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InTRODUCTION 

Until recentl~' ~he disposal of livestock westes has 

been of little concern to the L,ns8s remcher ::>ince the ['!oste::; 

'::c:c-e dispersed C':: thE; anim2.1 crQzed on open pBstures. EO',lever, 

recent trends in fce(1i12~~ In'ocedures have resl'l ted in the 

concelltrc.tinn of lorge numbers of cmirnals in relativel~T smnll 

spClces of commercial feedlots. Over the pest decede the number 

of 1ive3l-,oc 1, confir..ed in feedlots in ;Cc.ns&s has inc re:::.s ccJ from 

}J,OOO in 1956 to /:68,000 in 1967. j',Te.turall;jT, t1:1ere ",re certcin 

ir..herent problems in m,,:ss livestock feedil''..g operations, the 

pril:1a:r:,r one being {>dec;u::\te disposal of vast amounL~: of fec"l 

1"2stes. For' eX:.Jmple, D. feedlot i-,ith a ccpacit~T of 10,000 heor: 

of c,:\ttle yield:: fecal Fastes equal to the "!8stes prodnced by 

~ cit2' of 100,000 people (Joehr o.nd J~cne','J, 1967). Such lc'rge 

ClU<intities of ,'T{>stes, if untrc2ted, c['n oe expected to produce 

adver:3e effects on the surrounding environment. 

!)vcr the l!2St ten 2rcers runoff from feedlots hDs becorne 

recognized CiS <3 mojor source of orgenic pollution for severnl 

EI'lns2s rivers. In 1966 K~nsos ranked second only to Penn3~rlv<':,YLb~ 

in tote::1 mun;)(;r of fish killed by pollution in the Dni ted 3t~te3 

(r~'on, 19(,7). !IrYiever, auLhorHie3 [Wc1 little docurrcntntion t.o 

su':x;t,:,nt:.,.,te ~;llc:'picion" tlv't, the f80(110t5 ':'ere responsible for so:nc 

of 1)10 rn'ljor f:i.~,h 1611: in ~~C'ns,;s until tbe stud~T of ,'3rnitll [mrl ':incr 

(lr){J3). 'l'ilC~T found th:: I~ f:'ccdlot runoff ;"[,S cl1:::rocteriy,ecJ b~T <':1 
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h~ ~;h 1;iochernicC11 0"":,'138n dcrncmd, higl1 flrnrnonia content, and 

ir,c:r·8.3SRcl brtc-Lcriol popula.tions. The;y :3ur;cested that the 

:lwoff hud c~ severe slv:::;r;ing effect on the receiving streom 

\i~lich resulted in d cl'letion of dissolved oxygen in the stream, 

c,-;~)eciC'lly if t.Ls ~~"ste 10pd ':Jere lcH'gc. 

Einer et ;,,1. (1966) utilbed simulated ruin showers 

on ;Jmall expedrnc'1t."] feedlots to predict qua.ntitative1y the 

CE.sree of polluLion produced by civen sets of conditions 2.nd 

conduded that t1le llu:mtity of orr;anic vraste flushed from a 

f('edlot durin::;, r;:d.nf811 i'las directly related to temperature, 

r,<5n1'all inten:'5i t~r, ('mel the moisture content of the t'lHste befo,'(' 

rdnfal1. The runoff ~·;as checracteri7,ed by dense populRtions of 

pOll ution indicetor b~cteria. 

The primary objectives of this research Here to 

determine the re1a tioYlship beGl'leen feedlot runoff 8nd popuJ_a

tion density of indicator bacteria in the Cottonwood River in 

the vicinity of F,mporia, Kcmsas, and to establish se8sonal 

"norms" for bacterin1 density in the river. 



DE:JCRIPTION OF STUDY fcmi;A 

The Cottom-JOod River originates in the grasslands of 

1-1C:\rion Count3r, K2nsas, end flo'.IS easV:Jard 137 river miles to its 

confluence Hith the Neosho m.ver neOT EmporiiJ. The Cottol1'.vood 

River hCls 8. dreinC1ge 3reA of 1.2 million ncres Hhich includes 

most of l1arion, C:1ase, and Iiyon counties (Schoelle, 1951). At 

its hCi:>d"raters t11e grc,dient is ppproximately 10 feet per mile 

uith a gr2dua1 decrease to en average of 2.5 feet per mile near 

i teo mouth in l,yon Count;;r (1:2nsas State Board of /I.gricul "ture, 

19//7). Tl1e confluence of the hlO rivers is approximatel;y 7 

miles 8DSt of Emporia. 

there 11ere several possible sources of fecal po11utio!'. 

.'llon.::; the study re"'ch of the Cottomrood River. The Emporia 

cpttle-feedi!10 facilities hc.ve (} combined C2P2cit~T of ?O,OOO 

he,:-d of c,~ ttle. hunorf fro::1 these feedlots f1011S directly to 

the river in b:o 8m211 drainage ditches. In <::-ddition, the 

fanestil PC'cking r1~nt occnsiona11y discharges rm-r org<:mic H2ste 

into the river c'nd the Emporio. city s8'.wge dispOS2l plant, 

consistirlb of both l'rimOI".{ 2nd ::;econdeFJ trc<J.tment, also 

discharGes effluent to the river. 

S2mplir-2 station::; ,'Jere established a10DG a 13-mile 

reo.ch of the Cottol1':iood ;,~ vel' such that 'condi tion::; in the river 

;:;bove end belmr the points ot 11hich dr2in2ge from the EmporiiJ 
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feedlots entered the river could be monitored. The relative 

lociJ. t.ions of the Iive river 3t2.tion3 ['3 l1ell as the hro draina(3e 

cour:es ,'Thich tr2nsportcd feedlot rtmoff to the river are shO\'!D 

in Figure 1 Gnd Tnble 1. 
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Figure 1 - Map of Cottonwood River in Emporia Area., Identifying Sample Station Location 
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TJ~BLE I
 

LOC.t,TION fJID GEJJ:.I:RM: DESCIUPTIOn C? ,'3,'J:rr,ING STr~TIOT!S
 

st,~tior.	 St"tjon (1)ject~_ve 

I	 Cotton;·;ood Iiivel" Stetion, Control, 
?-5 m:tles belO\·: "lrw other ms.jor 
source of fec2l contaminD.tion 

II	 nonitorecl DrainCice Ditch from
 
Feedlots
 

III	 CottomJood Iiiver Station, Honitored 
effect of feedlot dr~inaee ditch 
(.Stction II) 

IV Eoni tored l',qjor Feedlot Drainage 
Ditch 

Cot tom-rood River sta tion, 
effect of feedlot dreinege 
the river 

'\TI	 Cotton~jood :Fd.vcr Stption, 
effect of fpedlot drRinase 
infhlenc ed b~T Soden I s Dem 

Honitared 
on 

i10~ tored 
~s 

VE Co U~or':ood 2:;_vel" st~t:ion, ~,~oni tared 
irfllJ.encc of cit~r T["3[0 effluent 

,Str: ~,iOil I.oc~t.i,--m 

liYon Co. (S2h, '1193, r.l0~) j 3 miles IICS t. end 
1.2 r.1ilc3 SOllth of Iit'pori2 at tl1e COl.111t~.r 

no~d BridGe 

I !tI"on Co • (C'1P.'--'r ""0·, nos·.L , '_" P]-1'7)·J.-J, 1 mJ'l" I - "'ec-tt. ~.:> 

0no 1 l7'jle	 sout.h of E!:1pori2.j 7.7 !l1iles 
belo';,' ,St"tion I 

l.-) 1"•• .... ...... 

