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WI\TLR RFSOUR C FS CEN T ER 

Box 46 .\0 

TEXAS TECHNOLOGICAL COLLEGE 

LUBBOC K, T EXAS 79409 

November 12, 1969 

Mr. Hugh C. Yantis, Jr. 
Executive Director 
Texas Water Quality Board 
1108 Lavaca 
Austin, Texas 78701 

Dear Mr. Yantis: 

We are pleased to submit herewith Interim Report No. 1 
"Cattle Feedlot Pollution Study". The report presents 
findings of research we have conducted during the past 
year and indicates specific areas where further research 
should be done. We believe it will be of considerable 
benefit to the Water Quality Board in establishing and 
revising policies related to feedlot runoff management. 

We appreciate the opportunity of performing this research 
for you, and we look forward to continued cooperation with 
you in the future. 

Respectfully submitted, 

lh-t.t )t/ )(-:ett~_ 
Dan M. We 11 s , 
Director 
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SUMMARY 

Studies are being conducted for the purposes of evaluating 

alternative cattle feedlot waste management and disposal systems 

and determining the feasibility of utilizing feedlot runoff for 

irrigation of growing crops. While none of the work is complete, 

a number of observations obtained thus far are worthy of mention. 

It appears that the quantity of water required for flushing 

wastes from a feedlot floor is relatively independent of the 

frequency of flushing, providing flushing is done frequently 

enough to maintain the floor in a reasonably clean condition. 

Warburg Respirometer studies indicate that undiluted feedlot 

runoff is stabilized much more slowly than is diluted runoff. Ap

parently, undiluted runoff contains or produces toxic materials 

that inhibit stabilization. 

Runoff from feedlots is treatable by an anaerobic process, 

and large volumes of methane gas are produced in the process. With 

a ten-day detention period and a constant temperature of about 980 F, 

the normal runoff resulting from precipitation on feedlots produced 

approximately two cubic feet of gas per gallon of waste. Wastes 

flushed daily from environmental chamber floors and treated in a 

similar fashion produced approximately five cubic feet of gas per 

animal per day. 

The practice of collecting runoff resulting from precipitation 

on cattle feedlots in the High Plains area and utilizing this runoff 
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for the irrigation of most crops appears to involve considerable 

danger or killing or seriously damaging the crops. Of the crops 

tested thus far, only Midland Bermudagrass appears to have a high 

tolerance for the runoff. 

The removal of nutrients from applied wastes appears to be a 

function of soil microorganisms rather than crops. Little nitrate 

was removed from runoff applied to test cylinders and allowed to 

percolate through thirty inches of soil. The fraction removed did 

not appear to be substantially affected by the presence or absence 

of growing crops on the cylinders. 

Cotton, grain sorghum, wheat, and rye growing in test cylinders 

were all either killed or seriously inhibited by repeated applications 

of runoff from feedlots, particularly by runoff from concrete-surfaced 

lots. 

Concentrations of pollutants in feedlot runoff resulting from 

precipitation range up to two orders of magnitude greater than the 

concentrations normally found in domestic sewage, Table I. 

TABLE I 
AVERAGE CONCENTRATIONS OF POLLUTANTS IN FEEDLOT RUNOFF 

Concrete Lot Dirt Lot 
7.5% Slope 3.5% Slope 

BOD 7,500 4,000 
COD 15,000 9,500 

NITRATE 50 40 
NH3-N 600 400 

ORG-N 100 75 

ALKY. 2,500 1 ,500 

T.S. 15,000 9,000 

S.S. 6,000 4,000 

All values in mg/l 
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The chemical composition of plants produced by irrigation with 

feedlot runoff is not noticeably different from the chemical compo

sition of plants produced by irrigation with water. 

Since relatively high concentrations of various pollutants 

including nitrates penetrated thirty inches of soil, and the concen

trations penetrating the soil appear to be relatively independent 

of the type or density of vegetational cover, it must be assumed that 

a potential hazard to groundwater pollution exists if large quantities 

of runoff are spread on the soil. The magnitude of this hazard cannot 

be evaluated with presently available data. 

Under present operating systems for cattle feedlots, it appears 

that any type of conventional biological system for waste treatment 

would not be economically feasible. Since it also appears that the 

recommended practice of " disposing of the runoff on agricultural lands 

may be dangerous to growing crops as well as posing a potential hazard 

to groundwater pollution , it appears that much more work needs to be 

done toward evaluation of alternate systems such as daily flushing 

of wastes and conventional treatment and toward evaluating safe rates 

of application to prevent crop damage and to minimize a potential 

groundwater pollution hazard. 

vi 



CONCLUSIONS AND RECOMMENDATIONS 

The following tentative conclusions and specific recommendations 

are made: 

1. It is concluded that conventional aerobic treatment 

processes are not economically feasible solutions to 

the problem of treatment and disposal of cattle feed

lot runoff resulting from natural precipitation. 

It is recommended that further study be given to the 

possibility of changing feedlot management practices 

to provide for periodic (daily) flushing and treat

ment by conventional means. 

2. It is concluded that runoff from feedlots operated 

in a conventional manner is not suitable for direct 

application as irrigation on most field crops. 

It is recommended that such runoff be applied in 

limited amounts only to crops with a high salt 

tolerance, and that i t be diluted with fresh water 

to the maximum possible extent. It is strongly re

commended that the agronomic studies be continued to 

determine safe rates of application and safe dilution 

factors for selected crops. 

