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CKAFiER I

IJITRODUCTION

Pollution is prt'sently one of the most pervasive problsms of cur

society. Ths rapid grorth and sheer density of population, urbardsation,

and industiy have greatly changed th-r quantity and qufdity of '-;aste2 in the

1

environToent.'^ Korn-.ally, nature ca;i rid itsoir of waste: The rivers by

oxidation, the air by precipitation and the soil by bacterial, or chendcal

decomposition. However, man's aoility to produce i/asty has seriously over-

burdened nature's capacity to cleanse itself. The result is pollution—

a

two-edged s'.Jord by which both nan and nature lose through the lowering of

environment 9l quality.

In the context of this psper pollution Esy be defined SE the undesir-

able ?J.teretion of the physical, ohe.iiioal, and/or biological ch3r«ct'.ristio.<i

of the air, soil and water by the introduction of excessive acoants of

"Throiighout this paper "environjuent" is to be defined as "the material
resources of the' earth that are found above, below, and upon its surface.
The resourcas referred to in this study are specifically air, vater, and
soil, plus vegetation and animal life. The words ''nature", "physical en-
vironaent", and "natural environment" are used as sj-nceiyois of " enviror„-Qsnt"
and all have the suae Dean:lrig. The pollutants reported herein undciibtedly
influence other types of envirorjoents than tj-at specified above. One can
speak of the cuiltural. or social erA'ironQent of an urban ar^a, of the eocnosi
environiaent of an area or industry, or of tiie political or lejsl, 3nvircn.T:ent
o.f_a gc/ermient unit. In truth, feedlot pollutants do hav« an effect upon
all these rinvirorjsents , howevsr it is the physlc.Hl or natural environment
as defined above that is given prime consideration in this paper. It should
be noted that what tne author refers to as a "natural environment" undoubt-
edly is not in s natural (meard;;g original) state, for there is littls in
tills world that has not been modified to a greater or lesser degree by
Man's ocoupance.



while ths capacity of the physical envirocment to assimilate residues

srA wastes varie3 vfidely with the geology, hydrology, and meteorology of an

area, the capacity of a society to produce pollutants, wastes, and nuisances

varies with tlie technologic and eccnoniio levels of the society.

The Role of Technologic and Economic GEi.n in Pollution

Technology has provided the iapetus for tremendous gaj.ns in the

efficiency of production in all parts cf our economy. The advances have

been translated into a greater overall production '/dth a corresponding in-

crease in j.ndividual affluence and consuapticn by most members of our society.

One result has been the. spewing cat of vast quantities of wastes annu:ally in

the magrii tilde of sixty-five billion metal and plastic cups and lids, forty-

eight billion caus, twenty-S'z billion bottles srJ. jars, and more thsn a

half billion dollars wortli of si-'ioellaneous packaging materipJ.s.-^

Not only are the problems of pollution and waste growing quantitative-

ly but qualitatively as well. Technology has created more durable forms of

waste products: alup-iniun cans litter and pollute long after the "old

fashioned" steel "tin" cans have i-isxed swaj-; plastic wrappings and contain-

ers decompose at a much slov/er rate than cardboard or paper litter. In ad-

dition, polluxarts are beoojdng increasingly subtle and more difficrilt to

detect. It is almost impossible not to be aware of the stench of garbage

2Naiional Acadeny of Sciences, Waste Managemeiit and Control
(Washington: National Research Council, 19.56) , p. '},

3Resources for the Future, Incorporated, Resources for the Future
(Annual Report, Washington: Resources for the Future InoorD orated, lP6n)

,

p. 11.



floating in e. stroair or coal dust 'ailing from the sky; however, a persistent

organic chemical with a compj-ex molecular chain in the 3.ai!ie stream or the

tasteless, odorless, snd coloi-less carbon monoxide in the dust-ladsn air,

although potentially more harmful, ray go unnoticed. Yet the consequences

of their increased and continued pressure on the environment may be irrevers-

ible.

Sources of Fcllution

Urban areas and industries -.ri-th their capacity to prciuoa smoke,

fumes, solid wastes, irritating noises and offensive odors are usually con-

sidered to be the aiajor so'arces of pollution, solf.d wastes and nulssnoes.

However, urban and industrial activities do not have monopolies as sources

of enidronriientaj- contaicinalion; agriculture is discharging in increasing

quantitjr of poLlutants in the form of fertilizers, herbicide.-, insecticides,

irrigation waters, and anj'.mal wastes into tlie environment. Eiese pollutants

and wastes ' . , . from crop and livestock proiiaoticn nay pose more difficult

problems than do those of manioipal or industrial origin." Of the agents

of agricultural pollution, one of the most recently recognized has been

animal wastes.

Animal. Wastes as Agents of Pollv.tion

The vast accumulations of animal wastes are rapidly becoming major

sources of air, soil and water pollution, "pollution from animal manure

is Inaown to have reached such proportions in some ai-eas that massive

*!. K. Fischer, "Water Pollutlou," Farm Policy FoiTun. 18:29,
August, 1963.



flshkills- and v;ater contamination have been observed." In addition, the

waste aoc-onulation is a miisaiice creating odors and attracting insects and

rodents. The livestock feeding irdustrj- has undergone rapid changes in

scale and the trend is toward confining many thaasands of animals in a snail

area. Tne problem of waste disposal and water, air, and soil pollution re-

sulting from these concentrations are a challenge to feedlot operators,

planners, engineers, developers, snd aealth officials alike.

Awareness of the problem . The prcblems associated with anjjnal ua&tes,

while vigoraisly denied by some individr.al feedlot operators, have been

recognized hj several grC5.ips. To date the most comprehensive review of

animal waste management problems appears in a report by the /jnerican Society

of Agricultural. Engineers."^ Vai-ious aspects of the problsms of pon.ution

and nuisances associated witli the feedlot industry have come under the

scrutiny of such diverse groups as the National Communicable Disease Center,

the United States Departiaent of Interior, and The International Asoociaticn

of Game, Fish and Conservation Commissioners.

Otiier individuals and groups have also taken cognizance of tne actual

and potential effects of fesdlct runoff, but in most cases there has been

A fish kill may rar.ge in size from a few dozen fish to a million or
more^ depending upon the potency of the pollutants aiid/or the fish population
of the affected area, and will occur when surface water becomes polluted
through the introduction of excessive amounts of toxic chemicals and/or the
depletion cf oxygen to a degree that the aquatic environment become lethal
to any or all fish in the polluted watei'.

"President's Science Advisorj- Committee, "Agricultural Wastes,"
KSsi2£.iUi5 the 2Li;i±itT. of Our Environment, I, Report of the Enviromental
Pollution Panel, Washington: 1966), p. 170.

7
American Society of Agricultural Engineers, Proceedings of the Nation-

al SESicsium on Animal Waste Managremenb (Publication No. SP-0366, "

St. Joseph:
1966)

.



'"'H^'

li,ttle more thar, an acknovTledgejient that a problem does exist. Two note-

worthy exceptions are a study by Miner to determine the nature of feedlot

runoff and its water polluting potential, and one by Loehr, who is presently

evaluating a systeir. designed to treat wastes find alleviate nuisance raid

stream poljution problems associated with cattle feedlot operations,

°

Purpose of the Study

To date there has not been a study that has investigated the cattle

feedlot industry to determine the reasons the industry has become a major

source of nuisance and pollution, and/or the actual effects of feedlot

pollution upon the environment of a given area. Therefore, tlie purpose of

thjs study i£ to detenrane: (l) the growth of the cattle feedlot irjaustxy

of tlie United States and its problem of animal waste disposal.; (2) soice of

the salien.t cultural and physical factoi-s which ai-e responsible for feedlots

being a major source of environmental pollution; (3) some actual effects of

feedlot-derived pollution upon the environment of a given area; and (I^)

some proposed methods of abating feedlot-derived pollution.

'^J. R. >aner, "Water Pollution Fctentlal from Cattle Feedlot Runoff"
(unpublished Ph. D. dissertation, Kansas State ITnJ.versity, 1967).

9
R. C. Loelir, "Annufd Progress Report to the Federal Water Pollution

Control Adjtdnistration on Deraonstration Grant WPD 123-01-66, Cattle Feedlot
Waste Water Treatment," (Lawxence: Uriiversity of Kansas, July, 1967).
(Mimeographed.)



CHAPTER II

P/OLCTION OF THE CATTLE

FS51DL0T EOuSTrif: 1950-1963

Trsnsndcus gains in the efficisr.cy ji' agi'ievj.tural proc'uicticr. is

t!"ie United ocatej have drastically charged the traditional 'irievr of a farm

as an Isolated sc-ir-gufficiant microcosm. In pisrhaps no o'ther phase of

agriculture has the impact of change been greater thaji in the livestock

industr;/. Until post World Wai- II, many beef cattle were raised in rela-

tively smaj.l herds by indi\d.dual fannsrs. Tne cattle were pasture-fed

during the waiT. months and grain-fed only during the vdnter. jVdjnal iraste

problems -rfers minimal. The cattle graaei in pasxures much of the yeai- at

low densities per acre; the vasi.e decomposed and was recycled through the

soil vith. a nirilnuin of d:rec'„ release intc the environment; animal waste

that acci^;.rL!lated in the bsjri.yard in the winter 'lonths vras returned to the

soil by tie famor during spring plorang. Under thj.s system of beef pro-

duction, smmal waste was generated in manageable quantities.

I. Dli;iffiLO.FMEi:-(T OF FEEDLOT IKDUSTm

After World uiv II there was a shift from the primarily pasture-fed

small herds to grain-fed large herds in the maior cattle feeding areas. In

1950, approximately 4,;,00,G00 cattle wore on feed in the UrAted States;

within eighteen ye=r:; ilie niLtbor had increased 16-2 per cent to 11,541,000



(Table I). i majority of the cathle feeding operations have been, &nl

ooiitir>i;e to be located in an eleven 3tat? area (Fi^jre l) . In Janr.ary of

1968, aXuost 78 per cent of all beef cattle on feed were concentrated in

Sliagk,.£'-?-£3edl"t3 in the Urdted States

Conmercisl fesdlot^ are defined bj- the {TrJ.tei States Department of

Agriculture as lots witii a capacity to feed one thousand or aicie cattle In

a confined area. Icuug cattl-^, veigaing from four to seven hundred pounds,

8,re fed highly concentrated rations of grain, ?ilage, and £aditi"'es. The

oojecti-ve is to achieve j mei-.imi.ra rate of veigh.t gain in the shortest pos-

sible tiiue. The cattle are coi:fi:'ied in pcnr (Figure 2) at densities ranging

from seventy to four hundred head per acre. ^ Densities vary according to

cattle size, time of yea^-, and the degree of capacity achieved in the lot.

Attempts are made to obtain the maxlmiio rate of weight gain, Tre average

rate of gain is a ].ittle under tliree pounds per day, but uiay vary ooasider-

sbly between and i;itliin lots. Cattle remain in the let for three to five

month.s until they vraigh between eight and e3.even hundred pounds. They are

then sent to other feedlots for additional finishing, to terminal markets.

tTn3.ted States Department of Agriculture. Agricultural Statistics:
1267. (Washington: Government Printing Office, 1967) , p. 367; United
States Department of Agriculture. Agricultural Statistics: 1968.
(Washingt.on: Government Frir^ting Office, I96S) , p. 309.

•'-'Ibid . p. 308.

1?
"John C. McCoy and Robert V.u}ir:iian, Some Economic Aspects of Corg-.p-,--

Sisl Cattle Feejijjjjj in Kansas, Agricultural Experiment Station S^lletin /<.2l.

(Kanhattan: 1960), p. 17; 3. A. V/ittwer, "Ardmsl Vfaste Management,'' Pro-
SSSi^Utgs of the National Symoosium on Animal Uaste Management, American
Society of Agrioul tura.1 Engineers, Publication Number SP-0.366, 1966, p. 8.



NUKRER OF CATTLE AND CALVES OM FEED,
unite:) states, JANUARY 1, ^1950--1963^

Number
(in thou^ancis)

1950 4,390
1952 4,961
1954 5,370
1956 5,929
195S 5,898

i960 7,574
1962 8.520
1964 9,845
1966 10,582
1968 11,451

The nuir.ber of cattle grain-fed varies seasonally. It normally
reaches a peak in mid-winter, declines in Tiiid-suni:ier and increases
again in the fall.

b
United States Department cf Agriculture. Agricultural

Stati s tics : 1950-1966. (Washington i Government Printing Office, 1967),
p. 367; United States Departnant of Agriculture. Agricultural
Statistics: 1_S6S. (Washington: CovecDj.ent Printing Office, 196S) ,

p. 309."
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Fig. 2. Part of a ten thousand head feedlot.
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or direotly to pa3kars.

Althoagh complete data arc not available, there is evidence that, in

the major cattle feeding states, an iiicreaeing number of cattle are being

fed in, and subsequently marketed from comnercial feedlots. The rpjinber of

cattle marketed from non-coranercial lots (those of less than one tl'iousand

head capacity) in the eleven major cattle feeding states increased 38.4. per

cent from 1962 to January 1968 (Table II). During the same pericd the num-

ber of cattle marketed from commercial feedlots increased 96.5 per cent

(Table III)

.

The number of non-ccmmercial feedlots has consistently been greater

than that of the commercial lots in the major cattle feeding states, but the

degree to which they dominate has begu.n to decline. In 1968 there were al-

most fifteen thousand fever non-oomnerci-al feedlots in the area than in

1963 '.Table IV). This represents an 8.7 per cent decrease in tjie nijiaber

of non-ccmmercial feedlots. The nuiaber of .ccmmeroial lots in the area

however, increased over 36 per cent from 1962 to 1963 (Table V) . The in-

crea.3e iii the muiiber of commercial feedlots has been paralleled by a corre-

sponding Increase in the size of the feedlots. This phenomenon is occurring

not only in the major cattle feeding states, but in the thirty-two states

(including the eleven major cattle feeders) .from which the United States

Departme-at of Agriculture collects feedlot data (Table VI) . Table VI re-

veals thst in all the cattle feeding states oiay 9 per cent of the commercial

lots had a capacity of eight thoiisand or more cattle in 1962; six yeaj-s

latei- the figi^rs was 21 per cent. During the same period the number of

l^ibld,
^ p. 21.
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lots of sight tbonsand or more capacity increased 92 per cent in the eleven

Eajor cattle feeding states (Table VII). Moreover, the trend tovard more

and larger feedlots is accelerating. An excellent exeisple is Kansas which

has witnessed a phenomenal S30 per cent increase in the n-jinber of coimercial

feedlots between ,1956 and 1967.

Growth of Feedlots in Kansas

Kansas presently ranks fourth in the nation in the total number of

all cattle and, since 1950, has consistently teen one of the top eleven

cattle-feeding states. Within the state the number of cattle on feed

has increased more rapidly than has the number of all beef cattle as seen

in Table VIII,

The great change in livestock prcddotion has occurred within the

past deca;le. V/hereas there were only ten coirmercial lots feeding a total

of 30,000 cattle in 1956, en January 1, 1967, the nombers were ninety-three

and 311,000 respectively (Table IK). This is an increase of 830 per cent

in Tie number of commercia: lots and 903 per cent in the number of cattle

on feed in the lots. Further the tre:id toward more lots is continuing; in

Jama.ry of 1967 there wero ninety-three commorclal feedlots in Kansas, by

September of thai: year the ;r.;mber had increase.! to one hundred five ccm-

mercial lots." In Ka^:sas, as in many of the other major cattle-feeding

ninited States Department of Agriculture, Cattle and Calves on
IsM, 1250-1562, Statistical Reporting Service (Vfashington: Government
Printing Office, 1950-1967).

'Based on figi.ires from the Kansas Crop and Livestock Reporting
Sei-vioe, Topeka, Kansas, and the Office of Livestock Sanitary Comirissloner,
Tqpeka, Kansas,



NUMBER OF COMf'tERCIAL FEEDLOTS KITH A CAPACITi'
EIGHT THOUSAND OR MORE CATTLE IN MAJOR

CATTLE FEEDING STATES, 1962-1953^
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State

Arizona
California
Colorado
Illinois
Iowa
Kansas
Minnesota
Missouri
Nebraska
South Dakota
Taxas

1962

18.

53
13

8

11

lA

1968

19

73

26

4

25

23

53

117 223

United States Department of Agriculture,
Number of Feedlots by _Size Groups and Number of Fed
Cattle Marketed: 1962- 196^ , Statistical Reporting s"^ervice,
(Washington: 1966), pp. 2-3.; United States Department
of Agriculture, Cattle on Fee_d, Cattle Sold for
Slaughte r—

S

elected Markets, Statistical Reporting
Service, (Washington: January, 1969), pp. 22-23.
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TA2L^ VIII

CATTLE ON FEED AS PERCENTAGE OF ALL BEEF CATTIE,
KANSAS, JAMJARY 1, SELECTED YEARS f-

All Beef Gettls Cattle en Feed
Cattle On Feed as % of all

Tear (thousands) (thousands) Beef Cattle

5.6

7.3

10.6

^Compiled from varlo^-is publications of Kansas Crop and
Livestock Reporting Service, Topeka, Kansas.