L~,on Co. (S?l, Tl9S, nI1E)j 1.5 miles south 
of l~poria at the Poor F~rm Drideej 0.7 mile 
beloH Stetion II 

1,:ron Co. (S16, Tl9S, Inn;)j 100 yards east 
of intersection of South Street and Pretirie 
,\venuej 1. 5 miles beloH StDtion III 

L~Ton Co. (315, Tl9S, rtllE) j Direc tl~T l)ehind 
Peter Pan Pclrlq 0.2 mile belo;: cOD£lucnce 
of m<:,jor feedlot draina8e ditch 

J,:ron Co. Damj intersection of Kansas Highl'la~r 

99 and the Cottonl!oocl rciverj 0.7 mile belo1T 
Station V 

J~ron Co. (3?-3, Tl9S, ~~lE)j Dridee 1 mile c' 
e8st of Emporiaj 1.1 P.1ile bela:.' 3ti,tion VIj 
0.5 mile bela'.! se'.,":Gc plc>nt effluent 



r·~THODS AiID Hi\T'.2RIALS 

Tb tionule for Colii'or:ms as Indicator Orecmisms 

The presence of cert!lin bacteriA have been used for years 

to eldermine the 3::>nitar~,r c]u'?lity of vlCl.Ler caurses. In 18S5 

:S~~c~erich (Clerk 2nd I~8bler, 196L:) described a bacillus he con

sidered to be univers011y present in h 11me.n feces. He postu~ated 

that the presence of these bacilli in \-rater sources indic2ted 

the presence of human feces 2nd should be considered do.nr;erous 

bec.:.use of the possible presence of other pathogeY1ic bacterie 

found in the excretions of ill persons. Tnis vie~'J vias also 

shared by Smith (Clark 8nd Kabler, 196L,), \:110 in 1895 stated th2.t 

the presence of the coliform group must be considered as dcmgerous 

to health regflrdless of the environment in T:lhich they (1re detected. 

nine ~iears 18ter Eijkme.n (Clark and Kabler, 196~) offered ;j nCI'r 

theor;,r: all coliform bacteria are not of fecal origin. lIe 

recommended cen elevnted-ternperature incubation test that gilve 

P. positive react,ion ldth fec21 coliform orC;2.nisr:1s and (} nec;.:tive 

reClction ,·d.th those of non-fecal origin (Clark ,md r8bler, 196/~). 

TTo\tTeVer, the EijLr.'2Yl Test he::: been rejected by mast investigators 

2:3 the on1~r cr:1tericl indicCitino; fecal contamination because of its 

laclc of ~_:r;!1sitivi t~' t'T':d flaor reproducibilit~'. 

DC0I'i -Le their d5s8dvenb'Gcs b(jth the :r':scherich and 

'~ij1.:'l?!1 tcst~<".'e used tod":,r "nel C're r3escribed in 5t<,yyl~rcl 

VeLhorl c: (" T"lV, 1965), I-Thicl! defines the coliform croup riS 
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"all of the aerobic pnd fecultative enaerobic, Gro.m-neeative, 

non-spore-forminG rod-sh8ped bacteria i>Ihich ferment lactose ,..lith 

gC:lS form2tion \!ithin ll-8 hours at 35
0 
e." Tt1e fecC'll coliform 

Group is considered 2S c subGroup of the coliform group and is 

defi!1ed "s, "those oreBnisms thC't fennent lectose pith I3QS 

production pithin ?l, hours nt M.• 50 e (:to.5) and Bre tJms more 

inclusive them (++-) INVIC Stain EscherichiFl Coli type 1 (?6)." 

Toe non-fec?l coliform group has been designA.ted 2.S the 

iEtermedii"te-eerogenese cloacae (lAC) subgroup. This group is 

frequentlJT f0\..1..'1d 8ssociated ,·lith various types of vegetetion C'nd 

soil. Its classification is based on nTVIe test other than (++--). 

A common procedure in stream pollution studies is to 

determine the numbers of C' third bacterial indicator strain, the 

fecal streptococci (StC'lnclerd Bethods, APr-IA, 1965). These 

organisms are members of the enterococcus group uhich includes 

those streptococcal species that gro\'I in breinhe8rt infusion 

broth at h5°e 2nd lOoe or at h50 e only. Excluded pre those 'c,hat 

groH at lOoe but f:oil to gro", et 45°C. The fecal streptococci, 

like the coliform eroup, ;ore norme.l inhebitants of cmimol feces. 

The fecd streptococci heve an added 2dvP'nt,;:ge as C'.. pollut.ion 

indicator in. that they exhibit a rc>pid die-out rete in soil c.nd 

do not increDse their numbers in \·later. The most important aspect 

of the :,cni t:lry sif,Eific2nce of the fec,'ll streptococci is the 

possibili ty of permit tiD['; rl C]udi to.tive interpretl'tion from the 

possible pollution source if identified from ;:1 s2l'1ple of "I2-ter 

(Slanetz ['.Ed nortley, 1961.,). 
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Tests for the pre~,ence of "my of the fecGl groups 

posses::> ccrt2in n<lv2:1t2,sCS '.'!oico vJC1rrant their use as em indic2tor 

of fccccJ cont:'minction, but none of thern alone is sufficient to 

"-led (,he cri tedf! of 2n idecl pollution inclic<:'tor. The T:(,.:l:lnin;; 

GOI1Y'::-C 1'~PDu-'":l '~,e~en+. Devol 0f1r~ents :i n ','oter r,qcteriolof.;r ( FrS, 

1963) and Sl,nncl"l-D i:ethoc1s (!~PH;\, 1965) recoiTlmend tests be made 

for each of the three croups in 1"f3ter quali t~r surve;}rs. 

Sampling Techni~ues 

Observations of existing river conditions ,'Tere conducted 

in h:o voy'3: (1) a periodic snmplil'l.{'; procedure l'J2S used to 3urveJ 

the river for seasonal verintion, and (2) 8. pre- and post-rQinf.:oll 

s2.mpling method '.Jas utilized during periods of precipitntion to 

monitor coliform densities prior to and immediately fo11oHing 

surf2ce runoff. 

Samp1i~ \'JClS initiated in 112y, 1967, and terminntcd in 

July, 1968. Samples \'Jere collected on 43 different occasion'3 

during this period. rll HEter samples \'Jere taken from surf2ce 

\:,gter b~r me,~ns of sterilized ~.7hirl-P2k (Hasco) baggie'3 and were 

returned to the laboratory and refrigerated at l,oC until they 

':!ere ,mlll;yzed. Les s than 18 hours elapsed from the time of 

collection until cm.::lysis was begun for an;y sample. Bacterio

10[;ical speci.es reco!'ded at each station include] total colifoYili 

lJacteri2, fecal coliform bc.cteria, and fecr~l streptococci bacterLl. 
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lmal;yticol Technic~ues 

Dccterid populc:tions ~',ere initipll;)' estimated by the 

lTiOJt pToh:::;ble number (rrrN) procedure c.s described in Stcmd,,,-rd 

l':ctllods (Ir:-IA, 1965), but this procedure ,ms time consuming and 

Ipckcd reproducibility. Tne EPN procedure l12..S replaced by the 

mcmbr2.ne filter procedure 2S discussed in Troininrj Course f'8Dual 

:r'eccnt l1cv8lopments in ~~oter Bocteriolog;y (PHS, 1963). 1':'1e 

mcmbr2ne filter method has the odvcmtage of being faster, more 

precise, and produces reproducible results. 