3. It is concluded that anaerobic treatment processes offer 

the best hope for treatment of feedlot runoff, regardless 

of its origin, and it is recommended that studies of the 
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feasibility of such treatment be accelerated. 

4. It is concluded that storage of feedlot runoff in 

unlined ponds and treatment and disposal of feedlot 

runoff on agricultural lands may pose a hazard to 

groundwater pollution. 

It is recommended that the infiltration studies be 

continued and expanded to include the analyses of 

cores taken in the vicinity of storage ponds and the 

construction and operation of deeper soil columns under 

field conditions. 
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CATTLE FEEDLOT POLLUTION STUDY 

INTRODUCTION 

The commercial production of slaughter cattle in the High 

Plains of West Texas has skyrocketed from practically zero in 

1960 to a current production of almost two million head per year. 

This phenomenal rise in production has occurred because of the 

availability of abundant supplies of both feeder cattle and grain 

sorghum on which to feed them, and the realization by local 

interests that it was uneconomical to ship both feeder cattle and 

feed grains out of the area for subsequent conversion of grain 

into beef. The production of fed cattle in the High Plains has 

approximately doubled each year for the past seven or eight years 

and indications are that this trend will continue for two or three 

more years. Only two states, Iowa and Nebraska, currently produce 

more fed cattle than the High Plains of West Texas, and feedlots 

now on the drawing boards for West Texas will soon make this area 

preeminent in the production of fed beef cattle. 

In the early stages of the growth of the feedlot industry 

in West Texas, feedlots tended to concentrate on the few streams 

in the area. Tierra Blanca Draw, which runs through the south 

portion of Hereford, Texas, was the focal point of much of the 

initial concentration of feedlots. More recent practice has been 

to locate feedlots so that drainage runs to a playa lake located 

on the property of the feedlot owner. This practice has undoubtedly 



lessened the pollution problem so far as stream pollution is 

concerned, but it has undoubtedly resulted in an increase in the 

potential for pollution of groundwater in the High Plains area. 

The water pollution problems associated with cattle feedlot 

operations in the High Plains area are not the same as those found 

in the Corn Belt of the Midwest. Cattle feeding is secondary to 

corn production in the Corn Belt and the typical feeding operation 

is limited to 20 to 50 head located on the individual farm site 

where it provides supplementary income and converts a portion of 

the crop to a higher priced product. The operation of such small 

widely scattered feedlots has not produced large volumes of runoff 

or solid waste for the same reason that a village of 500 people 

does not create a pollution problem similar to that caused by a 

city of a million people. 

In addition to differences created by high volumes of waste 

and density of deposition, the climatic factors of the High Plains 

as related to the characteristics of feedlot wastes are considerably 

different from those of the Midwest. The Texas High Plains has a 

semi-arid climate and the limited rainfall is concentrated in two 

short periods during the spring and fall. Short periods of high 

intensity rainfall result in high rates of runoff in late spring 

and early fall. These periods are followed by long dry periods of 

low air moisture and little precipitation. During this time the 

urine and feces accumulate on the feedlot surface in a dehydrated 

2 



form resulting in a waste high in accumulated salts. Because of 

rapid dehydration the accumulated waste exists in a relatively 

inert form that can be readily converted to its original condition 

by the simple addition of moisture. 

Cattle population densities in commercial feedlots average 

about 200 to 250 head per acre, or around 120,000 to 150,000 head 

per square mile. So far as the production of waste is concerned, 

this may be equivalent to a human population density of 1.2 to 1.5 

million per square mile. For comparison, Manhattan Island has a 

population density of around 100,000 people per square mile. 

Purpose 

The purposes of the study on which this report is based were 

to evaluate alternative cattle feedlot management and waste disposal 

systems and to conduct agronomic studies for the economic utilization 

and/or treatment of feedlot wastes. 

Scope 

Cattle feeding facilities consisting of both dirt and concrete

surfaced feedlots and controlled environment facilities located on 

the Texas Tech University farm were used in conducting the studies. 

The conventional feedlots were operated in a conventional manner so 

far as possible, and pits were dug for the collection of runoff as 

currently recommended by the Texas Water Quality Board, Photo 1. 
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Photo 1. Collection Pits for Runoff from Dirt Feedlots. Pit 
in foreground collects runoff from lot on which cattle are fed 
all-concentrate ration. Runoff to other pit comes from lot on 
which cattle are fed roughage-concentrate ration. 

The cattle in the controlled environment facilities were fed 

a normal ration, and the wastes produced by these cattle were 

flushed out with water on a:daily or every other day basis and col

lected in a collection pit consisting of a 55 gallon drum located 

adjacent to the facility. Additional studies were conducted using 

a feedlot in which cows were fed a maintenance ration consisting 

primarily of silage. 

Agronomic studies were conducted in a plant growth chamber 

during the winter months, and were moved to the field approximately 

June 1 for the purpose of validating laboratory results, Photo 2. 

Additional agronomic studies were started on small field plots on 

June 1 to provide further validation of laboratory results, Photo 

3. 
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Photo 2. Plant Growth Cylinders set up in field for 
purpose of validating laboratory results. 

