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INTRODUCTTION

Until recentl; the disposel of livestock westes has
been of little concern to the Fansas rancher since the wastes
were dispersed cc the animal grazed on open pastures. However,
recent trends in fceding nrocedures have resuvlted in the
concentration of large numpers of animals in relatively small

spaces of commercial feedlolbes, Over the pest decade the number

of livestock confired in feedlots in ¥onses has increcset from
30,000 in 1956 to 168,000 in 1967, Naturally, there are certein
irherent problems in mess livestock feeding cperations, the
primary one being ~decunte dicposal of vast amounte of fecal
rrastes, TFor example, a feedlot with a cspacity of 10,000 head
of cattle yields fecal wastes equal to the wastes produced by
» city of 100,000 people (Tochr and Agner, 1967). Such large
quantities of westes, if untreated, ceon be expected to produce
adverse effects on the surrounding environment.

wer the pest ten years runeff from feedlots has become
recognized as 2 major source of orgenic pollution for seversl
Kansas riverc, In 1966 Kensas ranked second only Lo Pennsylvanisa

igh killed by pollution in the United 3Stotes

in totsl number of °
(Tyon, 1967), TMHowever, suthorities hed 1little documentation to
substantinte sucpicions Lhei the Tecdlots were responsible for some

the major fish 10311c in Vensas untll the study of Zmith and iner

(1962).  They Tound thal Teecdlot runoflf was chorachterized by



hich hiochemical ovygen demand, high ammonia content, and

increased bhacterial populations. They suggested that the

ruroff hed @ severe slucging effect on the receiving stream

copecierlly if the wocte loed were large.

tiner et #1. (1966) utilized simulated rain showers
on smell experimentol feedlots to predict quantitatively the
degree of pollution produced by given sets of conditions end
concluded that the quantity of organic waste flushed from a
Tfeedlot durinz rainfall was directly related to temperature,
reinfall intensity, and the moisture content of the waste before
rainfzll. The runoff was characterirzed by dense populations of
pollution indicator bacteria.

The primary objectives of this research were to
determine the relationship between feedlot runoff and popula-—
tion density of indicator bacteria in the Cottorwood River in
the vicinity of Fmporia, Kensas, and to establish seasonal

"norms" for bacterial density in the river.



DESCRIPTION CF STUDY ARFA

The Cottonwood River originates in the grasslands of
Marion County, Kensas, end flows eastward 137 river miles to itis
coniluence with the Neosho River near Imporis. The Cottonvood
River has a dreinage area of 1,2 million acres which inclucdes
most of llarion, Chase, and Iyon counties (Schoewe, 1951). At
its headwaters the gredient is approximstely 10 feet per mile
with a gradusl decrease to en average of 2,5 feet per mile near
its mouth in Iyon County (Iansas State Board of Agriculture,
19L7). The confluence of the two rivers is approximately 7
miles east of Fmporia.

There were scveral possible sources of fecal pollution
along the study re-ch of the Cottornwood River. The mmporia
cottle-Teeding facilities have 2 combined capocity of 20,000
hezd of cottle. Tunoff from these feedlots flows directly o

the river in tvo smzll drainege ditches., In oddition, the

v

anestil Pecking Plant occasionally discharges raw organic waste
into the river ond the Imporia city sewage disposel plant,
consisting of both primory end secondery treatment, also
discharges effluent to the river,

Samplirg stations were established along a 13-mile
reach of the Cotlonwood iver such that conditions in the river

above znd belou the poinls ot which drzineage from the Imporis
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feedlols entered the river could be monitored. The relative
locations of the Tive river stations os well as the two drainage
cources which tronsported feedlot runoff to the river are shown

in Figure 1 and Table I.
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Figure 1 = Map of Cottonwood River in Emporia Area, Identifying Sample Station Location
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TABDLE T

LOCATION A'D GENZERAL DISCRIPTICQN CF SAUPLING STATIONS

Stet

[N

on Chiective

Cottonrood Piver Stetion, Control,
25 miles below any other major
source of fecal contaminzation

tonitored Drainage Ditch {rom
Teedlots

Cottonood Niver Station, Monitored
effect of feedlot drsinege ditch
(stotion IT)

Monitored Majer Teedlot Drainage
Ditch

Cottomrood River Station, lonitored
effect of feedlot dresinege on
the river

Cottonjood Hiver Station, lMonitored
eflfecl of Teedlot drainage 25
inflvenced by Soden's Dam

Sottorwood Miver Station, Monitored
irfluence of ciiy weste effluent

Iyon Co. (S24, 1193, TIOR);
1,72 miles south of TImporic
Noad Bridge

3 miles vest ond
t the County

Iyon Co. (518, 20; T19S; T11E); 1 mile west
and 1 mile souvth of Emporia; 7.7 miles
below Stetion T

Iyon Co, (8721, T193, D11E); 1.5 miles south
of Fmporia at the Poor Tarm Dridge; 0,7 mile
below Stetion II

Iron Co. (S16, 7193, RI1T); 100 yards east
of intersection of South Street and Prairie
Avenue; 1,5 miles below Station IIT

Iyon Co. (S15, T19S, R11E); Directly bhehind
Peter Pan Perk; 0.2 mile below confluence
of mejor feedlot drainage ditch