Coliform counts i'lere mode using membrane filters, 

f,j:..Endo medium, Clnd incub.:!tion at 37°C for 24 hours. Differentio

tion of typical coliform type \'las made by counting the derk red 

colonies shm'Ting a gold metellic sheen. Fecd coliform counts 

Here determined Hi th the membrane filter procedure, H-F. C. 

medium, and incubetion in R "Teter bath at 44°C for 2/,. hours. On 

ivj:..F. C. medium typical fec?l coliform colonies are dark blue. A 

membr"me filter procedure \'las also used to detect feca~ strep

tococcus. ]\j:..Enterococcus ngar i'TCiS used for medium end the p12tes 

Here incubated d 37°C for liS hours. Enterococcus color..ies are 

fl::-t end liGht pink or smooth, rr1ised, dnrk red colonies uith a 

pink peripheI"J (0.5-2. mm in diameter) on H-E ag;::r. Identification 

of species of fec"ll streptococcus ,'/as initially donc by the schcr:la 

described in Fi2;ure 2. HO':Tever, it \'!as impractic21 for extensivo 

use in a survey of this nature ond ""2S eliminated. 



Uater Sample 

ICF ~J\r:)'er
u 

Pink-red Colonies 

Gro~!th in Brain-he,qrt Infusion Broth \!ithi~ 2 Days 0) 1.5 oC and 5 D~~ looe 

Gr01,th J~and lOoe	 GrOl"lth ~50C only 

t 
COT1..firm ,"Iith Groc"!th in 6.5% !JaCI	 S. bovi 3--3. e,'uir.us 

~ , 

t 
plus Drain-heart IT1..fusion Broth 

Starch H~,drol~'sis 

Lance field Group D Streptococci t 
Positivestircn II'rc1rolvsis
 

It· ~ ~~. ~t· Lactose Fetrnentation
POSl lve dege lve 

t t	 AC~Onl~r ~ange 
At~rpical S. fecalis Peptonization of 
(Vegetation sourc~l,itmusHilk~ S. +bO"ViS	 S. ecJinus 

Positive	 Negative (Livestock end Poultr,y Sources) 

S. fecPlis j[1T lic:uefr:ciens Enterococci 
(insect	 source) (:Jarm Blooded
 

Animal Source)
 

Adapted from SanitAry Significance of FecDI Coliforms in the Environment, U. S. Pub. l!P-?O-3 pp. 97. 

Fieure 2 - Scheme for the Identifica.tion of the Species of Fecal Streptococcus 
f-J 
f-J 



RESULTS Hill DISCUSSION 

p,J observ2tion it ;'las determined that i:1 0.5 inch r:;in 

sho'::er 1:8S necessary to produce sufficient feedlot runoff to 

influence the river. This criterion was used to cetee;orize 

s2~I,;plin.s d2ta into biO groups. Fon-runoff data indic8ted 

bacterial population densities in the watercourse during normal 

rivel' floH 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 receivin~ watercourse. 

PopuJ.ation Densities During Periods of No Runoff 

The establishment of normal bacterial population densities 

for any river is theoretical and highly illusive. It is, however, 

advo.ntae;eous to develop a baseline when attempting to monitor 

stream pollution from an isolated source. For this study the 

baseline waS established from the average densit~r of pollution 

indicator bacteria occurrine during periods of no runoff, since 

at this time bacterial population fl~xuation was least. Data 

falling into this category \,,'ere derived from samples taken on nine 

different dates from .]enu2lJT, 1968 to August, 1968. The results 

are presented in Table II 2nd Figure 3, \·li th individual samplins 

dates and data listed in the appendix. 
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--- Total Coliform 
,---- Fecal Coliform 
--- Fecal Streptococcus 

10000 

0- _/0
......-01000 ........
 ........
 

C1l ...0" " a.
 
.?:-E
 0------ /0._ 0 o 
."V) 
c:
C1l ... 100 " /' ,/... ---0T;~--0-- //E 0.,,3: 0-- " ---0"" .c: • 

0 2 ~ ".....0
0) E
 
"'0
00 

... "'~"\ DamC1l a. 
City Sewage DisposalEffluent IV 
Plant Effluent Enters10 Effluent II Enters Here 
HereEnters Here 

III V VI VII 

River Sampling Stations 

i,~~ 

Figure 3 - Average Bacterial Populations During Periods of No Runoff 
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T,~BL2 II 

.'\lJ1~r:'G:S Bt'CTSnI!~L POpt)LATIOl~::; BY ::iT}, TIOIT 
DtDIFG ESPIODS OF EO mmorr* 

~2~plin~ 

.'3t;c.L:: O":~ 

I-:"iver 

II--Jr2in~Ge Ditch 
.s:fluent 

~II--8vcr 

IV-Drdn8ge Ditch 
Effluent 

V-:0iver 

VI-Fiver 

VII-?iver 

Totd Coliform 
OT;o;/100 ~_ 

9') 

1,856 

60 

2, 827 , 71.,.6 

906 

1,2lL: 

3,73h 

*Individual data for specific s2mplir'..g dates 

Fec!:'.l Colifori:l 
orp;/100 ml 

137 

2, 81~8 

l~O 

1,892,733 

263 

392 

1,198 

rec~l 3treptococCU3 
.J. .'_0 "[/'....L...I("'I__ ,,-1 

62 

29·J 

101~ 

lr60,798 

11;.2 

159 

4CJl 

are contained in table form in the 3ppe.ndix. 

f-J 
+=

f.k;'r",,~~'j·"'>trre k@rItf t ~~ 
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Fi2Ure 3 shm','s all three bacterial indicators exhibiting 

similAr density patterns throur;hout the study area. The averaf-e 

total coliform "Jas generally highest followed by the fecal coliform 

Bnd fecal streptococcus, respectively. Since the fecal coliform 

;vas considered to be the most significent indicetor of recent fcc.s.l 

cont8minetion of ;·,rater (Geldrich, 1965), it is m:ed in this discus

sion to demonstrote pollution conditions existir.£; during sempliDf

periods. :\.s indicated by the data in Table II, there 1"lB.S a 

station-to-station increase in bacterial popu~ation3 8S the Hater 

moved throu8h the study area. The upstream stations (Stat.ion I and 

Stetion nI) exhibi ted nearly equal numbers of fecal bacteria, 

npproxim2tely 100 per 100 ml Hp.<ter sample. Bacterial densities 21, 

Station III I'Jere 1m-leI' than those of Station Ij however, the 

difference 1'12S small a.nd predictable. In the absence of runoff 

there wes little or no flol-! in the upper drainage ditchj therefore, 

population densities decreased due to dilution 2nd bacterial die

off l,rhich probably occurreel as a result of the depletion of 

essenti.<>l nutrients. res the water mass moved dm-mstreillTI to 

station V, thp 'luality of the ','.'ater vJas altered. Tne avernge 

f1ur!1ber of fecal coliforms At StC'tion V HaS epproximntely 6 times 

greater than that [\1, stf:tion IIIj that is, ?63 org/100 ml c1Dd hO 

org/lOO ml respectively. This incrc~1se \'Jas attributed to the 

discherge from the lOFer drnin2[:;e ditch (Station IV). Population 

increAses 01, ,st:.,tions VI end VII ',Jere probabl;y due to continued 

crOllth ?S 1"el1 as the continuous dischnre;e from the ci t;y Se\1age 

treatment pJant below Station VI. 
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It should be noted that the population densities 

reported ~bove represented ~verage densities for sampling 

dptes \:hen less than 0.5 inch of precipitation was received. 

t'.c tw'11y, there \Jas consicl erpble vClriation in densities from one 

dote to the nexl:.. For example, fecal co11forr'1 density at the 

control station did m)t exceed 100 org/100 ml in 60 per cent of 

the semples and rcmged from zero to 660 org/100 ml. :Ji th fe'", 

exceptions, population densities Here vii thin acceptable limits 

for poteble Hater prior to chlorination. 

It would eppear that during norm81 flovl patterns 

contaminqtion from the feedlots is minimal and that perhaps 

the greatest source of fecDl bacteria in this area of the river 

was from the cit~l sevIage plant. 