1954 4,304 216
1959 4,324 293
1965 4,848 407
1967 5,506 586
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TABLE IX

NUMBER OF Ca«ERCIAL FEEDLOTS AKD CATTLE
IN LOTS, KANSAS, JAWUABI 1, OF SELECTED YEAHS^

Cattle
5^*ar Lots (th.cij.3and)

1956 10 30
I960 23 58
1965 63 200
1966 Zi 260
1967 93 311

Compiled from vai-iaas publications of
Kansas Crop snd Livsstock Reporting Sen-ice,
Topeka, Kansas.
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states, the devslopment cf the oonnercifil cattle feedlob industry has been

a direct aitgrowth cf several .factors.

II. FACTORS Hi THE DETClO^iHST 0? FEEDLOTS

Several aajor factors are responsible for the great incrsase in tl'ie

nuirber of cattle on feed, the number of commerciol feedlots, and the large

capacity cf T,he lots. Vfcile the factors belov apply specifically to Kansas,

many of them have had seme influence on cattle feeding operations throughcut

the (Jnited States.

Technoloaicfil Ajvances

The availability of feed grains is perhaps the single most important

factor in the devel.opment of cattle feedlots and the availability increased

in response to the development of teahnology. Dr^oiight-resistant sorghum,

intr.^ucsd into the Great Plains during the 1930' s, had the potential to

make a great impact upon the cattle feeding industrj' as its feed value was

almost e.jusl to corn. However, the plant did not lend itself to mechaniza-

tion until plant breeders literally tailored Uie crop to fit available

machinery. In areas too dry for corn, sorgh-om provided vdnter feed as

grain, silage, and forage. In these sane areas sophisticated irrigation

techniques i.-ers developed that enaoled farmers to grow not only assured

supplies of sorgivjii, but corn as «ell. The development and use of hybrid

seeds, fertilizers, and pesticides greatly increased grain yields per acre.

These developments were applied to all gr3J.n orops including wheat '..'hich

eventually caT.e under a federal program of restricted aci'eage. lihen this

'L. Heystead and Gilbert Fits, The AgriorJtural Regions of the
United Sto+e_s (Norman: University of Oklahoma Press, 1956), p. 193.
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occurred many wheat farmers planted their diverted aheat acreage to un-

restricted sorghum and the supply of livestock, feed grain increased. Other

technologicaJ- advances, including improved feed-haadling systems, better

disease control, and the development of feed supplements, have enabled one

man to manage thousands of animals i-athin an area one-tenth .as large as

that required twenty years ago.

Increased Markets

Population growth and increased affluence have generated a grovdng

market for meat products. Betxreen 1950 and 1968, the population of the

Dnited States increased approjrimately forty-seven million) during the same

period meat consumption (excluding poultry, fish, and gaiae) increased from

144-6 to 17-9.2 pounds per capita. The beef industry profiled greatly from

the increased consiimption (Figure 3) . In 1950, beef made up 43 per csnt of

all meat consoned; in 1967 beef constituted 60 per cent of all meat eaten

in the United States."'18

Monetary Return

Its last uj.ajcr fa-:; tor to be considered in the development of the in-

dusti-y is the profit i^otive. With efficient raanager-ent, the concentration and

and feedi.ng of thousands of cattle in a suiall area ca:-; be a lucrative business.

Approxi.aately one hundred a.cres are required for a 20,000 head feedlot. '

17
'C. S. Morrison, "Far.tj J^-iimal Waste Problems," Proceedings, of the

Es.iional 3ymD_q2iiyn on Animal Waste Ms-tiageaent . Air.erican Society of Agricul-
tural Engineers. Publication No. SF-0366, 1966, p. 3.

18
United States Deparbuient of Agriculture, Agricultural Statistics .

1263 (V.'ashlngton: Government Printing Office, 1963), p. 358".

19
ihis acreage -.fculd be exclusive of office '-pace, feed storage

facilities, sjid of course cropland.
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Two herds of this size can easily be fed each year vd-th a H'jt profit of

five Jollsrs per head or a total of two 'thousand dollars per acre.'''^ A

per-aore net profit of this magnitude is nuch higher than could be realised

from the groirth of any crop, with the possible exception of a specialty

crop. Too, economy of scale is an important consideration in the size of

operation. Studies in Kansas indicate that per-head non-feed costs of

large fesdlots (twelve to twenty thcasand head) are less than the same

costs in lots of fevrer thaii twelve thoijsand head. It was suggested that

even furtlier enonoiaies could be gained by still larger lots.
''•-'

Thus the combination of techjp.ological advances, increased markets,

aad financial re.-rards has fostered a thriving industry, and at present

there is every indication of even a greater concsntraticn of livestock

enterprises in the future. Despite the continu.ed success of the industry,

there are sorje probleins in transportation, feed storage, and continuous

disease vigilance, but the single most serious threat to the industrj' today

is that of animal waste management . ^~

III." ANIMAL WASTE liAi^IAGSMENT

The growth of the feedlot industry- was so rapid and apparently so

successful that few realized the full significance of the fact that each

T. M. Gtubblefield, "Problems of Cattle Feeding in Arizona as re-
lated tc Animal Waste Management," Proceedings of the National Ssscsium on
Animal Waste Msna^enent, American Society of Agricultural Engineers,
Publication No. 3P--0366, I966, p. 121.

J. C. McCoj, aiid C. C. Kausman, Jteouomlcs of Scale in Commercial
Cattle Feedlcts o£ SimsaR—An Analysis of Hon-Feed C^ts, Kansas State
University Tech. Palletin 151 (Manhattan: 1967), p. 35.

22«
Stubblefield, p. 120.
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animal requ?lred caitput as well as input. As a resu.lt manure is new piling

up fastar than feedlot operators can dispose of it. Animal waste disposal

has grovm to such dimensions it is probably the major unsolved problem in

the oorj'inerient feeding of livestock and poultrj''.

Magnitude of Waste Accujsulation

It is difficult to obtain an accurate average figure en snical waste

production. Published v.elaas vary in estimating the aciount of manure pro-

duced by beef cattle in feedlots because of differences in; 1) size of the

animal-, 2) type of rations fed, 3) housing ar.d management praotloec, 4)

manure handling and collection methods, and 5) analytical teclam.ques employe

m measuring the waste.' Despite the difficulties in obtaining accurate

data on waste e]J.mlnatio!i Tslgarades ar.d Loehr did achieve remarkably simi-

lar results. Taigsnides found thst the amount of waste voided by a beef

animrii as a percentage of body veight approximated 6.4 per cent; in a

separate st.idy Loehr computed the amount to be 6.6 per cent,""' Tsig-onides

compare;! the dally amount of waste voided by man to that of tlie animals he

raises (Table X) and considered sixty-four pciinds per day to be a represent-

ative fig^'ire for the amount of manure eliminated ty a one thousand pound beo.

animal. Loehr computed the amount of waste elijninated daily by a nine hun-

dred pound steer to be sixty pounds of wat msirare, of v;hich forty-thres

21
'President's Science Advisory Committee, p. 170.

^l. C. Loehr, Pollution Implic ations of Aidmsl Wastes—A Foivard
Oriented Review, Federal. Water Pollution Control Aariu.nJ.3tration, (Ada,
Oklahoma: Robert S. Kerr Water Research Center, I96S) , p. ?1.

^^IMa., p. 36.



TilBLE X

COMPARISON OF A'ffiRAGE DAILY AMCITJT OF
WASTK VOIDED BY 1«M AIID BY FASK AiJfilALSa

Species Live Weight V/aste

(lbs.) (lbs ./day)

Man 150 3.9
Chicken 4-5 .26
Swine 200 I4.0
Cattle 1,000 64.

"S. F. Taiganiiles wiu T, E. Hazen,
"Properties of Farai Animal Excreta," Transactions.

5f Aj.erican Society oT AgrlcvJ tural Engineers,
9:375, 1966.

26
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The value obtained by Loehr may be used to give ar. indication of the

magnitude of waste accuiriulation in a commercial feedlot. If these figures

are accepted and projected, a total amount of 7.84 tons of faces per year

per nine hundred pound animal or almost eighty thousand tons are defecated

annually by the cattle in a tan thousand head lot.'"''

Common Disposal Method

Land disposal, the spreading of man-ure on crop land, has traditionally

been the most widely practiced method of barnyard-waste disposal. Vftien snail

volumes of waste are involved thjs method is often setisfactorj^, but when

vast quantities of animal wastss are generated the practicality of this dis-

posal method declines. Even with relatively heavy applications of fifteen

tons of majuire per acre, it waild require approximately 5,200 acres to dis-

pose of the feces generated in a ten thousand head feedlot. It is not sur-

prising that few of the large operators have sufficient land to aooamaodate

all the bulk maiiure generated in their lot. In an effort to utilize this

method of disposal some feedlot operators in Kansas give manure away and,

if necessary, assup.e the cost of transporting it to their neighbors' fields.

^^Ifcid., p. il,

"The following computations were used to obtain these figures:
43 pamds of feces per day x 365 days x 10,000 cattle r- 2,000 pounds avoir-
dupois. The assLumptions are made that: l) the average vreight of each
animal during its confinement will approximate 900 pounds; 2) the average
feces CTitput per animal will average 43 pounds per day; a'ld 3) the lot will
operate at full capacity for 365 days during the year. It is acknowledged
that all of liese assumptions, particulai-ly the latter, may not be totally
realistic and are meant only as an indication of the voli™e of waste that
must be managed in a feedlot.
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Same probleas still e;d.£t for those -.oho are fortunate enough to have

sufficient lar.d to aooommodate all the manure produced in their lot; cnoe

the fields have been seeded this method of disposal cannot be utilized

a^ain until after the crop has been harvested—a period of perhaps a

hundred or more days. Yet during the planting, grovdng and harvesting

season a ten thousand head feedlot may produce in excess of t«enty thou.sand

tons of manure that must be left to accumulate on the feedlot floor or be

scraped into huge mounds to av;ait fall spreading. Under such ciroumstsnoes

manure can only be put on the fields dxiring the fail, winter, and early

spring. In areas where the ground freezes during the winter months, the

cohering of manure may wash away during snow melt or heavy spring rains

before it can be plowed under. When this occurs large quantities of manure

may be carried into rivers and streoas.

J2p.st_pf Waste Disposal

Not only is the traditional method of animal waste disposal unsatis-

factoi^j- in several respects, tlie collecting, hsuUng and spreading of manure

onto the fields is tlme-consumi.ng and expensive, A study, conducted in

Michigan, revealed that an average of thi'.rty man-days per year was required

to collect, haul, and spread the manure generated by 21S head of beef

cattle. - On the basis of this study it would require approrlmately 1,300

man-dsys to dispose of the manure generated by the cattle in a ten thousand

head feedlot.''

2S.

,

£. T, Benn, C. R. Hoglund, and E. E. Longneoker, Ardmal Kanures

—

What Are Thev Worih Todgv? , Michigan Agricultural Exoeriment Station,
B-ulletin 231 (Easi Lansing: 1961), p. 13.

29
This straight line projection aay not apply in a large commercial

feedlot. In lots of this type specialised aquipment is often used. There
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Nutrient Value of Manure

Hot only is the cost of handling expensive in time, but the maximna

value of tiie manare as a source of plant nutrients is seldom obtained. From

20 to 60 per cent of the originsJ, plant nutrients are contained in tlie

liquid portion of manure; if the manure is allowed to acoimulate on the lot

withimt bedding to absorb and hold urine, over 50 per cent of its nutrient

value is lost through evaporation and percolation.- Precipitation further

reduces the nutritive value of the manure. A rainfall of 1.5 inches will

remove a lai-ge part of the soluble nutrient through runoff and leaching. ^''

Another unsatisfactory aspect to the utilization of manure as ferti-

lizer is its low monetary value, even when all nutrients are retained. Tne

values derived by Ta.igcnides in Table XI reveal that of the three major

simrces of animal fertilizer, cow manure has the least potential worth. As

a result; it is often more economical and beneficial, to apply chemdoal ferti-

lizers, which retain full potsncy, than, to apply cow manure with its low-

nutritive value. The app]loal,ion of manTire as a means of improving the

tilth, structure, and humus content of the soil is of muoh more benefit and

is a need for detailed cost studies in waste removal and disposal in large
feedlot operations. The feedlot operator does not usually know the time
and money expenditure involved. For instance, it was found that none of
the operators of commercial cattle feedlots in the Upper Neosho Watershed
of east central Kansas would even attempt to estimate the cost of waste
removal and disposal from their lots. let these operators appeared to be
astute businessmen who had figures on weight-gain, feed costs, transporta-
tion charges and many other variable and non-variable operation expenses.

30
E. P. Tfflganides, The Value .of AnJ-mal Manures . Behlen Manufaoturint?

Co. (Coluiribus, Keb., I964)
, p. 9.

T'l. S. Anderson, "Farm Manure," Soils . Yearbook of Agriculture,
U.S.D.A (V/ashington; Governjnent Printing Office, 1957), p. 2'3A-
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T,43LE XI

POTENTIAL WORTH OF ASD^L KiAMURFS ASSin-lING

NO LOSSES FROK TOTAL EXCRES'lSKTa

Potential Dollar Value'' Per
1,000 Lbs. Live Weight

Manure Day

lo.zo

Year

$71.00

Ton 1,000 Gsis.

Hen 17.00 129.00

Bog 0.11 i2,00 3.^0 U.oo

Cattle 0.07 26.00 2.30 9.4.0

^E. P, Taiganides, The Value of An:imsl Manures, Behlen
Manufacturing Co. (Col.iimbuSj Neb., 1964.), p. 8.

Based on current (196i) retail prices of 12, 10, and
5 cents per pound of nitrogen, phosphoric acid and potash
respectively.
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importance than is either the quantity or quality of any fertilizer that

may be derived from the laanure. However, it is questionable as to whether

these soil-building attributes of aanure are sufficient to overcome the

expense involved.

Cognizance of the high cost factor in animal-waste management was

noted by the Chief of the Office of Solid Vkste of the U. S. pijblic Health

Ser'/ice who stated: "Entirely apart from the environmental problem associ-

ated with the practice of manure spreading on open fields the sheer cost

of field spreading ... is becoming more and more economically unaccept-

able."'' In addition to the problem of disposal, tlie presence of a twenty-

thousand-ton majiure pile cen be, and all too often is, a constant source

of nuisance and environmental pollution.

Success vs. Failure

The growth of the coniraercial cattle feedlot industry in the United

States was very rapid. The factor's of a cattle-raising hi.story, feed avail-

ability, disease control, and expanded markets produced the necessary con-

ditions which fostered a thriving industry. It would appear tJiat technol-

ogy, which was in large part reoponsible for the success of the industrj-,

has failed to find a solution to the major problem of anlnial. waste accumula-

tion. However, it has not been the failure of applied technology £er se,

hut rather a failure of the operators, public officials, engineers, and

other interested parties to devise the proper technology to be applied to

^^Vasley E. Gilbertsou, "Animal Wastes: Disposal or Management,"
P,rocee.dings of the National Symposium on Animal Waste Management. American
Society of Agricultural Engineers, Publication Ko." SP-03&6, 19&6, p. I/.4.
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be applied to the problem. The grovith of tl-.e industry occurred so quickly

that the industry was confronted \d.th a massive problem before It became

aware tliat any problem existed. It is ironic that the very success of the

industry and the rapidity with which it developed are largely responsible

for the major problem of anijcal waste disposjl wtiich threatens the industry

todsy.



CHAPTER III

CA.TTLF, FEEDLCI3 A3 A SOURCE OF POLLUTION

Feedlot pollution affects all the basic element? of the physical

enviroiment: the air, land, and v/ater. The air is polluted by dust said

offensive odors. The soil may became pollutsd by the excessive leacViing

of minerals and elements from ariaal wastes into the ground. The najor

problem and greatest danger of soil pollution is its ultimate effect upon

ground and surface water, for it is the ]i.quid reaLai of our physical en-

virorjinent that has been the most sericniEly affected by feedlot-derived

pollutants

,

I. WATEli POLLUTICN

The physic pJ, cherdcal, and aesthetic quality of water ha.s declined

as a direct consequence of feedlot-derivad pollution. Manifestation;; of the

feedlot pollutants in water have been massive fish kills, unpalatable drink-

ing water, and the abandonment of water-recreation areas, V/aste naterial

carried into lakes and streams by feedlot runoff is considered by some to

have resulted in pollution as, ". . . detrL-aental to a receiving water body

as that of the wastes of any other iudus tr;^ . " '' It is considered by still

ctJiers to be the lea.iing uncontrolled source of water pollution in soce

areas. The Assistant Director of Environmental Health Ser"»'ices of the

^%. £. Dept. of Hea].th, Education and Welfare, Pollution Caused
Fishkills in 196/.. Public Healtji Service Publication No. SUI (Ifeshington:
Government Printing Office, 1965), p. 3.



Kansas State Department of Health reported that "currently in Kansas • . .

air most significant uncontrolled source of water pollutants is surface water

runoff from tlie confined feeding of domestic livestock,"^'*

Areal Variation in Occurrence

Surface-water pollution derived from foedlot waste is not everj"where

equal; indeed, it may be shown that the deleterious affects of cattle feed-

lots upon the water environment vary considerably from place to place. The

state of Kansas may again be cited as an example of the areal variation in

the incidence of fsedlot-derived water pollution. The meridian at 9S° 30'

West Longitude ccnvenj.ently divides the state into two aliiost equal parts.