Photo 3. Field Plots Used in Agronomic Studies Using Feedlot 
Runoff. Plot labeled 20 has been irrigated semi-weekly with 
2" runoff from dirt feedlot. Plot labeled 2C has been irrigated 
semi-weekly with 2" runoff from concrete feedlot. Note difference 
in growth of cotton and grain sorghum between these two plots and 
the plot labeled CK, which has been irrigated semi-weekly with 2" 
water. 

5 



Utilization of many student assistants who qualified for 

provisions of the College Work Study Program for much of the work 

on this project made it possible to expand the scope of the project 

to do a considerable amount of work with conventional feedlots that 

would not have been possible under provisions of the contract as 

written. Mr. Walter Grub of the Department of Agricultural Engi

neering is the Principal Investigator of an ARS sponsored project 

investigating composting of feedlot wastes and one of the pro

fessional people involved in this project, and his close cooperation 

improved the efficiency of operation of both projects and made it 

possible to further increase the effectiveness of both projects. 

A grant by the College of Engineering to the Chemical Engineering 

Department made it possible to construct a larger anaerobic pilot 

treatment plant than would otherwise have been possible, and funds 

made available by the Water Resources Center made it possible to 

conduct other studies that were beyond the scope of the original 

contract. 

STUDIES WITH MODIFIED ENVIRONMENT FEEDING FACILITIES 

Unexpected and frustrating difficulties with procurement of some 

of the control equipment for the modified environment feeding facili

ties made it impossible to begin these studies as early as had been 

anticipated. Hence, although only one set of climatic data was 

utilized, it does not appear that the results will be greatly affected 

by substan~ially different environmental conditions. 
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Flushing Water Quantity Required 

Flushing studies were conducted in two identical modified 

environment feeding facilities housing three 500 pound steers each. 

The concrete floors in the facilities were sloped one-eighth inch 

per foot to central floor drains, and were given a hair-broom finish. 

The floor surfaces were hosed down on one and two day intervals with 

eight gallons of water per minute at either 45 or 150 psi pressure. 

One person performed all cleaning. Water used was limited in one 

area to establish the minimum quantity required for maintaining the 

chambers in a reasonably sanitary condition. No limit was placed on 

the quantity of water used in the other chamber and the operator was 

instructed to wash down until clean. 

The environmental control system provided one air change every 

five minutes in the chambers and maintained a temperature of 850 F 

at 50% relative humidity. The feed consisted of a standard commercial 

all-concentrate ration and water was available to the animals at all 

times from automatic drinking cups. 

The feces and urine deposited during the twenty-four or forty

eight hour period between cleanings dried in place and no free-standing 

water was noted on the floor surface. The feces formed cohesive cakes 

resistant to separation by water. They did not contain the fibrous 

material produced by cattle eating a high roughage feed. When loosened 

from the floor, the feces tended to remain in fairly large lumps which 

floated across the floor surface without breaking up into the small 

individual particles of the concentrated feed material. 
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The 150 psi water stream dislodged the solid waste from the 

floor more successfully than the 45 psi stream. However, when the 

solids were freed from the floor, lateral movement was accomplished 

by the flooding action of the water and was seemingly independent 

of the initial velocity of water leaving the nozzle. Since cleaning 

was conducted every day or every other day, the waste did not accumu

late to a depth that required high pressure for dislodging, but 

required only surface flooding for lateral surface movement. No 

real advantage was noted for high pressure water in relation to 

speed of cleaning and the use of low pressure water resulted in 

considerable reduction of total wash water required. 

Minimum wash down rates were held to approximately 50 gallons 

of water per day when no mechanical cleaning or scraping was used. 

When the scraping and mechanical dislodging of solid wastes preceded 

washing, the quantity of water required was reduced to approximately 

40 gallons per day. 

In the chamber in which the operator cleaned without water re

striction, the quantity used averaged about 250 gallons per day or 

about five times the required minimum quantity. The floors of both 

chambers remained free from noticeable solid waste accumulation over 

a one month period and no difference was noted in the cleanliness of 

the animals or in the odor within the chambers. In both cases, the 

quantity of water required appeared to be more heavily dependent on 

the attitude of the operator than on any arbitrary level of sani

tation or cleanliness. 
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Daily flushing of the floors resulted in less total water use 

than did flushing every other day, although the saving was not 

substantial. It appears that this saving might be more pronounced 

if the relative humidity were maintained at a considerably lower 

level. 

Quality of Waste Produced 

The mixed waste flushed from the floor of the environmental 

chamber using 50 gallons of water per day had an average BOD of 

about 5,100 mg/l and a COD of about 13,300 mg/l throughout the 

experiment. This amounts to about 0.8 lbs. of BOD per animal per 

day, somewhat more than four times the average BOD produced by one 

human being per day. With the volume of wash water held constant, 

the concentration of BOD and COD in the waste gradually increased 

with the size of the animals. Average daily production of BOD at 

the end of August when the animals weighed approximately 575 lbs. 

each was about 1.2 lbs. per animal per day. 

Reaction Rates 

Warburg Respirometer studies were conducted for the flushings 

from the environmental chambers and for the runoff resulting from 

precipitation. The BOD of the flushings from the environmental 

chamber as determined by Warburg Respirometer studies averaged about 

6,500 mg/l, about 15 percent more than the five day BOD as determined 

by the conventional dilution method. 
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The 370 C reaction rate constant for waste flushed from the 

controlled environment chamber was found to be very nearly 0.5 

per day. This relatively high rate suggests that the wastes could 

be stabilized rather quickly by conventional aerobic treatment 

processes, and studies are now under way to determine whether or 

not this is feasible. 