Conditions During Periods of Runoff 

There Ivere nine collecting dates from November, 1967 

to August, 1968 I'Thich qualified as runoff periods, ie. rainfall 

wes in excess of 0.5 inch. Data from the scmples obtained 

duriY16 these periods are summarized in Table III and Figure Li • 

The numbers of bacteria in runoff samples were high, 

wi th peak densities occurring at stations belm", major effluent 

sources. Tne normal runoff of the drainage Cirea, represented 

by the control station, resulted in a 56 fold increase in 

bacterial indicator densities. St2.tion I is npproximately 25 

miJ.es belol'.r arw knol'!TI major source of contamination. Such 

incre2ses can he expected in some streams during periods of hi[;h 
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III-Piver 

IV-Drc.inc.ge Ditch 
Effluent 

V-m.ver 

VI-fiver 

VII-illver 

Tf,DIZ: III 

!"\mW,GI: B,~.Crr;:EI!.L POPULl, TIONS BY ST!! nOH 
DLDITTG PEIUODS OF ::?lJf'JOFF* 

Tot<'l Coliform 
or;:/100 ml 

10,629 

2,63h,288 

25, 163 

13,55L~,855 

531,312 

1,3£16,310

82,856 

Feccl Coliform 
or·a"/100 r:11 

7,652 

2,182,280 

M,196 

3,07L... , 570 

479,788 

1,161,933 

28,OH~ 

Fecal Streptococcus 
orG/lOO 'TIl 

12,572 

1,518,6/..;.6 

6,611 

6,888,733 

176,676 

319,996 

35,333 

*Indivieluel dRtn for specific s,;;.mpling dates is conte:tined in table for':I in the appendix. 
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turbidi t~r cmd high strec'J!1"J floH and ere derived from naturoJ. and 

ncriculturc-l sources other th~n feedlots ;:'TId municipc:l uClsles 

(StoltenberG, 1970)•.!~thouCh other sources may contribute to 

bcctcrid densities along the study re2ch, the marked elevDtion 

of densities bela':! the tuo ditches \"lhich droi n the E;nporio. 

feedlots indicnted the feedlots ,'Tere a sien5.ficent source of 

contam:inc:tion. 

'Ihc effect of the first dre.inege ditch upon the ':!F1ter 

Cluality of the river could be reQdil~" seen at station III uhere 

the 2vera8e fecDl coliform populdion H9.S 11.:.,195 org/IOO ml 

s2l:iple or hrice that of station I. That feedlot draimge toras 

pollutine the river bec2.me more evident \-Jhen the number of fecE,l 

coliform be,cteria H2S detemined at Station V. Station V H2.S 

located immediately belol'! the major system \'lhich drained the 

feedlots. 'The discharge from this drainage ditch, althoue;h 

continuous the ~reC'r e.round, Hc,S of considerable volume only during 

periods of heavy runoff. The average density of coliform organisms 

occurring Hithin the ditch during these periods Has approximately 

Ih,OOO,OOO org/IOO ml sample, uhich is similar to re.\'l sel'lage values 

(Geldrich et ,0'1., 196?-). As cO.n be seen in Tnble III, there lms 

a significent increase in fece'.l coliform bacteria after the 

effluent from stetion IV entered the river (14,196 org/IOO ml 

,station III to h79,788 org/IOO ml station V). 

The pC2k b;'cteri;;.l densities occurred 2t Station VI. 

The fecal colifo:rrl populntion cwcraged 1,161,933 ore/lOa ml sr>rnplc, 

llhich Has three times tho..t of Station V. The presence of an old 
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rnill d2rn imrnediate1~T upstre2m from Station VI rnClY have contrilllJtccl 

to the il'crcrlsc observed 2 t this station. The (km restricted the 

flo" of the river resulting in a concentr;:tion of "l'utrients," 

nutrients \'Jhich are conducive to I'3pid fer'Tl8nt:;tiol' by se~'!;:<13e 

t?c [.cri8. 

r~s th8 ;r;"ter cOfltinucd dO"mstre8m Flere 'eTas a c.iec:r·c'_lze 

in the c>ver"se dCrJsity of fec::l coliform b[!cteria at St!?Uon VII 

to 28,018 or3/100 ml sample. In ec1dition to surfece runoff, 

the storm 'Jater S8',iCr of the cit;>T of r,mporia as \'fell as the \"2ste 

treatment pl.'3nt discha:r'ge into the river bet,,:een ~ [,at-ion VI arlC~ 

VII. Therefore, this rec1uction in densit~T 2'pl,e::'l'cd t.o be the 

result of cliluUon. Other f8ctors \!hich may have in.fluenced trle 

c~ec1il'e in densit;,/ are die-off, predation, and flocuBtion. 

It is interesting to note that the repo:r.ted values 

\Jere derived from man;y samples taken durinr; similor periods of 

runoff 2nd that Ppc tic:~lly ;Jll se'Tlples Here toJ.cen l.'hile the 

effluents i'Jere dr2inin.:3 f;::irly const2nt1~r and usually many hom'" 

2fter peC'k I'Jater levels. In other \lords, these det:" ';1ere not 

o:)taine(~ b;y rneusurinr; slUG sondi tions but \Jere recorded during 

more cons t2n t :t'unoff period s. 

",lthoU[;h elcv;:,tecl coliform densi tief', ;]re to be expecterl 

in :0 ~tre2m (luriD:::; runoff, th"'re c,'"'n be little doubt thet the 

few110ts constituted t~e primar~r source of coliform cont:::minn i.:ir~ln 

... lofl'::; the~~t11d~· re'Och. 'This concJ.u~:,ion is supported b~r the 

:3ic;nifici:nL :incr0..'"'~c in DC'cteria1 dens:ities in the river be10;·[ 
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UH: confluence of the ditch, "rh:i_ch prrJvicJed the ntC'in dr2inr'ge 

cour~ie for the fc:e,~110t3, "nu Lhe dense populet,ions thC1t Here 

o})se:r~Jed therein. .\ cor;]pori~on of runoff 2nd norm."!l conditions 

is presented in ?icure 5. 

fecd Coliform--?eccl streptococcus ~(;Jtio 

'The d cnsit,Y relC'tion:::hips of thp fccel coliform r;roup 

;jnd the fecal streptococcus ,sroup have been reported to be 

rJiscriminatoI"J of human versus non-humen l"eJrm blooded enim".l 

,-TAste. Geldrich (1961:) st:'ltes th?.t a fecal coliform/fec21 

str'3ptococcus rrltio of 1:.0 is indicative of humen fcc2.1 

m2terial '.!hile [l retio of less than 0.7 is more representetive 

of livestock N8stes. 

Unfortunately, this information ,·!as difficult to Clpply 

to the Cottonvlood Piver study. The fecal coliform/fecal 

streptococcus ratios as c21culnted from non-runoff ond runoff 

conditions (Tcble IV) shoHed fei-! discriminator,Y patterns. 

normel river fecal coliform/fecal streptococcus ratios 

-rere hieher tb.'1n ezpccted livestock fec21 "la::>te rotio values and 

10"cT thE~ hllr:i;:-,n fccd \'l;lste ratio v21ues. 'I'ne effluent (Station 

TV) '. 'hich flo\Js onl~r from the feedlot, did not c::gree ,'lith 

Geldrich IS theoI"Ji it ey.hibi ted 2 3.85 rCltio v21ue. Tl1is effluent 

dr:::ins slo\il:r durinz non-runoff conditions and derives its 

druin~Ge from overflow of ~rtificial l~goons within the stream. 

