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Introduction

The Big Darby Creek has been designated a State and National Scenic River through the efforts
of the Ohio Department of Natural Resources.  It has also been named one of the "Last Great
Places" by the Nature Conservancy.  A number of studies by faculty and students at The Ohio
State University, the Nature Conservancy, the Central Ohio Regional Forum, and others have
pointed to the risks to this high quality environment from agricultural and urban land use
practices.

The intention of this report is to provide an update on the current status of the watershed as well
as the trends in development and pollutant stresses that are impacting its quality.  It was done in
the context of a 10-week class in City and Regional Planning at The Ohio State University.  
Because of time limitations, we were not able to analyze all of the information as fully as we
would have liked.  Nevertheless, we hope the information we were able to gather will be useful
to draw attention to the major trends and to the areas where more intensive studies are warranted

The report is divided into three sections.  In the first section are a set of overview papers on the
ways in which human activities affect watersheds and some of the policies and programs that can
be used to avoid such impacts.  The papers include reviews of point and non-point pollution, the
biological quality of streams, urban sprawl and its consequences, and land use controls.

The second section of the report provides a description of some of the current development
trends in the watershed and an analysis of the rate of change over the past decade.  These trends
are used to make a forecast of the potential changes that will occur in the land use and population
distribution patterns in the Big Darby Watershed over the next 10-20 years.

In the third section, the forecasts are used along with other data to model the future changes in
biological quality and stormwater runoff that might accompany those developments.  Results
from the forecasts are used to develop recommendations and conclusions.



Section 1

Literature Review of Human Impacts on Watersheds



1 Malcolm Newson.  1992. Land, Water and Development: River Basin Systems and Their Sustainable
Management.  NY: Routledge.  (p. 34).

2 EPA Website:  http://www.epa.gov/owow/cwa/index.html.  Viewed in May, 2001.

3 J.Glynn Henry and Gary W. Heinke. 1996. Environmental Science and Engineering. 2nd edition.   NJ. Prentice
Hall, Inc. (p 441).

4 EPA Website:  http://www.epa.gov/owm/npdes.html.  Viewed in May, 2001.

5 Sarada Majumder. 1998. A spatial empirical analysis of stressor-response relationship for prospective ecological
risk assessment in the Eastern Cornbelt Plains Ecoregion of Ohio.  Ph.D. Dissertation.  Columbus, OH: The Ohio
State University.
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7 EPA Website: http://www.epa.gov/owm/npdes.html.  Viewed in May, 2001.

8 EPA. 1994. Water Quality Standards Handbook. 2nd Edition.  EPA 823-B-94-005a.
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Water Pollution from Point Sources 

Pollution is the introduction of damaging loads or concentrations of materials or compounds,
which causes a significant adverse impact on the environment and ecology1.  The Environmental
Protection Agency (EPA) in the Clean Water Act defines pollutants as any type of industrial,
municipal, and agricultural waste discharge into water2.  If the source pollutants are identifiable,
obvious, and discernable such as the obvious outfalls of irrigation return flows or sewage
systems, they are called “point sources”.  In other words, information on the origins, quantities,
characteristics, and effects of point sources pollutants on the water environment is usually
identifiable3.  USEPA controls the environmental pollution originated from point sources by
issuing and regulating the National Pollutant Discharge Elimination System (NPDES) permit4, 5.  
The NPDES limits the amount of specific chemicals that can be discharged into the stream
without disturbing the overall water quality.

Under the NPDES system, all the facilities which can be identified as point sources are required
to obtain a permit according to either technology-based limits and water quality-based limits.  
With technology-based limits, EPA regulates the effluent criteria based on the ability of
discharger in the same industrial category to treat wastewater.  Water quality-based limits are set
to meet and protect the designated and intended uses of the water after discharge6.  If the criteria
derived from technology-based limits are not sufficient to provide a sustainable environment, the
more stringent water quality-based are used to protect the quality of water body for its designated
usage7,8. 
 
Effluent wastewater is required to meet technology-based criteria: Best Practicable Control
Technology Currently Available (BPT), Best Available Technology Economically Achievable
(BAT), Best Conventional Pollutant Control Technology (BCT), and New Source Performance
Standards (NSPS).   BPT is associated with the average of the best existing performance by a
well-maintained system and BAT is considered as the best achievable control and treatment



8 EPA Website: http://www.epa.gov/owm/npdes.html.  Viewed in May, 2001.

9 Larry W. Canter. 1996. Environmental Impact Assessment.  2nd Edition.  McGraw-Hill Inc., New York, NY. (p
202-204)

10 EPA Website: http://www.epa.gov/owm/101pape.htm.  Viewed in May, 2001.

11 Ohio Environmental Protection Agency (Division of Safe Water).  1998.  Key features associated with various
beneficial use categories in Ohio’s water quality standards, OAC 3745-1-07.

12 Center for Watershed Protection.  2000.  Workshop on Alternatives to Stormwater Control Through Watershed
Management and Better Site Design. (4.2-4.4).

4

measured.   BAT deals with toxics such as organics or metals.  BCT that addresses the traditional
pollutants is used with BAT.   EPA also established NSPS to set the most stringent limits in the
basis of the best available state-of-the-art treatment technology.  NSPS is applied to those who
are able to install the most efficient production processes with a minimal environmental
pollution8,9.

Pollutants are classified into three general categories for regulatory purposes under the NPDES
Program: conventional, toxic, and non-conventional.  Conventional pollutants are commonly
included in the sanitary wastes of households, businesses, and industries.  Five conventional
pollutants are five-day biochemical oxygen demand (BOD5), total suspended solids (TSS), pH,
fecal coliform, and oil and grease.  Toxic pollutants are identified as substances which are
particularly harmful to animal or plant life. They are primarily grouped into organics (including
pesticides, solvents, polychlorinated biphenyls (PCBs), and dioxins) and metals (including lead,
silver, mercury, copper, chromium, zinc, nickel, and cadmium).  Currently, 126 pollutants and
classes of pollutants are regulated as toxic pollutants or priority pollutants10.  Non-conventional
pollutants are the rest of pollutants, which do not fall under either of the above categories.  They
include such parameters as ammonia, nitrogen, phosphorus, chemical oxygen demand (COD),
and whole effluent toxicity (WET).  The important surface water contaminants and their impacts
are summarized in Table1.  The typical effluent water quality requirements for five conventional
pollutants in United States, Canada, and Japan are listed in Table 2.

Even though the effluent standards for wastewater do not consider the designated usages of the
receiving water, the discharged wastewater can be required to obtain higher pollutant removal in
accordance of the intended use of the water and designation of the watershed.  For example,
coldwater streams should obtain a high water quality level, which is supportable for trout and
other sensitive aquatic organisms.  Sensitive streams should have high quality cool water or
warm water aquatic resources11.  Watersheds used as reservoirs for the public water supply
should be treated with special concerns.  It may be necessary to achieve a grater level of removal
for the pollutants, which are responsible for bacteria pathogens, nutrients, sediment, or metals. 
Watersheds that are used for swimming or drained to shellfish harvesting areas should be
handled to minimize bacterial contaminations12.  



13 Larry W. Canter.  1996.  Environmental Impact Assessment.  2nd Edition.  McGraw-Hill Inc.: New York. (pp 202-
204).

14 Ohio Environmental Protection Agency (Division of Surface Water). 1998.  Key features associated with various
beneficial use categories in Ohio’s water quality standards, OAC 3745-1-07.

15 Ohio Environmental Protection Agency (Division of Surface Water). 1999.  State of Ohio: Water Quality
Standards. Chapter 3745-1 of the Administrative Code. p 19-23.

16 EPA Website: http://www.epa.gov/region08/water/wqs/wqsintro.html.  Viewed in May, 2001.
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Table 1:  Surface Water Contaminants and Their Impacts13

Contaminants Impacts

Suspended Solids Development of Sludge deposits and anaerobic conditions
when untreated wastewater is discharged

Biodegradable Organics Composed of proteins, carbohydrates, and fats
Measured most commonly term in BOD and COD
Cause of the depletion of natural oxygen resources and the
development of septic system if untreated water is
discharged

Pathogens Communicable Disease can be transmitted 
Nutrients Nitrogen and Phosphorus 

Cause the growth pf undesirable aquatic life 
Priority Pollutants Carcinogenic organic and inorganic 
Refractory Organics Organics resistant to the conventional wastewater

treatment methods (e.g., surfactants, phenols, and
agricultural pesticides)

The Big Darby creek is designated as State Resource Water.  This category of water has the best
water quality within Ohio and supports diverse aquatic species14. Most of streams in the Big
Darby watershed are classified as warmwater habitat or exceptional warmwater habitat and used
for water supply or recreational purposes15.  Ohio EPA defines warmwater as “waters capable of
supporting and maintaining a balanced, integrated, adaptive community of warm water aquatic
organisms” and exceptional warmwater as “waters capable of supporting and maintaining an
exceptional or unusual community of warm water aquatic organisms”16.



17 EPA Website: http://www.epa.gov/owm/101pape.htm.  Viewed in May, 2001.

18 EPA Website: http://www.epa.gov/region08/water/wqs/wqsintro.html.  Viewed in May, 2001.

19 Ohio Environmental Protection Agency (Division of Surface Water).  1998.  Key features associated with various
beneficial use categories in Ohio’s water quality standards, OAC 3745-1-07.
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Table 2:  Effluent and Water Quality Requirements17

Parameter Wastewater Effluent (mg/L) Stream Quality (mg/L)
Canadian Objectives (Ontario)

BOD5 15 max. 4 max.
SS 15 max. -
DO 2 min. 4 min.
Total Coliforms - 5000/100 max. (Water Supply)

1000/100 max. (Swimming Area)
Fecal Coliforms 200/100 max. 100/100 max. (Swimming Area)

United State Standards (Typical)

BOD5 30 max. 4 max.
SS 30 max. -
DO - 4 min.
Total Coliforms - 5000/100 max. (Water Supply)

1000/100 max. (Swimming Area)
Fecal Coliforms 200/100 max. 500/100 max. (Water Supply)

Japanese Standards

BOD5 20 max. 2 max.
SS 70 max. 25 max.
DO - 7.5 min.
Total Coliforms - 5000/100 max. (Water Supply)

1000/100 max. (Swimming Area)
Fecal Coliforms 30/100 max. -

The key attributes associated with warmwater habitat are typical composites of fishes and
invertebrates with a least impact condition.  The characteristics of exceptional warmwater are
unique and diverse collections of fish and invertebrates18.  The effluent water quality standards
for warmwater and exceptional warmwater habitat are given in Table 3.  The concentration of
ammonia-N is regulated for different temperature and pH levels of the streams.  The monthly and
maximum daily standards for temperature of the streams are varied seasonally.   For detailed
standards, refer to the Ohio EPA (1998) document19.



20 Ibid.
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Table 3:  Effluent Water Quality Standards for the Big Darby Watershed20

Chemical Outside Mixing Zone*
Maximum

Outside Mixing Zone*
Average

Chlorine (mg/L)
Warmwater
Exceptional Warmwater 

19
19

11
11

Dissolved Oxygen (mg/L)
Warmwater
Exceptional Warmwater

4.0
5.0

5.0
6.0

pH
Warmwater
Exceptional Warmwater

-
-

6.5-9.0
6.5-9.0

* Outside Mixing Zone standards are applied after the effluent and the receiving water are reasonably well mixed.  

Typical point sources can be identified as publicly owned treatment works that receive domestic
sewage from residential and commercial consumers, discharges from industrial facilities, specific
types of agricultural discharges such as concentrated animal feeding operation facilities.  Newson
(1992) summarizes some origins of point sources and their principal toxicants discharged into
water body in Table 4.

