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The heavy concentration of beef animals 
in feedlots has created serious management 
problems involving feedlot runoff. Organic 
waste accumulates at an exceedingly rapid 
rate at high animal population densities, 
and the resultant air and water pollution 
is a matter of increasing concern to the 
feeder cattle industry. The study on which 
this report is based was undertaken because 
of that concern. 

Incorporating both engineering and 
biological aspects, this report contains an 
analysis of data and suggests management 
and design practices that could materially 
reduce the pollution contributed from the 

- small but densely populated feedlot area. 

Composition and Quantity of Wastes 

Classification of the physical, chemi
cal, and biological characteristics of body 
excreta from feeder cattle is essential to 

*Members of the Departments of Civi 1 Engi
neering, Animal Husbandry, Agricultural 
Engineering, and Agricultural Engineering, 
Texas Technological College, respectively. 



the establ ishment of control, treatment, 
and disposal methods. Considerable variation 
exists in the excreta as it accumulates on 
the lot surface. This variation is affected 
by animal size, cl imatic variation, and type 
of ration which the animals are fed . Fresh 
manure ranges f.rom 80 to 85 percent moisture. 
It contains undigested food from the diges
tive tract, unabsorbed digestive juices, 
cells, and mucous from the digestive tract, 
and waste minerals such as calcium, magnesium, 
iron, and phosphorus. Most of these organic 
mate~ials are read i l y degraded by microorga
nisms when they are exposed to favorable en
vironmental c0nditions. They may also provide 
a source of food and an environment conducive 
to the rapid growth of several orders of in
sects, particularly fl ies. 

Plant materials such as 1 ignins and 
hemicellulose are relatively stable materials 
that are only very sl ightly digestible by 
cattle and that can be degraded only very 
slowly by microorganisms. These relatively 
stable materials form a large fraction of 
high roughage feeds, and they are present to 
some extent in all types of rations. Cattle 
feces also contain highly stable 1 igno-pro
tein complexes, which are produced in the 
digestive tract of the ruminant by the com
bining of plant 1 ignin with bacterial pro
tein, and which are very simi lar to humus 
found in the soil. These humus-l ike com
pounds may comprise as much as 25 percent 
of the total dry weight of the feces. 

Urine is produced at an average rate 
of 20 pounds per an i ma 1 per day. It conta i ns 
over 6 percent dry matter, and it is a major 
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source of fluid in the accumulated waste. 
Urine contains by-products of metabol ism and 
it serves as the major carrier of mineral 
wastes from the body. Nearly all the nitro
genous wastes resulting from the breakdown 
of protein during the metabol ic process are 
excreted in the urine. 

Ration Composition 

The type of feed consumed has a pro
nounced effect on the quantity of waste pro
duced and on the physical, biological, and 
chemical characteristics of the waste. Three 
feeding treatments were randomly allotted 
among equal groups of cattle in six pens, 
two pens receiving each treatment. The 
feeding treatments consisted of one all-con
centrate ration and two rations containing 
different sources of roughage;' sweet sor
ghum si lage and cottonseed hulls, Table I. 
Each of the rations was fed to the cattle as 
two different formulations. Al I cattle were 
started on feed and fed their respective 
rations until the average weight of the 
cattle receiving each treatment reached 600 
pounds. At this time, and the time varied 
according to the specific treatment, the 
rat ions' were changed to fin i sh i ng formu
lations for the remainder of the experimen
tal period. 
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Table I. Ration Composition (air-dry basis, pounds) 

Rat ·ion . 
CS Hu11s t5 S i 1 agel:! Ingredient All Concent ratea 

Phase c I " I " I II 
Milo, dry ro 11 ed 1,780 1,840 940 1,640 1, 764 1 ,840 
CottonseeddMea 1 (41 %) 120 100 50 100 106 100 
Supplement 100 60 60 60 130 60 
Cottonseed Hu 11 s 950 200 
Sweet Sorghum Silage e 

.l:-
(20) ( 6) 

2,000 2,000 2,000 2,000 2,000 2,000 

~Changed from I to I I after 98 days on feed. 
Changed from I to I I after 124 days on feed . 

cPhase I = starting ration; Phase I I = finishing ration. 



V1 

dS 1 .. upp ement composition 

Ingredient 

Cottonseed Meal 
Calcium Carbonate 
Sa l t 
Vitamin A (30,000 IU/gm) 
Stilbestrol (2 gm/lb) 
Aurofac (50 gm/lb) 

Pounds 

974.20 
600.00 
400.00 

1. 13 
20.00 

4.70 
2000.03 

eper head dai ly. Ration I was hand-fed and consumption reached 23 pounds 
before ration I I was fed in self-feeders. 