The dr;linrt[3(;, therefore, '-/::)5 3Ged before enterine the river. 

fec"l ~~trertococcus 81'e reported to exhibit no grmrth and rapid 
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Figure 5 - Runoff (vs) Non Runoff River Bacteria I Popu lations 
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TABLE IV 

FECAL COl,IFORH/FEClcL STREPTOCOCCUS RATIOS FOR 
nOl\f-RillJOFF MIID RunOFF CONDITIONS 

Stetion 

I-niver 

Runoff 
Conditions 

0.60 

Possible 
Sources 

Animal 

Normal 
Conditions 

2.6 

Possible 
Sources 

Hixed 

II-Dr3inage Ditch 
Effluent 

III--River 

IV-Drainp.ge Ditch 
Effluent 

V-River 

VI-Fiver 

VII-River 

1.43 

2.15 

0.39 

2.7 

3.63 

0.76 

Hixed 

Hixed 

Animal 

Hixed 

Mixed 

Animal 

9.6 

0.38 

1,.1 

1.8 

2.4 

2.4 

Human 

Animal 

Human-Hixed 

Hixed 

Nixed 

!'1ixed 

'0 
'~) 
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die-off ,-'fter entering G ':Intery environment (Slentz C'nd DQrtley, 

196/:). l'his probc;bly <:,ccounted for the lOll fecC'.l streptococcus 

popluntions recorded in the effluent ;:"nd ~Jithin the river. 

To'ccr'l colifor::1./fec:-l streptococcus rotios duri!1~ runoff 

con::'itiol1S for the river st~,tions ,-rere considerebly 10":er th::m 

those of non-::."Unoff conditiol".s but cocld hDrdl~r be ci'lled 

cli3crim:inator~r. IIm:ever, St2,tion IV, the major feedlot c:rdnc[;c 

ditch, c~i( :::hm: .., chorc.cteristic bovine re,tio of 0.39. It h23 

bee:l reported that IT eg2r does not support good O'oHth of 

St:;.~e')tocoCCll~] bO'ris on menorcne filters. Du:dnz this StUcl~T bOt~l 

IT ::c,,:,:!.' 8;:C~. 7;-=-~nterococcus nedi:: .;erc used "rH,h t~1e ne:nbrDne 

Afil te::" tccbrJ:::~ue. Tnis !Js.;;r have :'ccounted for SOlJe vccriobili t~r 

uit~1in the fecal streptococcus duts. TakinG 2.11 vcriable3 into 

considere:tion, it :locld be clifficclt to identif;:,r the source of 

fccc.l ~~olluJ::.ion on the o2sis of colifor:n/streptococci rctios Lllone. 

Becc.use fecd coJ.iforn/fecc.l streptococcus ratios 

inc.ic.s·~ed littlc 2 bout the 2.nimal source of the pollutcnts, em 

..,tte:TIlYG Fe.S m,3de to determine 1:hether identific2.tion of the 

st!'eptococci specie:: iron the vt'rious s::'mples \;ocld offer 2. clue. 

tccorr ''; nr +0 __ -' U Io.J :.knll~l"_'o_..L· '_'._.' of netcl~,,,';n,,,,+';ve•.-u...... P,~Ctcl"';O]c' ....I... __ Cf:r~' (DI~end~i "'-'_-,_1 U L,. Dc"rc,-I '" _' ~.j.J_L .I.L U ~" 

et 0.1., 1'757) both Stl'cptococcus bovis ['net Streptococcus fecoli:: cere 

cO::1L1on in.~;-')i t-:mtG of thc hur;Jc.n intestin21 tract CS Hell cs th,3t 

of c::,ttIc', hO'.:evcr, there is t: nreciominnnce of strc'Jtococcus bovi:::
• ';;;";:';""';;'+/0.-"';;";;"';'''';''';:';'''';;''-'';'';''''''';';= 

i" c,-:,ttlc c.nci of strcptococcuc: fecclis in hUr.1c:ms. Therefore, 

identific::,tion of fec::;J. ::;t:'l'C~tococcus species c['n be hclpfcl in 

deternu~il1G fcc81 oriein. 
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Utili:::in,:; the procedures described. in Hethods 2nd 

;:2 Gc,'i;ls for the species iclentific?tion of fece.l streptococcus, 

~;;'r1~lJ.e3 ':cre tcl:cn frol1 the feedlot effluent during runoff 

condi tions end \Jere usecl 2.3 a source of streptococci isolotes. 

'ale inddence of StreptocOCCl'.3 bovis or Virid::'.ns group l',<:;'S 

oppro::im;~tel~r 70 per ce!".t of the colonies identified.. The 

::'cI:l3inj_f1!3 30 per cent \".'cre of the Enterococcus .::;rouIJ. This 

, 'ol11d indicr:te ;! predomimmce of St::,eptococcus Dovis as 

e::l)e~ted. Hopever, such identification is verJ tedious and time 

consuminr; 8.nd \we; found to be impractic21 for freCluent use in 

this type of Sll rve;;' • 

Effect of Heavy Rainfall on River Pollution 

On Jul~r ?1:, 1968, the Emporia area received 0 five-inch 

rein over r'. period of r~PI)roximc:'tel~r four hours. 0e.mpling '."Jas 

initi8tcd. five hours 8fter the rain first begen. Tne data from 

this set of sc-mples \'l2.S interesting bec()use of conc.1itions that 

existed e.t sDmpline time (Table V, FiGure 6). At Stat:Lon I J the 

tot"l coliform level ':J23 1:2,000 org/100 ml s[)[nplc, 2pproximatel:r 

30,000 Ol'c/'niSr.1S 01' 3 times ,,:bove the aver2ge for periods of runoff. 

But e.t SGation III, the total coliform level HCS 700,000 org/100 ml, 

1,.0 times thot of tl1C ;:verage runoff leveL 'fne sDmple from the 

effluent of St,~[,i.on II indic?ted thot the tot::;l coliform density 

;'~s J.l,800,000 GTe/lOa ml, 6 tir:lCS Greeter them Gvere'[!,e runoff v21ucs. 

:\ L S Gr'[;ion V the i.,oL,nJ. coliforn lev81 drOI)~cd to ~J8,000 but dimbed 

to 710,000 O1T/IOO rILl s,,:mplc for 3t8tion VI cmd 1,330,000 orc/100 ill 

c,L St.ation VII. 



~veJ~ 
8.6 mi les 

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

~ 
:.:.:....... .-.. ..:.:....... 
::::::........................ .................. 
::::::.............. 
::::::
:::::: 

~~m~ 
::::::............ 
::::::.'. . . ....... . ....... . ....... . ....... . ....... . ....... . . ...... . . 

:::::: :::::: :::::: 
:::::: :.:::: ::::::...... . ....... .- .. .. . ....... ..:.:. .: .. 
:::::: :::::: :-::::..•... ....,.. . ....... .- .. .. . . 
:::::: :::::: :::::: 
:::::: :::::: :::::: 
:::::: :::::: ::::::...... ....... ~ .. .. . . 
:::::: .::::: ::::::...... . ....... . . 
:::::: :::::: :::::: 
:::::: :::::: :::::: ::::::...... . ....... . . 
:::::: :::::: :::::: :::::: 
:::::: :::::: :::::: ::::::::.:-: :.:.:. .:.:.: :.::.: -.. :::::: :;:;:; :::::: :::::: 

oI :::::: :;:;:; ;;;;:; ~;~~~~ ~~~~~~ ~~m~ 

(St. 1) 

500,000 

1,000,000 

c.... 
o 
t

26 

Figure 6 - Storm July 24, 1968 (Total Coliform) 
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TABLE V 