Ivon Co., Dam; intersection of Kansas Highway
99 and the Cottonwood River; 0.7 mile beloy
Station V

Iyon Co, (5323, 7193, T11E); Bridee 1 mile
east of Tmporiz; l.1 mile belor 3totion VI;
0.5 mile below seunge plant effluent



FOTHODS AMD MATERIALS

Rotionale for Coliforms es Indicetor Orgonisms

The presence of certain bacteria have been used for years
to determine the senilary cuzlity of waler courses. In 1835
Techerich (Clark ond Kabler, 196L) described a bacillus he con—
cidered to be universolly present in humen feces. He postulated
that the presence of these bacilli in water sources indicated
the presence of human feces and should be considered dangerous
beccuse of the possible precsence of other pathogenic bacteria
Tound in the excretions of 111 persons., This view was also
shared by Smith (Clark and Kabler, 1964), vho in 1895 stated thot
the presence of the coliform group must be considered as dangerouc
to health regardless of the enviromnment in which they sre detected.
Mine years leter Eijiman {(Clark and Ksbler, 195L) offered s new
theory: all coliform bacteria are not of fecal origin. ie
recommended an elevated-temperature incubzstion test that gave
a positive reaction with fecel coliform organisms and a negestive
reaction wilh those of non-fecal origin (Clark and Iabler, 1964).
owever, the Eijlmen Tect hec been rejected by most investigators
a5 the only criteris indicating fecal contamination because of its
lack of wensitivity end poor reproducibility,

Despite their disadvantages bhoth the THscherich and

.esto ore used tod-y end ere described in Itondsrd

Mebhode (1711%, 1565), which defines the coliform group as




"all of the aerobic »nd facultative enaerobic, Gram-negative,
non-spore-forming rod-shaped bacteria which ferment lactose with
. s 0 .

gos formation within 48 hours at 35 C." The fecal coliform
group is considevred a2s 2 subgroup of the coliform group and is
defined as, "thosec organisms thet ferment lactose with gas
e g . On ¢+ , A
production within 24 hours At 44.5 C (=0.5) and are thus more

inclusive then {(++—) IMVIC Stoin Escherichia Coli type 1 (26).”

The non-feczl coliform group has been designated as the
intermediate~zerogenese cloacae (IAC) subgroup. This group is
frequently found associated with various types of vegetation and
50il., Its classification is based on IMVIC test other than (4++—-).
A common procedure in stream pollution studies is to
determine the numbers of 2 third bacterial indicator strain, the

fecal streptococci (Standard lMethods, APHA, 1965). These

organisms are members of the enterococcus group which includes
those streptococcal species that grow in brainhesrt infusion
broth at ASOC end 10°C or at A5OC only. TIxcluded sre those that
grow at 10°C but f2il to grow =t 15°C, The fecal streptococci,
like the coliform group, a2re normel inhebitants of animsl feces,
The fecal streptococel have an added adventezge as z pollution
indicator in that they exhibit a repid die-out rate in soil =znd
do not increase their numbers in water, The most important aspect
of the senilary cignificence of the fecal streptococci is the
possibility of permitting a qualitative interpretetion from the
possible pollution source if identified from a seample of water

N

(Slonetz end Rortley, 1964).
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ests for the presence of any of the fecal groups
possess certaln advantages wnich warrant their use as an indicator
of fecrl contsminstion, but none of them alone is sufficient to

meet the criteria of zn idesl pollution indicetor. The Trainin-s

Cource Meruznl Recent Develovments in ater DNscleriolopy (FHS,

1963) and Stand»1d Yethods (APHA, 1955) recommend tests be mede

for ezch of the three groups in water quality surveys.

Sampling Technicues

Cbscrvations of existing river conditions were conducted
in two ways: (1) a periodic sampling proccdure was used to survey
the river for sessonal veriation, and (2) a pre-— and post—rainfall
empling method was utilized during periods of precipitation to
monitor coliform densities prior to and immediately following
surfzce runoff,

Sampling was initiated in lay, 1967, and terminated in
July, 1968, Samples were collected on 43 different occasions
during this period, [11 wvater samples were taken from surface
water by merns of sterilized 'hirl-Pek (Nasco) baggies and were
returned to the laboratory and refrigerated at AOC until they
were analyzed. Less than 18 hours elapsed from the time of
collection until anzlysis was begun for any sample. Bacterio-

logical species recorded at each station included total coliforn

bacteria, fecal coliform bacteria, and fecal streptococci bacteria.
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Analyticel Techniocues

Bocterinl populztions were initially estimated by the

nost proboble number (1PN) procedure =s described in Standard
tethods (AT14, 1965), but this procedure was time consuming and
lscked reproducibility. The MPN procedure was replaced by the

membrane filter procedure as discussed in Troining Course Mernual

Pecent Nevelopments in "nter Bacteriology (PHS, 1963). The

membraene filter method has the sdvantage of being faster, more
brecise, and produces reproducible results,