Althoiagh both the eastern and western sections have almost an equal number

of cocmercisl feedlots (fifty-two and fifty-three respectively) as shown In

Figure /+, the eastern section contains only 39 per cent of all cattle in eoir;-

mercial feedlots within the state; yet, the occurrences of water pollution

attributed to feedlot wastes have been roach greater in number and nroch more

severe in nature in the eastern part of the state. This is evidenced by

Flgiire 5 which depicts the nuniber and location of fishkills that have occurred

in Kansas during the six year period, 1962 through 1967. In each instance

the kills were attributed to the decline of water quality as a consequence

of the introduction of feedlot-derived wastes into the river system.

Thus it is obvious that cattle density alono is not responsible for

feedlots' being a major source of pollution. In order to determine some of

the more salient factors respoiisible for feedlot-induced pollution, the

-^^"i. E. Gray, "Cattle Feedlots and Pollution" (paper read at Hamada
Inn, Topeka, Kansas, March 3, 1967).
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properties of the poUutsnts, and the effect of polliitants upon the physioaJ.

envirorixaont, studies were conducted in a section of east-central Kansas, the

Upper Necsho Watershed.

II. FEEDLOTS IK THE UPPEH NEOSHO laTERSHSD

The Upper Neoaho Watershed of east-central Kansas was studlsd to

detemine the role of the ocnroercia!), feedlot irJustry in producing pollutants,

and the effect of the pollution upon the natrral or physical envircnnient.

This area vas selected for the following reasons: (1) it is one of the major

centers of the feedlot industry withi^. the state; (2) it has e.-rperienced 2rjeh

of feedlot-derived pollution; and (3) it is accessible for field study.

Physical and Economic Parameters of Study Area

For the purposes of this study, the Upper Neosho Watershed is defined

as all the area drained by the Neosho Fiver above the John Redncnd Reser/oir

Den, It encompssses the drainage basins of all the Neosho's upstream tribu-

taries. Including its major one, the Cottonwood River (Figure 6), The Upper

35Neosho Watershed covers approximately 3,015 square lailes. The study a-fea

includes most of Morris, Marion, and Chase Counties, much of Lyon County,

tlie northwestern quarter of Coffey County and very s.call sections of

Wabaunsee and McPherson Counties. The study area borders the Great Plains

on the west aiid lies wholly within the Flint Hills Upland and the Osage

Cuesta of tlie Centra], Lowlands (Figure 7).

The major economic activity of the Flint Hills and Osage Cuesta is

agricultui-e. The lush bluo-stec covered uplands support a thriving

-''state of Kansas, State W;iter Flag Studies. Necsh o Unit. Kanss
Water Resources Board (Topeka: 196z)

, p. 41.
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beef-grazing industry. In tb.e lowland '/alleys are many cash grain and gen-

eral farms where corn, winter wheat, oats, and hay are important crops. -^

Site and Situation of Feedlcts

The Upper Neosho Watershed constitutes less than 4.0 per cent of the

total surface area of Kansas; however, as of September, 1967, the study area

contained 10 per cent of all the coimnercial feedlots in the state and 23 F®^

cent of all cattle in oommercial lots. A total of twelve commercial lots

containing approximately 76,5000 cattle are situated within the viatershed

37
(Figure 8)

.

The twej.ve commei-cial feedlots in the watershed are concentrated in

Chase and Lyon Counties, and with the exception of one lot are located on

the higher margins of the flood plains of the Cottonv/ood River and the South

Fork of the Cnttonvjood River and on the uplards immediately adjacent to the

flood plains. A sloping site away from the river is usually selected to

minimize danger of flooding and to insure sufficient slope for adequate

drainage. The latter is an important consideration in feedlot site selection

in the area as is slope orientation. All feedlots, except one, are located

on soiith or east facing slopes.

The topographic details of ten of the twelve feeding sites are shown

in Figures 9-12. The feedlots are numbered for identification; the sizt of

-^^Huber Self, Geograchv of Kansas (Oklsiioma City: Harlow fublishln--
Co:tp., 1960), p. 27.

^7
'' In October, 1967, the twelve lots had a capacity of 76,500 cattle.

Since livestock are moved into or out of a lot almost daily, the actual num-
ber of cattle on hand in a large lot may fluctuate as much as a thousand head
on any given day^ However, most lots operate at near or even over capacity,
particularly during fall and winter months , Thus lot capacity figures may
be used to approximate tlie number of cattls in any lot.
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operation and period of time located at present site are given below:

Mumber 1: The lot is approximately forty-five acres in size and has

a capacity of five thousand head of cattle. The lot has been in operation

since I960 (Figure 9)

,

'

Number 2: The lot is approximately forty-five acres in size and has

a capacity of forty-five hundred head. The lot, which has been in operation

since 1951, also feeds approximately fifteen hundred hogs (Figure 10).

Number 2: This is the single largest lot in the watershed, both in

area and capacity. The lot is approximately two hundred acres in size and

has a capacity of twenty thousand head, when visited in October, 1967, less

than seventeen thousand cattle were being fed, but several thoiisand more

head were expected within a few days. The lot has been in operation sinoe

1951 (Figire 10)

,

Number i,: The lot covers approximately forty acres, feeds forty-five

hundred cattle snd has been on this site since 1963 (Figure 11)

.

Number 5: This lot is approximately forty-five acres in size and

feeds f-rty-five hundred cattle. It has been in operation since 1965

(Figi^re 11)

.

Number 6: The actual feedlot operation covers approximately eighty

acres. The lot which began as a sma].l operation in I94I has a present

capacity of ten thousand head of cattle (Figure 11).

Number 2: The pen area of the lot covers approximately thirty-five

acres. The lot has been in operation since 1951 and has a capacity of six

thousand head of cattle (Figure 12),
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Mumber 9; Kiis lot contains apprcxlmately one hundred and five acres

and has been in operation since 1950. With a capacity of twelve thousand •

head it is the second largest in the study area (figure 12)

.

Number 2.- The lot is thirty-five acres in size and contain fifteen

hundred cattle as well as several thousand sheep (Figure 12)

.

Number 10: This lot has a pen area of approximately fifty acres and

feeds fifty-five hundred head of cattle (Fig-are 12)

.

In addition to those above, there are two other lots located on the

South Fork of the Cottonwood. The one farthest south (Figure S, p. /jl) is

located on the uplands immediately adjacent to the flood plain. 'Ihe lot

covers an area of approximately tvfenty acres and feeds one thousand csttle.

Lot Number 12 is located approximately one mile north of Lot 11. Its fcrty-

acre feeding area is situated on the flood p.lain and has a capacity of two

thousand head.

Concentration of Feedlots Near Emporia

Nine of the feedlots in the watershed are located along a forty-seven-

mile stretch of the Cottonwood River from Emporia to a point four m.iles west

of Strong City. The greatest concentration occurs at Emporia where four lots

daily feed a total of twenty-five thousand cattle. Emporia is the largest

olty in the area and contains approximately 40 per cent of the watershed's

population. In the past decade, both the numbers of cattle in the feedlots

and the population of Emporia have greatly increased, and the city is now

faced -with problems of foul odors, insects, and aesthetic decline of the

areas near the feeding lots.
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Many feedlot operators consider it too expensive to move to more

rural locations. Any advantages usually obtained from increased efficiencies

of operation are not great enough to offset the cost of constracting new

pens, feed bunks, water systems, and the moving or replacing of feedaill

facilities. The operators at Emporia have the additional advaritsges of an

ideal location for both truck and rail transport plus a packing h~jse situ-

ated less than a mile from the lots. The location of feedlots to the west

and northwest say create problems for the continued growth of Emporia, as

the city is vulnerable to flooding on the north, east and south (Figure 13)

;

thus flood-free development can ordy expand to the west and northwest into

the area v.'here the feedlots are presently located. In addition, odors and

insects associated vdth the feedlots may act as deterrents to the further

westward development, Emporia is particularly vulnerable to feedlct odors

as prevailing winds from the southwest quadrant cai-i-y feedlot odors through-

out the city (Fig>.ire 13)

.

Accumulation ajid Disposal of Feedlot Wastes

It was noted above that a nine hundred pound steer defecates alaost

eight tons of manure a year exclusive of urine. The volume of manure de-

posited in the commercial feedlots of the Upper Neosho is in the magnitude

of 600,000 tons annually. All of the operators utilize manure as top dress-

ing for their grain and roughage fields (Figure I4) , but only five own or rent

sufficient land to utilize all the manure generated in their lots. Five

others spread the excess manure on their neighbors' fields. The remainder

hire private parties to scrape and remove much of the manure from their lots.

In three of the lots the bulk of manure is 30 great that special equipment

must be used (Figures 15-16). It is interesting to note that all the feedlot
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Fig. 14. Traditional method of animal waste disposal.
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Fig. 15. Cleaning a feedlot In the Upper Neosho Watershed.
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Fig. 16. A paddle-wheel scraper used to clean feedlots.
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operators of ttie Upper Neosr.c Watershed complained of the cost and labor

involved in removing enLmal vastes fron their lots, but when asked, they

either could not, or would net, give an estimate of what the cost might be.

However, some indication may be gained from Stubtleflsld' s study of momire

removal cost in Arizona feedlots. He found that when the amount generated

exceeded the quanti ty that could be readily disposed of, the cost or removal

was 11.00 to $1.50 per ton. He further noted that a product tliat was once

an asset has become a definite liability.

Despite relatively heavy manure applications of fifteen or more tons

per acre to cultivated fields, ten of the operators periodically apply com-

mercial fertilizers, particularly phosphates. Most feedlot operators ooa-

sidered the manure to be more important as a means of improving soil tilth

and structure than as a source of plant nutrients.

Feedlot Effluent as a Kaior Pollutant

In the Upper Neosho Watershed, pollution from feedlots anpears to

have been most devastating to the aquatic environment. The quality of the

water, particularly surface water, has been greatly altered by the physical

and chemical changes brought about by the introduction of wastes in the form

of manure, bedding, urine, feed, hormones and pesticides from feedlots into

the aquatic environment.

Tliese feedlot wastes, kno'jn collectively as feedlot effluent, are

physically moved from the feedlot, 'ay gi'avity alone or with the help of a

transporting agent such as water plus gravity. By far the greatest amo'jnt

of feed].ot effluent is carried froi-i the feedlot as solids or in solution by

^%tubblefleld, p. 121.
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preoJ.pit,ation ranoff. The moveinent of surplus pracipitation across a lot

initiates the movement of fsedlot wastes or effluent into streams and lakes.

If the deposition of pollutants is e-,:oessive, the self-cleansing ability of

£ water body is impaired, and the quality of the aqiiatio environment id.!!

deteriorate.

III. FiCTOES EFFECTING TIIE AMOUNT OF RUNOFF

If movement of all or at least niost of 'tlie wastes from the feedlot to

tiie streams could be eliminated or grestly reduced, a major source of water

pollution in feedlots areas cojld be elininated. There are two sets of fac-

tors, one physical and the other culfrjral, which govern the quantity and

quality of effluent carried from the feedlots by runoff.

Ssii?i?5.LJl£St2S§.

The physical factors ai'O phenomena over which the operator has little

or no control. The most importaiit are precipitation, temperature, slope and

soil pam-eabiiity.

Precipitation. Since water is the primary transporting agent of

effluent, it would be expected that the greater the amount of rainfall, the

greater would be the amaant of effluent carried from the lot; however, this

is not nec23sarily true. It has oaen found that the intensity and duration

of rainfall exert a greater Jnfluenoe upon the quantity and quality of efflu-

ent runoff than doej tJie total smount of precipitation. Low-intensity precipi-

tation over extended periods produces more heavily polluted runoff than do

hith-intenslty storii'iS of short duration, even thojgh lauch more precipitation
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and actual runoff may occur during the latter type of storm. ° Little of

the v;aste is actually carried along bodily in suspension by the flowing

water; rather it is carried in solution. The more water absorbed by the

waste, the more soluble it will become. Manure will absorb more water frcsn

cne-half inch of precipitation falling over an extended period of time than

frcm one inch of precipitation occurring as a quick hard rain. Even in high-

intensity storms of long duration, total waste runoff is of relatively small

amounts because in the manure the runoff forms small channels wh-ich cat

through the waste to the ground beneath; the runoff tends to fallow the

channels and does not transport a great deal of waste materia], from the

lot.^0

Temperature . Temperature exerts an influence in at least two ways.

If tlie ground and manure are frozen, little if any precipitation will pene-

trate the surface, and water will run off more quickly. Under such condi-

tions, relatively little effluent will be carried from the lot. Secondly,

feedlot wastes follow the same laws of solubility as other solids, namely

that materials sro mere soluble at higher temperatures. Therefore, runoff

from a feedlot would be more heavily polluted in the summer than at any other

time of year, all else being equal.

£l2E£' Some degree of slope is desirable in any feedlot. Usually

a three or foi^r per cent slope is sufficient to drain the lot of urine and

raitifalj . '/iner found the actual physical transport of material from

30
^'J. R. Miner, et aJ., "Cattle Feedlot Runoff—Its Nature and Varia-

tion," Jgi;_rnsl of Water FclJution Control Federation. 38:1590, October, 1966.

^°Ibid.



56

"slightly sloping lots" to be limj.ted to small particles which remain after

adjacent material was dissolved and the total amount of material removed in

this manner was relatively small. However, the physical transport of

wastes from steep slopes may be considerable. Some feedlots in the study

area have steep slopes; an example may be seen in Figure 17. The hillside

between points A and A' has approximately a twenty per cent slope. Undoubt-

edly the physical transport of solid waste from this lot is considerable.

There is a relationship between degree of slope and temperature which

can influence the amount of solid matter transported from a feedlot. The

more nearly the angle of incidence of the sun's rays approaches the perpen-

dicular, the greater will be the amount of heat absorbed on the surface of

the ground. Increased absorption is paralleled by a surface temperature

increase, and as noted above, solids become more soluble at higher temper-

atures; thus solids such as manure are more easily transported from the lot

when precipitation does occur.

Soil Permeability . Probably the least important physical factor to

be considered is soil permeability. If the soil is permeable, less water

will run off and less waste will be carried into the streams. However, the

continuous trampling and mixing of soil, litter and manure along with surface

scraping by heavy machinery reduces permeability and after several years the

soil becomes highly compacted and almost impermeable.

Culti-iral Factors

Cultural factors are those over which the individual feedlot operators

can exercise soma degree of control that will influence the quantity and/or

%bid .. pp. 1587-
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Fig, 17. An Upper Neosho feedlot situated on a

hillside with twenty per cent slopes.
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quality of effluent emanating from a feedlot. The three most important are

the cleaning of the lots, the composition of the lot surface, and the use

of diversion ditches.

Cleaning of lots . In the study area, all feedlots are scraped and

all manure and wastes removed periodically. The office of the Kansas Live-

stock Sanitary Commissioner has ruled that all feedlots shall be "thoroughly

scraped and cleaned and all manure removed, at least two times each calendar

year, and more frequently if necessary to maintain proper standards of

cleanliness and sanitation" (Appendix A) . The feedlot operators are usual-

ly conscientious about this regulation as It is to their interest that the

lots be scraped. When the lots are scraped, the drainage improves, the sur-

face is drier, the cattle have better footing, and the possibility fo disease

is reduced. Only one operator admitted to meeting no more than the minlmuia

scraping requirements; eight operators cleaned "three or four times a year,"

and the remainder "continuously," by which the operator really meant every

six or eight weeks.

However, in order for scraping to be a major deterrent to the runoff

of feedlot waste's, "the pens should be cleaned every two weeks. Miner found

that two weeks after cleaning, the feedlot runoff had deteriorated to almost

the same pollutional quality as before cleaning.^ Much of the pollution

resulting from feedlot effluent could be eliminated at the source if a semi-

monthly cleaning schedule oaild be adhered to. Unfortunately, the feedlot

operators of the Upper Neosho Watershed feel that present labor costs

iCansas State Livestock Sarj.tary Commission, "Rules and Regulations,"
Topeka, Kansas, 1966.

A3
^•^Miner, et al., p. I58;;.
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prohibit the scraping and cleaning of the pens on this frequent a basis.

Composition of lot surface . The amount of effluent carried from a

hard surfaced concrete lot is much greater than than from an unpaved dirt

lot, all else being equal. The characteristics of runoff from both con-

crete and dirt lots have been extensively studied at Kansas State Univer-

sity, where researchers controlled slope, precipitation, amount of waste,

etc., and found that the total volume and the concentrations of pollutants

were much higher from the hard surfaced lot. Through continuous trampling,

the soft-surfaced dirt lot becomes pocked with literally thousands of small

"catchment ponds," which trap and hold both water and wastes during and

after precipitation (Figure 18) , The "ponds" impede the rapid flow of

water and wastes from the lot. Eventually much of the trapped polluted

water evaporates, thus the amount of vraste carried from the lot is con-

siderably reduced.

