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Il{TRODUCT ION 

This paper concerns t he nature of clay turbidity and 

the effectiveness of veget ation in the precipitation .of 

suspended clay in turb:i.d waters . The purpose of thi s i nves

ti ation wns to provide additional info rmation and dat a on 

olay turbidity as it exists in central Oklahoma. 

Welch (1935} divides turbidity-producing subst ances 

into t wo groups , viz., t he settling suspended matter s and 

t he non- settling suspended matters . The first group r epre

sents a class of subst ances t hat is temporary and fluctuate s 

in quantity with certa i n inherent and environment a l f actors. 

The second group is b y f ar t he more t roublesome . Most of 

t he turbid waters in central Oklahoma are essentia lly non

settling colloidal su.spens ions of a mont morilloni te t ype of 

clay in a wat er medium, t he clay particle s having been i ntro

duced and dispersed i nto t he wat er by wi nds and t he hydraulic 

erosive action of run- off water . 

The writer i s co ncerned with t urb i dities due t o 

i norganic soil particles suspended in water and not to those 

turbidities caused by plankton and particulate organic matter. 

The t erm silt i s used in t his paper to de s i gnate t he clay 

t bat is held i n suspension i n t he water . Thi s soil i s not 

true silt but cons i sts mai nly of clay particles so f i nely 

divided as to be colloidal . 

A few pre limi nary l ab oratory studi es were mad.e wi th 

clay as a colloi d and have been i ncluded and. employed only 

i n so far as t hey relate to the reac tion of colloida l clay 



to oe:rta:in precipitating 

r1£rpresa1:1t the :resnlt s of a liim.1ologieal study of small 

impenindments in :.Pa;rne Cm.u1ty,, Ok:lahon'ltl,, 1J11hioh e:zJ:iibited 

different degrees of tu.r1Jidity dtte to su.s1,1e:nded. clay. Some 

impoundments were studied .in ®..n attempt to eorrel~d:e chem

ieal IJro:perties of the wat®l' with their a:cisting turbidi t~·. 

Others ware inve.stige,ted to learn the :physical and chemical 

ch£mges induced when pla,ut m~iteri$1J.,l v1as added to the water 

and to find the e:f.ieot of this yegett1tion upon the 

biolofc:icuil y,rodncti vity. 

The facrtors that determine or ara indieative of the 

potential p1toducti vity of fresh waters haw long interested 

limnologi$ts. Factors reS'ponsible for the prod.ucti ,,1.ty of 

any group ·Of aquatic orgax:i.imna are complex and i:ncompletely 

unde:rstood. Emphasis has 1Jeen pla0ed on the relationship 

bat1;\1ea11 chemical qu.ali.ty of waters and food production 

whe:.reas other factors s-rrnh as tnrbidity imd light rienetration 

have received compare.ti vely little Erttention., Pu.re water,, 

although trans1:iarent, absor1)s. soma energy as sunlight passes 

th:rmtgh it, while water conttzdning suspended matter irrrpedes 

Relatively large am01t11ts of mispe:nded materials in 

Wi:Stt®r limit the penetration of' li{~ht, therefore the direct 

ef:f.eot o:f such turbidity upon bi-ologiaal produoti vi ty is of 

irn:po:rtan.ce. l111lis (1931, 1937, 1944) stresses the influence 

o:t' erosion silt as a pollutant in impounded waters and ita 

effect o:n light penetration. Prescott (1939} rega,rds 



o'i: susriendod 1uoz·gm1ic @';;1.tt-er. Year :rom1d plru1~tor1. studies 

b~r Chornllar (1940, l942a 1 l042b, 1944) and Cha:mller and Vleeke 

( 1945) on Le.ke Brie have im1ic1:d;.ed that plcytoplamcton };lnlses 

occu.r r:hou tu:ciJid.ity is :relatively low e.nd s.malle:r pop11l,a

t:lo11a exist d.11Xing high turbidity. I:r1r1in ( 1945) emphasizeo 

thL:.t turbidity u.110 to silt- de ores.sos tJ.1e total food piiod.uo ... 

ti on ~:a.a a:ffeat s the gensral economy of an irap.onudrueu t .• 

Langlois (1946} m0ntioned the preeeuoe of e:x·osio:u silt in 

light to ·the exton.t thut nuti"ie:nt sal:t.e present cfill11ot be 

synthesized into plant tissues-. 