Coliform counts were made using membrane filters,
M-Endo medium, and incubation at 3700 Tor 24 hours. Differentis—
tion of typical coliform type was made by counting the dark red
colonies showing z gold metellic sheen, TFeczl coliform counts
vere determined with the membrane filter procedure, *~F. C.
medium, and incubetion in a water bath at AAOC for 2/ hours, On
M-+ C, medium typical fecal coliform colonies are dark blue, A
membrane filter procedure was a2lso used to detect fecal strep-
tococcus, DM=Fnterococcus agar was used for medium and the plates
were incubated ot 37OC for ;8 hours, DBnterococcus colonies are
flot and light pink or smooth, rnised, dark red colonies with a
pink periphery (0.5-2 mm in diameter) on M-I egar. Identificetion
of specics of fecal streptococcus was initially done by the schema
described in Figure 2. However, it was impracticel for extensive

use in a survey of this nature ond wes eliminated,
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RESULTS AND DISCUSSICN

Ry observation it was determined that a 0.5 inch roin
shower was necessary to produce sufficient feedlot runoff to
irfluence the river, This criterion was used to categorize
sampling data into two groups. UMon-runoff data indicated
bacterial population densities in the watercourse during normsl
river flouv conditions, end runoff data represented bacterial
population densities during periods of runoff. A comparison
of the two groups reveals the significance of feedlot runoff

and its deleterious affects on the receiving watercourse,

Population Densities During Periods of No Runoff
The establishment of normal bacterial population densities

for any river is theoretical and highly illusive. It is, however,
advantageous to develop a baseline when attempting to monitor
stream pollution from an isolated source, For this study the
baseline was established from the average density of pollution
indicator bacteria occurring during periods of no runoff, since
at this time bacterizl population fluxustion was least., Data
felling into this cetegory were derived from samples tsken on nine
different dates from January, 1968 to August, 1968, The results
are presented in Table II and Figure 3, with individual sampling

dates and data listed in the eppendix,
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Figure 3 - Average Bacterial Populations During Periods of No Runoff
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Campling
Strtions
A el R

I—7iver

IT—Dreincge Ditch
Effluent

TIT--Tdiver

IV—Drzinage Ditch
Tffluent

V—DIiver
VI—FEiver

VII—iver

Aoy ™ P ANTTT
AVERAGE BACTER

TABLT 1T

TAL POPULATIONS BY STATION

DURINC PTRIODS OF MO RINICIT*

Totel Coliform
o0 /100 ml

D
D

Tecel Coliforn

ore/100 ml

137

2,848

L0

1,892,733
263

392
1,198

#Tndividusl data for specific sempling dates are contained in table form in the eppendix.

T



Figure 3 shows all three bacterial indicators exhibiting
similar density petterns throughout the study area. The average
totel coliform was generally highest followed by the fecal coliform
ond fecal.streptococcus, respectively. Since the fecsl coliform
was considered to be the most significent indicetor of recent fecal
contamination of water (Geldrich, 1965), it is uced in this discus-
sion to demonstrate pollution conditions existing during sampling
periods. As indicated by the datz in Teble II, there was a
station-to-station increase in bacterial populations as the water
moved through the study area. The upstream stations (Station I and
Station III) exhibited nearly equal numbers of fecal bacteria,

approximately 100 per 100 ml water sample, Bacterial densities

(%)
+

Station IIT were lower than those of Station I; however, the
difference was smell and predictzble. In the sbsence of runoff
there was 1little or no flow in the upper drezinage ditch; therefore,
population densities decreased due to dilution end bacterial die-
off which probably océurred as a result of the depletion of
essentisl nutrients, As the water mass moved downstream to
Station V, the cquality of the waler was sltered. The average
rumber of fecal coliforms at Station V was epproximately & times
greater than that at Station III; that is, 263 org/lOO ml and 4O
org/lOO ml respectively. This incresse was attributed to the
discherge from the lower drainage ditch (Station IV). FPopulation
increases nt Stations VI and VII were probably due to continued
growth 25 well as the continuous discharge from the city sewage

treatment plant below Station VI.



16

Tt should be noted that the population densities
reported above represented saverszge densities for sampling
dates when less than 0.5 inch of precipitation was received.
fetunlly, there was considershble variation in densities from one
dete to the next., For example, fecal coliform density at the
control station did not exceed 100 org/100 ml in 60 per cent of
the semples end renged from zero to 660 org/100 ml. ‘ith few
exceptions, population densities were within acceptable limits
for potable water prior to chlorination,

It would sppear that during normsl flow patterns
contamination from the feedlots is minimal and that perhaps
the greatest source of fecal bacteria in this area of the river

was from the city sewage plant.

Conditions During Periods of Runoff

There were nine collecting dates from November, 1967
to August, 1968 which qualified ss runoff periods, ie, rainfall
was in excess of 0,5 inch, Data from the scmples obtained
during these periods are summarized in Table III and Figure L.

The numbers of bacteria in runoff samples were high,
with peak densities occurring at stations below major effluent
sources., The normal runoff of the drainage ares, represented
by the control station, resulted in a 56 fold increase in
bacterial indicator densities. Station I is approximately 25
miles below sny known major source of contamination., Such

increases can he expected in some streams during periods of high
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Figure 4 - Average Bacterial Populations During Periods of Runoff



Sampling
Stations
T--"diver

IT—Drainage Ditch
Effluent

IIT—Diver

IV—Drzinoge Ditch

Effluent
V—Iiver
VI—Tiver

VII—Diver

¥Tndividuel data for

PVERAGE BACTDEIAL POPULATIONS BY STATICN

TABLE IIT

DURING PERICDS OF RUNCIF*

Totel Coliform
or~/100 ml

10,629

2’ 631L’ 288
25,163

13,554,855
531,312
1,386,311

£2,856

Teccl Coliform

ore/100 ml

7,652

2,182,220

14,196

3,074,570
179,788
1,161,933

28,018

Tecal Sireptococcus

org/100 ml

12,57

)

1,518,6.6
6,611

6,888,733
176,676
319,996

35,333

specific sempling dates is contzined in table form in the eppendix.