Diversion ditches . In an area of rolling topography, the volume of

water flowing across a feedlot can be partially controlled by the utiliza-

tion of diversion ditches. A feedlot may receive vaiying amounts of runoff

from uphill slopes and any resulting increase in the amount of water flowing

across the lot is usually matched by a corresponding Increase in the amount

of pollutants carried from the lot. However, if diversion ditches are con-

structed up-slope, runoff can be intercepted and diverted around the lot,

thereby effectively reducing excessive runoff.



60

Fig. 18. Uneven surfaces of dirt lot impede runoff.
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IV. SOKE PHYSICAL AND CHHIICJii PROPERTIES

OF FEEDLOT RUNOFF

Feedlot wastes are highly pollutional in nature. Once the wastes

enter a stream, their properties are difficult to characterize beoeuse of

the many controlling factors, the constant state of change, and the complex

reactions which occur in the composition of the wastes. However, some of

the more ecmmon polluting parameters of feedlot effluent have been recog-

nized.

Biological Oxygen Demand

Cattle feedlot runoff is a high strength organic waste. The princi-

pal objectionable characteristic of the waste is its high content of putres-

oible organic matter, commonly measured by its Biological Oxygen Demand

(BOD). Feedlot effluent has been found to be high in ROD. The BOD of

untreated domestic sewage is approximately two hundred milligrams per liter

(mg/l) . To emphasize this point Gray stated that on a BOD basis, one twenty-

thcusand-head feedlot produces as much waste per day as does the city of

Wichita (population 175,000).^ Miner found that runoff from concrete feed-

lots had a BOD value seven times as great as domestic sewage while dirt-

surfsced lots (most feedlots) had BOD values as much as fair times that of

domestic sewage."^' As a point of reference, streams with BOD concentrations

^^, W. Gray, "Water Pollution and Agriculture" (paper read at the
Kansas Livestock Association Meeting, Wichita, March H, 1966).

'l^Mlner, 1967, p. 58.
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in excess of four mg/1 are considered poor soji-ces of domestic water sup-

plies. Henderson states that runoff from a v.atershed with a large animal

population "... may make municipal sewage loads appear insignificant on

a BOD basis.
"'^'''

When a stream contains large amounts of animal wastes great quanti-

ties of oxygen must be available in the water to decompose the waste

material. If the amount of putresoible waste exceeds the availability of

oxygen necessary for decomposition, the stream may become little more than

an open sewer incapable of further sustaining endemic plant and animal life.

Dissolved Oxygen

In order for a stream to decompose organic material, oxygen is re-

quired, and the ability of a stream to decompose material is dependent upon

the amount of dissolved oxygen (DO) in the water. In order for a stream to

maintain a balanced aquatic environment for fish, optimum DO levels should

be maintained at approximately five mg/l or five parts per million (ppm)

.

At levels below three mg/l fish may become asphyxiated.

A stream receives most of its DO from surface aeration. Turbulent

streams take up oxygen m.ore rapidly and thus have a greater capacity to

assimilate wastes than do slow sluggish streams. In the latter, a BOD con-

centration of ten mg/l may be sufficient to produce anaerobic conditions.

^^J. E. McKee and H. W. Wolf, "Water Quality Criteria," State Water
Quality Control Board (Sacramento: 1963), p. Iii6.

in
J. K. Henderson, "Agricultural Lan

Journal of Sanitary Engineers, 88:61, 1962.

/g
* One part per mJ.llion is equivalent

million pounds of water or 8.33 pounds per million gallons of water

in
J. K. Henderson, "Agricultural Land Drainage and Stream Pollution,"
if

/g
* One part per mJ.llion is equivalent to one pound of substance per
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whereas a turbulent mountain stream may assimilate BOD concentrations of

fifty mg/1 vri.thout experiencing any significant oxygen depletion.'*" Another

factor is the relationship between oxygen solubility and temperature. The

solubility of oxygen in water decreases as temperature increases. At 4°C

the amount of oxygen contained in oxygen-saturated water is approximately

fourteen mg/l, at 10°C about eleven mg,/l and at 2A°C only 8.3. Thus more

wastes can be assimilated with less harniful pollutional effects in the

swifter streams and/or during the cooler months.

There is evidence that the susceptibility of fish to poison greatly

increases as the availability of dissolved oxygen in the water decreases.

An immediate reaction to an insufficient oxygen supply is an increase in

the volume of water passing through the gills which results in an increase

in the amount of poison absorbed. Thus, any decrease in oxygen causes an

increase in blood pressure and heartbeat, which are in turn responsible for

the lethal effects of poisons under conditions of oxygen deficiency.

Suspended Solid s

Some of the wastes carried by streams are in a solid state. When

large amounts of solid material are present, even if the particles are

minute, the quality of the aquatic environment is impaired. The amount of

material carried from a lot in runoff varies according to, (l) the solubility

of the material, (2) the amount of time water is in contact with waste in

National Academy of Sciences, p. 187.

50
J. R. Erickson and P. Jones, Fish and River Pollution (Washington:

Butterworths, 1964), p. 13.

51lbld. , p. 183.
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the lot, and (3) the physical transport of the solid.' Except under condi-

tions of high runoff velocities, such as on steep slopes, the physical move-

ment of solids is relatively minor.

Feedlot litter and wastes, as with most solids, are most soluble at

higher temperatures; therefore, runoff concentrations of material are higher

during summer. In addition, moist manure is more readily carried by water

than is dry manure; as the contact time between water and solids lengthens,

the quantity of solids dissolved becomes greater. Thus runoff generated by

a low-intensity rainfall contains a much higher quantity of pollutants than

that generated by a heavy rainfall of short duration. As can be seen in

Table ZII, Miner found the concentration of suspended solids in i-unoff from

a nonsurfaoed wet lot with a rainfall intensity of 0,3 inches per hour to

be five times that found in the runoff from a dry lot with a rainfall in-

tensity of 2.5 inches per hour. The concentration differences w^ere even

greater on the hard surfaced lot; however, most lots are unsurfaced and

thus the first figure better approximates actual concentration found in

feedlot effluent.

It was also found that under simulated precipitation intensities of

one inch per hour, the average concentration from a moist unsurfaced let

was 6,000 mg/l or over thirteen hundred pounds of solids per acre-inch of

53
runoff.-^ Large amounts of suspended solids render the water imirlcy and

greatly decrease the availability of light for photosynthesis by aquatic

'%arry Manges, "Quality and Quantity of Feedlot Runoff" (paper
presented at meeting of Soil Conservation Service Engineers in Sallna,
Kansas, October 17, 1967).

53ibid.
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TABLE XII

VARIATION IN AMOUNT OF SUSPENDED SOLIDS CONTAINED IN

FEEDLOT HJNOFF, BY TEMPERATURE AND PRECIPITATION^

Suspended ;Solids, mg/1

Lot Precip. Nonsurfaced Concrete

Month Condition

Moist

Intensity

1.0"/hr

Lot Lot

July & 5,000 6,000
Aug, Dry 0,V'/hT 1,500 3,000

Dry 2.5"/hr 2,000 1,A00
Wet 2.5"M 3,000 3,000
Wet 0.3"/hr 10,500 12,000

Oct. & Wet 1.0"/hr 1,800 2,000
Nov. Wet 0.5"/hr — 2,500

«J. R. Miner, et al.,,
Cattle Feedlot Runoff—Its Nature and

Varlati on, " Journal of Hater Pollution Control Federatl.on, 38:1589,
October, 1966.
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vegetation. Additional damage is done to the aquatic environment by organic

solids as they stimiilate bacterial activity which in turn increases the

areal extent of the anaerobic zone.

Precipitated Solids

Eventually many of the suspended particles settle and produce a

"bed-load" which has a degrading effect upon the aquatic environment and

water quality. Aside from the filling of stream channels, these precipi-

tates necessitate expensive treatment of domestic and industrial water

supplies. They reduce the ability of a stream to assimilate oxygen-demanding

wastes and reduce fish populations by covering nests and food organisms. It

has been found that when a stream bed is damaged by large amounts of precip-

itates, the chances for natural stream rejuvenation are greatly reduced.

Nitrogen

Studies have shown that an acre-inch of feedlot effluent contains

approximately forty pounds of nitrogen. In its most highly oxidized state

nitrogen becomes nitrate, and high nitrate concentrations in water lead to

eutrophication, a profuse growth of vegetation, which can lower the water

quality.

Ammonia

Ammonium nitrogen, or ammonia, can be a lethal constituent of feedlot

runoff. Large quantities are found in feedlot effluent due to the voiding

of urine and the anaerobic decomposition of some organic compounds. At con-

centrations between 0.3 and 10.0 mg/l ammonia can be lethal to almost any

'National Academy of Sciences, p. 1^3.
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species of fish. The point at which it becomes lethal depends on the pH,

temperature, and amount of dissolved oxygen in the water. For example,

either neutrality or acidity is favorable for the formation of ammonium

ions; decreased availability of oxygen, or anaerobic conditions further

increase the conversion of nitrogen to ammonia. As with other parameters

of runoff, concentrations of ammonia in feedlot runoff fluctuate widely.

56 / 57
Smith reports concentrations in excess of 130 mg/1 and Loehr in excess

of 4-00 mg/1. Because of its highly soluble nature in water, amiponia is

usually the first constituent of feedlot pollution to be noted in a stream.

Bacteria

Feedlot effluent contains great numbers of bacteriological popula-

tions. Traditionally, the coliform organisms have been used as an index of

the sanitary quality of water supplies. Coliform organisms are foiand in

the feces of both warm and cold-blooded animals as is another organism, the

fecal streptococcus.

The fecal coliform/fecal streptococcus ratio (FC/F'S) is used to dis-

tinguish human fecal contaminate from that of various domestic arimal-S . The

ratio approximates l^.i^, Q.lt.> and 0.2 for humans, chickens and cattle respec-

tively according to Dr. C. W. Prophet, a biologist at Kansas State Teachers

College at Emporia. Thus, if the FC/FS is a lower value than four (4.0), a

nonhuman source of contamination is indicated.

55
Erickson and Jones, p. 101,

5^ner, et al., p. 586.

^'^Loehr, 1967, p. A5.
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As a frame of reference, municipal drinking-water standards specify-

that in order to protect public health, water supplies are to contain fewer

than one collform per one hundred milliliter (1/100 ml) ; Prophet reports

ooliform counts in excess of twenty-five million per one hundred milliliter

eg
in ditches draining feedlots. The bacterial count below two feedlots in

the Upper Neosho Watershed is shown in Table XIII. The low FC/FS at both

stations during dry weather indicates that even under dry conditions, the

bacterial pollution in the streams is of non-human origin. It was foiand

that animal wastes enter streams without the aid of precipitation in several

feedlots in the study area. Even during dry periods urine containing solid

fecal particles flow from feedlots directly into ditches leading to streams

(Figures 19 and 20)

.

Discoloration

Receiving streams take on the yellow-brcjn color of the wastes

(Figure 21) . The discoloration does not respond to biological treatment;

once discolored, dilution is necessary to restore any degree of clarity.

Water discolored in this manner is not only aesthetically displeasing, but

may cause problems for downstream users if there is insufficient dilution.

Slugging Effect

Except for the instances noted above, feedlot pollutants usually

enter a stream with surface runoff. ^9 Effluents discharge into the receiving

68
C. W. Prophet, personal correspondence, Oct. 26, 1967.

59An exception to this are nitrates which may enter a stream by direct
flow, by surface ranoff, or by ground water feed. In view of the high nitrate
content of some wells in the area (pg. 97), undoubtedly some nitrates do
enter the streams by ground water feed, but as yet tliis has not -been deter-
mined.
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FOX CREEK AND COTTONWOOD RIVER BACTERIAL

POLLUTION,^ N0VE14BER, 1962'^

69

Fecal Fecal
Collfonn Streptococcus FC/FS

Fax Creek
Mean Dry Weather
After rainfeill (11-27)

" " (11-28)

(11-30)

1,U8
542,000
17,200
7,900

13,800
1,600,000
i,ao,ooo
1,610,000

0.08
0.3
0.01
0.005

Cottonwood River below Fox Creek
Mean Dry Weather
After rainfall (11-27)

" " (11-28)

2,061
130,000

• 10,900

3,492
230,000
348,000

0.6
0.53
0.03

^Average niimber of bacteria per 100 ml of river water.

S. M. Smith and J. R. Miner, "Stream Pollution from Feedlot Runoff,"
Transactions of the Fourteenth Annual Conference on Sanitary Engineering
(Lawrence: University of Kansas Press, I964) , p. 20.
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Fig. 19. Feedlot waste draining into an intermittent stream.
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HHHflT^^^ k.^Mb. .-. ., iiiim

"^ J-, ^^..3L

Fig. 20. Feedlot waste draining into a ditch.
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Fig. 21. Discoloration of water by feedlot waste.
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stream as long as runoff occurs. Thus a sudden load, called a "slug," is

carried into the stream at a fairly constant rate until runoff ceases.

The nature of the pollution imposed on the stream by a slug load of this

type is uni.que in several respects when compared to pollution caused by

continuous discharge. The polluted water (slug) moves downstream in a

single mass. The water above and below the slug may be relatively free

of pollutants while that within the slug may contain extremely large

amounts of bacteria, suspended solids, and/or concentrations of lethaJ.

chemicals; at the same time, it may be very low or completely devoid of

dissolved oxygen. If precipitation and runoff cease, then begin again

in a few hours, or if runoff occurs from several feedlots along a water-

course, the stream will carry several slugs, each one separated by rela-

tively unpolluted water.

The potency of the slug is dependent upon the relationships between,

(l) the concentration of the feedlot effluent, (2) the amount of effluent

entering the stream, and (3) the amount of water in the stream. A fast-

moving, bank-high stream is capable of assimilating a greater quantity of

polluted runoff, with less harm to the aquatic environment, than a stream

with a slow shallow flow. If the slug is sufficiently potent, there is

little chance of survival for fish caught in the slug. The potentiaJ. for

harm is compounded as there may be no warning to downstream water-users.

A certain amount of time is required for the various chemical re-

actions, bacterial growths and precipitation of solids to take place; thus

the quality of the aquatic environment may not be affected until the slug

^°Miner, 1967, p. UZ.
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has moved downstream several miles. The time-distance lag is illustrated

in Table XIV, in which it may be noted that it required thirteen hours for

the ammonia-charged water and twenty hours for the de-oxygenated slug to

reach a sampling station located several miles below a feedlot in the Upper

Neosho Watershed. Because of the time-distance lag, investigation may not

reveal the pollutional nature of the slug as the slug may have already

moved downstream, or it may not have yet reached the sampling station.

The combination of large numbers of cattle, feedlot sites, uncon-

trollable physical factors, cultural practices within the lot and physical

and chemical actions and reactions have had an adverse effect upon the

quality of the environment of the Upper Neosho Watershed. The total effect

of this pollution cannot be assessed. The pollution is continuing and it

is more than possible that the environaient may be degraded in soms man-

ner(s) as yet unnoted. It is known, however, that the effects which have

already been noted and studied are of a sufficient magnitude to cause grave

concern that some elements of the physical environment of the Upper Neosho

Watershed may already have been irreversibly altered by pollution from

animal wastes.



TABLE XEV

DISSOLVED OXYGEN AND AMMONIA LEVELS

IN MG/L, FOX CREEK, 1962^
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Time DO NH3^

August, dry vreather 8,4 .06

November, after rainfall

13 hrs. " " 7.2 12.00

20 hrs. " " 0.8 5.30

26 hrs. " " 5.9
^6 hrs. " " 6.8 .44

117 hrs. " " 6.2 .08

^S. M. Smith and J . R. Miner, ' Strs am Pollution
from Feedlot Runoff," Trans ac tions of the Fourteenth

Annual Conference on Sanitarv Engineering (L ELwrence:

University of Kansas Press, 1964), p. 22; for signifi-

cance of these parameters see pp. 62 and 66 above.

^The statement above that NH3 ammonia) is usually
the first parameter of feedlot pollutants to be noted is

evidenced by the fact that its maximum precedes the oxygen

minimum by seven hours.

°Not reported



CHAPTER IV

THK EFFECT OF FEEDLOT POLLUTION UPON

THE PHYSICAL EMIRONl-IEHT OF THE

DPPER NEOSHO WATERSHED

Pollutants emanating from feedlots have the capacity of degrading

the quality of the water, air and soil, and rendering these parts cf the

environment harmful to both the plant and animal realms. Empirical observa-

tion indicates that of the total physical environment, surface and sub-

surface waters are the most greatly impaired by feedlot pollutants. In

addition, feedlots are generators of noise, dust, insect infestations,

disease and other nuisances.

I. SURFACE-WATER POLLUTION

Every river and stream has an innate capacity to assimilate waste and

cleanse itself. A certain amount of waste is beneficial to the stream's

aquatic communities. A stream has the capacity to utilize some wastes by

converting tliem into food sources for aquatic life, thereby actually increas-

ing the productivity of the water. The aquatic life in a healthy stream is

an integrated system of interdependency in dynamic equilibrium. However,

excessive amounts of pollutants can disrupt the equilibrium. When a stream

becomes overloaded with pollutants, its ability to cleanse itself greatly

diminishes and an imbalance in the life system of the stream occurs. As a

result, a degenerating cycle is put in motion vrtiereby an ecological imbal-

ance reduces the ability of a stream to resist pollution or to become
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rejuvenated; the less ability for rejuvenation the greater is the imbalance

in the aquatic system. Thus, when a stream becomes overburdened with

pollutants, the aquatic environment begins to degenerate.