Rl,CTEHIAL DENSITIES OF THE STUDY AREA DURING 
STORH OF JULY 2h, 1968 

Fecal 
Total Coliform Fecal Coliform Streptococcus 

St,qtions orp;/100 ml org/l00 rnl orC/lOO rn1 

I 
River 1+2,000 31,000 27,000 

II 
Effluent 11,800,000 19,100,000 4,600,000 

HJr-50 
:Sffluent 170,000 20,000 30,000 

III 
Fliver 700,000 1,050,000 338,000 

IV 
Effluent 1,500,000 1,240,000 620,000 

IV1 
Effluent 140,000 127,000 140,000 

r T 

a 
Effluent 8,000,000 10,300,000 2,200,000 

IV
al 

Effluent 700,000 700,000 470,000 

Hy-502 
Ef.fluent 800,000 hOO,OOO 77,000 

V 
Tliver 238 ,000 382,000 193,000 

VI 
River 710,000 800,000 270,000 

VII 
River 1,300 ,000 1,230,000 360 ,000 

Country Rood 
5.8 Hiles Eost 
Fmporio-Rivcr 56,000 10.,000 39,000 
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TllC l'c:i.!1i'rlll 'J2S h.::rd ,"nd the runoff hecrvy. It ;-;Pl'eorcd 

23 ii' t!1e runoff frorl the feedlot developed Cl double sluG effectj 

one iriti2t:i nc fl'8r:J c'.ch drcJ.nage ditch. !',t the time of 3Clr.lple 

collection (5 :lours ::,..ltcr rcinfdl beetm). the slug from the slnall 

clr2in"cc ditch (Sktion II) appe2red to be loceted beh:een Stations 

I Tl ~'nc' "lJ. _,y,rl t 1,,,, ~lur' from '~'nc, l"'rrrcr dI~"'in"f"c dl'tcl1 (r't..,J·ion -lIJ)..... __ r...l ,:'...,. .1':''-'- L~\,J ..,). __ b . L.. _ c. u ~............ v,v 0,c,_L.,_
 

<lJ.;:Jcc'rcc1 to be in the "lJicinit:" of Stc:>.tion VII. Conditions !;riI)1in 

the sJ.UC::J ,rere sir.'il::.'r to t.hnt of untre(1ted fec"l i.-T2stes. 

Tlle effects of such slugs CGn become devD.str>ting ~'Ti th 

"'he clevcloymerit of sJ.uG fermentation. ICittre,'Jell c.nd FurfEd (1963) 

relJOrted trwt pep,;c uecterial densi tie:::; from stre2m fermenteUon 

occur 10 to 15 hour::; efter the slug enters the \'Jatercourse. 

Ferr.lent2tion densities mCJY re2ch as hieh as h to 8 times dische-reed 

numbers. The fermenbtion itself CE',uses e.lmost total depletion 

of dissolved 0x:'cen combined ",ith the production of toxic 2mounts 

of 2r.lrTlonic:'.• 

In the c;:>se of the CottomTood Piver. recover:," of the 

strC"r.l from this t;:,rl'e of 5itUCltion "[ould be several;)' retDrded by 

the :::·econ(5 sr.l211er slU3 from Effluent Stetion II llhich follo\·[eo.• 

by scverc-l hours. the fir3t. It is eDS~" to theorize that condition~ 

simi12r to these precipitoted the dis2..stro'U.s fish kills of 1966. 
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Feedlot runoff pollution of the Cottom:ood Fiver \T2.S 

r:m'1itorod fror:1 I!:o-y, 1967 to Jul~r, 1968. The decree of pollution 

~J25 bcsed or.. der..si ty vC'criction of feces C:3S0ciclted bO-cteric'.• 

S2:JpliD[; ,,'rlS l'eriodic~ll:' conducted 2t five river stetions 2DCl hIO 

effluent stetio!;:::; in the Empori;'l, I~2,nsos 8Te·:;. One-half inch of 

r:'ir'..f~ll '.Tee clcter!'!ILned to be the minimum '::hich ,"ould re::u.lt 

5,n excessive feecnot ru..l1off rec.chinG the river. ].lj.nimr>l cie!'!sities 

of fec.:l b2cteri2 existed dUJ'ine periods of !'!o runoff. H01J8Ver, 

even during periods c:hen clensi ties \'Jere minimal 2.n overoll st2tion

to-station increc,se :i.n the microbicl population occurred 2.3 the 

tJ::-ter fllovecl through the stud;y are2.. DnrinG the non-runoff period~., 

the feedlot ciischprGe up.s sliGht c.nd did not oppe2T to elev3,te 

sj,C!"..ific2.ntl~T becteriC'l dens:ities ',Ii tllin the receivin['; stream. 

Fecpl coliform counts 2verc.::;ed le'35 then .300 org/100 r:U somplc for 

ell, river st2tioTI3 c::ceI:Jt stc:ction 1ITI, uhich sho\'Ted e signific~'.nt 

increo.se in fecd coliform b2.cteria (1,198 org/100 ml s2.mple). 

S+,;:Uon VII is loc['tec~. belo,1 the ~mpori2 sec·TO.go disposC'l plc:cnt 

effluentj thus, it \Tould C'ppe,:,r thC)t this source i'as contributinG 

to the incrc00cd fec<>l conter:1inC'.tio!". observed ot Sk.tion VII. 

Tile incre;-'se :,c.ver0el~r affected the sonitc:r"J (:Wllit;;r of the ',J:.'ter 

to the extc:1t that bOc1~r cont,"'ct ,rith the river (s,'im",inc, etc.) 

\!ouJc~ h,:-'ve I)(?cn cons:2..eJerec1 hn:c'orclous. 
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D,')c teritJl counts in runoff s,ll"lples indiccLted the presence 

of e~:trel"leJ~r h:1.[311 pop"Lu~tio!1::; of pollution ir.clic2tor org,"nis[;Js 

throu~!10ut the ~:otercourse. Tbe hi.ghest numbers of fec21 bectcrin 

',Jere recorc:ed 0 L ::;t2.tion::; bc1m: the point ',rhere feedlot. effluents 

enLcrec. the rivcr. The ,.ro.ter s2mples from the upstre2rrl stc:tions 

l1"C be-ctcr:L21 :::'0p"Lu2tions 50 tj.mes (fccDI coliform o.ver;:Jge c1en5it~r 

11,000 orC/lOO r.ll ~;2m~}le) Greoter them th2,t of sorTI::J1es t,"'ken during 

periods of norm;-'1 flO\"!. This t~'pe of incre2se could be due to 

ne. turDl ,'Jc;ricul turo.1 runoff other than direct feco.l contc"nin2tion. 

Somples from oOl';nstre2,m stations, those belo"! the feedlot (Sto.t5.ons 

V 2nd VI) J hF1d dt'ngerously high popul2tions of indic2:tor org;;nisms i 

pop"LLletions Hhich re;:,ched densities 2pproxime.ting 1.2 million fecd 

coliform per 100 ml sample. 

The drosticLilly elevC'.ted numbers of indicator organisms 

repidly declined bJT the time the Hater reclched the lc.st mopitorin2 

stc,tion ~:hich '.1&S located 2.pproximately hIo miles belo~.' the feedlots. 

The shcrp decreilse from 1. 2 million fecd coliforms <:>t Station VI to 

28,000 fccel coliforms ut Stntion VII indic;::.ted that 2. rc:'pid dis

per~;21 of feccl l:c::cteri8. occurred &S the streo.m flmTed 21day from 

the source of its contpmine.tion. 