81



19

turbidity and high stream flou and are derived from natursl and
agriculturcl sources other then feedlots end municipeal wastes
(Stoltenters, 1970). [lthough other sources mesy contribute to
beetericl densities along the study reach, the marked elevation
of densities below the two ditches which drain the Emporia
feedlots indicated the feedlots were a2 significant source of
contarmination,

Tae effect of the first drainege ditch upon the water
cuality of the river could be readily seen at Station IIT vhere
the average fecal coliform populstion was 114,195 org/lOO ml
sample or twice that of Station I, That feedlot drainage was
polluting the river become more evident when the number of fecal
coliform bacteria wes determined at Station V. Station V wes
located immediately below the major system which drained the
feedlots, The discharge from this drainege ditch, although
continuous the year around, was of considerable volume only during
periods of heavy runoff. The average density of coliform organisms
occurring within the ditch during these periods was approximately
1/,,000,000 org/100 ml sample, which is similar to raw sewage values
(Geldrich et nl., 1962). As cen be seen in Table III, there was
a significant increase in fecal coliform bacteria after the
effluent from Stotion IV entered the river (14,196 org/lOO ml
Station III to 479,788 org/100 ml Station V),

The peek becterial densities occurred a2t Station VI,
The Tecal coliform population averaged 1,161,933 org/lOO ml semple,

vhich was three times that of Station V. The presence of an old



mill dem immediately upstreem from Station VI mey bave contributed
to the incrensec observed 2L this station. The dom restricted the
flo= of the river resulting in a concentration of "mutrients,"
nutrients which are conducive to repid fermentation by sewage
bacteria,

ts the vater continued downstream there was a decreace
in the average density of fecol coliform becteria at Stelion VIT
to 28,018 orz/100 ml sample. In a2ddition to surfzce runoff,
the storm water sewer of the city of Fmporia as well as the waste
treatment plart discharge into the river bhetween Station VI and
Vi7. Therefore, this recduction in density sppeared to be the
resullt of diluvtion, Other Factors which may nave inlluenced the

c¢ecline in density are die-off, predation, and floccuation.

e

It is interesting to note that the reported values

o

vere derived from many samples taken during similar periods of
runolf end that preoctically 21l semples were taken vhile the
effluents were drainirg fairly constenlly and usuelly many hours
after peck watcr levels, In other words, thece dzta were not
ovtained ©y messuring slug conditions but were recorded during
more constanlt runoff periods,

Mthough elevated coliform densities are to be expected
in = gtream durinz runoff, there cen be little doublt thet the
feedlots conétituted the primary source of coliform contamination

nlong the study resch, Thi

n

conclusion is supporbed by the

significent incresce in hacterial densilies in the river below



the conlfluence of the ditch, which provided the main dreincge
course for the feedlots, ond Lhe dense populations that uvere

ohserved Lherein. A compesricon of runoff and normal conditions

o

Irecal Coliform——iecsl 3Streptococcus Hatio
Tone density relationships of the fecal coliform group
and the fecal streptococcus group have been reported to be
discriminatory of human versus non-humen wsrm plooded animal
waste, Geldrich (1964) states that a fec2l coliform/fecel

streptococcus ratio of /.0 is indicative of humen fecal

v
ct
e

meterial while a of less than 0.7 is mere representative
of livestock wastes,

Unfortunately, this information was difficult to apply
to the Cottorwood River study. The fecal coliform/fecal
streptococcus ratios as calculated from non-runoff and runoff
corditions (Table IV) chowed few discriminatory patterns.

Mormal river fecal coliform/fecal streptococcus ratios
wrere higher than evpected livestock fecel waste ratio velues and
lorer then humen fecsl woste ratio values. The effluent (Station
TV) rhich flows only from the feedlot, did not agree with
Geldrici's theory; it exhibited a 3.85 ratio velue. Taic effluent
drains slowly during non-runoff conditions snd derives its
drainsge from overflow of artificial lsgoons within the stream.

The drainage, therefore, was aged before entering the river,

TF'ecal streptococcus are reported to exnibit no growith and rapid
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TABLE IV

FECAL COLIFORM/FECAL STREPTOCOCCUS RATIOS FOR
HON—RUNCFF AND RUNCFF CONDITIONS

Runoff Possible Normal Possible
Stetion Conditi.ons SOUrces Conditions Sources
I—River 0.60 Animal 2.6 Mixed
II—Drainage Ditch
Effluent 1.43 Mixed 9.6 Human
TIT—=River 2el5 Mixed 0.38 Animal
IV—Drainage Ditch
Effluent 0.39 Animal Lol Human-tixed
V—TRiver 2.7 Mixed 1.8 Mixed
VI—Fiver 3.63 Mixed 2. Mixed

VIT—PRiver 0.76 Animal 2.0 Mixed
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die-off ~fler entering a watery environment (Slentz snd Bertley,
19562), This probably esccounted for the lou fecel streptococcus
populations recorded in the effluent ond within the river.