Fish Kills

In Kansas, and particularly in the Upper Neosho Watershed, the most

overt effect of effluent-caused stream pollution is the high incidence of

fish kills. When a slug moves downstream, the fish have little chance of

escaping and they die by the thousands and hundreds of thousands. Tables

XV and XVI indicate the magnitude of the fish kills in the United States,

Kansas, and the Upper Neosho Watershed.

Fish killed by feedlot effluent rose from 2.3 per cent in 1963 to

11.4 per cent of the 1967 total of all the pollution-killed fish in the

United States. Between 1962 and 1968 over 90 per cent of all fish killed

by feedlot effluent in the United States were killed in Kansas, and most of

these died in the streams of the Upper Neosho Watershed (Figure 22) . In

1966 alone almost 90 per cent of all fish reported killed by feedlot efflu-

ent in the United States died as a result of runoff from some or all of the

National Academy of Sciences, p. 4-6.

every effort to get all information on fish kills, the data are not complete.
For instance, the states of Colorado, Maryland and North Dakota did not sub-
mit reports in 1966. Even in the cooperating states some kills may go un-
reported and undoubtedly some, especially small ones, may be unobserved.
Unless a kill is large, fish and game agencies may be unawai'e of its occur-
rence. Of those observed and reported in 1966, orily 85 per cent gave a

definite figure as to the number killed. Some gave such totals as "many
hundreds," or "thousands," or "pounds," or left the question unanswered.
In addition the cause is not always determined; in 1966 an estimated 757,000
fish died from unknown causes.
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Fig. 22. Dead fish on the shore of the Neosho River.

(Courtesy of Kansas Forestry, Fish and Game
Commission.)
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63
twelve feedlots located in the Upper Neosho Watershed.

Of the almost one million fish that perished in water oontaninated

by feedlot runoff in the Upper Neosho during I966, approximately 25 per cent

were game fish (Figure 23) . A single kill, in March of that year, destroyed

approximately three hundred thousand fish and was particularly damaging to

the existing and future game-fish population. It occurred in a section of

the Neosho to which walleye ( Stizostedlon vitreum) from the John Redmond

Reservoir were migrating to spawn, and several thousand of the game fish,

including many egg-bearing females, perished (Figure 23). According to

federal statistics 50 per cent of all fish killed by feedlot pollution in

the Upper Neosho Watershed in 1966 had an unspecified coEBnercial value. ^

Most of the fish die as a result of oxygen depletion or auiaoaia

poisoning. They either die quickly from suffocation in the de-oxygenated

water or slowly from internal hemorrhaging and/or decomposition of gill

^United States Department of Health, Education, and Welfare.
Folluti on-Caused Fish Kills . 1963 . Public Health Sei-vice Publication No. 847
(Washington: Government Printing Office, 196/i) ; United States Department of

Health, Education, and Welfare. Pollution-Caused Fish Kills . I964, Public
Health Service Publication No. 84.7 (Washington: Government Printing Office,

1965) ; United States Department of Interior. P olluti on-C aus

e

d Fish Kills in
1965 . Federal Water Pollution Control Administration (V/ashington: Govern-
ment Printing Office, 1966) ; United States Depaj'tment of Interior. Fish
Kills by Pollution : 1966 . Federal Water Pollution Control Administration
(Washington: Government Printing Office, 1967; United States Department of

Interior. Fish Kills bx Pollution: 1267, Federal Water Pollution Control
Administration (Washington: Government Printing Office, I96S)

.

^Ttie designation "commercial value," is based on the harvest and
subsequent sale of fish for humans and/or animal food, fertilizer, etc.

In the study area this designation tends to be more theoretical than
actual as the fish life of the Upper Neosho Watershed is not exploited
for any ooriimercial purpose other than that associated with recreation.
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Fig. 23. Gamefish killed by feedlot effluent
in the Upper Neosho Watershed. (Courtesy
of Kansas Forestry, Fish and Game Commission.)
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structure caused by excessive smounts of aimonla. Whereas oxygsn mlnlinuin

and ammonia maxim-oia tolerance levels are three and fifteen ppm respectively.

Smith and Prophet both report feedlot waste-charged streams with oxygen and

ammonia concentrations varj^ing greatly from these tolerance figures. Water

samples taJcen from fcfur stations on a 6.7 mile stretch of the Cottonwood

on May 30, 1963, all had a DO level of zero with the exception of one;

River Mile Dissolved Oxygen

7.1
13.4 1.9

13.5
13.8

It is interesting to note that of the sites sampled, the river con-

tained oxygen at only one station (13.4) which is located imnediately below

a dam. Undoubtedly the river became slightly aerated as the water flowed

over the dam. Even at the dam, however, the DO level of 1.9 ppm was well

below the minimum oxygen requirement. Within a day, a massive fish kill,

in which approximately one hundred thousand fish perished, was reported

along the same stretch of river.

Through repeated sampling. Prophet found that during normal flow the

Cottonwood River exhibited an oxygen level in the range of six to nine ppm

and an ammor-ia level of less than one ppm. Hovjever, "after runoff the

oxygen level frequently drops to zero; the ammoriia level . , . may reach

concentration as high as twenty-five ppm." Such condition, "... may

^^Smith and Miner, p. 22.

United States Department of Health, Education and Welfare,

Pollution-Caused Fish Kills . 1963 . p. 6.



8^

exist along a reach of several miles and for [a duration of] several

hours." In conditions such as these described by Smith and Prophet, it

is not difficult to understand why massive kills occur. Fish cannot sur-

vive a physical environment that is so grossly hostile.

Secondary pollution. The pollution described above, which results

in the massive killing of thousands of fish, is, unfortunately, only the

initial step in the pollution cycle. A secondary pollution soon follows.

It is caused by the putrefying and the decomposing of the thousands of dead,

bloated fish killed by the initial pollution. Small quantities of the offal

are consumed by scavenger fish, reptiles and insects; most of it, however,

decomposes through oxygen-using aerobic action. As a result oxygen levels

are further decreased, additional minerals are released into the water, the

stream bed receives more precipitates, thus the quality of the water is

farther impaired. The effect of this secondary pollution on the aquatic

environment has not been investigated, but it is obvious that it can only

be detrimental.

Fish eggs . Feedlot runoff occurs primarily in the spring when many

game fish—walleye, bass, crappie, and channel catfish—are moving out of

the John Redmond Reservoir into feeder streams to spawn. According to

Clyde Bolen, the district fish and game protector, "Spawning fish can't

find any decent bottom areas, but they're bound to spawn, so they drop their

eggs anyway; the eggs don't have much chance." Some species of roe are

Prophet, correspondence.

G. D. Warner, "Pollution from Cattle Feedlots Spread Sludge of
Death in Kansas Streams," Kansas City Star. May lU, 1967.
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more sensitive to the toxicity of polluted water than are adult fish aiid

even those that do survive the toxic envlroranent may be destroyed If the

spai/TO-ing beds are covered with precipitates. If the eggs do not hatch,

game-fish population will drastically decline both in number and type.

Rough fish will move into the area and become the major fish species. It

is feared that John Redmond, which has produced some of the best game fish-

ing in the state, may soon produce nothing but an abundance of carp.

Changes in fish species . Some pollutants kill quickly; others kill

or damage over a long period of time. Sub-lethal, yet harmful, quantities

of pollutants will inhibit fish growth and reproduction. If a species is

rendered noncompetitive, it may eventually result in the extinction of that

particular species in the polluted aquatic system. Sub-lethal toxicity can

cause flesh-tainting whereby the fish become unpalatable and unsafe for

human consumption; it may also affect the aquatic food organisms which sup-

port fish llfe,'^-'-

Even though a single slug of polluted water may kill as many as three

or four hundred thousand fish, feedlot wastes exert the greatest toll on the

fisheiy, not by causing massive kills, but by destroying fish habitat. Both

lethal and sub-lethal concentration of pollutants affect not only the indi-

vidual species, but v;hole communities. The Upper Neosho system is an

'C. W. Prophet, Interview at Kansas State College of Emporia,
Oct. 17, 1967.

70 „Warner.

"TJnited States Department of Interior. Pollution-Caused Fish Kills
in 1965 . p. ill.

TJnlted States Department of Health, Education and Welfare. P ollu-

tion-Caused Fish Kills . 1964, p. 1.



excellent example of aquatic habitat-change as a result of pollution. The

chemical and physical alterations wrought by feedlot effluent have brought

about both qualitative and quarititative variations in the species of fish

which inhabit the river system.

In 1952, and again in 1967, inventories were made of the native fish

of the Upper Neosho River System by Dr. F. B. Cross, an ichthyologist at

the University of Kansas. The second study used the same collection sites

and sampling techniques as the earlier one, whenever possible. When the

results of the two studies were compared. Cross found notable differences

in the species composition at all stations on the Cottonwood and Neosho

Rivers upstream from the John Redmond Reservoir.

Six kinds of fish, the hornyhead chub (Hvbopsis biguttata) ; the gravel

chub (Hvbopsis x-punctata) ; the rosy-face shiner (Notropsis rubellus ) ; the

blue sucker ( Cycleptus elongatus ) ; the yellow bullhead ( Ictalur'js natalis )

;

and the Neosho madtom (Noturus species ) [undescribed] were obtained repeated-

ly in 1952, but were not found at any of the sites in 1967. In addition,

the 1967 study showed a noticeable decline among fifteen other species,

particularly in the mainstreams of the Cottonwooe and Neosho. For instance,

the stoneroller (Comnostoma .anomalum) occurred at all seining sites in great

numbers in 1952, "... but was found at only one place . . ." in I96? "...

where a single specimen was obtained."

^ . B. Cross and M. Braasch, "Qualitative Changes in the Fish-fauna
of the Upper Neosho River System, 1952-1967," (Lavnrence: University of

Kansas, 1967), pp. 3-4. (Mimeographed).

'''^Ibid. , p. 6.
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Eight species were found in greater abundance in 1967. The gizzard

shad (Dorosoma eepedianum) ; and the channel catfish ( Ictalurus punetatias )

;

were found in more locations and in larger numbers. The blackstripe top-

ndnnow (Fundulus notatus.) ; the mosquitofish ( C-ambusia affinis ) ; and the

brook silverslde ( Labidesthes siooulus) , while known to inhabit the system,

were not found in 1952. However, large numbers were taken in 1967. The

remaining three species, found in greater number in the second sampling,

were gamefish which had been introduced into John Redmond Reservoir sines

the first sampling and which had migrated into the streams from the reser-

voir.

The majority of the species that had markedly declined or completely

disappeared were the bottom-dwellers which require clean, clear, well-

oxygenated water and clean gravel beds for spawning. Cross believes that

gross changes in the environment brought about by depleted oxygen supplies,

murky water, and sediment-covered stream beds are directly responsible for

the decline of the bottom-dwelling fish. '^ The fish which have increased

are of several types: (l) the surface dwellers that avoid the subsurface

depletion of dissolved oxygen, (2) species that prefer a turbid habitat,

or (3) species that are large in size and sufficiently vagile to disperse

rapidly when conditions become intolerable.'''"

Cross believes severe droughts in 1955-1957 have been a contributing

factor in the change, but he oonsideres the most important single factor to

be "organic pollution of some sort," and the scirce of the pollution to be

1967.

75
-^F. B. Cross, Personal Interview, University of Kansas, November 8,

Cross and Braasch, pp. 7-10.



S3

Vegetation

The change in the fish species has been paralleled by a change in

the vegetation species. In recent years there has been an increasing over-

abundance of aquatic vegetation in lakes, rivers and streams throughout the

country. This condition, knotm as eutrophication, is a result of the exces-

sive introduction of plant nutrients such as nitrates and phosphates into

the water. Eutrophication, or an accuiiulation of nutrients, is a natural

process and occurs in the absence of man. However, induced or "cultural"

eutrophication as a result of man's activities greatly accelerates the

aging of lakes or streams.

The growth of aquatic plant life is directly related to tlie avail-

ability of certain mineral compounds or nutrients in solution. The terra

"nutrients" as used by biologists and limnologists refers to the nitrate

and. phosphate compounds in the water idiich sustain plant life. Fish, in

turn, utilize certain types of vegetation such as algae for food. Some

algae, particularly diatom algae, are a highly nutritious type of aquatic

flora which benefit fish populations, and the fish tend to increase or de-

crease according to the amount of diatom algae available for food. Thus,

a stream or lake, rich in diatom algae, usually supports a large fish popu-

lation. However, if the nitrate concentration in the water increases from

two to four ppm, along with additional increases in phosphoms and ammonia,

the environment will no longer be favorable for the grovrth of diatom algae

but ideal for the growth of blue-green algae. The latter are a filamentous



or scnim-fomiing algas of very lou food value. As a result, the numbers and

kinds of fish species that blue-green algae-infested water can support de-

clines to the point that some species may be entirely eliminated. Prelim-

inary findings indicate that the amount of diatom flora in parts of the

watershed is declining while the less desirable blue-green algae are in-

7ft
creasing in direct response to the high phosphorus content of the water.

There appears to be little doubt as to the source of this element

particularly since the Sogn, Summit, Florence, and Idona silty clay loams

of the Upper Neosho drainage basin are actually phosphorus-poor soils with

phosphorus amounts averaging less than 0.1 ppm. " Yet, Prophet reports

80
phosphorus concentration of 0.5 Ppm below feedlots following runoff,

while concentrations as high as 1.6 ppm have been found in the Cottonwood

River at a sampling station less than four miles downstream from a large

feedlct. " It is also, interesting to note that the single largest hyp-er-

bloom of blue-green algae known to exist in the watershed is located on the

Cottonwood, less than a mile below the largest cattle feedlot in the area.

A lush growth of blue-green algae not only results in a decline in

the amount of nutritious food available for fish but creates taste and odor

problems in drinking water. Unsightly scum accumulates on the surface; the

recreational uses of the stream are drastically curtailed; the stream bed

'T'rophet, Interview,

79
0. W. Bidwell, Personal Interview, Kansas State University,

August 2, 1967.

Prophet, Interview.

81
Kansas State Department of Health, "Chemical Analysis of Water

—

Cottonwood River," Environmental Health Service (unpublished) Plymouth
Station, June 5, 1967.



90

fills with aocumulations of decaying organic matter; and there is a general

deterioration of the water quality, '^

Water Recreation

The National AcadenQr of Science's Conmiittee on Pollution noted that

neither matters of human health nor industrial demsnds for water of high

purity have "... inspired public action to the degree that it has been

inspired by demands for pure water for swimming, recreation, and fishing

83
...." This obsei-vation appears to be valid in regards to fishJ.ng in the

Upper Neosho Vfatershed, for it has been the individual fishermen and sports-

men groups that have voiced the loudest protests ebout the effect of feedlot

effluent in the watershed.

Fishing . After a major fish kill along the Neosho River and the

John Redmond Reservoir in March of 1967, in which many game fish were

killed, sportsmen collected several dozen large rotting walleye from the

upper end of John Redmond Reservoir, and threatened to take them to Topeka

and place them on the capitol steps to demonstrate the effect of feedlot

effluent upon prime fishing water.

Massive fish kills have greatly affected recreational fishing on the

Cottonwood River. Many fishermen presently (1967) consider the Cottonwood

to be "worthless" for catching anything except carp. "* In the John Redmond

Reservoir catches have greatly declined an.d fishermen and game protectors

National Academy of Sciences, p. 42.

%bid.. p. 71.

84'Warner.
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alike have fears for future fishing in the reservoir. The Kansas Forestry,

Fish and Game Commission has spent thousands of dollars stocking the reser-

voir with game fish ana is presently concerned with the cost of restocking

and, more important, the possibility that the restocked fish nay also be

killed by feedlot pollution. ^

Contact sports . The quantity of pollutants carried by the Neosho

River into John Redmond Reservoir «as so great in June, 1967, that the

Kansas State Department of Health deemed it necessary to close the reservoir

to swimming, water skiing and all other forms of water-contact recreation.

The action was taken when the bacterial count greatly exceeded the depart-

ment's safety standards for body-contact recreation.

Coliform bacteria are indicative of the presence of pathogens

(disease causing organisms) and many states use the standard of one thousand

to twenty-four hundred coliform organisms per one hundred milliliters of

water as the maximum concentration permissible for safe beaches and bathing

86
areas. The Kansas Department of Health however has established that

areas designated for water-contact recreation have less than one thousand

coliform bacteria per one hundred milliliters of water.

85
Roy Schoonover, Head of Fishery Division, Kansas Forestry, Fish and

Game Commission, Personal Interview, Pratt, Kansas, September 19, 1967.

rtr

°°It is noted in The National Academy of Sciences' Waste Management
Control , page 76, that while this standard is commonly used, epidemilogical
evidence is lacking that these levels are significant from a public-health
standpoint.

87
Kansas State Department of Health, tjate r Quality Criteria for the

Neosho River Basin . Environmental Health Services (Topeka: 1961), p. 6.
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Table XVTI lists the coliform count at several reservoir stations

on June Li, 1967; It may be noted that every station had readings far in

excess of the raaximain established by the health department. Accordingly,

the department closed the Reservoir to all forms of body-oontaot recreation

on June 16, 1967. The ban remained in effect until June 29, 1967, when the

bacteria count dropped to an acceptable level.