!':unoff diltn stron81~r ir.Jplico.ted the I':mporie. c:>I'e3. feedlots 

2S c, principle source of feci'l cont-smination for the CottoD1'rood 

IUver. Tt'is ili1plic~,tion T·,','S reinforced by d;-:to obteined from s2rnples 

collected durinG "n intense roin shm'Jer on Jul;>r ?/., 1968. '1hese 

do.t,? demonstrated the presence of tuo distinct runoff slues entering 

the l",'.1tercoursc from the feedlot effluents. Condition::; that existed 

11ithin the sluc;s I'Jere simil,"1r to those e;-::pected of rC:M Se\1age. 
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COLlECTIONS USED TO FIGURE RUNOFF VALUES 

FOR POLLUTION HTDICATOR ORGANISHS 

November 2, 1967 

December 5, 1967 

December 12, 1967 

December 19, 1967 

Harch 29, 1968 

Narch 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 

Total Coliform 
Stations org/100 ml 

I 900 

II 700 

II 3,580,000a 

III 4,600 

IV 1,100 

VI 1,500 

= 1 mph 

Fecal Coliform 
org/100 ml 

000 

800 

1,880,000 

2,100 

1,300 

1,200 

Fecal Streptococcus 
org/100 ml 

2,100 

1,200 

810,000 

L,,200 

1,100
 

5,000
 

'vJ 
0



December 5, 1967 

Total 
Coliform 

Stations org/loo ml 

I 1,390 

II 2,670,000 

III 390 

IV 8,580,000 

V ll-, l~50 

VI 5,090 

VII 3,800 

Fecal 
Coliform 

orr;/:loo ml 

50 

170,000 

110 

680,000 

550 

300 

100 

Fecal 
Streptococcusgm100 rnl 

110 

760,000 

400 

2,880,000 

670 

600 

630 

Dissolved
 
Oxye:;en
 
~ 

8.5 

2.5 

9.0 

2.3 

9.0 

9.2 

9.5 

NH
3 

mg/liter 

0.5 

8.9 

0.4 

0.0 

0.4 

0.2 

0.8 

H 0 Temp.
2
°c 

5.0 

5.0 

5.0 

5.3 

5.1 

5.1 

5.2 

\....l 
--J 



December 12, 1967 

Total 
Coliform 

Stations org/lpp_ ml 

I 30 

II 220,000 

III 0 

IV 12,600 

V 236,000 

VI 370 

VII 120 

Fecd 
Coliform 

org/100 ml 

10 

1,000 

0 

360,000 

190 

0 

20 

Fecal 
Streptococcus 

org/100 ml 

gO 

5,1,00 

10 

720,000 

100 

10 

200 

Dissolved 
Oxygen 

ppm 

10.5 

3.0 

9.5 

2.2 

9.5 

9.5 

9.5 

NH
3 

me/liter 

0.6 

7.9 

0.7 

25.2 

o.g 

0.6 

o.g 

H 0 Temp.2

°c
 

1,.0 

5.0 

11.0 

5.1 

4.9 

4.9 

4.5 

\..0 
l» 



December 19, 1967 

After 1 inch precipitation 

Total FecCil 
Coliform Coliform 

Stations ordlOO_ml orG/lOO ml 

I 13,300 6,~00 

II 630 ,000 IhO,OOO 

III 280 70 

IV 5,300,000 3,600,000 

V 1,900 260 

VI 1,310 220 

VII 70 10 

Fecal 
Streptococcus 

org/IOO ml 

39,000 

780,000 

2,500 

7,100,000 

700 

600 

25 

Dissolved 
Oxygen 

E.E!!l 

8.5 

8.5 

9.0 

2.0 

9.0 

9.5 

9.5 

N'rf
3 

mg/liter 

0.3 

1.5 

1.0 

25.2 

0.9 

0.6 

0.9 

HnO Temp.
L 

°c 

3.0 

3.0 

3.5 

1:.0 

3.0 

3.2 

3.1 

\..0 
'.0 



r.iarch 29, 1968 

Cattle lot had just been cle8ned off 
11 p.m. before rain 
7 p.m. ~.l inch r2infall (local) 

StE't:Lons 

I 

II 

III 

Total 
Coliform 

orr:!lOO ml 

[,0 

10,200 

95 

Fecal 
Coliform 

or,o:!lOO ml 

17.5 

600 

110 

Fecal 
Streptococcus 

org/IOO ml 

5 

300 

110 

Dissolved 
Oxygen 

El2!!!. 

7.5 

6.0 

6.0 

NH
3 

rTlgjliter 

H20 Temp. 

°c 

16.5 

14.0 

15.0 

IV 

IV 
a 

VI 

4,600,000 

50,000,000 

8,000,000 

4,200,000 

46,300,000 

6,310 ,000 

7,600 

4,700,000 

264,250 

2.5 

1.5 

1.5 

14.0 

14.0 

15.0 

·lC:
0 



Horch 31, 1968 

'1\'10 days after 2-inch r2infell 

St8tions 

Total 
Coliform 

org/IOO ml 

Fecel 
Coliform 

orr,/IOO ml 

Fecal 
Streptococcus 

orgJlOO_ml 

Dissolved 
Oxygen 
~ 

fill{"
) 

rng/liter 

H20 Temp. 

°c 

I 2,600 2,800 80 9.0 15 

II 182,000 185,000 600 2.5 Ih 

III 3,000 700 60 9.5 15 

IV 5,000,000 1,900,000 2,700,000 2.0 H 

lIT a 310,000 200,000 10,000 1.5 14 

V 26,000 32,000 5,000 7.5 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 3,60(' 5.5 18 
~ 

Lebo 90 280 50 8.0 17 
f---' 



April 3, 1968 

. 

Stations 

Tota.l 
Coliform 

org/l00 ml 

Fecal 
Coliform 

ore;'100 ml 

Fecal 
streptococcus 

org/l00 ml 

Dissolved 
Oxygen 

ppm 

NH
3 

rng/liter 

H20 Temp. 
0" 

\.J 

I 1,500 1,200 2,500 7.2 0.1 14.5 

II 1,290,000 1,5hO,000 820,000 4.3 3.1 15.5 

III 17,000 9,100 20,000 6.3 1.3 14.3 

IV a 
22,000,000 17,000,000 6,000,000 

IV . 1,100,000 330 ,000 11-40,000 5.5 3.9 19.5 

V 50,000 25,000 30 ,000 6.9 0.9 18.4 

VI 11,000 6,100 7,3°0 7.0 0.5 19.0 

VII 43,000 26,000 15,000 7.5 0.8 15.0 

.... 
'0 



April 2?, 1968
 

Samples taken at 6 p.m.
 

Total 
Coliform 

StC"tions QITJJ.JX) ml 

I 75,000 

II 18,700,000 

III 199,000 

IV a 
110,000,000 

IV 91,000,000 

V 3, l:-OO, 000 

VI 4,400,000 

VII 42,000 

after 8 3-inch rain shower 

Dissolved
 
Oxygen
 
ppm 

7.0 

1.5 

7.0 

5.0 

0.5 

1.2 

1.1 

6.2 

NH
3 

mg/liter 

O.B 

3.8 

3.2 

0.0 

I!·.3 

3.9 

4.3 

1.6 

H 0 Temp.2
°c 

14
 

15
 

14
 

12
 

12
 

12
 

13.5
 

13
 

r-

CJ 

Fecal 
Coliform 

org/100 ml 

57,000 

17,600,000 

115,000 

68,000,000 

15,000,000 

3,300,000 

4,100,000 

20,000 

Fecal 
Streptococcus 

org/100 ml 

69,000 

11,300,000 

32,000 

76,000,000 

48,000,000 

1,200,000 

2,600,000 

180,000 



June 2h, 1968 

Air Temperature 30
0 

C 
Hain 11 a.m. 