Since the watershed areas of the Big Darby Creek are mostly classified into the agricultural/rural
and residential areas, it is reasonable to assume that most of point sources are resulted from
municipal wastewater.  Municipal wastewater, or sewage, contains water (usually over 99%)
with organic and inorganic contaminants in suspended and dissolved solids. The concentration of
these contaminants is normally low and is expressed in mg/L.  Constituents of the sewage wastes
are microorganisms, organics, and inorganic solids.  Inorganic constituents in municipal
wastewater are chlorides and sulfates from humans; nitrogen and phosphorus from humans with
additional phosphorus from detergents; carbonates and bicarbonates which are normally present
in water and wastes as calcium and magnesium salts; toxic substances such as arsenic, cyanide;
and heavy metals (Cd, Cr, Cu, Hg, Pb, and Zn. etc).  Chemical constituents include the
concentrations of dissolved oxygen and pH. The organic constituents in domestic sewage are
99% proteins and carbohydrates.  The amount of oxygen required to convert these oxidizable
materials into stable end products is the indication of the amount of organic materials in the
sewage.  It is measured as the chemical oxygen demand or biochemical oxygen demand.  BOD is
used as a measure of organic pollution, to estimate the oxygen needed for biological processes
and as an indicator of metabolic process performance.  The characteristics of domestic raw
sewage from the residential areas before treatment are estimated from the daily per capita
generated and given in Table 5.



21 Malcolm Newson.  1992.  Land Water and Development: River Basin Systems and Their Sustainable
Management. Routledge: NY. (pp 80, 131).

22 Center for Watershed Protection.  2000.  Workshop on Alternatives to Stormwater Control Through Watershed
Management and Better Site Design.  (pp 4.2-4.4).
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Table 4: Point Sources and Their Pollutants21

Effluent Sources Factors affecting water quality deterioration

Domestic Sewage BOD, Suspended solids, ammonia, nitrate, phosphate
Vegetable Processing BOD, suspended solids, color
Chemical industry BOD, ammonia, phenols, non-biodegradable organics, heat
Iron and steel manufacture Cyanide, phenols, thiocyanate, pH, ammonia, sulphides
Coal Mining Suspended solids, iron, pH, dissolved solids
Metal Fishing Cyanide, copper, cadmium, nickel, pH
Brewing Suspended solids, BOD, pH
Dairy products BOD, pH
Oil refineries Heat, ammonia, phenols, oil, sulphide
Quarry Suspended solids, oil
Power generation Heat
Meat Works Ammonia, sulphide organics
Pulp and paper Various organics heavy metals
Tanneries Chromium, organics
Wool scours Detergents, sulphide
Timber Preservers Arsenic, Chromium, copper PCBS, boron
Tip leachate Zinc, other heavy metals
Mining Eventide, various heavy metals
Petrochemical Solvents, biocides, heavy metals
Pharmaceutical by products Chromium, organics
Bore Drilling Chromium, lignasulphonate
Geothermal power Mercury, arsenic lead boron, biocides, sulphide, lithium
Municipal sewage Organics, ammonia (others depending on industrial output)
Dairy shed Organics ammonia
Piggeries Copper, zinc, organics, ammonia

For sewered areas, the wastewater from the residential areas is collected in the public wastewater
treatment utilities. Wastewater treatment processes are required at those sites in order to meet the
wastewater effluent standards.  The treatment processes include physical, biological, and
chemical treatment techniques to reduce the pollutants in the wastewater before discharge.  
Typical municipal wastewater treatment plant components are a composite of three steps: 1)
primary physical treatment with screening, grit removal, and settling; 2) secondary process
combining biological and physical processes with aerobic or anaerobic oxidization (biological
treatment) and final settling (physical treatment); and 3) tertiary disinfection process with
chemicals22.  



23 J. Glynn Henry and Gary W. Heinke. 1996. Environmental Science and Engineering. 2nd Edition.  Prentice Hall
Inc.: New Jersey.  (pp. 421-427).

24 J.Glynn Henry and Gary W. Heinke. 1996. Environmental Science and Engineering. 2nd edition.   Prentice Hall,
Inc.: New Jersey.   (pp 440-483).

25 American Water Works Association. 1990. Water Quality and Treatment: A Handbook of Community Water
Supplies.  McGraw-Hill, Inc.: New York.  (pp 222-223).

26 Tom D. Reynolds and Paul A. Richards. 1986. Unit Operations and Processes in Environmental Engineering. 2nd

Edition. NY. PWS Publishing Company. (p 752-754)
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Table 5:  Characteristics of Domestic Raw Sewage Per Capita23

Parameters
BOD5 SS DS COD TOC P1 P2 N1 N2

Per Capita
g/day 76 90 180 158 54 1.6 4 16 0
lb/day 0.17 0.2 0.4 0.28 0.12 0.003 0.009 0.035 0

Concentration  (mg/L) 190 225 450 320 135 4 10 40 0
BOD5: Biological Oxygen Demands P1: phosphorus from human wastes
SS: Suspended Solids P2: Total phosphorus
DS: Dissolved Solids N1: Kjeldahl nitrogen
COD: Chemical Oxygen Demands N2: Nitrate nitrogen
TOC: Total Oxygen Demands

After the secondary or tertiary processes, land based treatment methods can be applied not only
to reduce the pollutants from the point sources and but also to control the runoff from nonpoint
sources.  Wastewater can be retained in natural wetlands, oxidation ponds, and complex aerated
lagoon before discharge.  Natural or artificial wetlands can be used to hold the wastewater while
filtering out the pollutants from the wastewater and controlling urban runoff.    An oxidation
pond or lagoon is a shallow basin to treat organic municipal or industrial effluents biologically.  
When high BOD loads are applied, aeration may be necessary to control the odor and the high
concentrations of organic materials24.  Innovative water treatment technologies are also available
to deal with removals of heavy metals or disinfection.  For example, treatment processes with
ozone and ultraviolet lights can be applied in the disinfection process instead of chlorine if the
residuals from chlorine are worrisome in the stream water quality25.  Further chemical processes
are also useful to treat municipal wastewater to reduce phosphorus concentrations by
precipitation processes with metallic salts26.  Careful selections of Best Management Plans
(BMPs) for the designated watershed can be well fitted into controlling the point source
pollutants simultaneously after secondary or tertiary treatment processes. 



27 United States Environmental Protection Agency.  1997.  Nonpoint Source Pollution: The Nation’s Largest Water
Quality Problem.  Pointer No.1.  EPA841-F-96-004A.

28 United States Environmental Protection Agency.  1997.  Nonpoint Source Pollution: The Nation’s Largest Water
Quality Problem.  Pointer No.1.  EPA841-F-96-004A.

29 United States Environmental Protection Agency.  1997.  Nonpoint Source Pollution: The Nation’s Largest Water
Quality Problem.  Pointer No.1.  EPA841-F-96-004A.

30 United States Environmental Protection Agency.  Managing Nonpoint Source Pollution from Agriculture. 
Pointer No.6.  EPA841-F-96-004F. 1997.

31 NCSU Water Quality Group. 2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.
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Water Pollution from Nonpoint Sources 

The United States has been controlling the pollution of water for years and in the past several
decades has made advances in the controlling of these pollutants, yet approximately 40 percent of
surveyed rivers, streams, lakes, and estuaries are not clean enough for basic uses such as fishing
and swimming27. So why are more and more water sources becoming contaminated?  The main
reason for the polluting of our Nation’s water has not been point source polluting, but rather
nonpoint source pollution (NPS) contamination.  

NPS pollution is caused when precipitation or irrigation running over land picks up pollutants
and deposits them in nearby waterways28.  Any pollutant can become part of the NPS pollution
problem if the land is not properly managed.  NPS pollution can affect vegetation, flow of
streams, and biological factors within the stream or surrounding areas.  Some common sources
for NPS pollution are agriculture, forestry, septic systems, urban runoff, development, and
recreational uses of the waterways.  These activities disrupt the normal ecosystem of a water
source or surrounding area29.  

Agriculture is one of the most common NPS pollutant for water quality impairments.  It is
estimated that agriculture contributes to 60 percent of the impaired river miles and half of the
impaired lake acreage in the United States30  The primary pollutants from agriculture are
sediments and nutrients.  These pollutants are washed into water bodies from agricultural fields
and livestock holding areas.   Other significant pollutants from agriculture include pesticides,
pathogens, salts, oil, and heavy metals.  Recognizing and understanding the forms of pollution
from agriculture helps in the control and management of the land and water bodies affected by
agricultural NPS pollution.  A study of the major contributors to agricultural NPS pollution
nationally and in Ohio will help not only understand the problems that water bodies are facing,
but also help in managing the pollutants that are being deposited into the water bodies.  The
major contributors that will be studied are sediments, fertilizers, and animal waste. 

Sediment as Nonpoint Source Pollution
Sediment is the direct result of erosion and is the largest single water pollutant31.  Sediment has a
two-fold effect upon the environment: the loss of nutrients depletes the land resource, which



32 Willrich, Ted L. and Smith, George E. 1970.   Agricultural Practices and Water Quality.  The Iowa State
University Press. Ames, Iowa.

33 Robinson, A.R. 1971.  Sediment.  Journal of Soil and Water Conservation.  March-April.  61-62.

34 Robinson, A.R. 1971.  Sediment.  Journal of Soil and Water Conservation.  March-April.  61-62.
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sediments originate and it impairs the water quality where the sediment is deposited. 
Sedimentation is a broad pollutant, so addressing the whole problem is difficult.  Sediment can
be analyzed as a pollutant in five different ways:  sediment properties, sediment yield, sediment
transport, sediment deposition, and stream channel systems.  These five categories describe how
sediment is measured and recorded as a pollutant. 
 
Sediment can be described by physical, chemical, and biological characteristics.  These
characteristics are then described by the make up of the sediment, especially size.  Sediment has
the ability to adsorb chemicals as they travel to the final destination.  The movement of sediment
is different depending on the physical characteristics of the sediment and the chemical
composition of the sediment.  These properties are not easily obtained; therefore an
understanding of where the erosion may have taken place helps in determining the composition
of the sediment. 

Sediment yield is even less determinable than the sediment properties.  Sediment yield is defined
as the quantity of soil material transported into a stream32.  There will always be erosion, so
enforcement of development guidelines is crucial to the reduction of sediment in bodies of water. 
It has also been noted that not all sediment is detrimental, but determining the necessary amount
of sediment for a stable body of water is important for the body of water33.  The practices of
erosion control are in need of restructuring with the constant change in farming techniques.  
There also needs to be a way of protecting barren land from erosion until permanent vegetation
can be added to the landscape.

Sediment transport is also a multifaceted pollutant.  The stream flow is the main form of
transportation, which causes changes in the characteristics of the water carrying the sediment. 
There are no reliable ways of determining the way sediment is transported ref?.  However, there
are certain transport characteristics that can be associated with different physical characteristics
of the sediment.  Large material rolls along the streambed, coarse material is suspended in the
water and the majority of concentration is found near the streambed, and fine sediment is more
uniform throughout the water body34.  These characteristics of sedimentation transport are
important to consider when analyzing sedimentation in a body of water.  

Sediment deposition is one of the most important considerations in water quality analysis.  The
sediment that is deposited contains biological and chemical materials that ultimately change the
water composition and quality.  While it is obvious that deposition of sediment is detrimental if
there are large amounts of foreign material, the rate of deposition needs to be calculated in order
to prepare water quality strategies.  



35 NCSU Water Quality Group.  2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.

36 NCSU Water Quality Group.  2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.

37 NCSU Water Quality Group.  2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.

38 Webber, L.R. 1971.  Animal Wastes.  Journal of Soil and Water Conservation.  March-April.  47-50.
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The last feature of sedimentation is stream channel systems.  The stream channel itself is a very
intricate system.  Altering the stream channel can produce mass erosion, flooding, and a loss of
stabilization of the streambed.  Stream channels are most often altered to protect farmland.  The
changes made to stream channels require environmental considerations of timber loss and
changes in water dispersion in lowlands. Proper planning is crucial in producing a sound change
in the flow of water.   

The affects of sedimentation on the use of a water body can be seen in many ways.  For example,
soils found suspended in water reduce the amount of sunlight to aquatic plants, cover spawning
areas and food sources for the water habitat, reduce the filtering capacity of filter feeders, and
harm the gills of fish35.  These factors are reasons for the reduction of water species such as fish
and plants and lead to a less productive body of water36.  

Animal Wastes as Nonpoint Source Pollution
Animal waste is the combination of fecal and urinary wastes of livestock and includes the feed,
bedding, and soil, which is in contact with these wastes.  The pollutants, which these products
carry include: oxygen-demanding substances, nitrogen, phosphorus, organic solids, bacteria,
microorganisms, and metals37.