Tecrl coliforn/feccl streptococcus rotios during runoff
cornditionc for the river stations were considersbly lower than
those of non—-runoff conditions but could hordly be called
ciscriminatory, Ilowever, Station IV, the mejor feedlot drzinege
ditch, dic chow » characteristic bovine ratio of 0.39. It has

been reported thaet IT zgar does not support good growth of

<
Strentococcus bovic on membrene filters, During this study both
T ngor and V=Unterococcus medic tiere usged with the membrane

filter technicue, This moy have sceounted for some varisbility
rithin the fecel streptococcus dzt Teking 211 vcriables into

concidercstion, it would be difficult to identify the source of
fecol pollution on the basis of coliform/streptococei rotios alone.
Becouse fecal coliform/fecal streptococcus ratioc
indicoied 1little shout the animsl source of the polluteonts, an
nttempt was mede to determine whether identification of the

streptococeil cgpeciez {rom the various somples would offer e clue.

According to Rerger's Mrnwel of Determinstive Bacteriolegy (Drecd

et ol., 1757) both Strephtococcus bovis ond Streptococcus fecolic are

common inhebitants of the humeon intestinel tract os well os that

of cottle; hovever, there is o precdominance of Strentococcus bovic

in catile end of Streptococcus fecelis in humans, Therelore,

identification of fecnl stieptococcus cpecles con be helpful in

determining fecal origin,
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Utilizing the procedures described in Methods =nd
I'mterirls for the cspecies identificeotion of fecol streptococcus,
crmples were tolzen from the feedlot effluent during runoff
conitions ond were used as a source of strepltococcl isolates.,

“he incidence of Streptococcus bovis or Viridans group was

approxzimately 70 per cent of the colonies identified, The

remaining 30 per cont were of the Enterococcus groun, This

—

vould indicelbe o predominance of Strentococcus bovis as

exnected. However, such identification is very tedious and time
consuming and was found to be impracticel for frecuent use in

this type of survey.

Effect of lleavy Reinfall on River Pollution

On July 2k, 1968, the Emporia area received o five-inch
rein over a period of rpproximetely four hours, Sampling was
initiated five hours after the rein first began. The data from
this cet of samples was interesting becasuse of conditions that
evisted at sempling time (Table V, Figure 6). At Station I, the
total coliform level wes 42,000 org/lOO ml semple, =pproximately
30,000 orgenisms or 3 times zbove the averzge for periods of runoff,
But at Station III, the total coliform level wes 700,000 org/100 ml,
L0 times that of the overage runoff level., The sample from the

oL

fTfluent of Stotion IT incdiceted that the totsl coliform density

1

™

wreg 11,800,000 ors/100 ml, & times

¢

Mostrtion Vothe Lolr) coliforn level dropped to 238,000 but elimbed
to 710,000 org/100 ml semplc for Station VI snd 1,330,000 org/100 mi

ol Station VIT.

srecter than avercge runofl veluecs,
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Neosho River

Feedlots

Cottonwood River \

8.6 mi les
downstream

(St. 1) (St. 3) (St. 5) (St. 6) (St. 7)

1,000,000 f—

OUOCAX) et e e LK) ses .
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500,000 |~

Total Coliform, Organism/100 ml
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L

e
R
S
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%e%e%0 Setele
oQen ®te%e
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Figure 6 ~ Storm July 24, 1968 (Total Coliform)



TABLE V

BACTERIAL DENSITIES OF THE STUDY AREA DURING
STORH OF JULY 214, 1968

Tecal
Total Coliform Fecal Coliform Streptococcus
Stations orgfloo ml org{100 ml orvzloO ml
I
River 542,000 31,000 27,000
1T
Effluent 11,800,000 19,100,000 A,éO0,000
Hy=50
Affluent 170,000 20,000 30,000
11T
River 700,000 1,050,000 338,000
v
BEffluent 1,500,000 1,240,000 620,000
IV1
Effluent 140,000 127,000 140,000
TV
a
Effluent 8,000,000 10,300,000 2,200,000
v
al
Effluent 700,000 700,000 470,000
Hy—502
Effluent 800,000 400,000 77,000
v
Tiver 238,000 382,000 193,000
VI
River 710,000 800,000 270,000
VIT
River 1,300,000 1,230,000 360,000

Country Road
5.8 Miles Tast
Fmporia=-River 56,000 11,000 39,000



The reinfall weos hord ond the runoff heavy. It oppearcd
o 1T the rurnoff from the feedlot developed a double slug effect;
1

Uieting from ecch drsinage ditch., At the time of cample

(9]

one ini
collection (5 hours ~lter reinf=ll began), the slug from the small
dreinage diteh (Stetion IT) appesred to be located betiween Stations
IIT =rd V; =2nd the slug from the larger droinage ditch (Station IV)
afpecred to be in the vicinity of Station VII., Conditions writhin

the slugs were similer to that of untreated fecal westes,

&

The effects of such slugs can become devastating with

1.1

the development of slug fermentation., Kittrewell ond Furferi (1953)

a

renorted that peak Lecterial densities from stream fermentetion
occur 10 to 15 hours efter the slug enters the watercourse.
Termentotion densities msy reach as high as I to 8 times discharged
numbers., The fermentation itself couses 2lmost total depletion
of dissolved oxygen combined with the production of toxic amounts
of ~mmonic,

