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SUMMARY 

The following analysis provides an assessment of the relation of water 

quality in the lower reaches of the major Ohio River tributaries to dominant 

land uses and physlographic factors in the tributary drainage basins. The 

report appraises the relative importance of these factors in determining 

water quality in the Ohio River Basin. 

The significance and reliability of various relationships between selec-

ted parameters of water quality and basin characteristics such as land use, 

hydrologic and physical factors have been appraised, using bivariate and step-

wise regression analysis, within the constraints of the available data's qua-

lity. The water quality parameters selected are those generally associated 

with nonpoint sources--total nitrogen, nitrate nitrogen, ammonia nitrogen, 

organic nitrogen, total phosphorus, BOD, and suspended solids. 

This analysis demonstrates both annual and seasonal relationships be-

tween water quality and major land uses, as well as the impact of runoff and 

other hydrologic factors in determining water quality in the lower reaches of 

the major Ohio River tributaries. 

This assessment indicates that in the lower reaches of the tributaries 

to the Ohio River several water quality characteristics are influenced by 

nonpoint source pollutant levels directly rela.ed to the intensity of agri-

cultural operations. Croplands are the major source of total nitrogen, ex-

pecially nitrate nitrogen. Urban and agricultural areas contribute signifi-

cantly to the total phosphorus in the streams. Suspended solids concentra-

tion is not correlated significantly with any major land use, as it is 

influenced not only by urban and agricultural areas, but also by a number of 

other factors, including mining activities, construction, and stream bank 

erosion. 
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INTRODUCTION  

The use of land, especially in agricultural and urban areas, has long 

been recognized as a significant factor affecting the water quality of adja-

cent streams. There has been considerable effort to document the character-

istics of runoff from urban and agricultural areas and its potential for 

polluting receiving streams (6-8, 12, 13). However, very little has been 

accomplished in assessing pollution as it relates to different land uses in 

a river basin. Such a study was facilitated by the availability of the water 

quality data gathered through ORSANCO'g expanded monitoring program, which 

covers various physical and chemical parameters, including those generally 

associated with nonpoint sources. 

Although the need for land use planning is not mentioned specifically in 

FL 92-500, other than as It relates to nonpoint source pollution, land use 

considerations are addressed in detail in U. S. Environment Protection Agency 

guidelines for 208 planning (15). In particular, the suggested procedures for 

208 planning include the establishment of land use and water quality relation-

ships. Chapters six and seven of the 208 planning guidelines emphasize the 

need for considering land use control and land management practices as means 

of abating nonpoint source pollution. Due to the direct relationship between 

water quality and land use practices, it is apparent that land use control 

will be necessary In certain sub-basins of the Ohio River Basin In order to 

achieve water quality goals. 

This report Is based on two years' water quality data covering water 

quality constituents generally considered to be associated with nonpoint 

sources. These constituents include suspended solids, ROD, total nitrogen, 

nitrate nitrogen, organic nitrogen, ammonia nitrogen, and total phosphorus. 

The analysis addresses the annual and seasonal impacts of major land uses and 

hydrological factors on water quality in the tributary basins. It also 

assesses the annual and seasonal runoff of the tributary basins and its 

relationship to water quality. 

SPECIFIC OBJECTIVES  

The temporal and spatial variations in a stream's water quality are the 

result of various complex processes within the drainage basin. To a great 

extent, these processes are controlled by the land use, physiography, and 

hydrology of the individual basin. 

1 



The specific objective or this study is to analyze the water quality 

characteristics of lower reaches of the major Ohio River tributaries in rela-

tion to the major land uses, hydrologic and physiographic characteristics of 

the drainage basins. The aim of the study is to determine the land use with 

the most significant impact on an individual stream's quality and to ascer-

tain the extent to which variation in water quality may be explained by vari-

ation in land use and drainage basin characteristics. These determinations 

will aid in the development of land use and land management practices to mini-

mize nonpoint source pollution. Emphasis in this analysis is placed only in 

those water quality constituents generally associated with nonpoint sources. 

SCOPE OF THE STUDY  

The scope of this study is limited to the development and verification 

of certain relationships between stream water quality and major land uses 

and hydrologic factors on a gross scale. These relationships may lead to the 

establishment of cause-and-effect relationships, which in turn may be trans-

lated to regional planning and management tools for the Ohio River Basin. 