The growing number of large-scale confined animal feeding operations (CAFOs) throughout the
nation has caused more research on the water quality of bodies of water found in areas adjacent
to the operations.  The increasing demand for meat has brought about these operations, but that is
not justification for degrading the water quality.  The main problem with CAFOs is the disposal
of wastes. 

A concentration of livestock produces a concentration of animal wastes.  The management of the
waste is the underlying source of pollution.  The feedlots usually use soil or concrete collection
mechanisms.  Precipitation that runs over feedlots produces runoff, which contains those
nutrients that are not absorbed into the ground or collected by the lot. Geographical areas that are
susceptible to snow and ice have more problems with disposal of waste, because more hazardous
runoff is produced when manure is spread on frozen land38.  

Pollution problems that arise from these feedlots include the spread of infectious disease, high
levels of nitrate in water, and odors.  Another hazard associated with CAFOs is the



39 NCSU Water Quality Group.  2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.

40 NCSU Water Quality Group.  2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.

41 NCSU Water Quality Group.  2000.  National Management Measures to Control Nonpoint Source Pollution from
Agriculture.  North Carolina State University.  Raleigh, NC.
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contamination of groundwater, especially in areas that are using lagoons for waste deposition. 
These three potential hazards to the environment are manageable, with proper planning.

Pesticides as Nonpoint Source Pollution
Pesticides include any substance or mixture of substances intended for preventing, destroying,
repelling, or mitigating any pest or intended for use as a plant regulator, defoliant, or desiccant39. 
The product may enter water sources in solutions, emulsions, or bound to soil.  One study in the
Midwest found that there were more instances of chemical metabolites than of the parent
compounds.  This finding shows how unstable chemicals can react with one another and may be
more harmful to the overall water quality of an area.  This process is called the synergistic effect.  
The need for and benefits of pesticides on the agricultural landscape is acknowledged, yet the
harmful effects on aquatic ecosystems must also be acknowledged.  Pesticides have an
exponential system of accumulation in aquatic habitats.  The consumption of food and water that
have been contaminated by pesticides produce new behavior patterns in species found in the
water.  

The changes in behavior of species can be detrimental to the overall health of the stream.  Certain
pesticides have been found to inhibit bone development in fish.  Other side affects of pesticide
contamination include low fertility rates, changes in mating behavior, and inconsistent embryo
development40. 

Pesticides can be transported dissolved in water or attached to sediment.  The characteristics of
the pesticide used determine the transport method as well as rate of transport.  Concentration of
pesticides in a body of water is also determined by the amount applied and the chemical
properties of the pesticide41. 

The previous outlines are examples of the potential problems of agricultural activities. 
Agriculture has been at the historic root of this nation and the problems associated with these
activities are not new.  The difference is as the quality of resources becomes less desirable more
people become aware of the problems they are facing.  Awareness of these problems leads to
better management of the land.  

Best management practices (BMPs) are designed to reduce the affects of pollutants on the
receiving water body.  “Best” is subjective and site specific.  The following is a list and
description of best management practices from the NCSU Water Quality Group that can be
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implemented at the local level in order to reduce the amount of agricultural nonpoint source
pollution. 

• Brush Management – removal, reduction, or manipulation of non-herbaceous
plants.  Improved vegetation quality and the decrease of runoff from the practice
will reduce the amount of erosion and sediment yield.  Improved vegetative cover
acts as a filter strip to trap the movement of dissolved and sediment attached
substances, such as nutrients and chemicals from entering downstream
watercourses.

• Conservation Cover – establishing and maintaining perennial vegetative cover to
protect soil and water resources on land retired from agricultural production.

• Conservation Tillage – any tillage and planting system in which at least 30
percent of the soil surface is covered by plant residue after planting to reduce soil
erosion by water; or where soil erosion by wind is the primary concern, at least
1,000 pounds per acre flat small grain residue-equivalent are on the surface during
the critical erosion period. 

• Critical Area Planting – planting vegetation, such as trees, shrubs, vines,
grasses, or legumes, on highly erodible or critically eroding areas. (This practice
does not include tree planting)

• Field Stripcropping – growing crops in a systematic arrangement of strips or
bands across the general slope (not the contour) to reduce water erosion.  The
crops are arranged so that strip of grass or a close-growing crop is alternated with
a clean-tilled crop fallow.

• Filter Strip – a strip or area of vegetation for removing sediment, organic matter,
and other pollutants from runoff and wastewater. 

• Floodwater Diversion – a graded channel with a supporting embankment or dike
on the lower side constructed on lowland subject to flood damage. 

• Heavy Use Protection – protecting heavily used areas by establishing vegetative
cover, by surfacing with suitable materials, or by installing needed structures. 

• Hedgerow Planting – establishing a living fence of shrubs or trees in, across, or
around a field. 

• Livestock Exclusion – excluding livestock from an area not intended for grazing.
• Riparian Forest Buffer (Field Windbreak) – a strip or belt of trees or shrubs

established in or adjacent to a field.
• Roof Runoff Management – a facility for controlling and disposing of runoff

water from roofs.  
• Structure for Water Control – a structure in an irrigation, drainage, or other

water management systems that conveys water, controls the direction or rate of
flow, or maintains a desired water surface elevation. 

• Waste Utilization – using agricultural wastes or other wastes on land in an
environmentally acceptable manner while maintaining or improving soul and
plant resources. 

• Wetland Wildlife Habitat Management – creating, maintaining, or enhancing
wetland habitat for desired wildlife species.
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• Windbreak/Shelterbelt Establishment – linear plantings of single or multiple
rows of trees or shrubs established next to farmstead, feedlots, and rural
residences as a barrier to wind. 

There are many other BMPs that have been successful.  The BMPs listed above are suitable for
the Big Darby Creek Watershed due to the low slope of the area and the presence of few large lot
livestock feed operations.  

Looking at the major contributors to agricultural NPS pollution will help not only understand the
problems that water bodies are facing, but also help in managing the pollutants that are being
deposited into the water bodies.  The major contributors that were presented include sediments,
fertilizers, and animal waste.  These issues are problems that farms within central Ohio face.  A
combination of knowledge of problems that an area faces and possible ways of managing the
landscape lead to a more efficient and environmentally sound agricultural landscape.  

To further study these types of NPS pollutants a list of resources has been added to this report. 
The resources include books and articles that are useful in collecting data about agriculture as
nonpoint source pollution.  

Helpful Resources
Books 
Olson, Richard, H. and Lyson, Thomas, A.  Under the Blade: The Conversion of Agricultural
Landscapes.  Westview Press. Boulder, Colorado.  1999. 

Under the Blade is a publication that proposes principles for sustainable land
management.  The information is more qualitative than quantitative, but offers tools and
strategies for guiding rural development.  There are case studies that are used to illustrate
the different tools presented.  While this book is not directly related to agricultural
nonpoint source pollution, it offers ideas on how to manage agricultural lands.

Steiner, Frederick R.  Soil Conservation in the United States:  Policy and Planning.  The Johns
Hopkins University Press.  Baltimore and London.  1990.

This publication presents an alternative approach to solving soil erosion and
environmental problems with an emphasis on agriculture.  The author suggests the
implementation of a national soil conservation policy and outlines the two phases within
the literature.  The use of case studies is helpful in applying the suggested policy changes
to real life situations.   

Willrich, Ted L and Smith, George E.  Agricultural Practices and Water Quality.  The Iowa State
University Press.  Ames, Iowa.  1970.

This is a compilation of articles that have been presented as a way to raise awareness to
midwestern communities of agricultural pollution of water.  The ideas focus on the
biological and chemical agents of pollutions.  The ideas are those that are fundamental
and established as research facts, which can be utilized by people from all disciplines.  
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The information within this book links the relation of modern agriculture and cultural
technology to the water environment. 

Articles
David, Mark, B., et al.  1997.  Nitrogen Balance in and Export from an Agricultural Watershed. 
J. Environ. Qual. 26:1038-1048. 

This article looks at an agricultural watershed in Illinois and analyzes the surface water
nitrate levels that are apparent.  The study was conducted to determine field sources,
transport, and river export of surface water nitrate from agricultural watersheds.  

Omernik, J.M. 1981.  Stream nutrient levels and proximity of agricultural and forest land to
streams: Some relationships.  J. Soil and Water Cons. July-August.  227-230. 

This article studies the effectiveness of forested buffer strips for controlling nutrient loss
from agricultural land.  The study shows that there may be long-term effects of vegetation
in reducing nutrient levels in water. 

Schlosser, Issaac, R.  1981.  Riparian Vegetation and Channel Morphology Impact on Spatial
Patterns of Water Quality in Agricultural Watersheds.  Environmental Management Vol. 5, No.
3.  233-243.

Using the Universal Soil Loss Equation predictions were made about suspended solids
found in an agricultural watershed.  The prediction of water quality with changes in the
morphology of a streambed was not entirely accurate, yet recommendations were given
on the management of a physically changing watershed. 

Walker, Wynn, R. and Kroeker, Bruce, E.  1982.  Nitrates in Groundwater Resulting from
Manure Applications to Irrigated Cropland. EPA-600/S2-82-079.  

This is a project summary of an experiment that involved applying manure to different
landscapes at different rates and at different frequencies.  Once the application of manure
was complete the analysis looked at basic management practices.  Soil samples were
taken from different crops to collect data on the amount of nitrates found within the soils.  

Van Herpe, Y et al.  1998.  Application of a conceptual catchment scale nitrate transport model
on two rural river basins.  Environmental Pollution 102.S1. 569-577.

The authors are presenting a model that simulates nitrate transport in rural river basins. 
The article describes the model and how the different inputs are used to determine the
nitrate levels and drainage patterns found within two different watersheds. 

Verchot, Louis, V. 1998. Effects of Agricultural Runoff Dispersion on Nitrate Reduction in
Forested Filter Zone Soils.  Soil Sci. Soc. Am. J. 62:1719-1724. 

This study was to determine if the use of forested filter strips are effective methods of
remediation of agricultural nonpoint source pollution.  The study describes the methods
used in determining the effectiveness and the qualitative mechanisms that were used.  
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Nonpoint Urban Pollution
One of the critical issues facing the preservation of the Big Darby watershed is the concept of
non-point pollution.  Non-point pollution is the accumulation of pollutants on sediments,
residues, and heavy metals upon impervious surfaces that are subsequently washed away during a
storm event42.  These chemicals and materials are then introduced into the hydrology where they
negatively impact the water quality43, an example being the bioaccumulation of heavy metal
concentrations in fish and other aquatic life.

The structure of this chapter comprises first of a summary of the issues revolving around non-
point urban pollution.  These typically involve the role of impervious surfaces (in varying forms)
contributing to the degradation of a watershed.  Secondly, an analysis of what comprises urban
runoff follows to ascertain what is put into the environment.  Finally, some ideas are put forth
describing possible means to mitigate the harmful consequences of increasing the quantity and
quality of stormwater.

Issue:  Impervious Surfaces
The greatest contributor to polluted stormwater runoff is the increase in impervious surfaces in a
watershed.  By definition, a surface is impervious when “any material that substantially reduces
or prevents the infiltration of stormwater into previously undeveloped land”44 is constructed. 
This is achieved by either paving over a previously undeveloped piece of land or compacting the
soil to the point where water cannot percolate through.  Rooftops, sidewalks, parking lots, and
surface roads all add to the amount of impervious surfaces in a given area.45   Figure 1 shows the
budget (or the division of impervious surfaces by use) of these surfaces.  The majority of uses are
transportation related.

 

Figure 1: Budget for Impervious Surfaces
(http://www.chesapeake.towson.edu/impervious/what_imp.html.  Viewed in May 2001.)
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The change from a previously pervious surface is no small one.  An undeveloped area usually has 
vegetation to hold soil in its place, usually in a non-compacted form.  This allows water to trickle
into the subsoil, and the root system traps pollutants before they move toward the stream.46  But
when a field is graded to become a parking lot, water can no longer penetrate into the ground. 
This increases the velocity of water flow over the surface and intensifies the amount of water to
be carried away, thereby increasing the probability of flooding due to the slowed or negligible
percolation.  Without the root system to hold pollutants, heavy metals and sediments become
more concentrated and are deposited further downstream.47

The amount of impervious surfaces in an area depends not only on the land use, but also on the
intensity of use.  As the land is used more intensely, the percentage of impervious surface
increases.  More parking lots, roads, and rooftop areas are added to the landscape.  This leads to
an increase in the associated negative consequences mentioned in the previous paragraph.  The
result is a stream with lowered water quality.48  Figure 2 shows the relationship between the
amount of paved area and runoff coefficient, a proxy for stream degradation.  Generally
speaking, the higher the runoff coefficient, the greater the quantity of water and the speed by
which it passes over the surface of the land.  This is a proportionally linear relationship.

