practices and identify areas where additional efforts might 
be needed, and 3) public education and involvement.  The first goal will be achieved through 
changes in local ordinances and zoning designed with the objective of water resources 
protection.  The second goal can be achieved through contractual sampling by commercial 
entities, but the far preferable method will be by soliciting the involvement of local 
environmentally oriented groups.  Having these groups conduct the monitoring provides a sense 
of ownership in the results and also helps meet the third goal of public education and 
involvement.  The third goal should be achieved through a combination of governmental and 
public serve groups.  The county can seek to educate its own staff, developers, and those 
immediately impacted by the regulations on their intent, provisions, and enforcement.  Local 
civic groups should undertake a continuing program of education for the county as a whole 
concerning water resources, storm water management, their impacts on water quality and other 
issues as well as providing and promoting opportunities for direct participation through act ivies 
such as steam monitoring and clean up.
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Suggested Time Table: 

Development of the Comprehensive Storm Water Management Plan is to begin immediately.  Data from ongoing monitoring activities 
and observed compliance with the regulations will be utilized to modify the plan on a regular basis.  At a minimum, the success of the 
plan will be formally evaluated at least every two years. 
 

Preliminary Actions Year One Year Two Year Three Year Four Year Five    

Lowndes 
County 

Approval of 
Watershed 

Assessment 

GAEPD 
Approval of 
Lowndes 
County 

Watershed 
Assessment 

NPDES 
Permit 

Approved for 
Lowndes 

County LAS 
by GAEPD 

Seasonal Water 
Quality 

Sampling, 
Storm Event 
Sampling,      

Data Collection 
for Future 
Modeling 

Biological and 
Habitat 

Assessment,    
Seasonal Water 

Quality 
Sampling,      

Storm Event 
Sampling,      

Data Collection 
for Future 
Modeling 

Seasonal Water 
Quality 

Sampling, Storm 
Event Sampling, 
Data Collection 

for Future 
Modeling 

Biological and 
Habitat 

Assessment,     
Seasonal Water 

Quality Sampling, 
Storm Event 
Sampling,       

Data Collection for 
Future Modeling 

Watershed 
Modeling for 

NPDES Permit 
Renewal,  

Seasonal Water 
Quality Sampling, 
Data Collection for 
Future Modeling 

Repeat Five 
Year Process 
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Category Parameters Possible Sources Effects 

Sediments Organic and inorganic 
- Total suspended solids (TSS) 
- Turbidity 
- Dissolved solids 

Construction sites 
Urban/agricultural runoff  
CSOs 
Landfills, septic fields 

Turbidity 
Habitat alteration 
Recreational and aesthetic loss 
Contaminant transport 
Navigation 
Bank erosion 

Nutrients Nitrate 
Nitrite 
Ammonia 
Organic nitrogen 
Phosphate 
Total phosphorous 

Urban/agricultural runoff 
Landfills, septic fields 
Atmospheric deposition 
Erosion 
Fertilizers 

Surface waters 
- Algal blooms 
- Ammonia toxicity 
Groundwater 
- Nitrate toxicity 

Pathogens Total coliforms 
Fecal coliforms 
Fecal streptococci 
Viruses 
E. Coil 
Enterococcus 

Urban/agricultural runoff 
Septic systems 
Illicit sanitary connections 
Sanitary sewer overflows 
Boat discharges 
Domestic/wild animals 

Ear/intestinal infections 
Recreational/aesthetic loss 

Organic enrichment Biochemical oxygen demand (BOD) 
Chemical oxygen demand (COD) 
Total organic carbon (TOC) 
Dissolved oxygen 

Urban/agricultural runoff 
Sanitary sewer overflows 
Landfills 
Septic systems 

Dissolved oxygen depletion 
Odors 
Fish kills 

Toxic pollutants Toxic metals 
Toxic organics 
Oil and grease 

Urban/agricultural runoff 
Pesticides/herbicides 
Underground storage tanks 
Hazardous waste sites 
Landfills 
Illegal oil disposal 
Industrial discharges 

Bioaccumulation in food chain organisms 
and potential toxicity to humans and other 
organisms 

Salts Sodium chloride Urban runoff 
Roadway deicing 

Vehicular corrosion 
Contamination of drinking water 
Harmful to salt-intolerant plants 

Adapted from: U.S. EPA, Urban Runoff Pollution Prevention and Control Planning Handbook, 1993. 
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Categories of BMPs Pollution Prevention 
Practices Source Controls Treatment Controls

Pollution Prevention 
Practices

Source Controls

Treatment Controls

• Land Use 
Planning  

• Public Education 
• Materials 

Management  
• Illegal Dumping 

Controls  
• Illicit Connection 

Controls  
• Street and 

Parking Lot 
Maintenance  

• Erosion Control  

• Minimize 
Impervious 
Area  

• Filter Strips 
and Swales  

• Infiltration 
Devices  

• Oil Water 
Separators  

• Extended 
Detention  

• Retention or 
Wet Ponds  

• Wetlands  
• Filters  
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Management Practice Descriptions 

Description BMP Description/ Design Notes 

Bioretention 

Bioretention BMPs replace the traditional "parking lot islands" with a 
system designed to treat storm water runoff. Similar designs are also 
used in residential settings, acting as a landscaped area. Runoff is 
directed onto the facility, and filtered through the sand and organic 
material in a planted bed. In addition, the storm water provides 
supplemental irrigation for the plants. Planting with native vegetation is 
encouraged in bioretention facilities. 