Ration Consumption and Quantity of Excretion 

Ration consumption and fecal accumulation for a period of 146 days, 
beginning on March 6, 1967, and continuing to July 30, 1967, are shown in 
Table I I . 
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Table I I. Mean Consumption and Excretion (in 
pounds) and Animal Days of the Texas 
Tech Experiment 

Ra t ion 
Item All Concentrate CS Hulls 

Total Feed Consumption 
Mixed ration 76,689 117,058 
Silage a 

Total Steer Days 4,495 5,053 
Total Waste Accumulation 10,850 33,110 
Daily Consumption 17.1 23.2 
Daily Waste Accumulation 2.4 6.6 

aAdjusted to a 30 percent dry matter basis. 

S i 1 age 

61 ,457 
27,752 
5,350 
8,785 

16.7 
1.6 



There are numerous reports in the 
literature which give apparent digestion 
coefficients and chemical compositions of 
both feed and feces for varying roughage
concentrate ratios in rations. Many of 
these papers include data for urine compo
sition and various weights of fattening 
cattle. It is evident from these papers 
and the data of this experiment that waste 
accumulation and its chemical composition 
depends primarily upon the type of ration 
and size of the cattle. Slope of the lot, 
moisture content, and other factors also 
certainly influence the rate and total 
quantity of waste that accumulates on a 
feedlot floor in a given time. 

Changes in Accumulated Wastes 

Body wastes from beef cait1e begin to 
change as soon as they are deposited. The 
changes that may occur are extremely vari
able, being very heavi 1y dependent upon 
cl imatic conditions existing at any parti
cular time. The deposited wastes are ex
posed to ultraviolet and infra-red radiation 
from the sun. They are degraded by biologi
cal organisms. The soluble material in the 
waste may be leached out by rainfall or the 
waste may be dehydrated by evaporation. 
The wastes are ground and pulverized by the 
hooves of cattle, and they may be tempo
rarily preserved by freezing. 

During dry weather, particularly in the 
semi -ar id regions of the southwest, the 
first and most obvious alteration in the 
deposited manure is evaporation of moisture. 
The dehydrated organic mass may contain as 

7 



little as two percent moisture. Very little 
biological or chemical activity occurs under 
such low moisture conditions, but substantial 
quantities of waste may be removed from the 
feedlots by wind action. The finely divided, 
I ight weight organic particles are easi ly 
picked up by relatively I ight winds, and 
fairly serious air pollution and animal 
health problems' may result. 

If the accumulated wa ste is kept moist 
either as a result of precipitation or as a 
result of maintaining a high density of ani
mals in the ~eedlot, biological degradati on 
of the waste proceeds at a rate proportional 
to its temperature. So long as the moisture 
content of the waste exceeds about 40 percent 
by wei weight, a 100e (18°F) rise in tempe
rature roughly doubles the rate at which the 
degradation occurs. 

Ordinarily, the moisture content of the 
waste changes from day to day as weather 
c~nditions change. Thus, biological degra
dation may proceed rapidly for a few hours 
or a few days following a period of precipi
tation, then may come to a virtual standstill 
as the organic matter dries out. If the 
manure pack is relatively deep, degradation 
may take place in the lower level of the 
pack .while the surface remains relatively dry. 

As indicated above, it is apparent that 
accumulated feedlot wa?tes may undergo prac
tically no change in the feedlot other than 
dehydration, or they may be almost completely 
stabil ized by composting action on the feed
lot floor. It appears that complete compos
ting could be attained by the provision of 
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a sprinkler system for maintaining a co n
stant level of moisture in the pack. Whi l e 
such a system would undoubtedly make it 
possible to almost completely stabi lize the 
manure pack, it would also undoubtedly re
sult in increased problems from fly infes
tation and odor pr od uction. 

The above discussion indicates that 
general izations concerning the changes that 
may occur in accumulated wa stes are largely 
meaningless. It appears t hat the possibi 1 ity 
of reducing pollution through some sort of 
in -situ treatment of waste s as they accumu
late should be thoroughly investigated. 

Composition and Quantity of Runoff 

So far as this report is concerned , the 
effects of quantity and quality of waste 
produced, and changes in the accumulated 
wastes as a result of climatic variation , are 
important only as they affect the qual ity and 
quantity of runoff from the feedlot. Since 
many factors affect the composition and 
quantity of runoff from feedlots , the effect 
of each of several of the more important fac
tors wi 11 be discussed separately. 