Figure 2: Stream degradation increase proportionally with imperviousness.  (Scheuler, Watershed
Protection Techniques I, Fall 1994)

Since the amount of a surface that is impervious to stormwater depends on the land use and its
intensity, it is useful for the reader to know exactly how much typical activities contribute to the
percentage of impacted or paved surfaces.  Table 6 shows the percentage of land under pavement
or other surfaces by type of land use.  The important concept here to understand is that most
studies suggest that an area with greater than 10-15% impervious surfaces will cause tremendous
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stream degradation49.  The table indicates that the majority of land uses in fact will negatively
affect watershed quality.

Table 6: Typical Impervious Coverage of Land Uses in Delaware (Water Resources Agency,
University of Delaware)

Land Use % Impervious Cover
Commercial/ CBD 85
Industrial 72
Residential (1/8 acre) 65
Residential (1/4 acre) 38
Residential (1/3 acre) 30
Residential (1/2 acre) 25
Residential (1 acre) 20
Residential (2 acres) 12

A final note on this topic is needed before the discussion moves on to characteristics of urban
runoff.  Since fieldwork to the Big Darby watershed revealed numerous subdivisions being
installed in previously undeveloped areas, the issue of roofing materials takes on added
importance50.  Heavy metal concentrations reside within the materials comprising roofing
shingles; these concentrations will have a measurable effect on the quality of stormwater runoff. 
Materials that contain lead, zinc, copper and dirt are three orders of magnitude more likely to
contribute to urban pollution runoff than other types of shingles51.  Roofs that had a higher
inclination from the horizontal were less likely to contribute to polluted runoff since the water
moves faster over the surface and cannot absorb as many of the metal compounds52.  Therefore,
care needs to be taken to ensure that residential roofing materials do not unduly add to the
problem of polluted stormwater.

Characteristics of Urban Runoff
The previous paragraph hints at what is commonly found in runoff into the watershed.  Heavy
metals are an important part of the urban runoff pollution load.  For example, lead comprises less
than 1 milligram per liter of runoff while total suspended solids make up about 67 milligrams per
liter53.  Zinc has a concentration of two micrograms per liter, or 1 part for every 1000 parts of
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water.54  Chromium comprises a hundred micrograms per liter of runoff55.  Other constituents
include BOD, phosphorus and nitrogen, sediments from construction sites, and oil and grease
from automobiles56.

The literature indicates consistent findings of pollutant load irrespective of location.  In a heavily
urbanized portion of Paris, France, for example, water samples were taken from 13 storm events
to detect differences in stormwater quality among rooftops, courtyards and surface streets57.  The
rooftops had the same chemical composition as those mentioned above, and the streets are as
pollutant laden as any street in the United States.  Suspended solids had a maximum 304 mg/l for
rooftops and 498 mg/l for streets.  Cadmium had a maximum 32 micrograms/liter and a
minimum of a tenth of a microgram/liter.  Zinc had the highest concentration of all the heavy
metals—3839 micrograms/liter.58

Additionally, a study by Lee and Bang analyzed stormwater quality in South Korea59.  They
found a concentration of lead to be between .004 mg/l to .2 mg/l60.  Suspended solids had an
extremely wide range of variability (9.9 mg/l to 2796 mg/l, depending on the watershed under
scrutiny), dependent on the land use activities surrounding the test site.  These samples were
taken from sites that had less than 50% impervious surfaces61, so the resulting loads may be even
higher for more urbanized areas, such as Western Franklin County.

Actions Needed to Mitigate Urban Runoff
Now that the major causes of urban runoff have been discussed and its components delineated,
what can be done to prevent areas from having too great a percentage of impervious surfaces,
helping to reduce the negative impacts of urban runoff?  Three interrelated case studies provide
insight into potential actions: 1) creation of a watershed district in the Christina watershed; 2)
Maryland’s Limited Development Areas (LDAs); and 3) a consortium of Connecticut towns
applying limits to impervious surfaces through zoning ordinances.
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For the Christina watershed, the key to an effective watershed-planning district is to control the
percentage of impervious surfaces.62  Other planning techniques protect aquifers or floodplains,
but this is often not enough to protect the entire habitat.63  Since all watersheds cut across
jurisdictional boundaries, the focus of the plan is on helping individual towns to draft consistent
zoning ordinances that set a maximum percentage of impervious surfaces.  Any areas that already
exceeded the maximum would become the focus of redevelopment efforts, rather than spreading
urbanization to undeveloped areas.64  Table 7 shows the recommended limits and how each
location’s actual percentages compare.

Table 7:  Comparison of Actual and Maximum Percentage Impervious Surfaces (Water
Resources Agency)
Watershed Planning District Area 

(sq. miles)
Existing %
Impervious

Cover (1995)

Maximum
Impervious Cover

Threshold

Zoning
Approach

Brandywine Creek (above
Wilmington)

27 13 15 Open Space

Brandywine Creek (through
Wilimington)

6 49 55 Urban

Red Clay (above Wooddale) 12 12 15 Open Space
Red Clay (below Wooddale) 7 32 35 Suburban
Mill Creek 13 27 30 Suburban
Pike Creek 7 26 30 Suburban
Middle Run 4 9 10 Open Space
White Clay Creek (above Newark) 10 9 10 Open Space
White Clay Creek (below Newark) 15 41 45 Suburban
Upper Christina River (above
Cooches)

21 21 25 Suburban

Upper Christina River (below
Smalley)

22 36 40 Urban

Muddy Run 9 15 20 Suburban
Belltown Run 6 24 30 Suburban
Little Mill Creek 9 37 45 Urban

The second case study involves the Maryland Department of Natural Resources.  In 1996, the
Maryland Assembly created Limited Development Areas, where percentages of impervious
surfaces could be regulated.65  These percentages were mandated based on the size of parcel
under inspection.  For existing lots under a half-acre, the maximum surface that could be
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impervious is 25%.  For lots between one-half and one acre, a limit of 15% is imposed. 
Developers may apply for a permit that allows them to exceed these caps, but in no instance may
the proposal exceed the limit by more than 25% of the limit or 500 square feet—whichever is
greater.66  Table 8 illustrates these maximums.

Table 8: Maximum Impervious Surface Limits (Maryland Department of Natural Resources)
Parcel Size in Square Feet Impervious Surface Limit
0 - 8,000 25% of parcel + 500 square feet
8001 - 21,780 31.25% of parcel
21,781 - 36,300 5,445 square feet
36,31 - 43,560 15% of parcel

The final case study is the consortium of Connecticut municipalities that have combined for the
purpose of mitigating the negative impacts of urban runoff.  Their actions are grouped into two
categories: elements of a Stormwater Management System and restrictions on percentages of
impervious surfaces by land use.  The former is comprised of two principles: first, all
development must occur such that “no increases in peak flow from the analyzed storms will be
allowed unless an analysis of downstream areas shows that increases are acceptable”.67 
Secondly, techniques that maximize infiltration to the groundwater are strongly encouraged.  For
example, developers may use grass or rock-lined channels instead of storm sewers.68

The second category utilizes zoning laws.  These usually limit the amount of impervious surfaces
not at the parcel level but at the development level.  Connecticut has a zoning classification of
Planned Residential, which covers most subdivisions.69  These must adhere to minimum lot
requirements, maximum coverage, and impervious surfaces.70  Table 9 shows these limitations.

Table 9: Planned Residential Zoning Requirements (NEMO)
Planned Residential PR-1 PR-2 PR-3
Minimum Lot Requirements (acres) 20 7 5
Maximum Building Coverage (percent) 10% 15% 20%
Impervious Surface (percent) 25% 30% 40%
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Summary
As shown by the figures above, urban runoff is a critical issue facing municipalities wishing to
preserve the environmental and aesthetic value of their water resources.  To this end cities must
regulate what kinds of development that occur within these watersheds.  This takes the form of
limiting how much impervious surface can exist.  Zoning techniques are generally the most
effective when they have the force of law behind them.  Otherwise creating watershed districts is
a way to achieve the end of a quality watershed.
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Issues and Characteristics of Ohio Stream Biological Quality
There are many reasons why measuring biological quality of lotic systems is important in water
resource planning.  First, by measuring indicators of a stream community, i.e., resident fish and
macroinvertebrates, resource managers can gain a better understanding of the regional status of a
given area.  Typically measured within a watershed context, this biological integrity
measurement can provide supplemental information to the more site specific, local impacts
historically measured by physical and chemical parameters.  Biological quality measurements are
able to help incorporate the issue of scale into planning and land management decisions.

A second important consideration, derived from the watershed approach to stream management,
is recognition and assessment of the cumulative impacts and downstream effects of land use
alteration, pollution, and human modification.  Lotic system research shows that modifications,
even slight alterations, can have dramatic effects downstream.  Further, it is now widely accepted
that many independent and isolated modifications to a given stream can create multiple
cumulative effects over time.  Ecological measurements, such as fish diversity for example, can
serve as strong indicators for the overall health of the water system. With this reasoning, it
becomes critical for all proposed changes in a watershed to undergo a careful assessment of
regional, in addition to local, impacts.  

Dealing with the complexities of time is a third important factor in support of biological integrity
measurements.  With the collection of historical data, i.e. chemical and physical data, managers
can assess only the relatively short-term effects of a given condition.  However, by incorporating
assessments of resident fish and macroinvertebrate community response to their surrounding
habitat, implications of long-term land use change and pollution effects over time can be
established and monitored.  

Incorporating Biological Integrity
Ecologically, there is a critical need for biological assessment.  Without some measure of the
biological quality, the overall health of the ecosystem would be a complete unknown.  Applying
a holistic approach to management efforts and protecting and maintaining biodiversity are
primary tenets of ecosystem management, so it logically follows that biological assessment is
paramount for such an approach.  Viewing it from a practical perspective, the need is also
evident.  Humans depend on the natural systems within which they live to stabilize and buffer
deliberate and accidental change (everything from development and intense modification to
damage from floods, fires and other natural "disasters"). Without a healthy ecosystem, or an
ecosystem capable of "bouncing back", humans would be unable to continually grow in
population and consume available resources.  

Although humans view health as an overall condition, it is generally more difficult to define an
ecosystem’s "health".  To reflect the health of an ecosystem, researchers and managers have
recently begun to use a measure of "integrity" to provide more quantifiable data.  Defined by
Karr and Chu (1999), a system’s integrity can account for the following: variation of spatial and
temporal scales, organismal relationships and the processes that maintain and generate them, and
the idea that living systems are functioning in dynamic evolutionary and biogeographic contexts. 
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Ecosystem integrity, therefore, can be thought of as an assessment of both the structure and
function of system.  

Embracing the concept of integrity, the principal written goal of the Clean Water Act is to
"restore and maintain chemical physical, and biological integrity of the nation’s surface waters" 
(CWA Section 101[a][2]).   But in contrast to the goal, many regulatory agencies have
historically focused solely on the chemical and physical effects (Ohio EPA 1987).  And although
both the physical and chemical parameters are crucial to sound water resource planning, a
holistic assessment cannot be made without verifiable and quantitative analysis on the resulting
biological quality of impacted streams and waterways.   Measures of chemical water quality
cannot effectively measure real changes in a stream environment, but comprehensive and more
direct ecological indicators have recently been developed to serve as such a direct measure of
aquatic ecosystem condition (Yoder and Rankin 1995).  