Respirometer studies were also conducted using runoff resulting 

from precipitation on conventional feedlots. In general, the re

sults obtained tended to be erratic and inconclusive. For example, 

total oxygen consumed in a 24-hour period tended to increase with 

increasing dilutions of the sample, indicating either that toxic 

or inhibitory elements are present in the waste to begin with or 

are produced by the microorganisms degrading the waste. This 

finding confirmed results of an experiment in which a bench-scale 

activated sludge unit was utilized for treatment of such runoff. 

In this experiment, a 24-hour detention time in the unit resulted 

in a BOD reduction of only about twenty percent, and extended 

aeration of the waste at the conclusion of the experiment indicated 

that an extremely long aeration period (around sixty days) would be 

required to effectively stabilize the waste. It was therefore con

cluded that aerobic treatment of runoff resulting from precipitation 

on conventional feedlots is not feasible. 

Anaerobic Treatment Studies 

Two sets of studies were conducted to determine the treatability 
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of feedlot waste by anaerobic treatment processes. The runoff 

resulting from precipitation on conventional feedlots was treated 

in a bench-scale laboratory unit with a capacity of four liters. 

The unit was maintained at a constant temperature of approximately 

370 C and was mixed by means of a recirculating pump. The unit 

was fed at a rate of 400 ml per day, resulting in a detention 

time of ten days. While this unit produced approximately two cubic 

feet of methane gas per gallon of waste treated, it was not very 

effective in stabilizing the waste. Under the operating conditions 

described, BOD and COD were reduced approximately thirty and twenty 

percent, respectively. Reducing the BOD of a waste from about 

7,500 mg/l to about 5,200 is not an acceptable solution to the 

problem. 

A Two-Stage Digestion System shown in Figures 1 and 2 with a 

capacity of 30 gallons per stage was set up in the building holding 

the controlled environment chambers. Both stages of digestion were 

maintained at 970 F and each digestor was mixed continuously by 

means of a small centrifugal pump. Gas production from each digestor 

was continuously monitored by means of a wet test meter and samples 

of the gas were collected periodically and analyzed with a gas 

chromatograph. On a daily basis, six gallons were withdrawn from 

the final stage and replaced with six gallons of effluent from the 

first stage. The first stage was then fed six gallons of completely 

mixed flushings from the environmental floor. 
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Some typical operational data and results for the pilot size 

digestor system are shown in Table II. It should be noted that 

TABLE II 
SOME TYPICAL OPERATIONAL DATA AND RESULTS FOR THE TWO STAGE 

ANAEROBIC DIGESTION SYSTEM OPERATING AT 970 F AND 
A FEED RATE OF SIX GALLONS PER DAY OF BEEF CATTLE WASTES. 

ph BOD COD AKLY. VOLATILE CH4 CO2 ft 3-CH4 ACIDS 
mg/l mg/l mg/l mg/l % % /cow/da~ 

7.36 2640 8400 1887 2088 
6.75 3555 9600 2386 1536 55 45 1 .60 

I I 7.61 1670 4800 3616 984 72 28 4.24 

Notes: 
a. The capacity of each stage is 30 gallons. 
b. Each stage was continuously mixed. 
c. Gas analysis was done on an F & M Gas Chromatograph using 

thermal conductivity detection. 
d. All cattle were fed a concentrate ration. 

there was approximately a forty percent removal of both BOD and 

COD during the digestion stage. It was also interesting to note 

that pH, alkalinity, and volatile acids concentrations in the first 

stage of digestion were indicative of an acid forming stage while 

in the second stage the data were indicative of methane bacteria 

formation. This staged type operation is further validated when 

one recognizes the ratio of CH4-C02 per stage. In almost all cases 

the ft3 of CH4 at standard conditions per cow per day has been 

between five and six . 
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Although the percent reduction of COD and BOD were not 

satisfactory in themselves as a means of standard treatment, it 

is felt that additional studies should continue and a pilot size 

activated sludge unit should be put in series with the staged 

digestors. Such a unit should enhance the overall removal stage. 

LABORATORY AGRONOMIC STUDIES 

Forty-eight test cylinders were prepared for use as containers 

in which to grow plants. The cylinders were made of l2-inch dia

meter by 36-inch long PVC pipe with a wall thickness of 1/16-inch. 

The cylinders were equipped with bottom plugs through which small 

holes had been drilled to provide a means of collecting liquid that 

percolated through the soil. The cylinders were filled with ap

proximately thirty inches of soil obtained from the Tech farm and 

were set up in a laboratory equipped with special lighting and 

temperature and humidity control devices. Three experiments designed 

to determine the upper tolerance limits of various crops to repeated 

applications of runoff were conducted. The cylinders were then 

moved to the field to verify laboratory results under field conditions. 

Growth and Composition of Grain Sorghum, Wheat, Midland Bermudagrass 

The first study was designed to determine the reaction of crops 

to heavy applications of runoff and to determine whether or not such 

applications affected the composition of plants produced. Seven 

different irrigation regimes were used as follows: 
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1. Two inches of water per week. 