Dr. H. Kierker, State Health Officer, attributed the excessive

bacterial pollution to heavy rains during the first two weeks of June in

which pollutants were carried into the main body of the Reservoir. Al-

though when interviewed, he declined to pinpoint feedlot runoff as the

initial cause of pollution, the FC/FS ratios sho^yni in Table XVII are one

(1.0) or less, thus indicative of bacterial contamination from a warm-

blooded nonhuman aniinal source. This may be compared to the 5.0 FC/FS

ratio which is normally found in the reservoir. It is evident that under

normal conditions much of the bacterial pollution in the Heosho River is

from a human source and undoubtedly stems from treated municipal sewage

88
effluent released into the Cottonwood at the Emporia treatment plant.

Water Potability

Perhaps the greatest immediate danger to both the animal and humaii

population of the Upper Neosho Watershed is the effect of feedlot-induced

A FC/FS ratio of 5.0 under normal conditions, indicating contam-
ination froBi humaii sources, in the Heosho River is not inconsistent with
the findings of Smith and Miner, page 69 above, in which they found FC/FS
ratios of less than one even during dry weather on Fox Creek and the
Cottonwood River immediately below several feedlots. The amount of
Emporia sewage released directly into the watershed just twenty miles
above the Reseivoir is more than twice as much as that dumped into the
Cottonwood and its tributaries by all the other municipalities in the
study area.
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TABLE XVII

COMPARISON OF COLIFORM AND STREPTOCOCCUS BACTERU
COUNT IN JOM RJEDMOND RESERVOIR DURING PERIODS

OF POLLUTED AND NONPOLLUTED FLOW^

Station:

Polluted Count for Individual
Stations June 14, 1967

Strong Ramp
Hartford
Two Miles Above Dam
Neosho River Outlet

Bacterial Count/lOO m. of water

Fecal
Coliform

10,000
10,000
3,000

10,000

Fecal
Streptococcus FC/FS

30,000 .3

120,000 .09

6,000 .5

10,000 1.0

Normal Average Nonpolluted
Count for all Stations,
August 21, 1967 100 20 5.0

T3r, Vem Heble, Kansas State Department of Health,
Personal Interview, Topeka, Kansas, November 27, 1967.
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pollution upon the potability of both surface and subsurface water, Feedlot

pollution is a threat to the water supplies derived from both murioipal

water systems and private wells which are utilized by the 50,000 residents

of the study area.

Four of the thirteen conmunlties with municipal water systems obtain

water from surface flows, the remainder utilize either deep or shallow wells

(Figure 2/V) . The communities which utilize surface water and their main

source(s) of supply are:

Council Grove Council Grove Reservoir and Neosho River

Emporia Lake Kahola and Neosho River

Hartford Neosho River

Marion Mud Creek and Overflow Dam

To date the surface municipal water supplies of Council Grove,

Marion, and Emporia have not been contaminated by feedlot runoff as there

are no feedlot concentrations upstream from their water-intake. Hartford,

however, has not been as fortunate. The small community of IfiO population

is located on the upper reaches of the John Redmond Reservoir, below the

Cottonwood-Neosho confluence (Figure 24) , In the latter two weeks of Jan-

uary, 1967, rains in the Cottonwood drainage system caused heavy runoff

from feedlots along the Cottonwood River. As the slugs of polluted waste

flowed out of the Cottonwood into the Neosho, they carried such vast

quantities of organic matter, suspended solids and de-oxygenated water that

80
cattle drinking from the Cottonvraod became sick. ' The slugs flowed into

the Neosho and eventually into John Redmond oariying an estimated quarter

'Warner.
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of a million dead fish. When the polluted water reached the Hartford

water-intake area on Febraajy 9, 1967, thousands of dead bloated fish covered

the surface; the water had a stench of raw sewerage and the rocky bed of the

90
Heosho was covered with a red-brouii slime.

Seven times the normal amou.nt of chlorine was required to purify the

water to a point at which it was safe to drink. Even then, although patho-

genically safe for consumption, the water was not palatable. It was broi«i-

ish in color, foaming with an obnoxious taste and the odor of dead fish and

manure. Despite increased filtration with activated carbon, the water re-

mained cloudy; eight ounces of water produced one-sixteenth of an inch of

sediment in the bottom of a glass. 9-'-

As unpleasant as the above experience was, the citizens of Hartford

were fortunate that none suffered ary illness from the polluted water. The

color and odor of the water and presence of dead fish in the Neosho River

made it obvious that extra precaution would be necessary at the water-

treatment plant. Other communities and individuals in the study area who

utilise well-water may not be as fortunate; subsurface water may become

grossly contaminated by feedlot runoff yet not exhibit any overt sign of

pollution.

90
Vern Baker, Water and Sewer Superintendent, Hartford, Personal

Interview, November 15, 1967.

" L. J, Imhof, State Southeast District Sanitation Engineer, in
written report to Dr. V. Heble, Kansas State Department of Health, February

15, 1967.
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II. SUBSURFACE WATER POLLUTION

One polluting agent found in the subsurface water is iiitrats.

Excessive concentrations of nitrate in well-water can be harmful to man

and animals alike.

Nitrates in Drinking ¥ater

The significance of nitrate in drinking water has received consider-

ahle attention since the discovery (1945) that high concentrations of nitrate

water used in baby formulas may cause fatal methemoglobinemia ("blue babies")

in infants under six months of age. The Kansas State Board of Health con-

siders concentrations of ninety ppm sufficient to induce cyanosis in in-

fants. Unfortunately, the Kansas State Board of Health does not require

oases of methemoglobinemia to be reported; thus it is not knovm if wells

polluted with excessive nitrates have actually caused this deformity.^

Not only humans but animals as well may be affected. In cattle exces-

sive concentrations of nitrates are known to cause metheoglobinemia, de-

creased milk production, Pink Eye, thyroid distrubances, reproductive diffi-

culties, abortions, and reduced rates of gain. The latter should be of

particular concern to all cattlemen and feedlot operators.

Incidence of nitrates . The Kansas State Geologic Survey analyzed

the chemical characteristics of sixty-five private wells in both Chase and

Lyon County and found nitrate concentrations exceeding forty-five pp.- in

'^^Dr. Donald Wilcox, M.D., Kansas State Board of Health, Personal
Interview, Topeka, Kansas, November 15, 1967.

93
G. E, Smith, "Contamination of Water by Nitrates," Fertilizer

Solutions . 2:14, May-June, 1967.



4.3 per cent and concentrations exceeding ninety ppm in 29 per cent vdth a

maximmn concentration of five hundred eighteen ppm. ^ An accumulation of

nitrate in subsurface water will occur in nature either as a result of

nitrate minerals naturally present in the rocks or as a result of organic

action. It is quite possible that in both Chase and Lyon County the

nitrate concentrations are a result of organic action inasmuch as " . , ..no

nitrate minerals are known to exist in any of the rocks at or near the

95
surface."

Probable source of nitrates . In rural areas, organic action which

produces nitrate concentration can usually be attributed to the use of

96
chemical nitrogen fertilizer or animal wastes. Evidence for this is

offered by G. E. Smith in studies conducted in Missouri where he found no

correlation between the use of chemical nitrogen fertilizer and the nitrate

content of well-water, but a very high correlation between livestock njjnbers

97
and the percentage of wells containing significant amounts of nitrate.^

Movement of nitrates . Nitrates are readily soluble in water and

move with soil moisture; as the water percolates through the soil, the

nitrates may be carried great distances depending on the subsurface soil

Kansas State Geological Survey. Geolog^; Mineral Resources , and

Ground-Water Resources of Chase County. Kansas. Vol. XII (Lawrence: Univer-
sity of Kansas Publications, 1953) , pp. 34.-35; Kansas State Geological Sur-
vey. CreolosY . Mineral Resources , and Ground -Water Resources of Lyou Countv,

Kansas. Vol. 21 (Lawrence: University of Kansas Publications, 1951),

pp. 40-41.

^ Ibid ., pp. 38, 42.

'^
G. E, Smith, p. 17.

^"
^Ibid .. p. 10.



99

and rook structure, Vfith the exception of the unconsolidated alluvium of

the river valleys, most of the rocks of the Cpper Neosho consist of alter-

nating beds of limestone and shale. Some of the limestone, particularly

those of the Chase and Council Grove groups, contains many joints, frac-

tures and caverns which allow the lateral movement of ground water over

98great distances.' Many rural wells in the central part of the Upper

Neosho Watershed derive water chiefly from these jointed, fractured and

cavernous limestones. Eight feedlots in the Watershed are situated on

Chase and Council Grove formations (Figure 25) . At present there is no

proof that excessive nitrates leached from feedlot waste do actually perco-

late into the aquifers of these formations; however, this is known to have

happened in other areas, and it is a distinct possibility in the Upper

Neosho. If this is occurring, an additional threat is posed, as subsurface

flow does not necessarily conform to surface drainage basins. Wells outside

of the watershed may be polluted by the excessive nitrates leached from

some or all of the twelve cattle feedlots in the study area.

III. HUMAN HEALTH

For many years, public-health agencies have been concerned with

health problems that are associated with animal wastes. Some are patho-

genic, others chemical in nature. The former are known to exist; the latter

are suspected.

nCansas State Geological Survey, Geology . Mineral Resources , and
Ground-Water Resources of Lvon County.- Kansas , p. ^.
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Pathogens

There are approximately fifty bacterial species and an unknown number

99
of viruses common to livestock which can be pathogenic to man. One of the

most prevalent pathogens that is zoonotic, or oomaiun-icable from animal to

man, is Salmonella . Two of the most common types of Salmonella found in

cattle are Salmonella tvnhimurium and SaJjnonella dieblin . The former can

cause meningitis and septicaemia in humans; the latter, which is much more

common, causes enteritis not only in man but in other animals and birds as

well.l°°

These zoonotic pathogens along vdth leptospirosis, which produces

severe Jaundice in humans, develop in the intestinal tract of cattle. These

pathogens are readily transported to both surface and underground water by

runoff and leaching. Few physicians report Salmonella oases—thus it is

not possible bo determine the incidence, if any, of Salmonella infestation

In the feedlots of the Upper Neosho. However, a recent study in southern

Arizona indicated that the disease was wide-spread in the feedlots of "that

area. Fortunately, aridity and high evaporation rates of the area precluded

runoff or percolation into either surface or subsurface waters. In re-

cent years, the Kansas Public Health Department has not recorded any known

cases of oattle-induoed Salmonealla in the study area. Dr. Donald V/ilcox

99'Gray, Speech to Kansas Livestock Association.

E. H. Gibson, "Salmonellosis in Cattle," Agriculture. 73:213-216,
June, 1966.

W. M. Decker and J. H. Steele, "Health Aspects and Vector Control
Associated with Animal Wastes," Proceedings of the Mational Syniposium on
Animal Waste Management . American Society of Agricultural Engineers, Publica-
tion No, SP-0366, 1966, p. 19.
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of that agency noted that the absence may be one of recording rather than

oocui'renoe. Cattle-induced Salmonella may have occurred but simply not

have been reported to the Health Department.

Chemicals

Animal wastes may also contribute to man's exposure to a number of

potentially hazardous chemicals. Toxic pesticides are both excreted in the

urine and feces and stored in the body tissue. Medicinal agents and grois'th-

stimulating hormones are similarly excreted and stored. In order to elim-

inate the excessive assimilation of chemicals in the meat tissue, dosages

are stringently administered; however, significant additional ajiicunts may

be taken into the tissue of the cattle if grain or roughage is eaten from

the excreta-littered lot surface, a not uncommon practice. The cattle are

produced for eventual human consumption and presently it is not knovra what

102
long-term health effects these chemicals may have upon man. The possible

effect, if any, may be worthy of investigation.

IV. FEEDLOTS AS GENERATORS OF NUISAMCES

The feedlots of the Upper Neosho Watershed have affected other than

the aquatic environment and may be cited as sources of odor, dust, rodent

and insect infestations, and noise; in addition, the feedlots, particularly

those adjacent to urban areas, are responsible for a general aesthetic de-

cline of the surrounding areas. ¥hile these effects have been observed,

they have not been measured; indeed, some cannot be measured, and for the

purposes of this paper will be considered as nuisances rather than

•'"^bid. . p. 20.
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pollutants. In reality semantics is not the important factor, rather it

is the deleterious effect these phenomena have upon the environment that

is of major concern.

Odor

Odors emanating from feedlots are usually the most noticeable char-

acteristic of any feedlot. Not only is the immediate vicinity charged with

odor, but the unpleasant smells become wind-borne and are spread over wide

areas. The most obvious source of odor is the tons of manure in the lots.

Less recognized, but equally pungent sources, are manure spread on fields,

ammonia from urine, and ensilage. In many lots ensilage, dumped in large

uncovered mounds (Figure 26), gives off odors just as potent as manure.

In addition to the odors originating in the feedlots, effluent-charged

streams become sources of foul odors as do the rotting carcasses of the

many fish killed by feedlot wastes.

While all feedlots in the Upper Neosho are redolent to some degree,

odor has not become a major problem except in the area around Emporia where

the proximity of twenty-five thousand cattle and nineteen thousand people

has created problems. Despite efforts of the Emporia feedlot operators to

keep odor at a minimum through the use of deodorants, the proximity of the

feedlots to the urban area is too great to avoid all odor problems. Many

residents of the city complain about the odor, but feu have taken any action

or filed formal complaints. To date only one property owner has taken

103
-'Several residents of Emporia have complained to the Lyon County

Board of Health; however, the residents were reluctant to sign a formal
complaint which would enable the Board of Health to investigate or take
action.
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Fig. 26. Huge mounds of ensilage (background) stored in feedlot.
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legal action against a feedlot. He was awarded a judgment which was subse-

quently appealed by the feedlot operator and is still pending. ^

Several operators in the study area felt that odor became a problem

only during periods of high humidity and seldom constituted "much of a

problem," In two other lots, the pens and manure piles are treated with

a commercial enzymatic preparation designed to prevent offensive odors from

being released into the air. In general, most of the Upper Neosho feedlot

operators do attempt to minimize the odor emanating from their lots.

Dust

If the surface of a feedlot becomes too dry, dust clouds are raised

by the milling and kicking of the cattle. The dust can affect the health

of the livestock, be harmful to crops and create a nuisance for nearby

residents. This problem can be eliminated by periodically sprinkling the

feedlot during extended dry spells; a practice that most operators follow.

Insects and Rodents

Feedlots attract and harbor many filth-pests such as flies, cock-

roaches and rats. The most common filth-fly, the house fly (Musca domes tica)

.

is found in countless numbers in any feedlot. Studies in California indi-

cate that one of the foremost causes of the current filth-fly population-

explosions is the recent growth of small area, high density livestock-

105feeding operations. The moist manure piles are extremely attractive to

^poria Gazette . May 20-22, 1962; June 20, 1962; July 3, 1962;
February 20, 1967.

%. H. Soraker and J. A. Poll, "A Report on a Survey of Fly Produc-
tion at Some Cattle Feedlots in Imperial County," Bureau of Vector Control,
California State Department of Public Health (Sacramento: 196^.), p. 16.
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egg-laden females and provide an ideal environment for developing larvae.

Feedlots are so attractive to egg-bearing fenale flies that it has been

suggested that livestock operations in California actually perform a service

to the surrounding oountiyside by attracting all the flies in the area.

Further, viith a proper manure-management program a feedlot could function

as a death trap for flies by rapidly drying the feces after the fly eggs

have been deposited in the manure. However, these suggestions are not

applicable everywhere.

According to Dr. Herbert Knutson of the Kansas State University

Department of Entomology, fly production in eastern Kansas feedlots far

exceeds the niomber of flies attracted from outside the lots. Also, the

humid climate of the study area prolongs the drying of fecal matter, thereby

allowing the larvae sufficient time to develop.

All Upper Neosho feedlots have severe fly infestation, although the

operators regularly use insecticides to protect the cattle from flies in

order to attain maximum weight-gain in the shortest possible time. Within

the past year the Livestock Sanitary Commission has ruled that chemicals

must be used to control the fly population in each lot (See Appendix A),

but the infestation remains severe. Rats and other rodents are attracted

to the lots in large numbers by the availability of grain and other food

and mosquitoes are attracted to the breeding sites afforded by large pools

of polluted water (Figure 27)

.

J. R. Anderson, "Biological Interrelationships Between Feces and

Flies," Proceedings of the National Symposium on Animal Waste Management,
American Society of Agricultural Engineers, Publication No, SP-0366, 1966,
p. 21.
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Fig. 27. Pools of runoff produce breeding sites for mosquitoes.
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Noise

Feedlots are not usually oonsidsrsd to be generators of noise

despite the bawling of cattle; however, in urban-oriented lots, noise can

and often does become a problem. It is not the cattle per se which create

the noise, but rather the trucks which transport stock to and from the

lots. Despite the proximity of a railroad, approximately 90 per cent of

all cattle in the Upper Neosho feedlots are moved by large semitrailer

trucks. It is not unusual for twenty-five or thirty trucks carrying cattle

or feed to enter or leave a large lot during a single day. The trucks not

only create noise, but further promote air pollution through dust and

diesel or gasoline fumes as well.