Major Factors Affecting Biological Integrity
In addition to chemical effects on aquatic systems, there are many other factors that can
contribute, either positively or negatively, to a system’s biological integrity.  According to the
Ohio Environmental Protection Agency (EPA), biological integrity is the result of chemical,
physical and biological processes within the aquatic environment and can be assessed by
considering five principal factors of influence (Ohio EPA 1995).  These factors are:

• Chemical Variables - includes temperature, dissolved oxygen, pH, turbidity,
hardness, organics, nutrients, solubilities and adsorption

• Flow Regime - includes velocity, land use, ground water, hi/low extremes and
precipitation and runoff

• Biotic Factors - includes processes such as: reproduction, competition, disease,
parasitism, feeding and predation

• Energy Source - includes effects of nutrients, sunlight, seasonal cycles, primary
and secondary production and organic matter inputs

• Habitat Structure - (the most inclusive category of influence) includes
width/depth, channel morphology, bank stability, gradient, instream cover,
canopy, current, sinuosity, substrate, siltation and riparian vegetation

Measuring Biological Integrity
With the principal factors of influence in mind, the Ohio EPA has adopted this multimetric
ecological approach and has integrated numerical biological criteria into the existing water
quality management process outlined by the Ohio Water Quality Standards. The intent of the
Ohio EPA, and other regulatory agencies throughout the country, is to have two monitoring
processes firmly in place:  regulatory pollution and discharge limits coupled with a holistic
biological integrity assessment where biological community assessments compliment historical
chemical, physical and toxicological stressor parameters (Yoder and Rankin 1995). 
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This biological integrity standard broadens the scope of management; prior to measuring
biological community components assessments were made on a very local scale.  The Clean
Water Act mandate addressing biological integrity requires a more comprehensive, watershed
level approach (Karr and Dudley 1981).  By incorporating this regional framework for
management, agencies can now focus attention on the entire surface water system, which
includes important considerations such as adjacent land use, quality of headwater streams and
impacts of downstream effects that could be significantly affecting a particular reach of a
sampled stream.  

Stream biological quality has been monitored with this approach in Ohio for over 20 years by the
Ohio EPA with focus on how the resource responds to environmental impacts in relation to
ecoregion reference sites (Ohio EPA 1987).  Based on a regional landscape classification system
throughout the state, Ohio EPA established regional reference sites which serve as a control or a
standard for sample site comparisons throughout the same region. The quantitative biocriteria
developed by Ohio EPA was based on 10 years of data and results in representing the degree of
biological integrity, given the present background conditions, that can reasonably be expected
(Yoder and Rankin 1999).  Over 350 reference sites were used to derive the biological criteria
(Ohio EPA 1989, 1987).  The Index of Biotic Integrity (IBI), the Invertebrate Community Index
(ICI) and the Qualitative Habitat Evaluation Index (QHEI) are three indices used by Ohio EPA to
assess the biological integrity and composition of stream points in relation to reference site
conditions.  

Index of Biotic Integrity (IBI)
The IBI index was first developed by Karr in 1981 and was later modified by the Ohio EPA in
1987 for specific use in Ohio. There are 12 individual community metrics incorporated into the
summary IBI score, which when aggregated, provide a consistent and sensitive measure of biotic
integrity (Ohio EPA 1988).  The metrics can be grouped into three main categories: species
richness and composition fish abundance and condition and trophic composition (Karr 1981).  
At a given sample site in a stream, a score is given to each metric in relation to whether it closely
(5), somewhat (3) or fails to (1) approximate the reference site.  Each metric assesses fish
community attributes that are inferred to be either positively or negatively correlated with stream
biotic integrity (Ohio EPA 1988).  With 12 metric scores, the maximum IBI value obtainable at a
given site would be 60 (12x5) and a minimum would be 12 (12x1).  The following is a brief
description of the metrics comprising Ohio EPA’s IBI detailed by Ohio EPA (1987).

• Total Number Species - direct community diversity measure and general
indicator of environmental quality

• Number of Darter Species/ Percent Round-Bodied Suckers - site specific
species requiring clean water.  Darters are found in headwater or wading stream
and represented by round-bodied suckers in boating sites 

• Number of Sunfish Species/ Number of Headwater Species - favor quiet pools
and in-stream cover; indicate degree of preservation of original pools and riffles
and channel components of the stream reach 
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• Number of Sucker Species/ Number of Minnow Species - relatively long-lived
and favor high environmental quality; serve as long-term indicators of
surrounding conditions

• Number of Intolerant Species/ Number of Sensitive Species - serve as
indicators of degradation; greater proportion of intolerant species indicates less
degradation

• Percent Tolerant Species - serves as indicator of degradation; greater proportion
of tolerant species signifies a greater degree of degradation

• Percent Omnivores - represents degree of disruption to the food base; greater
proportion of omnivores indicates greater environmental degradation

• Percent Insectivores - measures community integrity in the middle of the food
chain; fewer insectivores suggest depletion of insect food base and therefore a
greater degree of environmental degradation

• Percent Top Carnivores/ Percent Pioneering Species - measures fish species at
the top of the food chain; more carnivores suggest a greater food base and
therefore a relatively good community structure

• Number of Individuals - excluding tolerant species, serves as a measure of toxic
sensitivity and total degradation

• Percent Hybrids/ Number of Simple Lithophilic Species - indicate levels of
stress and disturbance in stream reach; lithophilic spawners require clean gravel or
cobble and are a good indicator in non-headwater streams

• Percent DELT Abnormalities - measures Deformities, Eroded fins, Lesions or
Tumors and usually indicate overcrowding, disease or high levels of toxicity 

Invertebrate Community Index (ICI)
Similar to IBI for fish, ICI is a summary measure of 10 metrics representing aquatic
macroinvertebrate community integrity and is evaluated and scored in relation to conditions at
relatively undisturbed reference sites (Ohio EPA 1989).  In this index, a site can receive a 6, 4, 2
or 0 score depending on how it compares to the specified reference site.  Scoring is very similar
to IBI; here the maximum score is 60 (10x6) and the minimum is 0 (0).  Ohio EPA decided to
use both fish and macroinvertebrate indices because there is a large amount of information on life
history, tolerances and distribution and both groups have been widely used in similar biological
assessments (Ohio EPA 1987).  The following is a brief description of the metrics comprising
Ohio EPA's ICI as outlined by Ohio EPA (1987).

• Total Number of Taxa - species richness and diversity increases with warm
water stream quality; inverse relationship with drainage area
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• Number of Mayfly Taxa - pollution sensitive species; greater proportion of taxa
indicates higher environmental quality

• Number of Caddisfly Taxa - main component in larger, unimpacted waterways;
wide range of pollution tolerances within taxa 

• Number of Dipteran Taxa - have wide range of tolerances to pollution; often
only organism collected under heavily polluted conditions - greater proportion
suggests lower stream quality

• Percent Mayfly Composition - easily affected by even minor disturbances;
serves as measure of overall levels of stress and disturbance 

• Percent Caddisfly Distribution - quickly absent under environmental stress;
serves as a measure of stream stress

• Percent Tribe Tanytarsini Midge Composition - often predominant group at
minimally impacted sites; pollution tolerances are intermediate

• Percent Other Dipteran and Non-insect Composition - includes non-insect
invertebrates such as worms, isopods, snails, etc.; main community component in
poor water quality conditions - greater abundance indicates lower environmental
quality

• Percent Tolerant Organisms - tolerant to toxic and organic pollution; greater
proportion of organisms indicates lower overall environmental quality

• Number of Qualitative EPT Taxa - qualitative measure of habitat diversity and
water quality; measures richness of mayfly (Ephemeroptera), stonefly (Plecoptera)
and caddisfly (Trichoptera) taxa 

Qualitative Habitat Evaluation Index (QHEI)
The QHEI index is intended to provide a quantitative evaluation of the qualitative physical
characteristics of a given stream reach.  This index is similar to the biological indices, IBI and
ICI and is measured at each site where IBI data is obtained (Ohio EPA 1989).  Again, similar to
IBI and ICI, QHEI is composed of six metrics which take in account variables such as bottom
substrate, channel morphology, riparian cover, and other modifications to the stretch.  A QHEI
measurement can have a maximum score of 100. The following is a brief description of the
metrics comprising Ohio EPA's QHEI as outlined by Ohio EPA (1989).

• Substrate - measures two components - substrate type and substrate quality; takes
into account variables like parent material, embeddedness of cobble, gravel and
boulders and silt cover.  The maximum score is 20
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• Instream Cover - measures instream cover type and amount.  The maximum
score is 20

• Channel Morphology - includes channel sinuosity, development, stability and
channelization; indicates the quality of the stream channel in relation to creation
and stability of the macrohabitat.  The maximum score is 20

• Riparian Zone and Bank Erosion - measures floodplain quality, extent of bank
erosion and the width of the riparian zone; serves as indication of the quality of
the riparian buffer and floodplain vegetation.  The maximum score is 10

• Pool and Riffle Quality - component measures include overall diversity of
current velocities, pool depth and morphology and riffle-run depth, substrate and
substrate quality; serves as indication of the quality of the pool and riffle habitats. 
The maximum score is a combined 20 (12 for pool, 8 for riffle)

• Map Gradient - calculation of elevation drop through sampling area; accounts for
varying influence of gradient with respect to stream size.  The maximum score is
10

Importance to the Big Darby Watershed
The Big Darby Watershed is a prime example of the need for accurate and reliable biological
data in addition to historical chemical and physical measures.  Like many watersheds in rural to
semi-rural areas, the future fate of the Big Darby is uncertain.  With threats of intense
development and poor agricultural processes, the aquatic integrity of the streams must be
continually monitored.  

The Big Darby region has a significant proportion of agricultural land use, and although federal
programs and incentives are in place and farmers are incorporating more best management
practices (BMP) into their management regimen, the watershed is continually at risk for large
loads of non-point pollution from sedimentation, livestock grazing and agriculture runoff. 
Whether the watershed remains predominantly agriculture or becomes significantly developed,
the effects of non-point pollution and sedimentation will be primary threats to the system's
biological integrity.  There is no comprehensive method allowing standard chemical and physical
parameters to account for the non-point pollution loads with the same reliability and consistency
as biological indicators.

In addition to the land use patterns, biological monitoring and assessment is necessary in the Big
Darby region to effectively evaluate and maintain the great biotic diversity and existing
endangered and threatened species.  The Big Darby Creek is well noted for its abundant diversity
of fish and bivalves.  According to the Ohio Department of Natural Resources, Division of
Natural Areas and Preserves, the Big Darby Creek is home to over 86 species of fish, seven
endangered in Ohio, and six species of Ohio endangered mollusks.  
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Biological data in the region has played a critical role in helping to maintain accurate records of
these and other important watershed characteristics.  With biological indicators coupled with
chemical and physical data, resource managers and decision makers will be supplied with more
accurate information which will hopefully aid them in making better informed future land use
decisions.
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Urban Sprawl and Land Use Change
In the recent past we’ve heard the term “sprawl” has been thrown around quite a bit, and for the
most part, it in an urban related context.  Sprawling development patterns have greatly
contributed to the decline of some of America’s great city centers.  There is a rural side to those
urban development patterns, however:  what happens to the rural places which sprawl and all its
related problems encroach into and how can we minimize those impacts?  In addition to those
specific problems there are also the more generalized issues of sprawl and the way its existence is
becoming part and parcel of our commercial culture.  An automobile commercial tag line states: 
You’re free to take on the open road … when you find it71.  The commercial’s implication being
that there is a lack of space in one of the most spacious countries in the world.  If the impact of
sprawl on pop culture is not impressive then perhaps even more telling is a quote from a
Supreme Court justice in reference to neighborhoods that further legitimizes the sprawled
suburban landscape: “A quiet place where yards are wide, people few, and motor vehicles
restricted, are legitimate guidelines in a land-use project addressed to family needs…”72  

This discussion begins with a review of the causes of sprawl which are many and interrelated.  If
the causes could be eradicated then logically so could sprawl and its related impacts.  From that
point, a brief discussion of Ohio and the land use change trends that exist within the state. Last,
this discussion will focus on more specific sprawl issues, their impact on the Big Darby Creek
area, and some possible solutions to conserving the area.  Appendix I contains larger images of
relevant maps for this discussion, as well as a map of Ohio farmland distribution.