2. Two inches of runoff from dirt-surfaced feedlots per week. 

3. Two inches of runoff from concrete-surfaced feedlots per week. 

4. Two inches of a fifty-fifty mixture of water and runoff from 
a dirt-surfaced feedlot per week. 

5. Two inches of a fifty-fifty mixture of water and runoff from 
a concrete-surfaced feedlot per week. 

6. Four inches of runoff from dirt-surfaced feedlots per week. 

7. Four inches of runoff from concrete-surfaced feedlots per week. 

All cylinders were given a preplant irrigation of eight surface 

inches of the indicated material prior to initiation of the study on 

10-29-68. Water percolating through the soil columns (if any) was 

collected following each irrigation and analyzed to determine the 

effectiveness of the soil columns in removing pollutants from the 

water. Plants were harvested on 12-31-68 for determination of oven-

dry weight of plants produced and chemical analysis of the plant 

material. Summaries of plant weight averages are shown in Table III. 

Summaries of nutrient content of Midland Bermudagrass are shown in 

Table IV, and corresponding values for wheat are shown in Table V. 

A weekly application of four inches of runoff from a concrete 

feedlot killed the grain sorghum and wheat tested and severely in-

hibited the growth of Midland Bermudagrass. Two surface inches 

weekly reduced wheat growth to practically nothing and grain sorghum 

and Midland Bermudagrass very drastically. Two surface inches weekly 

of a fifty-fifty mixture of water and concrete-feedlot runoff drasti-

cally reduced the growth of grain sorghum, reduced wheat growth, and 

did not show any adverse effect on Midland Bermudagrass. 
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TABLE III 
PLANT WEIGHT AVERAGES CATTLE FEEDLOT POLLUTION STUDY 

Midland Percent Grain Percent Percent 
Treatment* Bermuda of Check Sorghum of Check Wheat of Check 

(gms) (gms) (gms) 

(check) 22.2 100 17 100 18 
2 25.4 114.4 5.6 32.9 7.7 
3 27.7 124.8 6.5 38.2 18.0 
4 26.0 117 . 1 6.8 40.0 5.0 
5 22.0 99.1 2.3 13.5 6.6 
6 6.9 31 . 1 2. 1 12.4 0.1 
7 1 .3 5.9 0.0 0.0 0.0 

Average 
(Excluding 
Check) 

18.2 82.0 3.9 23.0 6.2 

*1 Two inches per week of water only . 
2 Two inches per week of a fifty-fifty mixture of water 

and dirt-feedlot runoff. 
3 Two inches per week of dirt-feedlot runoff. 
4 Four inches per week of dirt-feedlot runoff. 
5 Two inches per week of a fifty-fifty mixture of water 

and concrete-feedlot runoff. 
6 Two inches per week of concrete-feedlot runoff. 
7 Four inches per week of concrete-feedlot runoff. 
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TABLE IV 
SUMMARY OF NUTRIENT CONTENT OF MIDLAND BERMUDAGRASS GROWN IN TEST CYLINDERS 

IRRIGATED WITH VARYING AMOUNTS OF FEEDLOT RUNOFF MATERIALS AND WATER 

N P K Ca Mg Mn Fe Ca Zn 
Treatment* (%) (%) (%) (%) (%) (PPM) (PPM) (PPM) (PPM) 

1 2.92 .26 3.09 .546 .215 76 418 13 40 
2 2.97 .28 3.04 .560 .214 78 496 13 41 
3 2.40 .26 3.13 .573 .219 .77 598 11 42 
4 2.15 .25 3.42 .470 .215 127 1364 7 67 
5 3.36 .35 3.15 .491 .227 133 3.7 14 43 
6 3.78 .29 2.87 .515 .220 78 813 9.5 34 

TABLE V 
SUMMARY OF NUTRIENT CONTENT OF WHEAT GROWN IN TEST CYLINDERS IRRIGATED 

WITH VARYING AMOUNTS OF FEEDLOT RUNOFF MATERIALS AND WATER 

Treatment* N P K Ca Mg Mn Fe Ca Zn 
(%) (%) (%) (%) (%) (PPM) (PPM) (PPM) (PPM) 

1 3.06 .33 7.21 .518 .188 49 175 9 26 

2 3.12 .38 6.90 .536 .185 45 179 9.5 26 

3 3.10 .35 6.99 .527 . 188 46 164 8.5 24 

4 2.84 .37 6.60 .495 .190 56 180 8 26 

5 3.40 .60 6.80 .619 .206 61 204 9 29 

6 

*1 Weekly application of two inches of water. 

2 Weekly application of two inches of fifty-fifty mixture of dirt-
feedlot runoff and water. 

3 Weekly application of two inches of dirt-feedlot runoff. 

4 Weekly application of four inches of dirt-feedlot runoff. 

5 Weekly application of two inches of fifty-fifty mixture of 
concrete-feedlot runoff and water. 

6 Weekly application of two inches of concrete-feedlot runoff. 
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Two surface inches weekly of either runoff from a dirt feedlot 

or a fifty-fifty mixture of water and dirt-feedlot runoff reduced 

both wheat and grain sorghum growth but apparently increased growth 

of Midland Bermudagrass. 

Apparently, the reduced growth observed in plants receiving 

large amounts of runoff was not caused by a buildup of any of the 

analyzed essential elements. Even where four surface inches of 

runoff from concrete lots was applied and growth was only six percent 

of normal, there was no lethal buildup of essential nutrients. In

dications are that the necrosis was caused by a reaction at the root 

surface, or less likely in the root. 