General Aesthetic Decline

It is not possible to determine quantitatively the extent to which

feedlots are responsible for the decline of aesthetics in the surrounding

area. One reason is the nebulous nature of "aesthetics"; conditions

which are intolerable to one may go unnoticed or be even pleasant to an-

other. Perhaps a better standard would be the degree to which the land

use of the feedlot and that of the surrounding area are coDipatlble. In

rural areas where an agricultural land use dominates, the smell of manure,

prevalence of insects and other nuisances associated with feedlots may, to

a greater or lesser degree, be natural components of the rural culture.

However, the same phenomena may be foreign to an urban culture and create

acute problems. As a result, a feedlot located on the periphery or within

'•'^'''The explicit definition of environment used throughout this paper

must of necessity be broadened to consider the possible effect of feedlots

upon the aesthetics of the surrounding area.
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the confines of an urban area may be considered to have a more deleterious

effect upon the aesthetic qualities of its environs than a rurally situated

feedlot. Still, there is little doubt that all property adjacent to scum-

covered, foul-smelling water courses does decline in value both aesthetical-

ly and economically despite the nature of the lar.d use.

The accuiT-ilatlon of animal wastes has resulted in the pollution of

the ground, air and water of the Upper Neosho Watershed. The pollution has

been manifested by fish kills, unpalatable drinking water, hyper algea

blooms, disease and nauseous odors. The evidence of the cause-and-effect

relationship between animal wastes and the degraded quality of the physical

environment is sufficient to cause many conscientious and irxformed people

to realize the need for stringent pollution controls and more effective

methods of animal-waste management.



CHAPTER V

POLLUTION ABATEMENT

Cominercial cattle feedlots have grown with little planning and

withoat adequate concern for the nuisance and pollutional characteristics

of the industry. Public officials, feedlot operators, and to a limited

degree, the general public, are not becoming aware that these character-

istics and the consequent lowering of environmentsJ. quality must be checked.

Various methods have been proposed, and in some instances initiated, to

prevent or at least to reduce the nuisance and pollutional vectors inherent

in animal-waste management,

it has been suggested that commercial feedlots not be allowed to

operate adjacent to populated areas. Feedlots and their associated prob-

lems of odor, flies and dust have been protested by townspeople in Ventura

and Pomona, California; Lubbock, Texas; Emporia, Kansas; and Tempe,

Arizona. In Tempe, public pressure became so great, one feedlot operator

109
decided to relocate. In such instances, the feedlot operator becomes a

victim of urban encroachment, yet one livestock trade publication encouraged

such operators to retain possession of their lots as long as possible.

Even though encroachiient will eventually force the operator to relocate,

the longer the move can be delayed, the more the land vfill appreciate in

Jr)0
Carl Safley, "'Good Neighbor' Atmosphere Profits This Feedlot,"

Western Feed and Seed . October, 1962, p. 89.

^°9"Creeping Urbanism," Calf News. September, 1963, p. 20.
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value as a housing, factory or shopping-center site."^ In view of this,

three of the four Emporia feedlots may eventually find it financially

expedient to move to a rural area. However, when queried, the operators

disclaimed any intent to relocate "in the near future."

Odor and fly problems can be reduced appreciably by the use of

deodorants and insecticides. Feedlct operators acknowledge that fly in-

festations are detrimental to the welfare of the cattle; since eonomio

weight gain is of paramount importance, operators consider the cost of

insecticides to control fly population a necessary expense. However, all

too often the control or elimination of odor is an entirely different matter.

Chemical odor control is an expense that does not improve beef quality or

production and thus many operators do not consider it a necessary expense.

The result is that most operators will not incur the expense of odor con-

trol unless forced to do so by either public pressure or a regulating body

such as a sanitary commission or health department.

I. LEGISUTION

In the state of Kansas various tools are being utilized and others

are being considered to control the disposal of animal wastes aii.d the water

pollution emanating from the wastes. Kansas has long had a tradition of

water-pollution control dating back to 1907 with the passage of the Hater

and Sewage Law. The responsibility for controlling water pollution was,

and continues to be, delegated to the State Department of Health. VJhile

the legislation was originally concerned primarily '-dth the control of

llOitid.
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nranicipa]. water and sewer systems, there have been several amendments since

1907, extending the Departiaent's authority to control pollution from other

sources as veil. The most recent amendment, House Bill 1/l97, passed by the

1967 Legislature, placed control of agricultural effluents under the juris-

diction of the Health Department. In response to the new legislation, the

Health Department has adopted regulations for the control of water pollut-

ants from agricultural feedlot operations.

The Health Department' s 1967 regulations governing feedlots (Appendix

B) have been a significant step. For the first time in Kansas history, any

confined feeding operation with three hundred or more head of livestock is

required to register with the Health Department. As of July 1, 1967, every

new applicant must supply information on type of operation, topography,

drainage, and primary receiving stream (see Appendix C) ; and all operators

of existing feedlots are required to submit the same information by January

1, 1968. The department has the authority to compel operators to provide

uater-pollution-control facilities if, in the opinion of the department,

a potential runoff problem does exist at the feedlot site. If the operator

does not comply with the department's requests, he can be restrained from

taking any other animalfi into the lot until minimum requirements for water

pollution controls, as sepcified by the Health Department, are fulfilled.

Leroy E. Lyons, "Vfliat Price Pollution," Kansas Fish and Game

,

25:11, December, 1967.

•^'Kansas State Department of Health, "Agricultural and Related
Waste Control," State Board of Health Regulations (Topeka: 1967),
pp. 2-3.
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II . RESEARCH

Two studies, financed in part by the Kansas Livestock Sanitary Com-

mission, are currently underway at Kansas State University in Manhattan

and the University of Kansas at Lawrence. The studies at Kansas State

University are concerned with determination of the quantity and quality of

feedlot runoff. Concurrent studies at the University of Kansas are being

undertaken to determine the most satisfactory methods of animal-waste

treatment and disposal. Although still in progress, the studies have

113
yielded much important information.

III. WASTE IHEATt-IENT

Various methods of animal-uaste disposal and treatment aimed at

curbing pollution have been proposed. As noted above, the traditional

method of animal-waste disposal, spreading manure on cropland, has certain

drawbacks when large quantities of manure are involved. Of greater concern,

however, is the fact that this method has proved unsatisfactory in prevent-

ing runoff-induced water pollution. Another proposal is the use of slotted

floors whereby the waste drops into ditches or trenches rather than accumu-

late on the lot surface. This has proofed successful in poultry and swine

operations, but to date has not proved to be economically feasible for

large cattle feedlots. A third method, which holds more promise, is the

incineration of manure. Daily or weekly collections of manure are burned

to a fine ash; the mineral-containing ash is then spread on the fields.

It -3

'I'iany of the references to works by R. C. Loehr, J. R. Miner and
S. M. Smith cited in this paper are the initual results from these studies.
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Incineration can be veiy expensive if the waste material has a high moisture

content and is praotioal only in areas where cheap fuel is available. How-

ever, after the initial drying, much of the heat required for complete

incineration can be obtained from the combustible waste itself. This form

of disposal may merit consideration in the Upper Neosho Watershed because

of the availability of fossil fuels. Chase County has several large gas

pools, one of which is located less than three miles from the largest feed-

lot in the Watershed. Just to the east, in Lyon County, there are approx-

imately 5,520,000 and 303,180,000 tons respectively of proven and potential

coal reserves. If this manner of disposal were utilized, care weald have

to be taken to prevent any resulting smoke from becoming a source of air

pollution.

Each of these methods either is less than satisfactory as a means of

disposing of the vast quantities of waste generated by a large cattle feed-

lot, or has little pollution reduction capacity at tjie present time. The

Kansas State Health Department has stated that its objectives in regard

to the controlling of water pollution from cattle feedlots are to " , , .

assure the continued growth and maintenance of the livestock Industry and

the protection of water quality for all beneficial use." The department

does not view the objectives as being inconsistent with one another; it

intends to fulfill the objectives with competent engineering judgment and

the use of water-pollution control principles on an individual-need-basis

to avoid unwarranted expense to individual operators. If water-carried

"^Kansas State Geological Survey, Geology. Mineral Resources , and

Ground-Water Resources of Chase County . Kansas , pp. 3031; Geology, Mineral
Resources , and Ground-Water Resources of Lyon County . Kansas, pp. 25-28.
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animal waste can be kept on the land and aat of the watercourses, stream

pollution from feedlots can be greatly reduced. The department believes

this can be accomplished by controlling drainage through multiple reten-

tion ponds or treatment lagoons along 'jjith controlled water release or

irrigation.

Retention Ponds

The amount of feedlot waste which enters a stream can be greatly

reduced by the impondment of waste-charged runoff. This can be accom-

plished by channeling all runoff into excavated or diked structures or by

damming a natural depression. Pond size is dependent upon the size and

slope of the drainage area but should be large enough to impend a minimum

of three-acre-inches of runoff per acre of contributing drainage area.

On hilly terrain, diversion ditches should be constructed to divert upslope

runoff around the lot and out of the impondm.ent basins. The pond acts as

a sedimentation unit or catchment basin for the bulk of litter, debris and

chemicals which settle or precipitate out of the runoff. At least one, and

usually two, additional ponds are constructed downslope from, the first

(Figure 28) . They accommodate any overflow from the first pond, but more

important].y, they contain the effluent until a significant amount of self-

cleansing has occurred. This will usually take three to five days; mean-

while the first pond is free to receive additional runoff. The flow of

water from the pond into a receiving waterdjarse will occur 'jithin four

to six days and is controlled to allow sufficient dilution to take place

to eliminate the formation of a slug.
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The lots and the dried-out ponds must still be cleaned mechanically,

and the waste returned to the soil, incinerated or disposed of in some

other way. Water retention ponds are designed to control the quantity and

improve the quality of feedlot runoff that flows directly into a river

system. If they are constructed and used responsibly, stream pollution

117
from feedlots should be greatly reduced.

Lagoons

Lagoons differ from retention ponds in that their principal function

is waste treatment. In the process they also serve as an effective means

of abating the runoff-induced pollution of surface waters. The initial

channeling of runoff from the lot into a lagoon is similar to that followed

when retention ponds are utilized. However, lagoons are deeper and designed

to hold not inches but acre-feet of water and sludge. They differ from

sedimentation units in that settled solids are not routinely removed, but

are left to decompose fully. The digestion of wastes occurs through either

aerobic or anaerobic action.

The aerobic digestion of waste occurs in relatively shsllow lagoons

that have a large surface area in relation to the amount of waste oontai.ned.

Oxygen is added to the effluent both from the air and by photosynthesis.

Because of the shallow depth (three to four feet) sufficient sunlight

penetrates the lagoon surface to support algae and other micro-organisms

by the oxygen-producing process of photosynthesis. In turn, the absorbed

lis
oxygen supports the bacterial action required to digest waste material.

11 7
Heble, Interview.

^^"How Practical Are Lagoons?" Feedlot . 11:23, Kay, 1967.
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Anaerobic digestion conversely takes place in lagoons that are fif-

teen to twenty feet deep and greatly overloaded with organic wastes.

Despite the depth of the lagoon, there is a considerable amount of mii'cing

as a result of gases released through decomposition (Figure 29)

.

The septic tank function of an anaerobic lagoon which would effi-

ciently treat all manure generated by a large feedlot is not presently

feasible in practice. It would require twelve hundred gallons of water

to dilute the daily excretement of one cow to the concentration of municipal

119
sewage. Even assuming the availability of water, the cost would be pro-

hibitive. However, aerobic lagoons are proving to be a satisfactory method

of treating waste flushed from feedlots. An additional advantage is that

the stored plant-food-laden water can be utilized for irrigation.

Impondment and Treatment of Wastes in Study Area

Since the spring of 1967, four of the Upper Neosho feedlot operators

have constructed runoff or waste treatment facilities including one multiple

retention pond, tvfo aerobic lagoons and one anaerobic lagoon system. A

second anaerobic system designed to treat and stoi-e forty-five acre-feet

of liquids is presently under construction. The liquid will be used to

irrigate and fertilize adjacent fields of feed crops.

Two other operators anticipate that they may have to build some type

of structure but will not undertate construction until required to do so.

The operators of the remaining five lots feel they are able to control run-

off by the use of diversion ditches and that wastes from their lots do not

119lbid.
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Fig. 29. An anaerobic lagoon.
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120
contribute significantly to water pollution. Only one operator in the

study aroa was adamant in his refusal to construct a "ninoff or treatment

facility and stated he " . . . will go out of business" rather than comply.

Any resistance by the operators to the confinement and/or treatment

of waste runoff is based primarily upon two factors. One, they resent

being singled out as the major contributors of water pollution in the area.

Some refuse to admit that feedlot runoff is responsible for the massive

fish kills that have occurred in the Cottonwood and Neosho Rivers. Others

admit that feedlots "may contribute" to water pollution but deny that they

constitute the major source of pollution. They offer the rather irrational

logic that while they do not know what the source of pollution is, they do

know it is not derived from their feedlots.

The second, and perhaps major, factor is the expense involved in

the construction of retention or treatment facilities. The expense in-

volved is similar to that for deodorants in that the operator cannot "see"

the return in terms of weight gain by the cattle. Therefore, many oper-

ators consider the expense to be unnecessaiy, a burden, and a threat to

the continued economic growth of the industry in general and to his own

business in particular.

It is not necessary that the cost of effective control of feedlot

wastes be either a burden or a threat to the industry. It has been esti-

mated that animal wastes can be controlled at an average cost of one dollar

per head capacity of a feedlot. This estimated cost for water pollution

120
This information was obtained prior to the health departcient's

deadline for registration to control agricultural waste; hence the lots
had not been investigated by that department.
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control, smorti aed )ver a ten-year period, would provi de control at an

average annual :ost of three cents
, ^ 121

per nead.

This is a very small price to pay for the cleansing of a signifi -

cant part of our environment. All too often economic restraints are

responsible for the lack of pollution control and the resulting deteriora-

tion in the quality of our environment. This is true of cattle-feeding

operations as well as other types of industries. At last the justification

of continued "erosion of environmental quality" for continued economic

122
gain is now being questioned. The questioning is long overdue.

121
Gray, Speech to Kansas Livestock Association.

Resources for the Future, p. IS.



CHAPTER VI-

SUMMARY

The quality- of all segnents of our physical emri.ronment Is serloasly

threatened by the discharge of pollutants into, onto, and above the earth.

Although the pollutants have as a source many sectors of our culture and

economy, the agricultural industry is increasingly becoming a major source

of soil, water and air pollution. In some states today, the major source

of uncontrolled water pollution emanates from "the commercial cattle feed-

lot industry.

The commercial cattle feedlot industry has grown rapidly and is

concentrated in an eleven-state area in the mid and southwest regions of

the United States. The small herd, pasture-fed, ancillary livestock

operation of pre-1950 has given way to livestock "factories" in which

the chief purpose is to raise thousands of high-grade beef cattle. To

achieve this purpose, cattle are concentrated in feedlots at densities of

two to four hundred head per acre and are fed highly nutritional grain and

forage along with selected additives to Insure a maximum rate of gain in

a minimum amount of time. The change of livestock feeding from a subordi-

nate to a dominant position in agriculture was occasioned by several tech-

nological advances in agronomy, feed-handling systems and veterinary science

along idth increased consumer demand from a larger and more affluent popu-

lation. The commercial-feedlot industry/- has steadily grown, particularly

in the eleven leading cattle-feeding states, and today feedlot operations

are increasing in both number and size.
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Despite the apparent success of the industry, it is threatened by

the problem of animal-waste management. Traditional methods of manure dis-

posal are no longer adequate to dispose of the thousands of tons of waste

generated annually in a large commercial feedlot. As a consequence various

constituents of animal manure permeate the physical environment in the

cattle feedlot areas. The quantities released into the environment are

too large for nature to absorb readily, and the land, air and water of the

physical environment become severely polluted.

A prime example of the deleterious effect of feedlot-derived pollu-

tion upon the physical environment may be found in the Upper Neosho Water-

shed of east-central Kansas where twelve commercial feedlots are concen-

trated. In the Watershed, the aquatic realm of the environment has been

drastically changed by the runoff of manure-charged wastes into both the

surface and subsurface waters of the area. Sections of the rivers down-

stream from the feedlots have been found to be discolored, odoriferous,

deoxygenated, and charged with harmful amounts of nitrogen, ammonia,

bacteria and suspended solids whenever large quantities of animal wastes

are carried into the streams by precipitation.

The chemical and physical changes to the aquatic realm have produced

an environr^ent that is grossly hostile to the fauna and flora present in

the area prior to tiie situation and growth of the cattle feedlot industry.

Both the numbers and species of fish and the species of vegetation have

changed as a consequence of the pollutants generated by animal wastes.

Polluted surface waters have produced massive fish kills, unpotable drink-

ing water, health hazai'ds to water recreatiorJ.sts and unpleasant vistas.

There are indications that subsurface -waters have also been polluted by
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the leaching of nitrates from feedlots into underground aquifers. Feedlots

in the area may also be cited as generators of dust, odor, insects and

rodents

.