LITERATURE  

Several studies have been reported relating land use practices with water 

pollution potential. For the most part, these investigations have been based 

on data collected on a small watershed, in the drainage area of a stream, 

within very specific geographic limits. Examples of these studies include 

forested (8) and rural (6) watersheds, as well as watersheds devoted to a 

variety of land uses (4). 

J. H. Omernik's analysis of drainage area characteristics and stream 

nutrient runoff data compiled for 473 nonpoint source drainage areas in the 

Eastern United States indicates significant correlation between nutrient 

levels in the streams and agricultural and urban land use.(12). In another 

study (2), urbanized watersheds were generally found to be associated with 

higher stream flow nutrient concentrations than forested areas. 

Statistical analyses have been used for quantitative analysis of land 

use and water quality. Muir and his associates (10) computed correlation 

coefficients for both nutrients and sediment in relation to certain land use 

characteristics for a number of watersheds in Nebraska. Significant correl-

ation was found between water quality and both cattle and human population. 



The relationship between water quality and percentage of land planted in 

legumes was also determined to be significant. One of the most detailed 

studies of land use impact on water quality has been the investigation of 

eutrophication in Florida lakes (13). More than 80 percent of variation of a 

derived "tropic state index" was explained by a multiple regression on sev-

eral land use characteristics. Heavily fertilized agricultural areas and 

forested land were found to be the land uses that explained the largest por-

tion of variation in "tropic state index." 

These studies have, in general, demonstrated the usefulness of correla-

tion and regression procedures in the analysis of water quality and watershed 

characteristics. Many of these studies are limited, however, by the lack of 

complete land use and water quality data. 

!tET}10D0LOCY  

One of the statistical procedures which offers considerable promise in 

the evaluation of land use and hydrologic impacts on water quality is step-

wise regression analysis. In stepwise regression analysis a regression 

equation is constructed by adding or deleting variables one at a time. A 

variable Is added if it results in a significant improvement in the explained 

variation of the dependent variable. After the addition of a variable, all 

variables in the regression equation are evaluated for possible removal on 

the basis of a variance criterion. A variable which may have been the best 

single variable to enter at an early stage, may at a latter stage be 

superfluous because of the relationships between it and other variables then 

in the equation. Any variable which provides a nonsignificant contribution 

is removed from the equation. This process is continued until no more vari-

ables are entered or removed from the equation. The final result is an 

equation with a minimum number of independent variables. 

The equation is of the general form 

Y=B+ 	A 	
it 
X. 

j-1 

where Y is the dependent variable, X is the independent variable, and A 

and B are coefficients. 

Stepwise regression analysis is believed to be one Of the best proce-

dures in variable selection. Sensible judgment is required in the initial 

3 



) CHIG 	
( ) 

;lVER 

, 	OA Si 
towt rAi 

Mj0r 

Land 
U. e 

Hydra-
log i c 
Data 

Phyiio 
graphic 

Data 

Assessment 
of Correlation's 

Significance 

NO YES 

Independent 
Variables 

(x) 

Data Set 

I 	 

$ 
Bivar aat 
Analysis 

Dependent 
Variables 

('i') 

  

Rejection of 

Variable 

Stepwise 
Regression 
Analysis 

 

Figure 1: Scheatic Diagrnn of Statistical Analysi: 

- 4 - 



selection of variables and in the critical examination of the equation through 

the examination of residuals. The computational procedures for stepwise 

regression analysis have been ouclinea by Draper and Smith (4). 	simplified 

schematic diagram of this approach is shown in Figure 1. 

It should be noted that statistical analysis of water quality and land 

use should be approached with caution since it is unlikely that water quality 

is solely a function of land use. There are numerous other factors affecting 

water quality. 

DATA NEEDED  

Data required for this analysis included stream water quality at the 

lower reaches of major tributaries, major land uses, and hydrologic and 

physlographic features of the pertinent drainage basins. Figure 2 shows the 

Ohio River Basin with major drainage sub-basins. 

The data was assembled for 12 major Ohio River tributaries, the water-

sheds of which range in size from 1,700 square miles to 33,000 square miles. 

These river' basins are independent in the sense that none is downstream from 

the other, thus eliminating the possibility that water quality in any one 

drainage basin be influenced by another. The independence of the river 

basins rules out "coflinearity," which could add an error in detecting 

significance of correlations. 

Water Quality Data: ORSANCO water quality data from lower reaches of 

the major tributaries characterises the spatial variation in water quality. 

The location of sampling stations is shown in Figure 2. Two years' water 

data--from October, 1975, to September, 1977—were utilized in this analysis. 