The pri.noipal factors contr:Uruting to the exist.en.es of 

turbid. 1:,iu.tors in an ir:.rpoundJ.n.ont are the type of soil.a,. sha-ps, 

bottom aua.. r.J.1argine • and the character of ·the rain:full ·pre-

ocding rU11-off. The ;rate,. qua.n.ti ty,, and ocanrrence of rain 

are beyond !USU• s aont:rol. B.o·wever,, a degree of o ontrol can 

7Jhen J,he va1·ious conditions •,;;ihioh affect erosion a:re 

oonsiderod. 1, it 1JeO-Omf.H) evident the,t su:rface water retained 

in ros,9rvoirs, is likely to have varying quantities -and 

sizes o! clay :particles in suspensio:u. Fortu . .nately,, this 

s1.u:rpended colloidal soil in wnter needs not be considered a 

perma.nont evil as methods of precipitating it from irapou,:r:ided 

waters have bean dernonstrS;ted a11d su.oaesa:fully 11.si3d without 



ha?'niing aquatio life. 

Ir;1dn (1946) has shown that the addition· of organic 

matter to water decreaaee this turbidity and permits increased 

light :penetration. Thus the treatment of muddy water with the 

'pro.per applioatione of org~nie matter aids in pra.cip1tating 

soil part 1eles · and inoreases the f'ertili ty- of the water~ 

When lake productivity is oonsidered, it is logical to 

believe that unfavorable tu.:rbiditiea can be aorreeted by 

art:ifioial means and a eyele of organio matter spithesis and 

subsequent deaompos1t1on oan bti activated within the :reser

voir to lengthen the pe:ri9d of produotivity. Therefore. the 

i:;:1vestigation o:e neoessity com::e,:na biological, :physical. and 

ohemiot:i.l factors .. 

''.rhe \>Uiter makes no elaim fol:" an axl1a;u.ative or complete 

treatment,: yet it is felt that in· limuologieel studies all 

the above factors must be correlated. The problii,m was divided 

into parts. each part was studied separately and the results 

were analyzed ivi th respect to the whole ... 
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l\[STHODS 

dissolved o:zygen. phenolphthalein allcalinity. methyl orange 

were made acco:rcti 

Hyd.rogen ... f 011 Co:mrnnt;.eation 

ion concentrations.. Indi.cato:rs which covered the range were 

chlorpheuol red, phenol red, thymol blue. The colorim-

etric aeter:mil:uati o:ns bec1:mse 1 t could he used in t11e '.field 

The detarmimitio:ns o:f free oa:rbon dioxid(;} we:re macte: 

( l) to lea.rn the correlation betirveau pH e11d CO2 s.nd ( 2) to 

observ:ii the :relation between the Jlroduct:lo:n of RzC03 and 

reduction of tur1:d.dit:y.. If the hydrogen-ion concentration 

in the water stud.led was due l~:rgely to the 1)rese11ce of co2• 

then the pH values and the values for 002 should be in an 

inverse ratio; that is. aa the CO2 il1oreasee the pR should 

deca·easa. . When ivate:r. at zero degrees o. is sature.teci tdth 

oc2 gas, it wi 11 retain aJ;Yproximately 5.500 parts :per million. 

The CO2 is h@ld in solution pa1'tly iu ooml:iinati011 with water 

as E2co3 and partly as the gas.. The :reaction of a saturated 



solution of CO2 ia npproxinw.tely :pH 4 •. o. bttt m1ch a low pH 

:ts not necessary :for ela;v floooulation. 

Dissolved Oxygen 

T'he dissolved oxygen determir1ations. were made :tor the 

following 1--eusons: (1). to dete1"mi11e its a.bnnda.noe and 

fluctuation, ( 2} to de teat the appToach of oxygen depletion, 

and ( 3} es an index to 'bioohemioal oxygen demand from added 

organio matter .. 

Alltali111 ty 

The deta1~m1nation o:f alk.alin.ity ,,as o:t importanc& in 

doteeting the availability o-f oe.rbon dioXid.e as oombined to 

form aarbonutes a11d bicarbonates of potascium" sodium,, oal.-

oinm.,. and magnesium. Carbonates hydrolyze into the hydroxide 

and oa:rbcn.:i.ic acid, the aU::ali:ni ty of the hydroxide ove:r'bal ... 

ancing the e.o1di t.y of the weaker carbonic ac:i.d. Waters 

giving an a1kaline reaction to ph.euolpbth....alein contain no 

free 002 bnt do contain normal or m-0.n.0-carbonatas.. Titration 

with 0.02n 112so4 indioatas the amount of free CO2 whioh would 

be ueoesea:ry to eonvert all of the mono-carbonate to the 

biea:rhonate.. Waters giving a neutral or acid reaotio11 to 

phen<,lpp.thulein con.tain fl"ae CO2 in soluti.on •. 
. . 