Sprawl, as briefly outlined by Timothy Beatley and Kristy Manning is caused by a number of
things73.  First, it is a result of government policy.  The programs that most contributed to the
sprawling growth that we see now are undoubtedly, the creation and subsequent funding of the
Interstate Highway Program, the federal housing subsidies that became so prevalent after World
War II, as well as the deductions open to home owners within the confines of the US tax code74. 
The combination of these programs have, if not actively, then at least subversively, encouraged
the practice of auto dependence, single family home ownership and the idea that a person can
“get away from it all”.  Of course, the combination of the dependence on driving and the pressure
to live in a secluded location, also naturally leads these to the segregation of rich and poor. 
However, sprawl is not completely the government’s fault, there are other factors. 

Second, sprawl is largely driven by economics and the U.S. is a capitalist society.  The major
automobile manufacturers are located within the continental United States.  The car
manufacturers, parts stores, oil barons of old, and the patterns of interchange development all
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base their livelihood on the success of the car.  Those economics have promoted greater and
greater dependence on the automobile and through inference, the street system as well.

Third, related to the above cause is the price of gasoline.  The price of gas in the US remains one
of the lowest in the world.  The summer of 2000, when the price of gas approached two dollars a
gallon, there was an outcry from the people to tap the reserves or revoke taxes whatever it may
take to lower the price.  This was all being said when many Europeans pay approximately three
and four dollars for a gallon of gas.  This low price and overabundance of gas has undoubtedly
played a major role in the facilitation of sprawl,75 and as a side note has also limited our ability to
tax a resource that we can’t live without.  

So, the above causes have greatly influenced the general nationwide trends over the past years,
the most evident being the relentless expansion into rural areas at a cost not yet realized.  Along
with this general expansion there has been a new movement in architecture and planning often
referred to as the “New Urbanist” movement or neo-traditionalism.  This movement in its purest
sense, advocates the return to pre World War I and II planning76.  Currently, it means creating
developments that are compact, keeping residential development near to the services that
residents need as well as using grid street patterns to facilitate way finding and minimizing traffic
congestion77.  However, these developments are often constructed in outlying areas as opposed to
redeveloping central city locations thereby contributing to population decentralization instead of
containing it as was originally intended.  This movement could be adequately harnessed to use in
the fight against sprawl by focusing compact development within already developed areas. 

These causes of sprawl show that there has been a trend over the past fifty years in the United
States to decentralize the population and to increase the dependence on roads and cars.  That tells
us what sprawl is and why we have it but, it does not convey its impacts.  Sprawl as a
development pattern contributes largely to the environmental problems of the U.S.  Any kind of
development has run off from the construction and with that run off there are certain pollutants
and other accumulated detritus.  This run off then can enter the hydrological cycle at a number of
different points, polluting the water that we drink, bathe in and use for cooking.  The
decentralization of the population increases people’s reliance on automobiles, which in turn
increases the amount of automobile emissions polluting the air78.  The increasing development 
over a large land mass also increases the amount of land covered by impervious surfaces, which
also increases the amount run off and disrupts the natural hydrological cycle79.  The
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Figure 3: The New York Times Study of Growth Patterns
(Firestone, D.  2001.  The New-Look Suburbs.  New York Times 17,
April)

interrelatedness and the long reaching effects of sprawl are incredible and require action to
prevent further decline.  

With the release of the recent census numbers coming available there have been numerous
studies compiled charting the differences and similarities between this release and that of the
1990 census, including some interesting studies by the Brookings Institute.  Of particular interest
was a study in the New York Times which charts suburban growth over the past ten years in the
United States80.  Specifically it deals with the areas where that type of growth grew and shrank. 
Surprisingly, the data showed that the rate of suburban growth was slowing in most places in the
United States (see Figure 3) with the exception of the Midwest where it actually increased81. 
This discovery should of course examine, at least briefly, the recent population trends in Ohio
and from that determine what kind of growth we can expect in the Darby area and then what
possibilities exist for containing or controlling that growth.

The state of Ohio has long held that it is largely an agricultural state (see Figure 4).  This is said
in spite of the fact that Ohio has “… more urban land than any other state in the nation, with a
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Figure 5: Changes in US Population 1990-2000
(http://www.census.gov/population/cen2000/tab05.xls)

Figure 4: Ohio Land In Farms

concentration of sixteen metropolitan areas each with more than 150,000 people…82”.  
Agriculture remains the most important industry that Ohio has, contributing $56.2 billion dollars
annually and supporting one in six jobs83.  Ohio has also been the recent recipient of a fairly large
number of people (see Figure 5).  In fact, Ohio increased its population by 4.7% since the 1990
census84.
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Due to this change in state population and the proximity of the Big Darby Creek to a growing city
such as Columbus there are bound to be a few issues regarding sprawl and the related impacts. 
In addition to the sheer numbers of the population increases and the structure of the economics of
the region there are some other causes for concern.  In fact, Ohio lost 1.4 million acres in
farmland between the years of 1974 and 199285.  More astoundingly, the “acres of land in farms”
has decreased 28.7% from 1954 to 199286.  Due to these decreases and the expanding 
social and community fabric of the cities the state is still reporting losses of farms and farmland. 
Much of  this conversion can be blamed on encroaching development and other urban
pressures87.  The governmental offices within the state are not the only entities to notice the
decline, the decline has been noted by the Federal government as well (see Figure 5).  The US
Department of Agriculture noted that the projected loss of farmland in Ohio was about 77 acres
per day.  In targeting a number of programs specific to the Big Darby Creek areas, special
attention should be paid to those that preserve farmland particularly because a number of the
Darby counties are largely agricultural.  In turn, this type of preservation will slow the
momentum of sprawl.

A few of the state’s leaders have taken note of this trend and formed a task force to develop
recommendations on how to control the loss of farmland that they were seeing across the state. 
This decision was likely made for economic and not planning reasons but at this point the
reasons for making the decisions do not matter;  rather, the recommendations should be
considered and followed through on in order to preserve something that is uniquely Ohio. 

The Big Darby Creek area is contained within six counties in Ohio.  The counties are: Clark,
Champaign, Logan, Madison, Pickaway and Union and they differ a little bit.  According to the
US Agricultural Census88; (see Appendix I for detailed map of Ohio counties)  Logan,
Champaign, Pickaway and Madison counties have 213,220 acres or more land in agricultural
production making them very agricultural counties.  The other two counties are the polar
opposite, Union and Clark contain 0 to 99,003 acres in agricultural production.  These counties
(Clark and Union) have also been identified as counties that have been classified as counties with
“…higher than state’s average for prime and unique farmland and land development89.”  The
American Farmland Trust included these counties as ones deemed most threatened in Ohio90.  It
should also be noted, that these two counties are the closest to the places where Columbus is
growing the most.  So, given the present situation and the state of many of the 
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counties in Ohio, what can be done to preserve our farmland and in doing so preserve the health
and vitality of the watershed there?

The Farmland Preservation Task Force,  formed under former Ohio Governor, George
Voinovich, provides concrete recommendations for saving farmland.  The Task Force’s report
suggested the formation of the Office of Farmland Preservation (OFP) to be operated within the
Ohio Department of Agriculture91.  This department is to work on the formation of a statewide
Farmland Preservation Plan, which may include the use of comprehensive plans to encourage the
preservation of farmland within any given area.  Also, they suggested the use of a state plan that
would coordinate with the local plans and possibly to create a “… pilot Ohio Farmland
Preservation Fund to leverage matching federal, local, and private funds to preserve
farmland…92”.  This initiative calls for a strategy that would examine all the state programs for
their possible impact on farmland preservation across the state.

In addition to those involuntary actions, the Task Force proposed a number of voluntary
programs under which they would increase the number of acres saved each year.  Of these the
first is to support the existing land use programs in the state of Ohio, including the use of
Agricultural districts and the Current Agricultural Valuation laws93.  They also wanted to
authorize a Purchase of Development Rights Program (PDR), which would allow farmers to sell
the right to develop their farmland in return for accepting a permanent conservation easement on
the affected land.  A sister program of PDR is the Lease of Development Rights Program which
would not be permanent, but instead consists of a long-term lease.  There is also the Transfer of
Development Rights Program where the community is allowed to direct development to areas
more suited to urban development94.  

While these are all admirable recommendations and ones that are well founded they are also
recommendations that are largely un-funded.  Un-funded programs don’t get much play in the
real world.  Even for the portions that may have some funding or do not rely on any funding, the
state has allotted itself no enforcement power.  Without this essential enforcement power there is
little that the state can do to make this happen.  It will take an elected body that can make people
bend to its will to make all of this happen.  

A number of strategies are available at the state level to further encourage conservation.  The
state has realized that the consumption and turnover of land into urban development is something
that has to be slowed.  The state has first chosen to attack this problem by addressing it in terms
of agricultural preservation but in doing so they will be achieving a number of other things as
well.  Namely, if there is a slowing of development in un-developed areas there will be a
reduction in the amount of runoff related to construction and thereby a reduction in the amount 
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of pollution going into the watershed from construction.  Also, by reducing the amount of
farmland taken for development the state will in effect be protecting habitat of wildlife in the
area.  While farmland is not the “natural” habitat of many animals there is an easier transition to
it than to the concrete jungle of a dense urban environment. This plan should be pursued and
moreover, it should be funded.

In addition to approaching this from a farmland preservation strategy the state and its people
should also look at development strategies.  There are a number of methods of controlling or
targeting growth.  One is the use of conservation design in development to lessen the impacts of
the development and to preserve open space.  Conservation design seeks to make the most out of
the least amount of space and to preserve the natural features imbedded in the landscape.  In
Appendix II there are two pages illustrating the look of development with and without the use of
conservation design principles; rural zoning ordinances are also included in Appendix II.  If most
new developments are constructed in this manner it’s simple to see that the cost of extending
services will not be too great because all development is being grouped together.  Additionally,
the amount of run off gathered by a development of this nature will be significantly less than a
traditional design due to the fact that the guidelines work to preserve the open areas that exist. 
Finally, this type of development keeps growth to a minimum by creating developed areas that
are more compact and well designed.  It is this type of development that has been championed by
the so-called “New Urbanists.”

The state should also begin to look at the use of Urban Growth Boundaries (UGBs) as a method
of keeping growth to certain areas.  UGBs have been used with different varieties of success
across the country.  Without a doubt the most famous of these is in Portland, Oregon, the
birthplace of the Urban Growth Boundary.  These boundaries are not absolute, they are not
walled off in stone but they are modified regularly.  It is how they are modified that differentiates
this type of growth from unplanned growth.  All decisions regarding the boundaries are carefully
considered and the boundaries are only expanded if it can be shown that the growth will not be
detrimental.  Also, within the outermost boundary there is a separate line drawn in which
development is allowed to grow and where there is little to no development right now.  These
areas are chosen carefully, an area with steep slopes would be considered unfit for development
and, therefore, would not be placed within any of these boundaries rather, it would be considered
a hands off zone.  Despite the fact that the boundary in Portland has been successful there are
some boundaries that have met with problems like the one established in Boulder, Colorado.  The
Boulder boundary has suffered from leapfrog development surrounding the area which is not well
planned thereby defeating the purpose of the UGB.  So, if the UGB tack is taken it must be done
carefully and with great consideration.

Lastly, the state should look at closely at the Farmland Preservation Task Force’s report and note
that all those recommendations put together seem to imply the need for a statewide or at least
regional planning body.  While this is not a traditional Ohio approach, it seems that the mindsets
are moving in that direction even if the exact phrasing isn’t there.  Many of the recommendations
mention comprehensive planning and the coordination of it with other areas.  This of course, will
be easier to do with a planning body that knows what the other parts are doing again, implying
regional planning.  It seems the time is right to pursue some of these options.
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Land Use Controls and Best Management Practices To Preserve Water Quality

The deterioration of water quality through increased pressures from development is a serious
threat to both the biological integrity and the availability of clean water in many regions of our
nation.  Fortunately there are mechanisms for planners and public officials to use to help both
preserve and protect water quality.  This paper will present an overview of different mechanisms,
both legislative and non-legislative that can play a part in improving water quality.  These
mechanisms are both direct (preventing sedimentation and erosion) and indirect (restricting land
uses to development) and both should be considered as interconnected parts that are more
effective when used together then individually.  These protection mechanisms can manifest in
many different ways; through municipal ordinance, building and development codes,
comprehensive plans, or private legal action.  They only require a level of participation and
enforcement by communities in order to be effective. 