The data included information regarding suspended solids, total nitrogen, 

nitrate nitrogen, organic nitrogen, ammonia nitrogen, total phosphorus and 

BOD. The ORSANCO data was collected throughout the year at a frequency of 

once every ten days. The one exception was BOD analyses which were per-

formed on monthly samples. Annual and seasonal concentrations of these 

selected constituents appear in Tables I and 2. 

Land Use Data: Land use information for each drainage basin was ob-

tained from the U. S. Department of Agriculture and river basin reports. 

Data regarding major land uses are summarized in Table 4. Most of the 
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information regarding agricultural land use and cropping patterns was ob-

tained from Conservation Needs inventory Reports, U. S. Department of Agri-

culture (17). This inventory covers all acreage in each county, except 

urban acreage. These data include Land capability classes and sub-classes, 

as well as information on row crops, close grown crops, summer fallow, 

total yield crops, rotation hay and pasture, and orchards. 

Physlographic and Hydrologic Data: Physiographic and hydrologic data 

utilized in the study were information about runoff, precipitation, slope of 

drainage basins, cover factors, and land disturbed by mining activities. 

The data on precipitation was obtained from the National Oceanic and 

Atmospheric Administration, U. S. Department of Commerce, and 303(e) basin 

plans; slope of drainage basins from drainage maps prepared by the U. S. 

Geological Survey and U. S. Corp of Engineers Reports (16); runoff from the 

U. S. Geological Survey (16) and the River Flow Forecast Center, Cincinnati, Oil; 

and land disturbed by mining activities, from Appalachian Regional Commission 

Reports and U. S. Corp of Engineers Reports (1, 14). 

The values of the cover factors for each drainage basin were determined 

from cropping patterns in the tributary basins (on a weighted basis). The 

cover factors were computed by dividing all the land in the basin into four 

groups--row crops, small grain crops, pasture and hay, and woodland--and 

assigning a weight to each group. The row crops were weighted 0.45, small 

grain 0.2, pasture 0.02, and woodland 0.005.(5). The sum of all weighted 

groups was divided by the area of the drainage basin, resulting in a weighted 

cover factor. 

Seasonal and annual runoff values for each of the twelve major tribu-

taries covering two water years from October, 1975, to September, 1977, are 

given in Table 3 and illustrated in Figure 3. For seasonal analysis, a year 

has been divided into four seasons: fall (October to December), winter (Jan-

uary to March), spring (April to June), and summer (July to September). 

The annual and seasonal runoff values in inches were calculated by 

dividing the mean annual flow (F) in cubic feet per second by the drainage 

area (A) in square miles, as: 
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Figure 3: Annual Runoff in inches 
Selected Ohio River Sub-basins 
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Annual runoff 	F x C 
(inches) 	A 

where 
F = Mean annual flow, cfs. 

A 	Area, square miles 

C = Constant, 13.56 

Seasonal runoff 	F x C 
A 

where 
C 	Constant, 3.39 

It should be noted that runoff values calculated above also include the 

sub-surface flow and groundwater flow into the streams. The values of cover 

factors, percent land disturbed by mining activities, average annual precipi-

tation, and average slope of the drainage basins are given in Table 4. 

DESCRIPTION OF TRIBUTARY BASINS  

An overview of the major tributary basins selected for this analysis 

covering land use activities, hydrologic characteristics and other pertinent 

information follows. 

Allegheny:  The Allegheny River drains an area of 11,700 square miles 

before its confluence with the Monongahela River. The average annual precipi-

tation in the basin ranges from 36 to 50 inches. The average annual runoff 

is 24.3 inches, and slope 2.7 percent. The land use in the basin is 12,1 

percent cropland, 3.3 percent pasture, 50.2 percent forest, and 34.'' percent 

urban/buildup, water surfaces, and mine-related areas. Approximately 2 per-

cent of the total area is disturbed by mining activities. 

Monongahela: The total drainage area of the Monongahela River Basin is 

7,384 square miles, which includes 2,736 square miles in Pennsylvania, 4,228 

square miles in West Virginia and 420 square miles in Maryland. The average 

annual precipitation in the basin ranges from 36 to 70 inches. The average 

annual runoff is 19.3 inches and average slope is 1.15 percent. Present land 

use in the basin is 8.7 percent cropland, 14.8 percent pasture, 50.7 percent 

forest. The remaining 27.8 percent is used in urban/buildup, water surfaces, 

and mine-related areas. Approximately 3 percent of the area is disturbed by 

mining operations. 