Phe!J.oli:ihthalein., with an end point of 11H 8.3 .. indioat.es 

the presence of carbonate or hydroxide alltaJ.ini ty. Methyl 

orange, i.V;it?- an end point of pH 4.4, indicates the value 

v1here tialltalinity" du.e to bioarbonates is eliminated by H2S04• 

There are11 actually three tones on the pH soale into which the 

I ., 



rango of ".:..cidity" and 11alkalinity11 c n be subdivided : (1) 

the zone be low ·pH 4 . 4 due to mineral acids ; (2) tho zone 

between H 4 . 4 and b . 3 when the water is "alkulinetr due 

entirely to bicarbonates in the presence of free COµ ; (3) ..,, 

t he zone above 8 . 3 representing the water d.evoid of co2 but 

coutui ing carbonates , bic~rbonates . and hydroxides. 

Turbidity 

::. .. easnraments of turbidity were made w th a Jackson 

t urbidimeter . The range of t hi s i nstrument is l i mited to 

t urbidities abo ve 25 parts per million. ITTlen the t rms 
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ucloar water" or "cleari ng" nre 1rned in this paper , reference 

is made to turbidities due to soil purtioles th( t read less 

than 25 ppm. Turbi dity due to soil particlec was in most 

cases distingt1ish·0 blc from other suspended matter . A 

lumetron photoelectric colorimeter was used to learn the 

relative percantc.ge of 11 ~ht transmission. 

T mpe r ature 

emperatnre readings were taken with un H•B reversi ng 

thermometer. Both a ir and water t emperatu.re s ~Jere recorded . 

Biochemical Oxygon Demand 

Bio chemical oxygen demand anal yses were made to evaluate 

t he intenbity of oxidizable ms. tter occurring withi n the 

reservoir . I t ,,a•' thought that fluctuations i n the available 

oxi di zable matter . as measured by these tests , might serve as 



an index. for the potential clarity of the water. Cogni zanee 

has bean taken of the fa.et th~,:t th:l.B s;11ulysis does not 

measnre the total dissolved organic matter but represents · 

the bioahemical activity and thus is an indirect indioe.tion 

oxygen consmned 
-

Oxygen oonsnmad detenninutions give u. convenient 

relati"~ measure of the dissolved organic matter.. ~his teat 

has b<aen effaetive \Vhen H., o. I>. determinations were too low 



FA OTO RS THAT AT'?RIBUfE TO TURBID !TY DUE TO SO IL 

Siltation ia subject ·to nU!ilerous · aontJtibuting facrtors. 

It wa8 neoessary to oonsidar all known suggestive causes of 

siltation,. both preventive and nor:rective. Attention is 

invited to the d.if'fere:noe betwee11 the soil partioles that 

settle to the bottom ::,0011 aft.er the r8te of flow ia decreased 

and those mttoh smaller olnf pa:rtiales that remain su.s11e:udei 

in the watsr for lone perLctds ot time. Rapidly flowing water 

ccn carry :rock }..;articles of all sizes: ino1udi:ug ru.'.bble. grErvel, 

es.ad. silt* at1d clny. Jhen the rate of flow is deeresaed the 

es...paeity to carry 1~1.rger 110:rticles ia likevdse decreased. 

De1-,oi:titio:u of the various e:tzed particles follows in a.qeo1 .. d

auee with deo1·.easa.d water ve looity. In this ma:rmer the bulk 

of' the erodible soil is soon deposited i:n :reservoirs near 

the point of water inflow., but the extrem@ly sm.all colloidal 

elay pa1·tioles te:nd to remain sus1iended and can b-e carried 

iu tl'le wate1~ t:o a11 pa:rtl;3 of the irapou..ndment. Variations of 

thi& phenoraanon have ·t;aen illttstrated 1.n au explanation of 

de11si.t;:r curren.ts (Wiehf.t 19Z9}. oft.an tha aggregated voltune 

of this colloide,l ala¥ is small in comparison to the total 

siltation of the 1·ese1.~voi:r but its effect upon light pene

tration and general appearance of the Vlfater is p;eof'ou:nd. 

:the presence of disparsed eolloids,l clay 011 the erodi.ng part 

of tho natershed is the IJTime faetor in Iiroduoi.ng soil 

turbidities that persist. 
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biologist (Cleme:nts 

f (1) t 

; ( 2} turbid in ai le.bora-

Lt:k0, cl(£: :Ar-1;,.1oter lt11kes :t11 Oklahome, cer"t:ainlir are little 

e.f:t?ooted b;y thoDe ag-eri.ts.. :rake (Ja:rl Blaekv'telL, in 1?aj'-na elo11nty, 

ofte:n he alimi:ns.tell by fenoin.g the 1,1ond allowing tho 
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eroaio11 on the otttex area. aug. Bhore11M of sb&.llow impotmd

r2ent::t. 1~.rop&:r oonu:t:ru<Jti<>u of th$ pond. \f,fl,nd-h:rea.k~ ~nd. 