Stations 

Total 
Coliform 

org/100 ml 

I 900 

II 5,700 

III 2,100 

IV ~,400,000 

V 840 

VI 800 

VII 211,000 

Fecal 
Coliform 

org/100 ml 

590 

3,120 

580 

1,600,000 

520 

580 

127,000 

Fecal 
streptococcus 

org/100 ml 

270 

320 

220 

150,000 

900 

200 

46,000 

Dissolved
 
Oxygen
 

EE!:!l 

9.0 

5.5 

6.0 

1.0 

6.0 

5.5 

5.0 

NH
3 

mg/liter 

0.30 

0.25 

0.30 

7.02 

0.15 

0.35 

1.11 

H
2

0 Temp. 

°c 

26 

25 

26 

25 

26 

26.5 

26.5 

r
~ 
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SAJ,jPLING DATES IN 1968 DUR.HG ~'JInCH
 

NO RUNOFF OCCURRED
 

February 5, 1968 

!1arch 3, 1968
 

March 5, 1968 

April 16, 1968 

April 17, 1968 

!1ay 13, 1968
 

July 6, 1968
 

July 18, 1968
 

July 19, 1968
 



February 5, 1969 

Piver flow low--2 feet over dam 
Oil covering drainage ditch at Station IV 
Oil extending into river at Station V continuous film 

Total Fecal Fecal 
Coliform Coliform Streptococcus 

Stations ore/100 ml org/100 ml org/100 ml 

I 0 0 0 

II 3,000 0 100 

III 0 0 0 

IV 45,000 0 g9,OOO 

V 100 0 320 

VI 10 0 0 

VII 2,OgO 120 430 

near bank . 

Dissolved 
Oxygen 

ppm 

11.2 

10.5 

12.l. 

4.0 

12.5 

12.0 

10.0 

~1J13 

mg/liter 

0.00 

2.l10 

0.00 

6.95 

O.~.O 

0.00 

0.40 

H20 Temp. 

°c 

5.5 

5.0 

5.2 

5.7 

5.5 

5.5 

5.5 

...... 
0
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Narch 3, 1968 

Normal FlO',! 

Stp,tions 

I 
8 

I 

II 

III 

Total 
Coliform 

orf'/IOO rr0 

80 

0 

10 

0 

Fecal 
Coliform 

org/loo ml 

10 

1 

20 

1 

Fecal 
Streptococcus 
org/l00 ml 

24 

0 

6 

0 

Dissolved 
Oxygen 
~ 

10.2 

8.5 

10.0 

NH
3 

mg/liter 

0.8 

1.5 

0.4 

H20 Temp. 

°c 

11.0 

11.0 

11.0 

IV 700 440 180 3.5 47.2 10.5 

V 30 20 0 10.0 0.5 11.0 

VI 970 160 0 9.0 0.4 11.0 

VII 1,500 400 3 10.0 1.4 12.0 

.;-::
-..J 



Barch 5, 1968 

Eormel river flml at 101'1 temperatures 

Total 
Coliform 

Fecal 
Coliform 

Fecal 
Streptococcus 

Dissolved 
Oxyeen 

NH
3 

Stations org/100 ml 
-- 2!'dl09 ml org/100 ml ~ !!1Z/1iter 

I 0 0 0 12.5 0.5 

II 0 0 1 10.5 ?-.o 

III 0 0 0 l?-.O 0.4 

IV 20 160 2 ?-.o 50.4 

V 1 0 1 12.5 0.6 

VI 10 10 0 12.3 0.4 

VII 0 2 3 11.9 1.1 

H20 Temp. 

°c 

8.2 

9.0 

8.2 

6.5 

5.2 

5.2 

7.0 

J::
0} 



April 16, 1968 

!~ir Temperature 220 C at 12 8.m.
 
~'Jind Velocity 20-30 mph (S. :I.)
 
Cloud Cover 8O~~
 
Piver level Im-,
 

TotC1l Fecal 
Coliform Coliform 

Stations orr;/lOO ml orELlOO ml 

I a 130 70 

I 200 190 

II 0 600 

III 0 0 

IV 140,000 90,000 
8 

IV hO,OOO 29,000 

V 600 320 

VI 570 220 

VII 2,500 2,050 

Fecal 
Streptococcus 

org/100 ml 

140 

40 

200 

60 

110,000 

23,000 

100 

100 

600 

Dissolved N'tf H 0 Temp.
Oxygen 3 2


rnp;/liter °c
~ 

16.5 

7.5 16.5 

7.5 17.5
 

7.? 17.0
 

0.5 17.5 

0.2 17.5 

8.5 17.0 

8.0 17.0 

0
'"'

7.5 17.5 



April 17, 1968 

Taken after a lighd rain shm'ler (less than i inch) 
Air Temperature 20 C at 12 Cl.m. 
:'!ind Velocity 5-10 mph (N.) 
Cloud Cover 00/" 

Totcl 
Coliform 

Fecal 
Coliform 

Fecal 
Streptococcus 

Dissolved 
Oxygen NH

3 
H2O oTemp. 

StC'.tions orr;/IOO ml ~rdlOQ ITll org/IOO ml ppm !."f!g/liter C 

I 70 180 00 7.0 7.0 18.0 

II ~OO 10 600 4.0 1.8 21.0 

III ° ° 30 7.5 0.6 19.0 

IV a 3,400,000 2,200,000 1,500,000 1.0 25.0 

IV 22,300,000 14,600,000 3,700,000 1.5 10.1 25.0 

V 5,600 400 150 7.5 0.6 18.0 

VI 2,000 1,000 900 7.0 0.5 18.0 

VII 6,000 5,700 $90 7.0 1.0 18.0 """ 0 



j.;;:>~r 13, 1968 

T~ken et 2 p.m. 
FC'in ShO"ler 3 p.m. 
SC'mples Token h:30 p.m. 

Stections 

I 

Total 
Coliform 

erg/l00 ml 

1:00 

Fecal 
Coliform 

~reb-OO ml 

300 

Fecal 
Streptococcus 

erg/IOO ml 

310 

Dissolved 
Oxygen 

ppm 

6.5 

NH
3 

mg/liter 

0.48 

H2O o Temp• 

C 

16.5 

II 7,200 9,200 100 h.O o.?~ 16.5 

III 520 300 800 6.5 0.45 16.5 

IV 90,000 20,000 4D,000 0.5 6.05 18.0 

V 1,200 840 hlO 6.5 1.11 16.0 

VI 310 200 180 6.5 0.0 16.5 

VII 5,900 llOO 1,200 6.5 0.75 16.5 

\J1 
f-' 



July 6, 1968 

Rain .15 to .5 inch 

Total Coliform Fecal Coliform Fece~ Streptococcus 
Stations org/IOO ml org/IOO ml orr/IOO ml 

I 120 420 20 

II 4,300 14,000 560 

III 10 0 0 

IV 30,000 70,000 10,000 

V 10 200 0 

VI 50 0 10 

VII 20 '\.100 0 

V1
rJ 



July 13, 1963 

Light Rain 

Stations
 

I
 

II
 

III
 

IV
 

V
 

VI
 

VII
 

Total Coliform
 
org/IOO ml
 

60
 

1,300
 

° 
2,900,000
 

600
 

510
 

310
 

Fecal Coliform 
orrs/IOO ml 

90
 

1,000 

° 
2,290,000
 

500
 

h50 

500
 

Fecal Streptococcus
 
org/100 !ILl
 

60
 

200
 

10
 

200,000
 

280
 

lLa
 

1,000
 

V1 
'-J 



July 19, 1968 

Total Coliform 
Stotions orfdlOO m1 

I hO 

Fecal Coliform 
orf,;/100 m1 

60 

Fecal Streptococcus 
orrs/100 1111 

50 

II 500 800 900 

III 10 60 hO 

IV 35,000 

V 10 

25,000 

30 

85,000 

20 

VI 6,500 

VII 14,500 

1,220 

1,510 

100 

290 

Vl-~ 