Beaver: The Beaver River drains an area or 3,130 square miles in 

Pennsylvania anu Ohio. Present Land use in the basin is 33.6 percent crop-

Land, 10.7 percent grassianc, 0.7 percent forest, 11.9 percent urban 

buildup, and 1.3.1 ercene other :ruas, including water surfaces. Average 

annual precipitation is about 35 inches, and runoff 15.7 inches. 	verage 

slope of the drainage basin is 4.1 percent. 

Muskingum: The drainage area of the Muskingum River Basin is 8,051 

square miles. Precipitation is evenly distributed across the basin and 

averages about 40 inches per year. Present land use in the basin is 34.0 per-

cent cropland, 17.3 percent pasture, 34.3 percent forest, 8.6 percent urban, 

and 5.8 percent other areas, including water surface. The average annual 

runoff is 13 inches, and the basin slope is 1.5 percent. 

Kanawha: The Kanawha River drains a total area of 12,300 square miles. 

Approximately 69 percent of the basin lies within West Virginia, 25 percent 

in Virginia and 6 percent in North Carolina. Within the Kanawha River Basin 

as a whole, approximately 7.6 percent of the area is devoted to cropland, 

15.2 percent pasture land, 71 percent to forest, 3.1 percent urban/buildup 

and 3.1 percent to other lands, including water surfaces. The average annual 

runoff in the basin is 17.7 inches, and average slope is 1.4 percent. 

Big Sandy: The total drainage area of the Big Sandy River, including 

its two tributaries, the Tug and Levish Fork, is 4,238 square miles, of which 

about 1,010 square miles are in West Virginia, 2,300 square miles in Kentucky, 

and the remaining in Virginia. The average annual runoff is approximately 

14.2 inches, and the average slope is 1.2 percent. 

Scioto: The Scioto River drains an area of 6,510 square miles. The 

average annual precipitation in the basin is about 44 inches and runoff 84 

inches. Agricultural land use predominates, representing about 60 percent of 

the total basin area. The remaining area is 9 percent pasture, 21 percent 

forest, 7 percent urban/buildup, and 3 percent water surfaces and other 

idle lands. 

Little Miami: The drainage area of Little Miami is about 1,755 square 

miles, and the average annual precipitation is 41.3 inches. The average 

annual runoff is about 8 inches. The land use in the basin is about 13.6 

percent forest, 58.0 percent cropland, 12.3 percent pasture, 11.3 percent 

urban/buildup, and about 4.8 percent water surfaces and other idle areas. 

- 15 - 



Licking: The Licking drainage basin encompasses an area of about 3,700 

square miles. The average slope of the basin is 1.7 percent. The average 

annual precipitation is 46 inches and runoff 11.8 inches. The land use 

includes 23.9 percent cropland, 33.8 percent pasture, 34.7 percent forest, 

and 3.9 percent urban. 

Great Miami:  The Great Miami has a total drainage area of about 5,385 

square miles, of which 1,437 square miles are in Indiana, mainly in the 

Whitevater River Basin. The annual precipitation ranges from 42 inches in the 

lover basin to 35 inches in the upper basin, with an average of about 38 

inches and runoff of 7.8 inches. The land use includes 62.8 percent cropland, 

10.4 p.rcent pasture, 10.5 percent forest, and 11.1 percent urban. 

Gt.nt The total drainage area of the Green River Basin is 9,230 square 

sues. Approximately 53 percent is agriculture, 42 percent forest, 2.7 per-

cent urban and buildup, 1.3 percent mine-related areas, and 1.1 percent 

water surfaces and other idle land. The average annual precipitation is 46 

inches and runoff 18 inches. The average slope of the basin is .2 percent. 

Wabash:  The Wabash River drains an area of about 33,100 square miles, 

which encompasses about two-thirds of Indiana, one-sixth of Illinois, and 

319 square miles of Ohio. The average annual precipitation is 40 inches and 

runoff is 9 inches. The average slope of the basin is 1.5 percent. The land 

use is 64.0 percent cropland, 15.2 percent forest, 9.6 percent pasture, 5.5 

percent urban, and 5.7 percent other areas, including water surfaces. 
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Figure 4: Existing Land Use in the Ohio River Ecisin 



RESULTS AND DISCUSSIONS  

The goal of this aalvsis ci water ualltv data from tae iJwer reaches 

Of the major tributary basins was ur1rnar11y to identify rolationsrdps 	tween 

selected water -ualit,' variables ad basin characteristic3, Including land 

use, hydrologic and pnysiographic features. The statistical techniues 

applied to determine the degrec at correlation and functional relations 

between the variables were ;i;ar.aLe and stepwise regression analysis. As 

described in the schematic diagram, lgure 1, the parameters assumed to be 

independent were land use parameters, avdrologic and pnysical factors. The 

dependent variables were assumed to be the parameters of water quality, since 

land use activities and natural bvdrclogicai and physical factors cause 

changes in an adjacent ctreams water quality. The water quality parameters 

selected for this study were only those generally associated with nonpoint 

sources. 