:fouoiug 1xn:-"111it tho developt.1<.n.rt of· sho:relirJB vegetation v:Jh1o:h 

Hiheral Oonto11t o:f 1.iate1 ... 

:tow total .mineral r>ontant of the .. 1ater has b~on o-1ted 

os tho chief cause ,rf pe'rti1s.r.v.n1t t1.1rhitU:t y., O·U1er obse:rva

t1oua tend to diap1·ov@ this st.gtemant,~- Tablu l oout~:f.na un

J/Uhliehed data from rr., s •. Cleologioul f~urvay ~tnQlyses o:! 

aamplae collected from both oleal" iltnd tn:tbid source$. Th& 

muddy v,,1ater~, •. in g-,,n101·al,• show G high rather than .~ loiiv 

11u.uert1l. aontent,. llO\'lever;_ littla dif!erenoe wa-s obsa:rved bl. 

th.a mineral co:n.t!lut of Rutter settling Jfond :whieh nm.int~ins 

a high tt1l''bidity and Rutter Fish Po11d,. a oletir irapoundmen t 

wI;:ioh receiv@s its water 1$i.1:'{)t)l.y from. the settling po11d,. It 

wo1lld eeem that the di,a ~ol. ved minerals 1:n water ure not 

necessarily 1~a1ated to turbidity. 

?he calcium ecntent bo.s bei:.n offered a.s a oansa.tiv.e 

factor fo1,; h.1.gh or low turhitli tie$·• tow ottloium oontern.t ( leas 

than 65 ppm •. ) has. been regarded as the aause of turbid w&ters 

and high oalciu.m 0,0ntent {more tha:a 65 ppm.) as thei taetor 

producing clear tvatera.. Analysis of d£·t.a :us pres$nt.ed in. 

Table 1. shows no ootti!lation~ 

~e ul;le of oaloinm he.s rtta:ulted in greait 1m:provem$nt.s in 

the permeability. and granulation o:f oartain typsiil of soil._ 

an.cl si:noe it is lolown. to be a ooagulating ageut fol' dispersed 
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Dissolved Inorganic Sol ids and Calcium Content in Relation to Turbidity 
Condition in Some Oklahoma Wa ter 

Oa D1ssol . 1norg. 
Station Date ppm. solids , ppm. 

Arkansas River 
a. t Sand Springs 2/$/49 74 1350 

Arkansas Rive r 
at Sand Springs 9/1-5/49 132 2110 

Canadian Rive r 
near Whi te:rield 2/21- 25/48 132 1930 

Ca nadian Rive r 
near 1ithi tefield 9/1-10/49 209 3370 

La.ke earl Blackwell , 
4/30/47 Payne County 17 19g 

Rutter settling Pond, 
1/16/ryJ 26 Payne County 209 

Sal t Fork of Red 
1 ver at Mangum 

r.iashita River 
8/ll-12/48 514 2670 

near Tabler 2/1-6/49 204 1030 
·a.shi ta Hi ve:r 

near Tabler 9/1-7/49 lo4 996 
Greenleaf Lake 

near Braggs J/S/49 17 S8 
Kia mi ohi R1 ve r 

near Belzoni 2/1-10/49 2. 7 64 
Kiamiohi River 

near Belzoni 9/1-10-49 3. 2 - '"-c'•• 62 

Condition 
regarding 
turbidity 

muddy 

muddy 

muddy 

muddy 

muddy 

muddy 

muddy 

muddy 

muddy 

clear 

clear 

olear ..... 
ti.'.> 



Statioa. 

:r.&ountain Fork 
ne~r Eagletoim 

Neosho Ri ve:1' 
nen r Commeree 

Poteau River 
nea.r ~iister 

Hutter fish Pond• 
Payne County 

/ 

TABLi l (Continued) 

va. 
'.0£1,te ppl?i. 

9/20 .... 30/4S 7. O 

9/19-22/49 2:; 

6/21 .... 30/47 5.7 
l/l6/;o 3) 

Di ssol. ino:rg. 
eolida, ppm. 