Effect of Precipitation 

The rate a~ which precipitation occurs, 
and the antecedent moisture condition of the 
accumulated waste are of primary importance 
in deteTmining the quantity and qual ity of 
runoff from a feedlot. The total quantity 
of precipitation that occurs is also ob
viously of prime importance in determining 
the total quantity of runoff. The unpredic
tabil ity of precipitation in the southwestern 
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area is illustrated by the precipitation 
regime that prevailed during the period of 
the research project covered by this report, 
Figure I. 

If the accumulated organic mass on the 
feedlot floor "is slightly damp when precipi
tation begins, it can readily absorb a large 
quantity of rainfall at a rapid rate. If 
it is dry and tightly compacted, it provides 
a relatively impervious barrier to the 
ini~ial penetration of moisture. Thus, a 
high-intensity rain fall ing on a dry lot 
surface may .(esult in rapid runoff and con
sequent removal of large quantities of 
organic matter from the feedlot surface, 
while the same intensity of rain falling on 
a damp lot might cause little or no runoff. 

The moisture content in the accumulated 
waste varies with precipitation, but wastes 
resulting from the feeding of cottonseed 
hulls exhibited a much higher capacity for 
absorbing and retaining moisture than wastes 
from the other rations fed, Figure I I. 

In general, the quality of runoff from 
feedlots is a direct function of the quantity. 
That is, a high volume of runoff has a 
gieater capacity for suspending a~d trans
porting wastes than does a lower volume. Thus, 
while the runoff from a feedlot wi 11 always 
contain a very high concentration of dissolved 
organic pollutants, the runoff resulting from 
a high-intensity rainfall may also contain a 
very high concentration of suspended organic 
matter. 
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Whi Ie it is impossible to estimate with 
a high degree of accuracy the maximum runoff 
that may occur in any particular period of 
time, maps such as that shown in the U. S. 
Department of Commerce, "Rainfall Frequency 
Atlas of the United States" can be used to 
determine the maximum probable 24-hour pre
cipitation for any selected return frequency. 
It is suggested that a relatively high run
off coefficient be used for converting rain
fall to runoff. 

Effect of Surfacing Material 

It is obvious that a higher fraction of 
incident precipitation wi 11 run off a paved 
surface than will run off an unpaved surface. 
Thus, the provision of either asphaltic or 
Portland Cement concrete surfacing in feed
lots will result in a greater 'quantity of 
runoff. Also, the increased quantity of run
off has a greater sediment transport capacity, 
so that in general, the runoff from surfaced 
feedlots will be of poorer qual ity than the 
runoff from unsurfaced lots. A high inten
sity rainfall on a surfaced lot with an ap
preciable slope may effectively clean the 
lot. 

Recent data shows a considerably higher 
level of BOD in runoff from paved feedlots 
than from unpaved. Since most of the BOD in 
such runoff is in soluble form, indications 
are that on unpaved lots, much of the BOD 
percolates into the soil and is degraded 
there. The waste on unpaved ~ots also con
tains a higher moisture content over longer 
periods of time as a result of moisture mi
gration from the soi 1 beneath, therefore 
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reaching more complete biological stabil i
zation. 

If surface water runoff were the only 
pollutional problem associated with cattle 
feedlot operation, all feedlots should re
main unsurfaced. A parallel problem that 
has received much less attention is the pol
lution of groundwater by dissolved chemicals, 
particularly nitrates, that may percolate 
into the ground beneath unsurfaced lots. 
This problem is obviously alleviated by the 
surfacing of lots. It therefore appears 
that from an . overall viewpoint it may ulti
mately become necessary to provide surfacing 
for all feedlots in order to prevent serious 
pollution of groundwater resources. 

Effect of Land Slope 

The effect of land slope on runoff quan
tity and composition is obvious. Steeper 
slopes cause a greater fraction of theinci
dent precipitation to run off, and higher ve
locities of flow associated with steeper 
slopes cause greater erosion of the accumu
lated organic mass on the feedlot floor. 
Hence, the quantity of runoff increases and 
the qual ity of the runoff decreases as the 
slope of a lot surface increases. 

Effect of Depth of Waste Accumulation 

The depth of accumulated wastes affects 
quantity and composition of runoff in several 
ways. In general, greater depth of accumu
lated wastes have greater absorptive capacity 
for precipitation, and result in lesser quan
tities of runoff. As much as one-half inch 
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of moisture may be absorbed by each inch of 
accumulated organic mass on the feedlot floor, 
particularly if the waste was derived from 
high-roughage-content feeds. 