The bivariate analysis was performed between water quality parameters, 

including total nitrogen, nitrate nitrogen, organic nitrogen, ammonia nitro-

gen, total phosphorus, suspended solids and BOD; and land use parameters, 

including percent cropland, percent pasture land, percent woodland, and 

percent urban. The same water quality parameters were also correlated with 

hydrologic and physiographic characteristics including runoff, cover factors, 

and percent slope. The summary of the bivariate analysis is given In Table 5. 

Critical examination of the results of bivariate analysis was made to 

determine significant functional relationships between water quality charac-

teristics and basin characteristics. These results were then used in the 

selection of variables to be subjected to stepwise regression analysis. 

Total nitrogen, nitrate nitrogen, organic nitrogen, total phosphorus, 

and BOD were correlated with a number of land uses and hydrologic factors, 

especially cropland, urban areas, forest lands and runoff. There was no 

significant correlation between suspended solids and percent land uses; 

however, there was a strong correlation between suspended solids and runoff. 

This lack of correlation between suspended solids in the stream and land use 

adjacent to it is understandable, as the suspended solids concentration in 

a stream is influenced by many factors, Including mining operations, construc-

tion, agricultural practices, and stream bank erosion. Some of these factors 

were not included in this analysis. The relative area disturbed by mining 
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activities in each sub-basin was considered in this analysis, but it did not 

correlate significantly. 

Other physical factors, such as average slope of the drainage basins and 

cover factors, were dropped out in the regression analysis. These were elim-

inated because they did not correlate significantly with the water quality 

parameters. The average slope of the drainage basins did have some influence 

in determining the total phosphorus concentration in the stream and, to a 

lesser degree, suspended solids concentration, but it was not very signifi-

cant. The cover factors, which are primarily derived from the agricultural 

land uses, are not independent from the independent variables (agriculture 

land uses). The presence of non-independent variables in the stepwise 

regression can cause "collinearity" which may create severe limitations on 

the usefulness of the regressions. Collinearity may also add an error in 

detecting the significance of a correlation (4, 7, 9). 

The independent variables initially selected for bivariate analysis 

were based on judgment and conceptual knowledge of the dominant character-

istics on the drainage basins affecting water quality. Availability o 

data was a significant factor in the selection of these variables. For 

example, it is quite obvious that the nutrient concentrations in the streams 

would be greatly influenced by the intensity of nearby agricultural opera-

tions, the use of fertilizer, and the number of livestock and feed lot 

operations. However, the data regarding the amount of fertilizer used and 

the number of livestock in each basin considered, were not available and could 

not be used in this analysis. Therefore, it was assumed that the percentage 

of cropland and pasture land in each drainage basin would take care of such 

factors. These limitations must be recognized in the evaluation of cause-

and-effect relationships identified between water quality and.baain charac-

teristics. 

The tesults of bivariate analyses, Table 5, were utilized to select the 

final set of independent variables (basin characteristics), which were then 

subjected to stepwise regression analysis. The criteria for this selection 

were the degree of correlation and the standard error of estimates. The 

levels of significance used were 1 percent and 5 percent, and less signifi-

cant variables were eliminated. In stepwise regression analyses, It is 

desirable to have a smaller number of variables; as the number of variables 
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approaches the number of samples, the explained variation (R2) automatically 

approaches unity. Since, however, critical F-value for the test of signifi-

cance also becomes greater with an increasing number of var1abes, it may 

become difficult to obtain significant correlation (7, 9). 

The river basin characteristics or independent variables selected for 

stepwise regression analysis, were those which correlated significantly with 

the selected water quality parameters, had lowest standard error of estimates, 

and explained the greatest portion oi variance in the dependent variables, 

the water quality parameters. These river basin characteristics include per-

cent cropland, percent pasture, percent forest, percent urban, percent dis-

turbed by surface mines and runorf. The percent of land disturbed by surface 

mines was used only in the analysis of suspended solids. 