41 

164 

9S 
2:;4 

Condition 
re~rding 
tur'bid1ty 

el$(U! 

clear 

olear 

cle:ar 

~ 
tN 
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ol..1y 1•a:rticl0s in soils •. its :tmpo:rtG.ne~ in th~ mainto.11ru.1Qe $f 

clea:r water :t:r1 i!11pom1dmerrts ha~i been overestirne:ted. !,fine-ml 

er.;.uly-f;eo, J.s 1·e1.;o:ttca in tl1is Ji€.l.Jper .. ahow ·the mineral content 

an.d. the tttrhid.ity to ve:r-s indept1:rldeut17. Th11s, it, oeems th&t 

while the oherrdog~l (fl'W'.,!itlr of the v1ater may pl~iy ·a:rl impor·ta:ut 

part h'l tl1e transportation and atsb111t:r o:t colloid.al clay, 

it 1$ inrpomiihle to p1·ed:tot, from m1neirt~l analyaes. r.thieh 

wm,te:irs i:rl1.1l :r.~ta1n thin m:1terim.l tn mta11e:n~ion. 

watershed 

~!?@te:rshod control hnq long bee11 emphas1 zett .tle t;,, oorxeot1 ve 

ar., well a.s pr.eve-nti v0 ~a..~s to :tnaure clea:r ,-w,te:r im,:potu1dmenta ... 

Au unriroteotad imte,r.shad is obviously ,mlnerabl~ t:o eevere 

erosio:i..1. alt:hot1gh a 1.,ell grassed d:irainage area will not 

exolude eolloilhil elay soil from entering the im1)0W'.ldment and 

mnddying tlle tw1terr.. I11 Okl.al;oma. thie ia d:u.Q to two reasons: 

(1) rainfall often oeeurs in intense doW111;;otU°'S• and (2) the 

soils of ~1w vmtarshed.s are largely eortrfHiS-eo. of fine elaya .• 

t7atet' flowi:ns over 'land ourface is likely to carry away 

soil 1:n three tmya: by d!soolittion. by oa1~ryiu.g it in sus

pension. or. mare ly by :rolling 1 t al ¢ng the mirfaee of' a 

sitbstratum.. fheoo are na't}nxal processes t~1:at are chaxa.oter.-. 

tst'io of ero.sion am depo$.1t:tou.,, and t?lhaTe the au:rf·ae~ cow.r 

has bee11 disturbed (by man o:r other atQnts) ., the ~roaive 

pow,er of we,te:r ie g:ritatly magnified. The s11t ... ear17ing 

eapac!ty of ws.t.ar ac it n1o~a over sloping lsnd deJande npen 

the size of the partielea avuilable for auar;ie·nsion as ooll a.a 
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u.1;1on the vel.ooity of the wirter-, 

$oil and v1ate:r conse!'Vt::rtio:n methcO.a aid 1mu1~nsely in 

oo:titi·ol of tl1e turbidity in in:mounded W8'ters ae will 'be seen 

·fro.i.:'! the expl\Sl.nation., :if:nen dro~ a of :t'sin strike tbia earth's 

deu.r;'lely "Q'egoteted Gt:iriac~. th~y do not r:rtrtke i:h~ soil dtreo't ... 

ly nor dielodge soil grains. but b:rerut into e ~lfiray of olear 

wtitar \1hioh :normftlly finfra i"i;s wuy i11to t!1e ilummeraule soil 

interstices. 1:7hen rain drops atr:Ute bnr·a soil,.,. the for® o"f 

the drops movee soil pitrti.cle:.i and stirs the :f:i:oor .oxJ.elit into 

s1.;.1.spension and torraa w.'ops of muddy ~ter. ,;ts thi I'? ,,~·t·'ll" 

sinka into tne soil the :fine part:ielee of· clay :tamain e.t the 

av.:.rfaoe to form o thick :f.i lfn which oo oludea tne ~tx-fact1 pores 

of the £!l011~ Then. oul;v a portion of tha drops fi 1·ter :into 

the soil w:ul the remai11de-r ia l.eft tu'l.Sbarrt·bad and £lows over 

the m.trfaoe,. carrying suapendad soil pal'·tiolelJ with it,., 

Important ofiaets of vegetation are to iner@El;Sa the pe1'Ulea

bilit7 and a.bso:rpti ve na1JilCi'.tJ of the soil. as wall QS to 

rednee the velocity of surface movement-. }Jven then., the 

i11ter1aity of :.rainfall in p:rai:rle areas., toge'tllEJX" wlth tbJt· 

quantity and quality of d1mHifr$6ld eolloide.l olu.v of somG 

soila., resn.lt.e i11 eonsid~rable, erosion tb.ou.gh the ground ie 

cowr~d ,,1th pl$s.i.t glfC)wth,. · Kelley (1942) :t:.&s st~t~d 1.lw..t tlle 

~xtent o·! di Sl)er s1on of the c1n1 particles and the t:rtabilit7 

of th:e elay aggregates greatly iufluenoo the e;irod1bil1ty- of 

:aoila •. It iG apparent that tho preaenoe of Gliok oi- a,\ka.l.i 

spotii ('H®.rper and J?lioe. 194·9) on watersheds., tu whioh the 

so11 is ~lready diap.arsed €\.nd inrpe:rraaable to tl:e Yu11i.e~i 
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contribute to the muddy conli tion of surfac ,. a.ta r . 