In the crse of the Cottomrood River, recovery of the
stresm from this type of situation would be severely retarded by
the second esmeller slug from Iffluent Station IT which followed,

by ceversl hours, the first, It is eesy to theorize that conditionc

similor to these precipitcoted the disostrous fish kills of 1966,



SUMIARY

Fcedlot runoff pollution of the Cottonwood River ves
monitored from May, 1967 to July, 1968. The degree of pollution
w2s besed on censity varistion of feces cssociated bacterio,
Sempling wns reriodicolly conducted 2t five river steotions and o
effluent stotions in the Emporin, Kensas arec., One=half inch of
rainfall wac determined to be the minimum which would result
in excessive feedlol runoff reoching the river, IMinim~l densities
of feczl beocteris existed during periods of no runoff, Howvever,
even durihg periods when densitles wvere minimal on overall stotion-

to-station incresrse in the microbisl population occurred as the

|‘J

rater moved through the study area., During the non-runoff periods
the Tfeedlot discharge was slignt and did not appesr Lo elevate

sigrificontly bacteriel densitles within the receiving streasm,

Fecal coliform counts sveraged less than 300 org/100 ml somple for

cont

e

211 river steotions except Stetion VIT, which showed o signif
increase in fecnal coliform bacteria (1,198 org/lOO ml sample).

Shtation VIT is loceated beloy the Tmporia sewesge disposel plant

&

effluent; thus, it would 2ppesr thot this source ias contributing
to the increoced fecel contaominetion observed 2 3totion VIT,
The incrcese odversely affected the sanitnry cuality ol the uater

to the extent that body contrct with the river (swimming, etc.)

vould have bheen considered hazordous,
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Bncterinl counts in runoff ssemples indicated the presence
of extremely high populsations of pollution irdicztor orgrnisms
throushout lhe wotercourse, The highest numbers of fecsl bacteria
wvere recorcded ~L stotions below the point where feedlot effluents
enlerec the river, The water semples from the upstresm stations

4

had Dbreterisl populations 50 times (fecol coliform average density
11,000 org/loo ml semdle) greoter than that of semples token during
periods of norm~l flow, This type of increzse could be cduec to
natural agricultural runoff other than direct fecs2l contomination,
Semples from dovmstresm stations, those below the feedlot (Stations
V end VI), nad dongerously high populetions of indiccztor orgenisms;
populations vhich reached densities approximating 1,2 million fecal
coliform per 100 ml sample.

The drasticolly elevated numbers of indicator organisms
repidly declined by the time the water resched the last monitoring
stotion vhich was located epproximately two milec belowr the feedlots,
The shcrp decrease from 1,2 million fecal coliforms ot Station VI to
28,000 fcerl coliforms at Station VII indicated that a repid dis-
perse2l of fecol hacteria occurred as the stream flowed sway from
the source of its conteminetion.

Tunoff data strongly immlicated the ITmporia area feedlots
as 2 principle source of fTecel contamination for the Cottonwood
River. This implicotion wos reinforced by dnates oblained from samples
collected during »n intense roin shower on July 2/, 1.968. These
data demonstrated the presence of tuo distinct runoff slugs entering
the votercourse from the feedlot effluents. Conditions that existed

within the slugs were scimiloar to those expected of raw sewage.
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COLLECTIONS USED TO FIGURE RUNCFF VALULS
FOR POLLUTION INDICATOR ORGANISM

November 2, 1967
December 5, 1967
December 12, 1967
December 19, 1967
March 29, 1968
March 31, 1968
April 3, 1968
April 22, 1968
June 24, 1968

*Samples were collected after a recorded
rainfall in excess of one-half inch,



November 2, 1967

River about normal flow speed = 1 mph

Stations

T

Total Coliform
org{lOO ml

900

700
3,580,000
1,600
1,100

1,500

Fecal Coliform
org{lOO ml

800

800
1,880,000
2,100
1,300

Fecal Streptococcus
org/100 ml

2,100
1,200
810,000
1,200
1,100

5,000

9¢



December 5, 1967

Total Fecal Tecal Dissolved

Coliform Coliform Streptococcus Oxygen NHB A0 Tomp.

Stations org/100 ml org/100 ml org/100 ml ppm mg/liter °c
I 1,390 50 110 8.5 0.5 5.0