The increases observed in plant growth caused by runoff material 

from dirt feedlots were not accompanied by increases in nutrient 

content of plants as determined by plant analyses data. This is the 

expected result when it is considered that plants thrive on a balanced 

set of nutritional elements, and increases in available nutrients 

result in corresponding increases in plant material produced. 

The plants irrigated by water alone were in a good state of 

nutrition with no particular nutrient deficiencies. Hence, the added 

nutrients from feedlot runoff simply increased the fertility of the 

soil rather than correcting any deficiencies in the plants. 

An important fact learned from these analyses is that there was 

no deleterious buildup of essential nutrients in the plants. The 1364 

ppm of iron found in the Bermudagrass that was irrigated with four 

surface inches of dirt feedlot runoff is superfluous but not lethal 

nor particularly damaging. 
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Germination Study 

After the crops were harvested from the test cylinders, the soils 

in the cylinders were allowed to drain freely for three weeks, then 

were planted with wheat, grain sorghum, and cotton. Immediately after 

planting, and thereafter for two successive weeks, the cylinders were 

irrigated with various combinations of runoff and water, with the re-

sults shown in Table VI. 

TABLE VI 

GERMINATION TESTS CATTLE FEEDLOT POLLUTION STUDY 

Treatment* Grain Sorghum Cotton Wheat 
Percent Percent Percent 

Germination 
Percent ,', Percent Percent 

Germination of Check of Check Germination of Check 

1 59 100 59 100 65 100 

2 45 76 50 83 36 61 

3 44 75 50 66 41 70 

4 32 54 25 42 23 39 

5 13 22 5 9 16 25 
6 0 0 0 0 0 0 

7 0 0 0 0 0 0 

Average 22.3 37.8 20.0 33.3 19.3 32.5 
(Excluding 
Check) 

*1 Two inches per week of water only. 

2 Two inches per week of a fifty-fifty mixture of water and dirt-feedlot 
runoff. 

3 Two inches per week of dirt-feedlot runoff. 
4 Four inches per week of dirt-feedlot runoff. 
5 Two inches per week of a fifty-fifty mixture of water and concrete

feedlot runoff. 
6 Two inches per week of concrete-feedlot runoff. 

7 Four inches per week of concrete-feedlot runoff. 
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All treatments with runoff from concrete feedlots severely 

inhibited germination. The two-inch and four-inch applications of 

undiluted concrete-feedlot runoff completely inhibited germination 

while the dilute treatment reduced germination of grain sorghum by 

78 percent, cotton by 91 percent, and wheat by 75 percent compared 

to the germination of the checks. 

Dirt-feedlot runoff inhibited germination but not so severely 

as did the concrete-feedlot runoff. The results obtained in this 

study indicate again that runoff from concrete feedlots is more 

damaging to crop plants than the runoff from dirt feedlots. 

Alternate Water and Runoff Irrigation 

This study was designed to simulate field conditions under 

which crops would be irrigated on alternate weeks with feedlot runoff 

and with water. The plants tested were Balboa rye and Midland Ber

mudagrass, and runoff was obtained from both concrete and dirt

surfaced feedlots, and from relatively flat lots containing cows 

on a maintenance ration consisting primarily of silage. Since 

previous experiments had indicated that high application rates of 

runoff from concrete feedlots is harmful to most plants other than 

Bermudagrass, the maximum application rate for concrete-feedlot 

runoff was two inches. No previous experience with rye had been 

gained, but since it was anticipated that rye would be at least as 

sensitive to the wastes as wheat, the runoff from concrete-feedlots 

was diluted with equal parts of water before application in all cases. 

It is apparent that rye is not a suitable crop on which to dispose of 

feedlot runoff, Table VII. 
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TABLE VII 

SUMMARY OF BALBOA RYE AND BERMUDAGRASS PRODUCTION 
WITH ALTERNATE IRRIGATIONS OF WATER AND FEEDLOT RUNOFF 

Treatment* 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 

14 

Balboa Rye 
Number of Plants Dry Weight 

(Gms.) 

9.5 1 .35 
9.5 1 .50 

9.5 1 .22 

10.0 1.00 
7.0 0.67 
5.0 0.32 
9.5 0.51 
9.5 0.65 
4.5 0.66 

0 0 
0 0 
0 0 

* lOne inch of water applied each week. 
2 Two inches of water applied each week. 
3 Three inches of water applied each week. 
4 Four inches of water applied each week. 

Midland Bermudagrass 
Dry Weight 

(Gms. ) 

6.18 

8.94 

5.88 

3.32 

0.95 

5 One inch of runoff from flat sloped dirt lot and one inch of 
wa~er applied on alternate weeks. 

6 Two inches of runoff from flat sloped dirt lot and two inches 
of water applied on alternate weeks. 

7 Three inches of runoff from flat sloped dirt lot and three 
inches of water applied on alternate weeks. 

8 One inch of runoff from sloped dirt lot and one inch of water 
applied on alternate weeks. 

9 Two inches of runoff from sloped dirt lot and two inches of 
water applied on alternate weeks. 

10 Three inches of runoff from sloped dirt lot and three inches of 
runoff applied on alternate weeks. 

11 Four inches of runoff from sloped dirt lot and four inches of 
water applied on alternate weeks. 

12 Fifty-fifty mixture of one inch of runoff from concrete feedlot 
and one inch of water, and two inches of water applied on alter
nate weeks. 

13 Fifty-fifty mixture of two inches of runoff from concrete feedlot 
and two inches of water, and four inches of water applied on 
alternate weeks. 