raaz ale (1926) , in a study of the Colorado River siJ.t , 

sta ed that the nou- settline i>ro.:e:rty o:f s ilt is inher nt in 

t he character of soils before they ore eroded. He furthe r 

maint a ins t hdt t he suspended colloi al clay . a· it a pears i n 

standing wa er , is · ef · nit ly di s ersed and thiB condition has 

been brought about by t he follo ,:ring factors : ( l) the soil 

from which the silt is derived was colloidal nnd dispersed . no 

chang s having been brought ab out i n it s condition, by the 

wat r , i n 

ori 0 i nall 

he course of :i.t s transportat i on ; ( 2) t ha soil was 

looculate d but a i raes he quel i ty of th water 

i s suol! as to bring about defiocoul~tion. He assumes tha t 

smell amounts of so i run ions i n water , will cause the f inely 

divided clay fr otion of the ero ed soil to remai n di spersed. 

The oilt derived from such di rersed soils will not 

settl readily unless act ivated by some flo cculating agent . 
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11ATURZ OF OLAY DI SPERS IO!T MID Ji LOOCULATION 

Attention must ba given to the com laxities of the ola y 

system, i n any attempt to correlat e tle :floceula t1on of 

certain soil partiolos .ith t he established facts o· soi l 

chemistry. Clays sho v pronon.nced -hysioal proportieo due to 

the great surface activl ty of t he colloidal particles . Uost 

t urbid. w tars , of t he no11- olea ring typo , a.re ens encions of 

collo1 l cla y .in a water medium. The colloid, 1 portion is 

composed prima.r·1y of alumino- ailicates. According to 

Si gmond (1938} , colloida l par t icles owe t heir existence to 

two factors: {1:) t he electric char ;E) on their surf'aoe , wl1ioh 

may prevent tne coa ,, 1la.tion of Si, ilarly charged particles , 

and 1,g_) t he hydrated layer on the surface t hat surrounds the 

particles l i k an elastic proteoti ve eh ath and a lso _revents 

t heir congu.la.tion. 

Strite ra of t he Colloidal Particle 

Soil hysics (Baver. 1948) teaohee that one colloidal- clay 

p rtiole or mioelle may be eonoeived ao a ne atively e ·rged 

nucleus surrounded by :positively ch ar ed ions.. • ixed anions 

have a poai t1on at the surface o the cor ud. oonstitnte the 

i nner part of a double layer. The oute·r layer o nsists of an 

envelope o·" o .. ,cillatin cations ihioh di · fuse i nto the sur

::ronnding water medium. If the negative p-otontial is su fioi nt 

ly eat ,. t he clay part oles v 11 repel each other in tho 

suspension w e n they collide durin Broffll.1an oovemant ., The 

force of repnl . ion is due to t he char.eon the particle. If 
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t he electric potential i s smal l . t here will be little 

tendency or repulsion and the particles w~ll coalesco follow

ing a collision and thus attain mass snfficiont to sottle us 

an aggregate . 

Tl1e cations common in the outer layer are ua . r.. . ca . llg . 

e.nd H with Ja and K predominating in highly ispersed ooil . 

'i'he se cations are co n.1 , only de:.:1ignated ttad,;;)orbad 1 • "replaceabl e n . 

or exchange ble" . 

V r ious effects of uddcd or substituted ca·ion . on soil 

collo i ds , are ascribed to differences )reduced in the structure 

of the colloidal micelles and specifically to changes i n the 

double layer . According to · nderson {1929) , the colloida1 

soil material falls in the category of those compnrativ ly 

innoluble subs· ances t hat have a tendency to dissociate into 

ions.. l:.. ccording to ·he theory. such substances dissociate a t 

the surfaca of the nucleus and give rise to negative and pos i 

tive ions. The negati ve ions are insoluble and remain at the 

surface . The posit ive ions are soluble and are di ssolved in 

water snrrounding the nucleus .. but held i n position by 

electri cal attraction. The density and diffuseness of the 

01ter layer of ions depend on the degree of colloidal ion

izatio . The chief ions remaining in the peri phery of the 

nucleus, appear to bo some form of silica a anions. Tho 

outer layer is composed of cations that can b exchanged for 

cations i n the urro mding medium. Thus me..ny of t he physi ca l 

properties of soilo are ffected by the nature of the adsorbed 

ion. 
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~leotrical Charge of Clay rar ticles 

ixad ne ativa ly cha.reed silicate anions. ~hioh comprise 

tho inner pa.rt of the double layer . reside at the surfa.oe of 

the oora . · ·ho inner layer is part 01. tl a cor w·-11 of the 

particle and , according to Bo.var (1948) , this ioni~ed wall 

d termines the sign of the oharse on th particle . :i.:he ion

ized partiel- behaveo like the u gative radio l of an aoid . 