The rapid growth of the feedlot industry in the Watershed precluded

an adequate evaluation of the problems inherent in a large confined-animal

feeding practice, and the quality of the environment was badly compromised

before the pollutional potential of the industry was recognized. With

the recognition of the pollutional effects of the industry, the State of

Kansas passed legislation to curb feedlot-generated surface-water pollution.

In the Upper Neosho Watershed and throughout Kansas, it is now mandatory

for commercial feedlot operators to submit to the inspection of their feed-

lots, and if necessary, control the flow of waste-charged runoff from their

lots into neighboring streams by the oonstraction of diversion ditches,

retention ponds, and/or lagoons. As commendable as this action is, it is

not sufficient.

The technology which made concentrated feeding pr3.otlces possible

has accelerated at a much faster rate than that devoted to the treatment

and disposal of animal wastes. The technological gap which exists between

the creation of wastes and the pollution-free disposal of wastes must be

closed If the industry is to survive. The pollution potential of the

industry must be negated before the quality of the physical environment

in the feedlot areas is impaired beyond reclamation. Hopefully, it is

not yet too late.
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APPENDIX A 131

AGENCY 9 — LIVESTOCK SANITARY COMMISSIONER

RULES and REGULATIONS

ARTICLE 8 -- LIVESTOCK FEED LOTS RULES AND REGULATIONS

9-8-1. CLEANING OF PREMISES.

(1) Feed Lots shall be thoroughly scraped and cleaned, and

all manure removed, at least two times each calendar year,

and more frequently if necessary to maintain proper standards

of cleanliness and sanitation.

(2) Manure removed from a feed lot shall be disposed of in one of

the following manners: (a) hauling to and placing upon farm

land, where same shall be spread out and plowed under the

soil surface, (b) dehydrating by a mechanical dehydrating

process; (c) depositing in lagoons or settling tanks, having

such construction and size to effectuate substantial reduction

by bacterial action; (d) using any other method specifically

approved by the Livestock Sanitary Commissioner. Ma.nure

removed from a feed lot may be stock-piled, and shall be rrioved

for final disposal when conditions permit.

(3) Locations at a feed lot which naight be the source of insect

breeding, (a) shall be cleaned, or (b) shall be treated with

apjjroved chemicals, or (c) shall be both cleaned and treated

witli approved chemicals. The procedure followed shall be in

such manner as to eliminate or substantially reduce the breeding

of flies.

(Authorized by K.S. A. 47- 1505 and 47- 1506; compiled Jan. 1, 1966.)
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ARTICLE 8 — LIVESTOCK FEED LOTS RULES AND REGULATIONS

9-8-E. CONTROL OF INSECTS, RODENTS, AND PESTS.

(1) Effective chemicals, approved by the Livestock Sanitary Commissioner,

shall be used for killing of flies on and about the feed lot premises.

Such chemicals shall be applied with such frequency, and with

such coverage, as will eliminate or reasonably control the

fly population on such premises,

(2) Effective methods, approved by the Livestock Sanitary Commissioner,

shall be used for the eradication of the rodent population. Approved

formulas of gas and poisons, may be used.

(Authorized by K.S. A. 47-1505 and 47-1506; compiled Jan. 1, 1966.)

9-8-3. LOCATION AND CONSTRUCTION OF FACILITIES.

(1) Feed bunks, hay feeders, water tanks, and other pernnanent in-

stallations, shall be located and constructed in such a manner as

to permit adequate cleaning of premises adjacent to such permanent

facilities.

(2) Weather resistant platform aprons sliall be provided adjacent to

all feed bunks, feeders, water tanks and other permanently affixed

facilities. Such aprons shall be of concrete, blacktop, compacted

gravel, crushed rock, or other approved materials.

(Authorizedby K. S.A. 47-1505 and 47-1506; compiled Jan. 1, 1966.)
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ARTICLE 8 — LIVESTOCK FEED LOTS RULES AND REGULATIONS

9-8-4. DRAINAGE OF FEED LOT.

(1) Surfaces of feed lot pens shall be prepared and maintained at

a grade or slope, and in a manner which will prevent future and

eliminate present accumulations of surface waters, and which

will permit and facUitate the immediate runoff of surface waters,

from the feeding area.

(2) The surface waters running off, or being discharged from, the

feeding area, shall be directed into storage reservoirs or

settling basins, where practical and recommended, or shall

be diverted and spread over fields, thus preventing the direct

drainage and movement of solids being carried by water into

draws, ravines, streams, and rivers.

(Authorized by K.S. A. 47-1505 and 47-1506; compiled Jan. 1, 1966)

9-8-5. VETERINARIAN.

A Licensed veterinarian shall be available at the feed lot, or subject

to call at any time.

(Authorized by K.S. A. 47-1505 and 47-1506; compiled Jan. 1, 19=6.)

9-8-6. MECHANICAL EQUIPMENT.

The operator of a feed lot shall have available at his feed lot, either

by ownership or by lease arrangement, necessary equipment, in

good repair, which shall include the following: a bulldozer, a road

grader, and a scoop or other mechanically operated equipment capable

of scraping pens and loading manure.

(Authorized by K.S, A, 47-1505 and 47- 1506; compiled Jan. 1, 1966.)
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APPENDIX B

CHAPTER 28. STATE BOARD OF HEALTH REGULATIONS

ARTICLE 18. AGRICULTURAL AND RELATED V/ASTES CONTROL

28-18-1. DEFINITIONS

For purposes of the regulations in this article, the following words, terms
and phrases are hereby defined as follows:

(a) The words "confined feeding" shall mean the confined feeding of animals
for food, fur, or pleasure purposes in lots, pens, pools or ponds which
are not normally used for raising crops and in which no vegetation, intended

for animal food, is growing. This will not include a wintering operation for

cows in lots or on farming ground unless the operation causes a pollution

problem.

(b) The words "confined feeding operation" shall mean (1) any confined feeding

of 300 or more cattle, swine, sheep, or horses at any one time, or (2) any

animal feeding operation of less than 300 head using a lagoon, or (3) any
other animal feeding operation having a water pollution potential, or

(4) any other animal feeding operation whose operator elects to come under
these regulations.

(c) The term "operator" shall mean an individual, a corporation, a group of

individuals, joint venturers, a partnership, or any other business entity

having charge or control of one or more confined feeding installations.

(d) "Food animals" shall mean fish, fowl, cattle, swine, and sheep.

(e) "Fur animals" shall mean any animal raised for its pelt.

(f) "Pleasure animals" shall mean dogs and horses.

(g) The words "waste retention lagoon" or "retention ponds" shall mean
excavated or diked structures, or natural depressions provided for or

used for the purpose of containing or detaining animal wastes consisting

of body excrements, feed losses, litter, cooling waters, wash waters,
whether separately or collectively, or any otlier associated materials
detrimental to water quality or to public health, or to beneficial uses of

the waters of the state. A waste retention structure shall not be construed
to be a treatment facility and discharges of waste water therefrom shall

not be allowed except as authorized by regulations 28-18-3 and 28-18-4.
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(h) The words "waste treatment facilities" shall mean structures and/or

devices which stabilize, or otherwise control pollutants so that after

discharge of treated wastes, water pollution does not occur and the public

health and the beneficial uses of the waters of the state are adequately

protected.

(i) The words "water pollution control facilities" shall mean waste retention

lagoons, retention ponds, or waste treatment facilities.

(j) The term "department" shall mean the Kansas State Department of

Health. (Authorized by K. S. A. 65-164, K.S.A. 65-171f, K. S. A. 65-165

as amend. , K.S.A. 65- 167 as amend. , K.S.A. 65-171d as amend. ,

K.S.A. 65-171h as amend. ; effective 31 May 1967. )

28-18-2. REGISTRATION AND WATER POLLUTION CONTROL FACILITIES
PERMITS.

(a) Effective July 1, 1967, the operator of any nevvly proposed cor^fined feed-

ing operation as defined in regulation 28- 18- 1(b) must register with the

Kansas State Department of Health prior to construction and operation of

the lot, pen, pool or pond. The operator of any existing confined feeding

operation as defined in regulation 28-18-l(b) must register by January
1, 1968. Application for registration shall be made on a form supplied

by the department.

(b) Applicants shall submit the completed application form to the department
together with supplemental information regarding general features of

topography, drainage course and identification of ultimate primary re-

ceiving streams. Additional information which may be deemed necessary
for satisfactory evaluation of the application may be required by and shall

be submitted to the department.

(c) If in the judgment of the department, a proposed or existing confined feed-

ing operation does not constitute a potential water pollution problem
because of location, topography, or other reasons, provision of water
pollution control facilities will not be required.

(d) If in the opinion of the department a confined feeding operation does con-

stitute a water pollution potential, or if water pollution occurs as a result

of any confined feeding operation, the operator shall provide water pollu-

tion control facilities which shall be constructed in accordance with plans

and specifications approved by the department.

(e) Water pollution control facilities shall not be placed in use until a permit
has been issued. Permits for water pollution control facilities will be
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issued by the executive secretary of the Kansas State Board of Health upon

satisfactory completion of construction in accordance with plans and

specifications approved by the department. Water pollution control faci-

lities permits shall be revocable for cause on thirty days' written notice.

If a water pollution control facilities permit is revoked, the owner or

operator of the confined feeding operation involved shall be allowed to

finish feeding existing animals in the lot, pen, pool or pond at the time

of revocation but shall not place or allow to be placed in the lot, pen, pool

or pond any other animals until the minimum requirements for water

pollution control as set forth in regulations 28-18-3 and 28-18-4 have

been met and a new water pollution control facilities permit has been

issued. (Authorized by K.S. A. 65-164, K. S. A. 65-171f, K. S. A. 65-165

as amend., K.S. A. 65-166 as amend. , K.S. A. 65-167 as amend. , K.S. A.

65-171d as amend. , K.S. A. 65- 17 Ih as amend. ; effective 31 May 1967. )

28-18-3. REQUIREMENTS FOR FACILITIES

Water pollution control facilities required shall be kept at the minimum require-

ments stated in the following paragraphs; provided that when site topography,

operating procedures, and other available information indicate that adequate

water pollution control can be effected with less than the minimum requirements,

the minimum requirements may be waived; provided further that if site topo-

graphy, operating procedures, experience, and other available information in-

dicate that more than the minimum requirements will be necessary to effect

adequate water pollution control, additional control provisions may be required.

(a) CATTLE: The minimum water pollution control facilities for the confined

feeding of cattle shall be retention ponds capable of containing three inches

of surface runoff from the feedlot area, waste storage areas, and all other

waste contributing areas. Diversion of surface drainage prior to contact

with the confined feeding area or manure or sludge storage areas shall

be permitted. Waste retained in detention ponds shall be disposed of as

soon as practicable to insure adequate retention capacity for future needs.

(b) SWINE: Waste retention lagoons for swine feeding operations may be

allowed in lieu of waste treatment facilities. Waste retention lagoons

must be capable of retaining all animal excreta, litter, feed losses,

cooling waters, wash waters, and any other associated materials and

shall additionally be capable of retaining three inches of rainfall runoff

from all contributing drainage areas. Diversion of surface drainage

prior to contact with the confined feeding area or manure or sludge storage

areas shall be permitted. Provision must be made for periodic removal

of waste material from retention lagoons.

(c) SHEEP: The minimum water pollution control facilities for the confined

feeding of sheep shall be retention ponds capable of containing three inches

of surface runoff from the confined feeding area, waste storage areas, and
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and all other waste contributing areas. Diversion of surface drainage prior
to contact with the confined feeding area or manure or sludge storage areas
shall be permitted. Waste retained in detention ponds shall be disposed of

as soon as practicable to insure adequate retention capacity for future needs.

(d) OTHER ANIMALS: Each confined feeding operation registered involving
other animals shall be evaluated on its own merits with regard to the water
pollution control facilities required, if any. The confined feeding of other
animals shall not cause or lead to the pollution of the waters of the state
by runoff water from confined feeding areas, release or escape of water
from pools or ponds, improper storage or disposal of waste materials re-
moved from the confined feeding area, or by any other means.

(e) Waste treatment facilities shall be designed, constructed, and operated in

conformance with the provisions of regulation 28-18-4. If waste treatment
facilities consist only of pond or lagoon type structures, there shall be a
minimum of two such structures for series operation.

(f) Other methods of water pollution control shall be permitted where in the
judgment of the department effective results will be obtained. (Authorized
byK.S.A. 65-164, K.S.A. 65-171f, K. S. A. 65-165 as amend. , K. S. A.
65-166 as amend. , K.S.A. 65- 167 as amend. , K.S.A. 65-171d as amend.

,

K.S.A. 65-171has amend.; effective 31 May 1967.)

28-18-4. OPERATION OF FACILITIES.

(a) The water pollution control facilities shall be operated and maintained so
as to prevent water pollution and to protect the public health and the bene-
ficial uses of the waters of the state.

(b) Waste discharges from retention ponds, lagoons, or waste treatment faci-
lities into any watercourse shall be in conformance with the water quality
requirements of the appropriate river basin criteria as set forth in chapter
28, article 16 of regulations adopted by the Kansas State Board of Health
and regulation 28-18-3.

(c) Waste materials removed from retention ponds, waste treatment facilities,

and/or confined feeding areas shall be disposed of or stockpiled in a manner
which will not contribute to water pollution. Wastes may be used for irri-
gation or spread on land surface and m.ixed with the soil in a manner which
will prevent runoff of wastes. Other methods of disposal of wastes from
retention ponds, retention lagoons, waste treatment facilities, and/or
confined feeding areas shall be evaluated and permitted if in the judgment
of the department effective water pollution control will be accomplished.
(Authorized by K. S. A. 65-164, K.S.A. 65-171f, K.S.A. 65-165 as amend.

,

K.S.A. 65-166 as amend. , K.S.A. 65-167 as amend. , K.S.A. 65-171d
as amend. , K.S.A. 65-171h as amend. ; effective 31 May 1957 ).



APPENDIX C

THE KANSAS STATE DEPAR

REGISTRATION APPLICATION
for the

CONTROL OF AGRICULTURAL AND RELATED WASTES

To: State of Kansas
Environmental Health Services

Kansas State Department of Health
5th Floor, State Office Building
Topeka, Kansas 66612

Name of Applicant_
Company, Corporation, or Individual (Owner)

Name of Confined Feeding Operation

Address of Applicant
(P.O. Box) (Street) (City) (Phone)

Operator or Manager if other than Applicant

Address
(P.O. Box) (Street) (City) (Phone)

hereby makes application to the Kansas State Department of Health in confonnance with
Kansas State Board of Health regulations 28-18-1 through 4.

Legal description of proposed or existing confined feeding operation
Township , Range (E)(W) , Section County

Numerical capacity of confined feeding operation
(cattle, swine, sheep or horses) presently confined

acres.

Number of animals
Area of confinement

Total land area owned by applicant adjacent to confined feeding operation
Would this land be available for irrigation by gravity flow or pumping from the lowest
elevation of the confined feeding operation? Yes No . Explain



REGISTRATION APPLICATION ^39

for the

CONTROL OF AGRICULTURAL AND RELATED WASTES

Attach a sketch of the existing or proposed confined feeding operation and indicate the

following on the sketch: (1) overall dimensions of confinement, (2) direction of surfac

drainage from confined area, (3) location of water supply wells within ICOO feet of the

area. An SCS aerial photograph of the area involved is desirable.

Name of watercourse receiving drainage from operation

Name of primary receiving stream^

Has a complaint been issued against the confined feeding operation by downstream water
users? Yes No

Do you contemplate expansion of operation in the future? If yes, give estimate of date
and future operation capacity

To whom should future correspondence be addressed ?_

Signature of Applicant or Duly Authorized Agent
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m ABSTEACT

The quality of our physical em.'lroniiient Is seriously jeopai-dized

by the vast quantity of pollutants disgorged into the environment. Tne

commercial cattle feedlot industry has been cited as a major source of

pollutants in some areas. This study was undertaken to determine, l)

why the industry is a major source of pollution; 2) the polluting nature

of the industry; and 3) some of the effects of the industry upon the

quality of the physical environment.

Since 1950, the United States has experienced a dramatic change

in the methods by which beef cattle are produced for slaughter. Techno-

logical changes in agronomy, feed-handling systems and veterinajry science

have made it possible for one man to raise thousands of cattle on a very

feu acres of land. The concentrated or confined feeding practices have

generated large accumulations of animal wastes in micro areas. Tradi-

tional methods of waste disposal are no longer feasible with the great

volume of waste there is to be managed. The animal wastes are carried

by natural processes into the land, air, and water in quantities too

great for nature to assimilate readily, thus the quality of the eni/iron-

ment is seriously Impaired,

The Upper Neosho Watershed, a commercial feedlot area of east-

central Kansas, has experienced pronounced environmental pollution from

cattle feedlots. Streams of the area have been found to be lacking in

oxygen and contain harmful quantities of nitrogen, ammonia, bacteria,

and suspended solids. The effects of these changes upon the aquatic



environment have been massive fish kills, changes in fish number and

species composition, changes of flora species, and the creation of

health hazards to both humans and animals. In addition to the possible

contamination of ground water, feedlots in the area are sources of dust,

odor, insects and rodents.

The harmful effects of animal wastes upon the quality of the

environment have at last been recognized, and steps are now being taken

to curb the quantity and quality of pollutants which emanate from the

cattle feedlots of the area.