II 2,670,000 170,000 760,000 2.5 8.9 5.0
ITI 390 110 LOO 9.0 O.L 5.0
IV 8,580,000 680,000 2,880,000 2.3 0.0 5.3

v Ly 150 550 670 9.0 0.4 5.1

VI 5,090 300 600 9.2 0.2 5.1
VII 3,800 100 630 9.5 0.8 5.2

LE



December 12, 1967

Total Fecel
Coliform Coliform
Stations org/lpp ml org/100 ml
I 30 10

I 220,000 1,000
IIT 0 0
IV 12,600 360,000
v 236,000 190
VI 370 0
VII 120 20

Fecal Dissolved

Streptococcus Oxygen
org/100 ml ppm

80 10.5

5,400 3.0

10 9¢5

720,000 2.2

100 9¢5

10 9.5

200 9.5

NH

H20 Temp,

mg/iiter °c
0.6 5.0
7.9 5.0
0.7 4.0
25.2 5.1
0.8 Le9
0.6 L9
0.8

Le5



December 19, 1967

After 1 inch precipitation

Total Fecal

Coliform Coliform
Stations org/100 ml org/100 ml
I 13,300 6,400

11 630,000 140,000
111 280 70
IV 5,300,000 3,600,000

v 1,900 260

VI 1,310 220
VII 70 10

Fecal

Streptococcus
org{lOO ml

39,000
780,000
2,500
7,100,000
700

600

25

Dissolved
Oxygen
ppm

8.5
8.5
9.0
2.0
9.0
9.5
9.5

NH 4,0 Temp.
mg/lgter "o,

0.3 3.0
1.5 3.0
1.0 3.5
25.2 1;.0
0.9 3.0
0.6 342

0.9 3.1



March 29, 1968

Cattle lot had just been clezned off
11 p.m. before rain

-3

p.m. 2,1 inch rzinfall (local)

Total Fecal
Coliform Coliform
Stations  org/100 ml  org/100 ml
T I50) 17.5
I 10,200 600
I1T 95 110
v 4,600,000 4,200,000
IVa 50,000,000 46,300,000
VI 8,000,000 6,310,000

Fecal
Streptococcus
org[lOO ml

5

300

110
7,600
1,700,000

261,250

Dissolved
Oxygen
ppm

75
6.0
6.0
2.5
1.5

1.5

NH3

mg/liter

H

2

O Temp.

°c

16.5
14.0
15.0
14.0
14.0

15.0

o'



liarch 31, 1968

Tvo days after 2-inch reinfell

Tc?ta_l Fgcel Fecal Dissolved NH_. H.0 Temp.
Coliform Coliform Streptococcus Oxygen 3 2

Stations org/100 ml org/100 ml org/100 ml ppm @g/liter °c
T 2,600 2,800 80 9.0 15

IT 182,000 185,000 600 245 14
7T 3,000 700 60 95 15
IV . 5,000,000 1,900,000 2,700,000 2.0 14
I’\ra 310,000 200,000 10,000 1.5 14

v 26,000 32,000 5,000 7e5 17

VI 57,000 39,000 2,000 9.0 17
VII 280,000 23,000 3,000 10.0 17
Hartfort 152,000 41,000 3,60C 5¢5 18

Lebo 90 280 50 8.0 17

™



ppril 3, 1968

[ Total Fecal " Fecal Dissolved - §.0 Temp.
oliform Coliform Streptococcus Oxygen 3 2
Stations org/100 ml org/100 ml org/100 ml ppm mg/liter °c
I 1,500 1,200 2,500 7.2 0.1 14.5
I 1,290,000 1,540,000 820,000 Le3 3.1 15.5
ITI 17,000 9,100 20,000 6.3 1.3 14.3
IVa 22,000,000 17,000,000 6,000,000
Iv - 1,100,000 330,000 4,1,0,000 5¢5 3.9 19.5
v 50,000 25,000 30,000 6.9 0.9 18,4
VI 11,000 6,100 79300 7.0 0.5 19.0
VII 42,000 26,000 15,000 Te5 0.8 15.0

<l



fpril 22, 1968

Samples teken at 6 p.m. after a 3-inch rain shower

Total Fecal
Coliform Coliform
Steations org/100 ml org/100 ml
I 75,000 57,000
II 18,700,000 17,600,000
I1I 199,000 115,000
IVa 110,000,000 68,000,000
v 2,000,000 15,000,000
v 3,400,000 3, 300,000
VI 4,400,000 1,100,000
VII 42,000 20,000

Fecal
Streptococcus

org{lOO ml

69,000
11,300,000
32,000
76,000,000
18,000,000
1,200,000
2,600,000

180,000

Dissolved
Oxygen
ppm

7.0
1.5
7.0
5.0
0.5
1.2
1.1
6.2

NH3

mg/liter

0.8
3.8
3.2
0.0
L3
3.9

Le3
1.6

HZO Tempe.

°c

1
15
1,
12
12
12
13.5
13

£



June 21, 1968

Alr Temperature BOOC
Rain 11 a.m.

Total Fecal
Coliform Coliform
Stations org/lOO ml org/lOO ml
I 900 590
IT 5,700 3,120
ITT 2,100 580
v 6,400,000 1,600,000
v 8L0 520
VI 800 580
VII 211,000 127,000

Fecal
Streptococcus

org/100 ml

270
320
220
150,000
900
200

46,000

Dissolved

Oxygen
ppm

9.0
545
6.0
1.0
6.0
5¢5
5.0

NH
3

mg/liter

0.30
0.25
0.30
7.02
0.15

0035

1.11

26.5
26.5

7



L5

SAMPLING DATZS IN 1968 DURING WHICH

NO RUNCFF OCCURRED

February 5, 1968
March 3, 1968
March 5, 1968
April 16, 1968
April 17, 1968
May 13, 1968
July 6, 1968
July 18, 1968

July 19, 1968



February 5, 1968

River flow low—2 feet over dam
0il covering drainage ditch at Station IV
0il extending into river at Station V continuous film near bank .