When exposed to t he action of e.n el otrio current e nega

tively char ged nuclei move tozm.rd the positive elootrodo . 

I:f the charge is redumad to a uf:ficiently low pot ential , 

aggregation of the pcn:•ticlea occur • .i.:h refore , t he el e c

triaal chargo maintains tha st bili ty OJ.: t e su.apensoi • 

Hydration 

A clay particle in a nsion can, ·herefore , 

be iotured as cousi s ing of a oen ·ral oor surrounded. by a 

negatively charged lay r .. . n envelop of water molecules 

surrounds t he n ga ive charge • 1.i'h oatio s , o 1tsi h is 

layer , also possess uvelo es of wa er mole 1les. Hydration 

varie ~1th tho nat1ra un numb r of adsorb d oa ions. 

Th re:i'ore , the electric dottble layer c,~11 be aon ider d a s u 

diffuse hydrated she 11 co nprised of ions borm \• a t r 

mole a les. J ince w . er :fi lma occupy space ,. any ore 

at t raotin clay pnrtiol s must a e hroug a grater 

distanoa , so that he force is 1·0 need. Consequ -1:r ly. any 

faetor t h t t nds to rad1ce th e ter h 11 . i h il th 

aggrega i on of clay parti oles. 
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Flocculation by Organic Subst0nces 

It has long been recognized t ha t organic matter serves 

ao an aggrcgat ing agent in soi ls. At pre sant I tho exact 

110.tnre of the effects of organic matter on soil aggregation 

caiu1ot be fully explained. 

Williams ( 1935 ) proposed a theory that at tributes 

aggrt?.gate formation in some soils to ulmic acid , which is 

secreted by anaerobic bacteria during tle decompositi n of 

root residues. he ulmic acid is su osed to ro r uce a 

water steble cement th1.:i.t ca.uses aggregation of soil particles. 

Sideri ( 1936) h s suggestecl that humus is adsorbed by 

clay, which causes a bindi g efiect bet reen the organic a 

L organic eonstituents of the soil . 1'he soil ht .mo. accord

ing to deri , is adsorbed by the clay through a physical 

ori entation of the organic molecules on the surface of the 

clay particles. He vi~ualized the organic colloidal material 

a.s an amorphous jelly- like mass which envelops the solid 

mineral rrrains ancl adds the necessary v eight for precipitation. 

Hyers (193?) su ~gested that the mntnal effects of organic 

and inor'°-'a.nio colloids can oe~t be explai ned on the basis of 

iolar adsorpt ion.. He indicated tha t hmnic co pounds are 

polar and are therefore capable of being oriented 011 an i n

organic st1rfa.ce possessing electrical prorierties . Si nce th 

soil colloids are electr o- negative , they attract toward the ir 

surfaces tho positive end of a polar compou~d. This adsorp

tion results in a close packing of "the organic colloid 

particles on the surfaces of the clay, thus a i di ng i n 
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neut ralization nd o ment ing of t ~o clay artieles . 

Peel (l 40) alntui ed t hat hysical and ch ioal 

:f-ctors were respons1 ble or tb Licrea' ed. .... ggregation of 

noil ith t>ft1ich erg nic matter w:1 miyed , and divided the 

organio binding forces into t ~o grou s .. One group comprised 

colloid ... of the decom osition l)l"Oduct a of pla~1t re,.,idnos . 