Deep Wet Pond 

Deep wet ponds are designed with a permanent wet pool to provide 
water quality treatment. The pond will be designed with an "average" 
and "minimum" wet pool elevation, based on a water balance analysis. It 
is possible to use this system as a water reuse pond, where storm water is 
used as supplemental irrigation, such as for a golf course. 

Detention Pond 
Pond designed primarily for flood control. These facilities are generally 
"dry", and do not provide water quality treatment. They can, however 
provide downstream channel protection if designed properly. 

Dry Swale 

Dry swales are modifications of the traditional drainage channel. Dry 
swales are designed with an underdrain system, and a soil bed of sand, 
designed to filter storm water runoff. Dry swales are often designed with 
check dams to ensure detention of storm water for a sufficient time 
period to treat storm water runoff. These systems may need irrigation in 
semi-arid areas. 

Dry Well

Dry wells infiltrate storm water into the ground. Traditionally, dry wells 
have been used in the Southwest as a storm water disposal method. Dry 
wells are recommended only for the treatment of residential rooftop 
runoff, if sufficient pretreatment can be provided. This practice is not 
allowed by TNRCC in the Edwards Aquifer recharge zone. 

ED Shallow Wetland 

ED Shallow wetlands have a shallow pool with some wetland plants, 
such as rushes or cattails, during wet seasons. Although the wetland 
plants may provide some pollutant uptake and settling, the primary 
removal mechanism is extended detention provided with an orifice at the 
outlet of the wetland. 

Filter Strip

Filter strips treat runoff as it flows over grassed vegetation, through 
filtration and some infiltration. These systems can become "short 
circuited" if runoff becomes concentrated, or if uniform vegetation is not 
maintained. Like grassed channels, filter strips are best used as 
pretreatment to or in combination with another BMP.  

Grassed Channel

Grassed channels are very similar to traditional drainage ditches, with 
some modifications. They are designed with flat bottoms, and shallow 
slopes to promote some infiltration in the channel. Although these BMPs 
cannot provide full water quality treatment, they can be effective as 
pretreatment to another BMP, or as supplemental treatment. 
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Illicit Connection Controls
These practices insure that wastes intended for the sanitary collection 
system are not connected to the storm drainage system. These practices 
also require the removal of any improper connections. 

Infiltration Basin 

Infiltration basins work on the same principle as infiltration trenches, but 
are designed to treat larger drainage areas, and infiltrate storm water 
through a flat basin bottom rather than a trench. In small drainage areas, 
infiltration basins can be designed as combination 
evaporation/infiltration basins, where standing water in the basin is 
treated through evaporation. These BMPs are also not recommended in 
the Edwards Aquifer recharge zone, and should be carefully selected 
based on soil infiltration rates. 

Infiltration Trench 

Infiltration trenches (trenches filled with rock) treat runoff as it filters 
through the soil. They also modify the water balance to be more similar 
to the pre-development hydrograph by reducing total surface runoff. 
Infiltration trenches are not recommended in the Edwards Aquifer 
recharge zone because of the potential for groundwater contamination. 

Infrastructure Maintenance

These practices require pollution prevention approaches when drainage 
infrastructure is being maintained. This includes vegetation controls, 
storm drain flushing, detention/infiltration device maintenance, and 
drainage channel/creek maintenance. 

Material Controls

These include practices governing the management of materials that can 
cause storm water pollution. These include advocating safer alternative 
products, better management of pesticide/fertilizer use, material storage 
control and reduction in vehicle use. 

Material Disposal / Recycling and 
Illegal Dumping

These practices encourage the proper disposal of materials that can cause 
storm water pollution and include such practices as storm drain system 
signs, household hazardous waste collection, used oil recycling, and 
other illegal dumping controls. 
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Organic Sand Filter Organic sand filters have a layer of organic material, such as peat, to 
increase the ability of sand filters to remove pollutants, such as metals. 

Perimeter Sand Filter 

Perimeter sand filters are designed for very small and completely 
impervious parking lots. They operate on the same principle of other 
sand filters, but the entrance to these filters is the curb grating at the edge 
of a parking lot. 

Planning Management
These practices include those designed to prevent storm water pollution 
through modification to land use planning/management procedures and 
through requirements for impervious area reductions. 

Spill Prevention and Cleanup These practices focus on spill prevention, containment, and cleanup. 

Submerged Gravel Wetland 

Submerged gravel wetlands treat runoff as it flows through a bed of 
gravel. Wetland plants, usually rushes, provide some treatment through 
uptake and filtering. This system shows promise, but little research has 
been conducted to validate its effectiveness, especially long term. 

Surface Sand Filter 
Surface sand filters treat surface runoff first by settling in a pretreatment 
chamber and then filtering through a bed of sand. These filters are 
widely used in the Austin and San Antonio regions. 

Underground Detention Chamber 

These underground chambers provide the same function as detention 
ponds. They are extremely expensive to construct, and consequently are 
only recommended in situations where land is at a premium, such as at 
highly impervious sites. 

Underground Sand Filter Underground sand filters are similar to surface sand filters, but the entire 
system is underground. 

Water Quality Extended Detention 
Pond 

In Water Quality ED Ponds, the design is slightly modified to provide 
modest water quality treatment. The outlet orifices of these ponds are 
designed to provide detention for water quality in addition to providing 
flood control. The pond has a pretreatment and outlet protection to 
prevent scouring of the pond bottom.. 
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Appendix IX 

 
News Articles and  

Press Releases 



Website Information 
 
Watershed Assessment Website URL: 
 http://watershed.bae.uga.edu 
 
Lowndes County Watershed Assessment Website URL: 
 http://watershed.bae.uga.edu/lowndes 
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