Total Fecal
Coliform Coliform
Stations org/100 ml org/100 ml
I o) 0
IT 3,000 0
I1T o) 0
Iv 45,000 0
v 100 0
VI 10 0
VII 2,080 120

Fecal
Streptococcus
org{lOO ml

0

100

0
89,000

320

430

Dissolved
Oxygen
ppm

11.2
10.5
12.4

440
12,5
12.0

10.0

NH
3
mgfliter

0,00
2,10
0.00
6495
0440
0.00

0.40

H

O Temp.

5¢5
5.0
5¢2
5.7
5¢5
5¢5
5¢5

9



March 3, 1968

Normal Flow

T9tal Ffac al Fecal Dissolved N H.O Temp.
Coliform Coliform Streptococcus Oxgygen 3 2

Stations org/100 m’ org/lOO ml org/lOO ml ppm mgfliter Sg_
I8 80 10 2L

I 0 1 0 _ 10.2 0.8 11.0

II 10 20 6 8.5 1.5 11.0

111 0 1 0 10,0 Ok 11.0

IV 700 L1L,0 180 345 L7.2 10.5

v 30 20 0 10,0 0.5 11.0

VI 970 160 0 9.0 Ouk 11.0

V1T 1,500 400 3 10.0 1.4 12,0

Lit



March 5, 1968

Normal river flow at low temperatures

Tcgtal Fsecal Fecal Dissolved NI H.0 Temp.
Coliform Coliform Streptococcus Oxygen 3 2

Stations  org/100 ml  org/100 ml org/100 ml ppm mg/liter °c_
I 0 0 0 12.5 0.5 8.2

IT 0 0] 1 , 10.5 2.0 9.0
CIIT 0] 0 0 12.0 O.4 8,2
v 20 160 2 2.0 50. 14 6e5
v 1 0 1 12.5 0.6 5.2
VI 10 10 0 12.3 Ouy 5.2
VII 0 2 3 11.9 1.1 7.0

8%



tpril 16, 1968

Mr Temperature 22°C at 12 aeMM,
mind Velocity 20-30 mph (S. 7.)
Cloud Cover &0
River level loy

Totzl Fecal Fecal Dissolved M "

Coliform Coliform Streptococcus Oxygen 3 2O Temp.

Stations  org/100 ml  org/100 ml org/100 ml ppm mg/liter °c_
Ia 130 70 140 16.5

I 200 190 L0 7.5 16.5

IT 0 600 200 Te5 17.5
ITT 0 0] 60 Te?2 17.0
Ive 140,000 90,000 110,000 0.5 17.5
v 10,000 29,000 23,000 0.2 17.5

\Y 600 320 100 8.5 17.0

VI 570 220 100 8.0 17.0

VII 2,500 2,050 600 7.5 17.5

6



tpril 17, 1968

Taken after a ligh} rain shower (less than & inch)
Alr Temperature 20 C at 12 a.m,

Wind Velocity 5-10 mph (M.)

Cloud Cover 80%

Total Fecal Fecsl Dissolved

Coliform Coliform Streptococcus Oxygen NHB HZOOTemp ‘

Stations orz/100 ml ors/100 ml org/100 ml ppm mg/liter _C
I 70 180 80 7.0 7.0 18,0

IT 400 10 600 4.0 1.8 21,0
I1T 0 0 30 7.5 0.6 19.0
IVa 3,400,000 2,200,000 1,500,000 1.0 25.0
v 22,300,000 14,600,000 3,700,000 1.5 10,1 25.0
v 5,600 L80 150 7.5 0.6 18.0
VI 2,000 1,000 900 7.0 0.5 18.0

VII 64800 5,700 890 7.0 1.0 18,0



Moy 13, 1968

sken at 2 p.m.
Rein Shower 3 p.m.
emples Taken £4:30 p.m. .

= -3

@]

Total Fecal Fecal Dissolved NH H

Coliform Coliform Streptococcus Oxygen 3 ZooTemp‘
Stations org/100 ml org/100 ml org/100 ml ppm mg/liter C_
I 1,00 300 310 6.5 0.48 16.5
II 7,200 9,200 100 6.0 0.21 16.5
111 520 300 800 6.5 Ouk5 16.5
v " 90,000 20,000 10,000 0.5 6,05 18,0
v 1,200 8L0 410 6.5 1.11 16,0
VI 310 200 180 6.5 ‘ 0.0 16.5
VII 55900 100 1,200 6.5 0.75 16,5

TS



July 6, 1968

Rain .15 to .5 inch

Total Coliform Fecal Coliform Fecal Streptococcus
Stations org/100 ml org/100 ml org/100 ml

T 120 420 20

1T 4,300 14,000 560
11T 10 0] 0]
v 30,000 70,000 10,000

v 10 200 0]

VI 50 0] 10

VII 20 =100 0



July 18, 1968

Iight Rain

Stations
I
1T
III

IV

VII

Total Coliform
org/100 ml

60

1,300

0
2,900,000
600

510

310

Fecal Coliform

org/100 ml
90

1,000
0
2,290,000
500

4,50

500

Fecal Streptococcus
org/100 ml

60

10
200,000
280
143

1,000



July 19, 1968

I
1T
1T

IV

VIT

Total Coliform

org/100 ml

1,0

500

10
35,000
10
6,500

14,500

Fecal Coliform

ore/100 ml
60

800

60
25,000
30
1,220

1,510

Fecal Streptococcus

org/100 ml
50
900
40
85,000
20
100

290

K