This analysis encompasses irie development of annual as well as seasonal 

relationships between water quality characteristics and river basin charac-

teristics. The results are illustrated in Tables 6 and 7 respectively. The 

explanation of the seasonal and annual relationships describing water quality 

parameters related to nonpoint sources, such as total nitrogen, nitrate 

nitrogen, organic nitrogen, ammonia nitrogen, total phosphorus, suspended 

solids, and BOD is as follows: 

Annual Relationships  

The regression equations for the selected water quality parameters ob-

tained by each step of stepwise regression based on annual mean concentration 

are given in Table 6, along with F-values and the percentage of variations 

explained by the independent variables. 

Total Nitrogen: 	Total nitrogen is a combination of organic nitrogen 

and inorganic nitrogen and is one of the best parameters to evaluate the 

nonpoint source impact. It nullifies the positive and negative effects 

occurring throughout the year because of changes from one form of nitrogen 

to the other in the total nitrogen system. These changes are the result of 

various climatological and hydrologic factors within the drainage basin. The 

organic nitrogen is converted to ammonia, to nitrite and nitrate, and vice 

versa. 

The final step for total nitrogen (step 4) explained 78 percent of the 

observed total nitrogen variation, with cropland accounting for about 64 



percent, and urban, pasture, and runoff, he remainder. In step ,, the 

cropland, pasture, and urban areas combined accounted for 76 percent of the 

variation. 

Nitrate Nitrogen: 	Agricultural areas, ospecially cropland, are the 

major source of nitrate nitrogen. Approximately 81 percent variation in 

nitrate nitrogen concentration is explained by croplands. The remaining 13 

percent is due to pasture, forest, urban, and runoff. 

Ammonia Nitrogen: 	The autotropriic conversion of ammonia to nitrite or 

nitrate, depending upon the residence time, may provide misleading results 

in evaluating the impacts land use and hydrologic factors exert in deter-

mining ammonia concentrations In the streams. The orainage basins in this 

study are quite large and the sampling stations are located at the lower 

reaches of these basins. The autotrophic conversion of ammonia, depending 

upon the travel time to the sampling location or the proximity to major 

urban areas, may create an error in the analysis results. With these facts 

in mind, the analysis indicates that, on a gross scale, urban areas, crop-

landa,and runoff factors account for 63 percent variation in ammonia nitrogen 

concentrations in the streams. The discharge from urban areas alone ex-

plained about 34 percent variation, while runoff and urban areas combined for 

about 59 percent. 

Organic Nitrogen: 	'the organic nitrogen in the streams primarily results 

from runoff from rural areas carrying riumic material, debris and other waste 

material, as well as municipal dIscharges and runoff from urban areas. Algae 

growth can also add to the organic nitrogen in the stream. The analysis of 

ORSANCO data indicated that about 52 p.ercent variation in the organic nitrogen 

concentration is due to urban buildup, pasture areas, and runoff. The urban 

areas alone explained about 36 percent variation, and both urban areas and 

runoff factors about 46 percent. 

Total Phosphorus: 	Agricultural and urban areas are the major contri- 

butors of total phosphorus In the streams. In step A for the total phosphorus 

regression, 87 percent variation in total phosphorus is explained by cropland, 

forest, urban areas and runoff, with cropland and forest lands accounting for 

82 percent of this variation. The remainder is due to runoff, which is a 

significant factor in determining the total phosphorus concentration. The 

phosphorus is usually associated with the sediments carried to the stream 
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with runoff. 

The urban aud arjcujtura1 :ruas .ouic uot  hd  the cause af all :uosunorus 

concentrarian a tue streams. The paosDnorus ueuosits in a streams Lottom 

may •d to the ohos ur'zs concent rat cm during hlch runol f periods, due to a 

scream scour mecha:isin. 

Suspended Solids: 	The suspenued solids concentrsLlon iLl Li.10_ scream is 

caused by such activities as censtruccon and agricultural operations. Other 

contributors to this probLin include mining activities, stream bank erosion, 

and runoff from rural and urban areas. 

In step 4 of the suspended c.dLment rogression, uver 83 percent of sedi-

ment concentration is attributed to .;rcuLturai areas, urban areas, mining 

activities, and runoff. The runoff factor alone explained about 61 percent 

variation in the suspended solids (step 1). 

5-Day BOO: 	In regard to 5-day BOO, cropland, pasture, forest and 

runoff accounted for about 81 percent variation. The urban areas have less 

impact in determining the BUD concentration. 