As the depth of waste in a feedlot be
comes greater, stabilization of the accumu
lated waste proceeds at a rate dependent upon 
the waste's moisture content and temperature. 
As stabi 1 ization proceeds, the fraction of 
unstable organic and inorganic compounds per 
unit depth or accumulated waste decreases. 
At the same time, the total quantity of ac
cumulated organic material increases, with a 
corresponding increase in total moisture 
holding capacity. Although the stabil ization 
of the organic mass under ideal conditions 
provides less pollution potential per unit 
depth of waste, the amount of unstabi 1 ized 
fresh organic waste remains c~nstant, since 
fresh deposits are continually being made. 

The pollution potential increases if 
the accumulated organic waste is dehydrated 
as it is deposited. Under this condition, 
the addition of moisture reconstitutes the 
deposited material approximately to its 
freshly deposited condition and gives it an 
enormoJs potential for pollution. 

Effect of Feedlot layout 

The layout of feedlots may have a sub
stantial effect on the composition and quan
tity of runoff produced. Diversion from the 
feedlot of all runoff from adjacent land 
areas will minimize the quantity of wastes 
to be treated. Grading and shaping lots so 
that drainage from each lot flows directly 
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into a drainage channel, rather than into 
the adjacent lot, wi I I minimize erosion of 
the accumulated wastes with a consequent 
minimization of pollution of the runoff. 

Effect of Ration Composition 

The concentrations of three different 
pollutants -- BOD (Biochemical Oxygen Demand), 
Nitrogen, and Phosphorus -- were measured 
rO'Jtinely throughout the study. The type of 
rations fed had a pronounced effect on the 
concentration of pollutants in runoff, and 
the concentrations of the various pollutants 
were found to vary irregularly with time. 

BOD is a measure of the oxygen required 
to stabi lize the organic material in a waste, 
and the concentration of BOD in the runoff 
was at least one order of magnitude greater 
than the concentration normally found in 
municipal sewage. The concentration of BOD 
in runoff from waste derived from both all
concentrate and si lage feeds decreased 
steadily with time, whi Ie the concentration 
in waste derived from cottonseed hulls in
creased steadily with time, Figure I I I. This 
anomaly ap pears to indicate that stabil ization 
of the organic material in wastes derived 
from both al I-concentrate and si lage based 
feed proceeded more rapidly than in wastes 
derived from cottonseed hulls, even though 
the moisture content of these two wastes was 
generally lower than that in the cottonseed 
hul I wastes. 

Nitrogen (nitrate) is a pollutant of 
increasing concern to water resource managers 
because of the aquatic plan t growth that it 
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may encourage, and because an excessive con
centration of it in publ ic water suppl ies 
can be a serious health hazard, particularly 
to infants. The concentration of total ni
trogen was very high in runoff from all feed
lots, Figure IV. The initial concentration 
in runoff from··lots in which all concentrate 
rations were fed increased from about 500 
mg/l initially (the concentration in municipal 
sewage is generally about 250 mg/l) to a peak 
of about 1,200 mg/l at the end of five weeks, 
then. gradually decreased to about 800 mg/l 
at the end of the test. The concentration 
in waste from si lage feed started at a lower 
value -- approximately 400 mg/l -- and in
creased more slowly to a peak of about 600 
mg/l after eleven weeks, then decreased to 
about 200 mg/l at the end of the test. The 
concentration of nitrogen in waste from the 
cottonseed hull feed remained practically 
constant until about the ninth week, increased 
rapidly for two weeks, then gradually declined 
for the remainder of the test. The reason 
for the wide variability with time and with 
type of rations fed is not apparent. 

Phosphorus is an essential nutrient for 
plant growth . Even in low concentrations, 
it can contribute to an excessive growth of 
aquatic plants, thereby reducing the useful
ness of receiving water. The concentration 
of phosphorus in feedlot runoff averaged 
about 6 to 8 times the concentration normally 
found in municipal sewage, Figure V. The 
concentration of phosphorus in runoff from 
wastes derived from both cottonseed hulls 
and al I-concentrate rations increased stead
ily from the beginning of the study until 
about the eighth or ninth week, then gradually 
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decreased for the remainder of the study. 
The concentration of phosphorus in waste de
rived from the silage ration decre~sed 
sl ightly from the beginning to the tenth week, 
and increased throughout the remainder of the 
test. Again, no reason for the variability 
noted was apparent. 
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