14 Fifty-fifty mixture of three inches of runoff from concrete feedlot 
and three inches of water, and six inches of water applied on 
alternate weeks. 
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Balboa rye apparently cannot survive directly applied undiluted 

runoff from concrete feedlots. Even those plants receiving one 

surface inch of runoff on alternate weeks were killed in the study. 

Midland Bermudagrass barely stayed alive when two inches of runoff 

from concrete lots was applied. Bermudagrass receiving two inches 

of concrete-feedlot runoff produced approximately 15 percent as much 

plant material as Bermudagrass receiving two inches of water. 

Although rye stands were not drastically reduced by one or two 

surface inches of runoff from dirt feedlots, plant growth was re

duced by approximately 70 percent. Three surface inches of dirt

feedlot runoff reduced stands and growth of rye by approximately 50 

percent. 

Concentration of Pollutants in Water Percolating Through Soil Columns 

Water percolating through the soil columns was collected after 

each irrigation and subjected to complete analysis. In general, 

it appears that the thirty inch soil columns serve as excellent 

filters for suspended and colloidal material in the applied water, 

but do not substantially reduce the concentrations of nitrogen 

compounds or of dissolved solids, Table VIII. 

The concentration of nitrogenous compounds percolating through 

thirty inch soil columns appears to be relatively independent of 

the type or density of plants grown on the column. The failure of 

a rank growth of Bermudagrass to remove a substantial fraction of 

the nitrogen from the waste can probably be attributed to the fact 

that the rate of application of nitrogen was vastly greater than 
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the needs of the plants. If it is assumed that all nitrogen applied 

can either be used directly by plants or can be degraded by soil 

microorganisms into a usable form, the rate of application of 

nitrogen amounted to around 200 pounds per acre per week. A very 

high dilution factor would be required to reduce the nitrogen con

centration to the quantity that is usable by the most vigorous 

plants on a weekly basis. 

TABLE VIII 
AVERAGE CONCENTRATIONS OF POLLUTANTS IN RUNOFF BEFORE AND AFTER 

PERCOLATION THROUGH THIRTY INCHES OF SOIL GROWING CROPS AS SHOWN 

Pollutant Concentration Concentration Percolating Through 
In Runoff Cotton Grain Sorghum Midland 

(mg/l) Bermudagrass 

pH 6.85 7.9 8.03 8.0 
BOD 4100 20 19 13 
COD 9500 386 474 250 

NH3 423 0 3.7 0 

ORG-N 67 1 .5 19.2 0 
N03 40 573 105 787 
T.S. 11 ,770 4634 10,520 2551 
V.S. 6223 1252 1104 1440 
S.S. 322 164 260 150 
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FIELD AGRONOMIC STUDIES 

The test cylinders were moved to the field early in June for 

verification of laboratory results. Applied treatments included 

two surface inches and four surface inches of each of the following 

irrigation treatments: 

1 . Water, 
2. Runoff from a dirt-surfaced feedlot, 
3. Runoff from a concrete-surfaced feedlot. 

Only cotton, grain sorghum, and Bermudagrass were used in the ex

periment. 

Since this study is still under way, results are incomplete. 

The application of concrete runoff material at the four inch rate 

prevented germination of cotton and killed grain sorghum after two 

applications as would have been expected from laboratory work. 

Two surface inches of concrete runoff killed cotton after two ap

lications and grain sorghum after three. 

Four surface inches of dirt lot runoff killed cotton and 

practically killed the grain sorghum after five applications. Two 

surface inches of dirt lot runoff has not adversely affected grain 

sorghum after five applications but has apparently damaged cotton. 

The only damage to Bermudagrass has been by four surface inches 

of concrete-feedlot runoff. 

It is too early to evaluate all data obtained in this experiment, 

but it appears that all results are providing excellent verification 

of laboratory results. In all cases, crops have been irrigated at 
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two week intervals with undiluted runoff, and no natural precipitation 

occurred between the date of planting on June 23 and August 20. 

Test With Field Plots 

Fifteen 6 ft. x 12 ft. plots were constructed in the field in 

order to test agronomic results under actual field conditions in 

undisturbed soils. The plots are separated by polyethylene lined 

sand filled ditches 30 inches deep, topped by a six inch concrete 

curb to prevent any interchange of soil or liquid between plots. 

Each plot was planted on June 25 with one 6 ft. row of cotton, 

one 6 ft. row of grain sorghum, and 24 square feet of Bermudagrass. 

The plots have been irrigated on alternate weeks with either one 

or two surface inches of water, one or two surface inches of runoff 

from a dirt feedlot, or one or two surface inches of runoff from 

a concrete feedlot. 

be: 

The data to be taken at the completion of the experiment will 

1. Dry weight yield of each plot, 
2. Nutrient analyses of all plants produced, 
3. Complete soil analysis from samples taken at 6, 12, 18, 

24, and 30 inch depth. 