Seasonal Relationships  

Seasonal relationships between water quality parameters and river basin 

characteristics obtained by each step of stepwise regression analysis, along 

with F-values and the percentage of explained variation in the concentrations 

or selected water quality constituents are given in Table 6. rhe seasonal 

relationship analysts covers fall, winter, apring, and summer. 

Total Nitrogen: 	During fall, the 82 percent variation in total nitrogen 

concentration is attributed to cropland, forest, pastures, and urban areas, 

with urban and cropland accounting for 76 percent. In winter, cropland, 

pasture, urban areas and runoff explained 77 percent variation, but forest 

land contribution was not significant. In spring, cropland, pasture, urban 

areas and runoff explained 79 percent variation, with cropland accounting 

for 72 percent. In summer, the cropland, pasture, and forest areas ex-

plained 53 percent variation, ut contribution from urban areas was less 

significant. 

Runoff had a major impact in determining total nitrogen concentrations 

in winter and spring, but did not have major impact in fail and summer. The 
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reduction in nitrogen concentration during summer Ia due to growing crops 

accumulating a large part of the nitrate nitrogen in this period. 

Nitrate Nitrogen: 	The major sources oi. nitrate nitrogen are urban and 

agricultural areas. The change in relative contribution of nitrate nitrogen 

by cropland during summer and winter is dramatic. The cropland explained 

about 87 percent variation in winter, .nd 53 percent in summer. The reduction 

of nitrate nitrogen in the July-August period is expected because growing 

crops, especially corn, accumulate a larger percentage of nitrogen during this 

period. The reduction appears to occur in late spring through August, a 

period of crop establishment and rapid plant growth which lead to nitrogen 

accumulation. 

Ammonia Nitrogen: 	The major sources of ammonia nitrogen In the stream 

are urban areas and to some extent, croplands. The ammonia fertilizer applied 

to crops readily converts to nitrate nitrogen. However, depending upon the 

hydrologic factors and travel time to the sampling station, a part of the 

ammonia fertilizer may reach the stream. 

In fall and winter, urban areas and runoff factors explained a larger 

part of variation in ammonia nitrogen concentration, and croplands were less 

significant. A higher percentage of nitrogen during winter runoff is in the 

ammonia form. During Summer, croplands joined urban areas as significant 

contributors. A partial explanation of these variations apparently lies in 

the use of ammonia fertilizer in agricultural areas during establishment 

and growing seasons of crops, usually corn, during the spring and summer 

months. 

Organic Nitrogen: 	The relationship of organic nitrogen concentration 

to major land uses and runoff was not as pronounced in winter and summer 

seasons as during fall and spring. In fall, urban areas explained 62 per-

cent out of 75 percent variation in organic nitrogen, and the remainder was 

due to cropland, forest, and pasture. The runoff factor did not affect the 

organic nitrogen concentration to a significant extent. 

In spring, however, runoff was a significant factor in determining the 

organic nitrogen concentration. Out of a total 82 percent variation, runoff 

was responsible for 57 percent, and the remainder was due to urban, pasture, 

and forest areas. 



Total Phosphorus: 	Throughout te year, the agricultural areas, espec- 

ially croplands and urban areas, :oneribue significantly to total tthosphorus 

concentration in the streams; ruwever, nalyses of relationships durIng the 

summer season indicated they were nor very signJficont. The variation In 

phosphorus concentration explained by cropland in fall, winter, and spring 

was 81 percent, 7S percent, and 61 percent respectively. The low contribu-

tion in late spring and summer is Iue to tne utilization of a considerable 

part of the phosphorus (soluble)  yrowiug plants. Clearly, the hazard 

posed by phosphorus (soluble) is not 'o great curing tne growing season as it 

Is during fall, winter, and early spring. Additionally, during periods of 

high flow the increase in total phosphorus concentration is due to the sus-

:)ension of particulate pnosohorus from scour of bottom deposits, as well as 

contributions from surface runoff. 

Suspended Solids: 	There are several factors which influence the degree 

of sediment concentration in the streams, Including runoff, tillage, and other 

agricultural operations, land management, construction, stream bank erosion, 

and mining activities. Based on a selected set of basin characteristics, the 

analysis indicates that urban areas and runoff factors explain about 51 per 

cent of the variation in sediment concentrations in the fall. In the winter 

months, runoff, urban areas, and rural lands--including cropland, pasture, 

and forest areas--accounted for 87 percent variation, with runoff responsible 

for about 61 percent. No significant regression was found for spring. In 

summer, the runoff generated by high intensity-short duration rainfall 

explained about 45 percent variation. 