Land Use Restrictions
The most comprehensive way to preserve water quality from development pressures which
increase the stormwater load in a given area and agricultural pressures which contribute to
sedimentation and nutrient runoff is through a series of land use controls.  Land use controls can
be classified in two different categories: zoning and growth controls.  Zoning (including
subdivision regulations) can restrict the types of land uses within a given area allowing a
municipality to effectively place types of development in areas where they will cause minimal
impact on water quality.  Growth controls limit the amount of development that an area can
undergo and place sensitive areas within a ‘no development’ zone to preserve water integrity.

Zoning in order to protect water quality depends on many factors and can include many different
categories of land uses.  Residential zoning can take two different conservation routes depending
on the amount of housing necessary and the amount of development the land would be able to
sustain.  To create high densities of housing, yet reduce the amount of impervious surfaces,
maximize open space, and conserve present vegetation, zoning regulations that restrict
development to 4 lots per acre are acceptable95.  Some ordinances are more flexible in
determining lot densities, requiring that the density calculation take into account total acreage, lot
sizes, amount of wetland area, amount of required open space, and lots grand fathered in to a
development96.  In addition to zoning restrictions, subdivision regulations can require that a
minimum of the vegetation be disturbed, streets be narrowed, and open space be maintained as
part of the trade off for increased housing density.  Each of these regulations under an area zoned
for a high density of housing is meant to reduce the amount of stormwater runoff that occurs
when vegetation and open space are built over and roads are unnecessarily widened for parking
and aesthetic reasons97.
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The opposite of encouraging high-density development with zoning designations is to spread
residential development out thinly across a landscape so as to minimize the effect from a drastic
increase in runoff and auto traffic.  Low-density development (one parcel per every two to three
acres) should also be accompanied by stringent septic tank regulations, as leaking tanks are a
major source of groundwater contamination98.  Alternatives to traditional septic systems should
also be explored within development regulations, including the construction of common
graywater treatment wetlands or the use of leach fields99.

Conservation zoning regulations can be applied to commercial and other developments in
addition to the residential examples given.  Minimum standards reducing the size of parking lots
and integrating landscaping into parking areas can decrease in the amount of impervious surfaces
on a developed lot.  Additionally, increased management of storm water runoff can be integrated
into commercial developments, which will be covered in more depth in the section describing
development ordinances.

In addition to zoning controls to promote increased water quality, growth restrictions can be
placed on sensitive land areas.  These restrictions can be applied to riparian areas along
watercourses to prevent further erosion and preserve the biological integrity of the corridor. 
Additionally, a building setback from all water sources can be enforced to prevent construction
sedimentation and other runoff from going directly into the surface water.  Some of the most
widely used growth control mechanisms are flood plain restrictions.  Floodplain protection zones
designate buffer areas around surface water channels (streams and creeks) in which development
is restricted completely to prevent property damage and sedimentation.  As the yearly floodplain
interval increases from 10 year plain to 50 year, to the 100-year floodplain more development is
allowed but continues to be restricted to open space uses (i.e. parks, bike trails, golf courses)100.

Development Regulations
Another set of regulations that can be enacted to preserve water quality and integrity of a given
area are restrictions on the amount and type of development that can occur in an environmentally
sensitive area. While these regulations can be a part of the subdivision review process, they are
designed to prevent the negative effects of the physical construction process and long-term
effects of a poorly designed subdivision.  

Building ordinances can restrict how close development can occur on a lot that incorporates a
sensitive area.  Building setbacks along rivers and creeks typically are between 120 and 140 feet
so as to prevent damage to the riparian edge of the surface water and to prevent future erosion
from encroaching upon structures101.  For areas not served by a central sewage system, areas that
must have septic tanks on individual lots, a minimum setback for buried tanks can be enforced. 



102 Ibid.

103 Center for Watershed Protection, No Date.  Erosion and Sediment Control/Grading Model Ordinance.

104 Darby Creek Watershed Task Force, 2001 page P21C-1.

105 Maryland Stormwater Design Manual, Volume I, 2000 page G.1.

106 Ibid, page P21A-15.
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Leaking septic tanks are a large contributor to the contamination of ground and surface water,
especially when they remain unchecked for long periods of time.  A third building regulation that
may be adopted to reduce the risk of water contamination is to require parcels adjacent to surface
water areas to be a minimum lot size.  Typically the minimum size ranges from between one and
five acres in order to provided adequate treatment for the runoff generated by creek-side
development102.

Construction sites significantly contribute to the amount of sedimentation in waterways because
they strip the ground of its natural ability to absorb water.  Sedimentation fences can be required
at construction sites to retain soil runoff so that it may be redistributed on the site rather than
become a source of pollution103.  The removal of vegetation increases the amount of soil erosion
that occurs and the movement of heavy machinery compacts soil so as to make it more of an
impervious surface.  Another regulation that can be placed on construction sites requires that a
certain percentage of the natural vegetation on the site be left undisturbed.  A series of post-
construction stormwater management ordinances can serve to designate a construction
application process, provide guidelines for what erosion control mechanisms must be in place,
and design enforcement and violation procedures.  An example set of construction ordinances
can be found in Darby Creek Watershed Stormwater Management Strategies and Standards for
New Development, Volume Two104.

In addition to reducing the amount of sediment produced during the construction process, Best
Management Practices (BMPs) can be required to be a part of new developments.  BMPs are
features developed as part of a new development that have been shown to manage and reduce the
amount and impact of stormwater runoff from urban development.  They are designed to hold
and treat water from storm runoff, reduce the amount of suspended solids in the runoff, and have
longevity and require low maintenance105.  BMPs can be retention basins that hold water from a
storm and slowly release it back into the ground and surface water in a controlled manner, or the
use of vegetated swales to transport stormwater runoff from around paved surfaces.  Wetlands
are another form of effective stormwater treatment that create a wildlife habitat and can be used
to treat wastewater in addition to stormwater106.

Agricultural Restrictions
Regulations that have previously been discussed only apply to land that is designated for urban or
suburban development but are not applicable to another use which significantly contributes to
deteriorating water quality: agricultural land.  Sedimentation from large amounts of tillage,
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fertilizer and pesticide runoff, and disruption of the stream bank by grazing livestock pose
massive problems in maintaining water quality.

A major reduction in sedimentation from agricultural uses can come from switching from
conventional tilling practices to conservation tillage.  Conservation tillage is defined as crop
production that leaves greater than 30% of crop residue on the soil surface107.  While
conservation tillage (including no-till methods) helps to maintain water quality levels, it also
maintains a high quality of soil by reducing the amount of separation and compaction that leads
to greater runoff108.  Conservation tillage not only reduces the amount of sedimentation washed
into streams, but also reduces the amount of chemical runoff (fertilizers and pesticides) that
reaches the surface water.  Conservation tillage practices are best obtained not through the
passage of an ordinance or regulation but through education and voluntary efforts; it is a practice
that benefits the farm and the environment and should be looked upon as such.

A second agricultural practice that contributes to the deterioration of surface water quality is the
destruction of stream banks by livestock.  Livestock greatly increase the amount of erosion that
occurs on stream banks causing increased sedimentation and physical alteration of the stream
channel.  Additionally, biological waste from livestock is transported down stream and rarely is
treated.  To keep livestock away from stream banks fencing may be installed permitting restricted
access to the water.  As with conservation tillage, installing fencing around surface water is
beneficial to both the environment and the farmer and should be encouraged through education
and voluntary efforts.

Other Control Mechanisms
There are ways to protect water quality in addition to or instead of ordinances and regulations.  
One such way is through the development of a greenways system.  Greenways are areas set aside
for open space and passive recreation in environmentally sensitive areas.  They connect to create
both a buffer area and a public use of the land.  A comprehensive greenways plan which
regulates development along a river corridor can bring many advantages to a community,
including access to more open space, stimulation of tourism, increases in property values,
providing linkages between communities, promoting community identity, and reducing
floodplain insurance costs109. 

A non-legislative way in which to directly impact water quality is to designate a land trust in
which financial resources are secured to purchase land outright and apply a restrictive covenant
to prohibit development.  While a land trust is certainly the most effective way of guaranteeing
that sensitive lands will be completely safe from any kind of development, it is also an expensive
approach and therefor, one of the slowest way of restricting development around areas where
water quality may be at risk.  However, another method of deterring development in sensitive
areas is through the transfer of development rights (TDR).  The transfer of development rights is



110 Department of Planning, Sarasota Florida, No date.
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typically administered by a municipality and made possible thorough the passage of specific
ordinances.  The TDR approach allows land owners to transfer their ‘right of development’ on a
portion of their property to another part of the property or another parcel altogether110.  TDR is
especially useful for commercial developments in which a building is allowed to have multiple
stories or an increase in their allowable floor area ratio instead of building a larger footprint.  It is
also helpful in encouraging conservation subdivision design by allowing an increase in housing
densities while preserving a greater amount of open space and moving developments farther
away from surface water areas. 

Conclusion
This section has explored many of the possibilities to guide development and agricultural uses
away from further deteriorating both ground and surface water quality.  Land use regulations
such as zoning, and conservation easements provide an overall framework in which subdivision
regulations and construction ordinances may specifically protect sensitive areas.  Adoption of
conservation agricultural practices and physically restricting livestock from destroying stream
banks would reduce the amount of sedimentation that is washed into surface water.  Additionally,
a greenways plan can be implemented to create a buffered area along river and stream corridors
and provide many community benefits.  Creating a land trust to preserve land from development
or allowing a transfer of development rights to property owners of sensitive lands are other ways
of indirectly helping to prevent water quality deterioration.  Many of the methods for directly and
indirectly helping to improve water quality outlined here depend on the education of land owners
and the political action and cooperation of municipalities.  Without these two crucial elements,
development will occur as it has before with the same negative results.
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Growth Trends in the Big Darby Creek Watershed
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Introduction
The background research in the previous section points to several major causes of changes in
watershed quality.  Among these, increases in urban development appear to be the clearest threat
to the future of the Big Darby Creek watershed.  We therefore devote the remainder of this report
to examining recent trends in urban growth and land use change in the watershed, and applying
these trends to create scenarios relating to the potential impacts of the growth on the watershed.

We began by examining population trends in the watershed.  At the time of this report, the only
population data that had been released from the 2000 census was census tract data.  Data from
both the 1990 and 2000 census were used to create estimates of basin population change over the
past decade.  These estimates were used to create some extrapolations of population change over
the next 20 years.

Land use data were also available for several time periods based on Landsat data interpretation. 
Unfortunately, the same classification schemes were not used in each instance.  Nevertheless, we
were able to create a relatively consistent set of population data for the basin to at least confirm
the trends noted with population.  That confirmation allowed us to use population as a good
indicator of future land use.

Below we describe the historic growth of the basin in terms of land use and population and then
describe the scenarios that were applied to examine the potential impacts of future growth.

Population Forecasting in the Darby Watershed
Population forecasting is critical to understanding the development pressures that an area may
face due to changes in the number of people who will be living there.  As population increases,
development to accommodate it must follow.  A rapid increase in population can result in poorly
planned areas, with unknown long-term effects, which may have many unintended and negative
consequences.  If the population grows at a dramatic rate, the rapid development may be too
much for the environment to accommodate.

Methodology
Base data was obtained from the US Census.  Census information was allocated by census tracts
contained within the watershed.  The tract maps for each of the counties in the Big Darby
Watershed were placed in a common projection to allow a comparison with the basin boundary. 
GIS analysis was then performed to allocate tract level population to the basin in proportion to
the total area of the tract contained within the basin boundary.  This allowed us to create a basin
population estimate for each of the census years.

Population change rates from 1990 and 2000 were then applied to create forecasts for the target
years 2010 and 2020, by census tract. County forecast data from the Ohio Department of
Development, Office of Strategic Research was used as a guideline to direct assumptions within
portions of the watershed.  The 1990-2000 growth rate was held constant with the following
exceptions for portions of census tracts:
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• Where the rate of change was between –2% and 41%, this rate was held constant for the
two forecasting periods (2010 and 2020).

• If the growth rate was very low (-31%) an increase of 18.5% was assumed because of
moderate county growth rate (according to ODOD data) and high growth in adjacent
census tracts.

• Rates of change that were significantly high (80% to 211%) were halved because of high
growth and only moderate projected county growth, according of ODOD data.