QUANTITY AND QUALITY OF RUNOFF RESULTING FROM PRECIPITATION 

Quantity of Runoff 

The precipitation regime in the Lubbock area during the period 

of the studies was typical of the area. That is, very little pre-

cipitation occurred during the winter months, approximately eight 

inches occurred during the spring months, and very little occurred 
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during the summer. A manual type rain gage was located in the 

vicinity of the feedlots, but no attempt was made to establish the 

rate of precipitation. Only the total precipitation for each event 

was noted. The total quantity of runoff from each type of lot was 

measured by noting the change in elevation of the liquid level in 

the pits before and after the period of precipitation and calcu

lating the total volumetric change as a function of the difference 

in liquid level. No attempt was made to maintain a uniform depth 

of accumulated waste on the lot surface or a constant level of 

moisture within the accumulated organic mass. The total rainfall 

occurring and runoff resulting from thunderstorms occurring between 

April 11 and June 13 are shown in Table IX. 

TABLE IX 
TOTAL PRECIPITATION AND RUNOFF FROM CONCRETE AND DIRT-SURFACED 

FEEDLOTS FOR THE PERIOD APRIL 11, 1969 THROUGH JUNE 13, 1969 

DATE 

4-11-69 
4-12-69 
5-2 to 4 
5-5-69 
5-6-69 
5-28-69 
6-13-69 

TOTAL 
RAINFALL 
(Inches) 

0.99 

0.62 
1 .50 
1 .59 

0.45 
2.14 
1 .87 

CONCRETE LOT 
7-1/2 PERCENT SLOPE 
RETAINED RUNOFF 
(Inches) (Inches) 

0.29 0.70 
0.39 0.23 
0.37 1 . 13 
0.45 1 . 14 
0.33 0.12 
0.38 1 .76 
0.41 1 .46 
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DIRT LOT 
2-1/2 PERCENT SLOPE 
RETAINED RUNOFF 
(Inches) (Inches) 

0.87 0.12 
0.55 0.07 
1 . 15 0.35 

1 .04 0.55 
0.45 -0-
2.08 0.06 
1 .72 0.15 



It has been observed that movement of animals on the concrete

surfaced lot tends to work all waste material to the lower side of 

the lot so that the total depth of accumulated waste on the lot 

averages between three-quarters and one inch. It is worthy of note 

that this lot retained an average of 0.38 inches of rainfall for 

each of the precipitation events recorded. This amounts to very 

nearly one-half inch of moisture per inch of accumulated organic 

mass, which agrees very closely with results obtained in the labora

tory last fall. 

The capacity of the dirt lot to retain rainfall is much more 

variable than that of the concrete lot. The depth of manure pack 

on the dirt lot is also much more difficult to obtain, but it is 

noted that the average quantity of water retained on the dirt 

feedlot is approximately three times that retained on the concrete 

lot. The difference is apparently attributable to the fact that 

a substantial fraction of the water falling on dirt feedlots infil

trates into the soil beneath the feedlot floor. The depth to which 

this water ultimately infiltrates and the concentration of pollutants 

in the percolating water at various depths need to be determined. 

Quality of Runoff 

The concentrations of various pollutants in accumulated runoff 

from concrete feedlots are shown in Figures 3 and 4, which also 

indicate the dates and amounts of rainfall that occurred during the 

study. Corresponding information for dirt feedlots is shown on 

Figures 5 and 6. The most significant feature of Figures 3 and 4 
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is that the concentrations of pollutants in runoff does not appear 

to be affected to any significant degree by the amount and dis

tribution of runoff . Thus, while one might assume that a relatively 

large rainfall and accompanying runoff would serve to substantially 

reduce the concentrations of various pollutants in the runoff, this 

was not found to be the case. The only significant change in pol

lutant concentration as a direct result of rainfall appeared to be 

a decrease in nitrate concentration that was accompanied by an 

increase in the concentration of NH 3-N as a result of heavy rains 

in mid-April and early May. 

Samples of runoff were collected on a periodic basis during 

several precipitation events to determine whether or not a mean-

ingful relationship between pollutant concentration in runoff and 

quantity of runoff could be found. Table X and XI show the results 

of analyses of four samp les of runoff collected over a three hour 

period during a rain that occurred on 8-24-69. 

TABLE X 
CONCENTRATION OF POLLUTANTS IN RUNOFF FROM CONCRETE LOT 

RESULTING FROM PRECIPITATION STARTING AT 11 :00 P.M. ON 8-24-69 

Time of pH BOD COD N03 NH3-N ORG-N AKLY. 
Collection (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/1) (mg/1) 

11 : 35 p.m. 6.6 16,800 48,000 625 525 532 2595 

11 : 58 p.m. 6.8 6,120 20,451 975 526 315 1955 

12:35 a.m. 6.65 7,400 22,032 1000 485 36 2000 

2:25 a.m. 6.80 9,950 23,316 900 543 285 1865 
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TABLE XI 
CONCENTRATION OF POLLUTANTS IN RUNOFF FROM DIRT LOT 

RESULTING FROM PRECIPITATION STARTING AT 11:00 P.M. ON 8-24-69 

Time of pH BOD COD N03 NH3-N ORG-N ALKY. 
Collection (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l (mg/l) 

11 :35 p.m. 7.8 1 ,630 5,450 16 51 27 1002 
11 : 58 p. m. 7.5 2,500 9,781 128 98 297 1092 
12:35 a.m. 7.6 1 ,275 6,240 132 100 434 1238 
2:25 a.m. 7.8 1,630 11 ,650 136 67 44 1620 

In general, it can be seen that no significant improvement in 

water quality occurred during the period in which runoff occurred. 

It appears that there is a sufficiently large quantity of dehydrated 

pollutants contained in the organic mass on a feedlot floor to seriously 

pollute a large quantity of precipitation. 
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