5-Day BOO: 	For 5-day BOD, one significant regression is obtained in 

fall, one in winter, five in spring and four in summer. This indicates the 

seasonal signifance of various tactors itt determining BOD concentration. 

In fall, 71 percent variation In 1300 is explained by cropland, pasture, 

forest, and runoff. The significant regression for winter included only 

runoff factors, explaining about 38 percent variation. Out of spring's 88 

percent explained variation, due to runoff, rural, and urban areas, 79 percent 

is attributable to urban and forest areas. In summer, 89 percent variation is 

due to cropland, forest, pasture and runoff. Of that total 64 percent Is ex-

plained by croplands. 
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It sould b reconizu'i tnat ! his analysis w,as riSoU on very imited 

JD data and results obtained may be nisieadin. 

:.IMITATIONS 

Statistical :nolvsts L water cualitv has some inherent :.Lmitations 

which must he recognized in evaluaia 	he results oi sucti an analy3is. These 

Limitations Lncluuc: 

1. Water quality in a 	 Is unmanly detrmined by toe major 

land use and utLler 	 o the uralnage oasin. On 

some of these drainage iisin characteristics intormation is 

lacking. For example, cota on toe use of fertilizer and the 

number of livestock in each sub-basin, which apparently influ-

ence the nutrient concentration in streams, are not available. 

It was assumed thai percent of area under agricultural opera-

tions would take care of such factors. 

2. The degree of treatment provided to municipal discharges is gen-

erally neglected in this analysis. It is assumed that the percent 

of urban areas in each sub-basin will serve as a factor for muni-

cipal sewage discharges and urban runoff, regardless of the degree 

of treatment being provided to these discharges. 

3. This analysis did not take into account the influence exerted by 

the industrial discharges. However, the parameters selected for 

this study are less likely to be Influenced by the industrial 

discharges. 

4. Careful consideration is required in the selection of river basin 

characteristics, or independent variables. Some of the indepen-

dent variables which indirectly explain the effect of another 

variable might cause collinearity, which creates problems in the 

detection of a correlation's significance. 

5. The size of the watershed or sub-basin represented by a water 

quality station is critically important. The larger the drainage 

basin and the more diverse It becomes, the greater the uncertainty 

in pinpointing contribution from specific sources. 

Regardless of these limitations, the results of this analysis indicate the 

nonpoint source pollutants nitrogen, phosphorus, and, to some degree, BOD 
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correlate with ihe  intensity of agricultural oerations and runoff a Lors. 

The phosonorus emissions are not '.'erv trongiy correlated with land use 

activities, ndicating that phosphorus oinissons are  determined in Dart by 

eochcmistry and phosphorus deposits 10  streams dhsorbed on sadiinent do— 

posits. 	he iiJD ccncontraion ivt responds trooui 	a agricuitural opera— 

dons and urban ;.ireas. 



CONCLUSIONS  

Regulations under 1-11. 92-500 require that 'dater uaiity management plans 

nouId include land 1-1se considerarons as they relate to nonoolat ;ource 

pollution. Ine of he procedures :hich offers considerable Fromise I.n the 

evaluation of land use and hydrologic impacts on water Quality is regression 

analysis. 

Application of bivariate and stepwiso regression analysis to sub-basins 

in the Ohio River Basin indicates chat land use has a significant impact on 

river quality near the mouth or tributaries, especially the concentrations of 

total nitrogen, nitrate nitrogen, :otal phosphorus, and BOD, but not suspended 

solids. Suspended solids are influenced not only by agricultural and urban 

areas, but by a number of factors, including mining activities, construction, 

and stream bank erosion. 

Agricultural and urban areas have a major impact upon the nutrient and 

BOD concentration in the streams. Cropland accounts for the large part of 

nitrogen concentration, especially nitrate nitrogen, but does not completely 

explain the suspended solids concentration. 

The quality of surface runoff from agricultural areas is also affected 

by cultural and fertilization practices, and the number of cattle and feedlot 

operations. These factors could not be considered because of the lack of 

such data for all the sub-basins and because it is desirable to have a 

smaller number of variables to obtain significant regression. 

This analysis provides annual and seasonal quantitative  and qualitative 

relationships between water quality and major land uses, as well as the 

relative significance of each land use' in determining water quality. This 

analysis also provides the impact of runoff and other hydrologic and physical 

factors in determining water quality. These relationships may be helpful in 

water quality management for the Ohio River Basin. 
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