• Tracts within counties with high anticipated growth (according to ODOD data) were
increased 12.5% to 25%, depending on adjacency to historically high growth tracts.

A complete listing of the census tracts and the assumptions applied to each can be found in
Appendix III.  As an additional check on forecasting accuracy, the percentage of the total county
population of the base years 1990 and 2000 which reside within the watershed area was
calculated.  This percentage was then compared to the percentages of the forecasted populations
using the Ohio Department of Development forecasting data for the counties within the
watershed.  The percentage of change of the county population correlated with the percent of
forecasted change of population within the watershed.

Population Forecast Results
The population of the Darby watershed will continue to increase as it has in the past.  Table 10
illustrates the population growth between 2000 and 2020 by decade and overall.  

Table 10: Percent Population Growth in the Darby Watershed
Years Percent Growth

2000 to 2010 42.51%
2010 to 2020 48.67%
2000 to 2020 111.87%

As can be seen from Figures 6, 7 and 8 on the following pages, if population increases as it has
been in the past, development pressure in the watershed will be on:
• The northern most segment of the watershed, Union County
• The southwestern and central portions of the watershed, in Madison County
• And, the central eastern portions of the watershed, the western most portion of Franklin

County
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Population Growth from 1990 to 2000

5% growth and below
5 to  20%
20 to 50%
51 to 80%
80% and above

Figure 6: Percentages of Population Change from 1990 to 2000
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Population Growth from 2000 to 2010
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Figure 7: Percentages of Population Change from 2000 to 2010
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Population Growth from 2010 to 2020
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Figure 8. Percentages of Population Change from 2010 to 2020
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Land Use Analysis on the Big Darby Watershed
The introduction of non-point source pollutants is governed by the major land use types in the
watershed.  Urban and impervious areas contribute to a large amount of storm water runoff,
introduce high concentrations of suspended solids, and increase water temperatures during warm
seasons.  Runoff from the urban areas can contain high concentrations of, among other things,
organic matter, nutrients, chemicals, and metals1.   Urban built-up and imperviously covered
areas in the Big Darby Watershed areas were analyzed using Landsat Thematic Mapper data.

In addition to the existing land use data of 1992 and 1997, the land use data for 1999 were
analyzed with satellite imagery to look at the trend of urbanization and growth in the Big Darby
Creek Watershed.  The 1992 land use data were acquired from Dr. Steven I. Gordon’s research at
the Ohio State University and the 1997 data were from an Ohio EPA study of the Watershed.  All
of the land use data were based on the satellite images obtained in year of 1992, 1997, and 1999,
and their spatial resolution was 30 by 30 meters.  The data were in raster format and
georeferenced to Universal Transverse Mercator (UTM) zone 17 coordinates NAD832.  The
images were processed and analyzed using techniques adapted from Geographic Information
Systems (GIS) and remote sensing.  

Since image interpretation and analysis for the land use data was handled in different ways, some
inconsistencies and discrepancies were discovered in the estimation of urban and impervious
areas.  Urban boundaries in the image for year 1992 were delineated prior to the land use
classification process using US Census Bureau’s Topologically Integrated Geographic Encoding
and Referencing Systems (TIGER).  Therefore, the interpreted image of 1992 shows the
delineated urban areas and different land cover classes in the urban boundaries.  However, urban
boundaries in the image for the years 1997 and 1999 could not be delineated due to unavailability
of TIGER data at the corresponding year.  Rather, land use classification processes were carried
out in the whole basin and the imperviously covered areas with urban/mixed built-up features
were identified by analyzing their spectral responses.  Detailed procedures and processes of the
1997 land use data were unknown.   In the process of image interpretation with the 1999 imagery,
it was observed that some agricultural and rural barren/open areas were identified as mixed built-
up features.  This discrepancy was probably caused by land surface condition, temperature and
moisture.  If the barren or open lands happened to have a similar temperature and moisture
content as other built-up areas due to weather, these areas could send a similar digital signature
as built-up areas.  This results in incorrectly classifying the land cover categories.  Due to
unavailability of ground truth data, accuracy assessment tasks could not be performed for the
image of 1999.  Therefore, contribution of agricultural and rural barren areas to urban/impervious
areas in the classification could not be evaluated.   



3 Thomas M. Lillsand and Ralph W. Kiffer. 1996. Remote Sensing and Image Interpretation. 3rd Edition. John
Wiley & Sons, Inc. NY. (p.586-589)

4 Sarada Majumder. 1998. A spatial empirical analysis of stressor-response relationship for prospective ecological
risk assessment in the Eastern Cornbelt Plains Ecoregion of Ohio.  Ohio State University, OH. (p.122)

5 Sarada Majumder. 1998. A spatial empirical analysis of stressor-response relationship for prospective ecological
risk assessment in the Eastern Cornbelt Plains Ecoregion of Ohio.  Ohio State University, OH. (p.121-123)

6 Rulsan B. Rainis. 1991. Linking Land Capability Analysis with Environmental Models Using Geographical
Information Systems: An Iterative Modeling Approach.   Ohio State University, OH. (p. 109-116)
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A maximum likelihood statistical algorithm was used to evaluate the spectral response patterns.
This method was iterated to group the unknown pixels into different categories based on their
spectral signature patterns.  This technique is called unsupervised classification3 .  The grouped
spectral clusters were then identified and interpreted into information classes.  Ancillary data
such as US Census Bureau’s Topologically Integrated Geographic Encoding and Referencing
Systems (TIGER), USGS triangular maps, and Landsat’s panchromatic images were used to
identify the classes more correctly.  The land use and cover was identified with the Anderson
Level I and II classification system4.  The level I system includes nine classes: urban, agricultural,
forest, water, wetland, barren land, tundra, and perennial snow or ice.  Level II system consists of
residential, commercial and service, industrial, transportation, industrial and commercial
complexes, mixed urban or built up land, and other urban or built up lands5.  Using the TIGER
data, the residential areas were further identified and therefore, urban boundaries were defined
more accurately.  After identifying the land cover classes, the image was further analyzed by map
overlay and map algebra techniques.  

During the period from 1965 to 1988, the urban development in the Big Darby Creek Watershed
had quadrupled due to the growth of Columbus and Marysville6.   The recent land use analysis
results show a similar trend.  As shown in Figure 9, most of urbanization and growth was
observed in the areas adjacent to Columbus and Marysville.  The results from 1992 indicate that
the urban areas in the watershed are approximately 2 percent of the whole watershed. 
Impervious areas with urban/mixed built-up and transportation features were increased from
1992 to 1999.   The urban boundaries for 1997 and 1999 land use data could not be delineated. 
Therefore, urban areas or areas with urban built-up features in this period of time was roughly
approximated by subtracting transportation and mixed built up features from impervious areas. 
Pavement or other built-up features lied in the urban boundaries of 1992 were combined into
urban areas or urban-built up features.  The built-up land or pavement outside of urban
boundaries delineated in 1992 were identified as non-urban impervious areas.  The results from
urban built-up features show an increasing trend as well.   

For 1999, some of  the agricultural/rural barren areas were lumped into the urban/mixed built up
classes.  Therefore, the approximation of urban/impervious areas in 1999 could be over
estimated.  The analysis of impervious areas is summarized in Table 11.  Refer to Figure 9 to see
geographical urban/impervious areas in the Big Darby Watershed.
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Figure 9: U rban/Im pervious A reas in the B ig D arby W atershed 
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Figure 9: Urban/Impervious Areas in the Big Darby Watershed

Table 11: Urban/Impervious Areas in Big Darby
Impervious Areas Year 92 Year 97 Year 99
Approximated Urban Areas* 1.839% 3.15 % 5.04 %
Other Impervious Areas** - 5.83 % 9.86 %
Total 1.839% 8.98 % 14.90 %
*Approximated Urban Areas: urban areas or impervious areas of urban built-up features
combined with urban boundaries 
**Other Impervious Areas: built-up or pavement features out of urban boundaries delineated in
1992 data

The GIS data for subwatersheds were used to subdivide the entire basin into smaller areas to
assess the impervious covers at a smaller scale.  The basin was broken down into four sub-
regions in order to identify the most urbanized and the fastest developing sub-region area.  These
GIS data then were overlaid with land cover data, and the urban areas or urban/impervious areas
for each sub-region were calculated using map algebra.  Since biological environmental data
obtained in 1997 were used to assess the environmental quality in the Big Darby watershed, the
land use data acquired in 1997 were analyzed.  Refer to Figure 10, Subwatersheds of the Big
Darby, to see the geographical boundary of the four sub-regions.  

As can be seen in Figure 10, the geographic boundary of the sub-basins does not cover the whole
watershed area.  Thus, there are a few anomalies in the comparison on the east and west side of
the watershed.  For this reason, the urban/impervious areas in the sub-regions were
underestimated due to the inconsistent and smaller sub-region boundaries.  The underestimation
of urban or impervious areas was more significant in the east side of the watershed, where a high
urbanization was observed due to the growth of the city of Columbus.  Also, the sub-regions of
the watershed were not regularly sized.  For example, the sub-basin 1 covers large areas and
therefore, the impervious areas counted in this sub-region were overestimated compared to those
found in smaller sub-regions.  



7 Sarada Majumder. 1998. A spatial empirical analysis of stressor-response relationship for prospective ecological
risk assessment in the Eastern Cornbelt Plains Ecoregion of Ohio.  Ohio State University, OH. (p.122)
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Figure 10: Subwatersheds of the Big Darby

Figure 10: Sub-watersheds of the Big Darby

The impervious cover in the sub-regions were separated into two classes: 1) areas of urban built-
up features combined with the urban boundaries of 1992, and 2) other impervious areas with
pavement and built-up features lying outside of urban boundaries delineated in 1992.  The results
are summarized in Table 12.  The most impervious areas and approximated urban areas were
found from sub-region 2, areas adjacent to the city of Columbus.

Table 12: Percent Urban/Impervious Areas in Big Darby by Sub-watershed

Sub-watershed
Approximated Urban

Areas
Other Impervious Areas Total Impervious Areas 

1 3.36% 5.67% 9.03 %
2 4.80% 4.90% 9.70 %
3 3.97% 2.33% 6.30 %
4 - 6.58% 6.58 %

Significant errors are associated when identifying and analyzing the land use and cover with
these methods.  It should be noted that the acceptable accuracy level for land use identification
with remotely sensed data is only 85%7.   Errors related to positional accuracy inherently exist in
remote sensing and GIS data.  The errors related to positional accuracy could propagate further
with map overlaying and algebraic operations.  The land cover class was found by analyzing



8 Thomas M.Lillsand and Ralph W. Kiffer. 1996. Remote Sensing and Image Interpretation. 3rd Edition. John Wiley
& Sons, Inc. NY. (p.524-641)

9 EPA Website:  http://www.epa.gov/owow/cwa/index.html.  Viewed in May, 2001.

10 EPA Website: http://www.epa.gov/owm/npdes.html.  Viewed in May, 2001.
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spectral response of the objects.  However, it may not be well sensed by the satellite image sensor
due to the technical/mechanical limitation of image sensor, the low illumination level of the
object, weather conditions, and the inappropriate angle between the satellite and the ground
attributes8.  The spectral response of the objects in remotely sensed data was averaged over the
pixel, whose associated land area is 30 by 30 meters.  Therefore, it is possible that the spectral
response detected from imagery may not be the true reflectance of the objects due to its coarse
spectral and spatial resolution.  

Other errors could occur in image classification due to the limitation of statistical algorithm
based on the probability9,10.  Some image clusters could be misinterpreted and misclassified by
image interpreter.    Map analysis with GIS operations was performed with a different spatial
resolution from the satellite image resolution.  The spatial resolution used for the GIS operations
was 360 by 360 meters.  Therefore, the areas smaller than this level could not be identified. 

The image interpretation and analysis was handled differently for each image.  Due to
inconsistency in data analysis and inaccuracy in data results, findings from this analysis could not
be used to predict the future land use in the Big Darby watershed.   This analysis, however,
provides useful information on the land use trend in the Big Darby watershed and helps us to
identify the areas with a high growth and urbanization.  It was found that most urbanization
occurred in areas adjacent to Marysville and city of Columbus.   This is consistent with the
population growth data and allows us to use these data for further impact analyses.
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