Tho other couoio·ed of th~ call3 o~ roicroorBuni$ma aid th ir 

::.ocrotory productg such tii.> mucus . slim • or 7m1 • 

.:,ove:ral inveati..:- ors ha re obs rved t hat a..n increased 

growth of mi croorgan is~s in the soil lad to reater soil 

a gregution. :Ueyors tl .!:!:l• {1940) :reason d th.at bacteria 

acting on org nic ., tt r , re usso i a ted with , and res'""onsible 

for , the aggregation of ooils solely on t h basis of aocumn

luted · tnbolio prod:rnts in t he soil t hat function ns oe nt -

1 gag nts. e 1 an Beale (1943) uQed orimso1 clover , iu 

soil . and mos.surod 002 ovolttt1 n ud deg:re of aggregation 

n' deI: on t:rated ha tho 10 uk in microb i al ao t1 vi ty, which 

occurrod o t he sixth day , ooiuoided ,vi th tho high t,Oi n t i n 

a ra ation. t.oRenry and Fuss 11 (1 944 ) found t o c; .ks in 

02 evolution o.nd t hose uloo 1er oorrel ted d ·h maximum 

oints in the degree o soi1 u.grog~tion. Tho first peuk 

at r i bntea to roducts :celea.ae du:rin t he dee-omposition 

of th roe.d i ly o.vo.ilubls ma.teri~ls . wh reo. , t he second 

origil utacl :fr·om prod 1c s of t he mo r rosistant co, cunds .. 

t:1orob i u l products "er e include , i n the aggregating ffo ct . 

1n both i nstances . ·ccallu C 1 946 ) st1.bst antia ted t he i mpor 

t ance o:f org io docomposition products on soil a gregat i on 
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by showing th 2t cell.r1los$ ~ hemieellulose.. sim-ple oarbolly<lrates, 
I 

a.nd wazes bring about ;em inc:reasacl aggregat:I.on of soil 13artioles. 

Tiis :r.esults also indicsitad that in.organic salte, tiH311 add~d to 

soil, do not exert s flocou.lation e:ffeat b'ut that strong acids 

inoret1se aggregr1;te stability. Gilmour ( l 949) in a s-tudy 

of biological ftc:1ctors on soil aggregstion. show,.Hl tfoc~t molds and. 

bacteria B,re quite effeoti ve aggr(;}gs..ting agen'ts. This effect 

was eboi:m to be d:aa to f'oroes involving I?hyaical and a'he.mioal 

factors, which incl11ded ol'ieutation of fine. clay particles o:n 

t1rn S1.11·face of :miorohisl aells and the influ.ence of prOdl1cia1 

seorotaa. by the ·coll.. An increase in tit:rable acidity was i.:n-

dicated as a chemical faotm:· oausi:n.g the more ::cap id fl ocoula

ticn.. while eapsular rnater:ial secreted.. by the cells aided in 

causing a binding effe<rt of suspended particles,. 

E:nsminger and Gieseking {1939) have vroposed an ad.di tional 

factor v;hich :apJ.l~,re:ntly ei.ds ir1 neutralizing tho .:r1egative 

charge 011 colloidal clay. They s.tate that, sinoe tissues of 

plants and anim.a.1~3 001:1tain most of their J,rotein a.nd :p.rotein 

derivativeo in a basic fo:i."'m,, or 111 a. form thrrt becomes b~sie 

upon l1ydrolysia. 'these product.a a.1~e capable of reaoting like 

b@.sie- ec1D:pounds. This maltss :possible &n att1~aotion between 

the btri,sic or posi·tiva s1)ots of the- orga:nio nm:tter and tha

negativa spots 011 the o-rystt-~l lattice of the olay. :U1di vidual 

particle a of soil organic msttor wlll have a great ntut1be.r o.f 

J?OSitivo spots rrasnlting from fiee amino groups. Likewise, 

individne.l clay particle a, having a cation-exohange · eapaoity • 
, 

vv'il/1 have a great numb&r of negative apota. If the two 
!, . 



part1ole:s rahonld orient the::1eelvea 1n such a m.~11nal" thi:-i.t 

there was a l1111t11s-l · t;;ttraoti on het\veen th.e1.1Ie spots" a stable 

combination would be formed. Co1:1seq11en tly • the ole:y crystal 

micht beer:>me ctrverEJci by a ''networltn of organic mnterial ... 

This inorauses its size., and oolcee preei1;iitation possible+ 



OBS] v .. 1:IO]S 011 I!a ... UTID.·.<'N ::, HAVI NG V n: I OUS 
.BIDITIBS 

enerul }bysical nd ~hemical ·nata 

_hyaical Qi d ch micol analyses wo:ro 1 de on impounded 

w ters . in uyne ,ounty , Oklahoma, to determi e if a rela-
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tionship existed b tween these factors and the turbidity of 

tie water . These oba rvations rere . de a,ir1 3 tho tir.1e whon 

the major port on of t he eA~ orimental field work on ol y re

ciyitation 1 s bei11p, co n 1.1cted. I t wuo recoimi zed that i r:1-

pounded mters !:I! y vary one rom another , "'hysic::.~lly end 

cl.1emic a lly .. in the ~o.me ·· ea ,.. id th. .t n ll bodi es o w t e r 

vary t h chanp-in . sea.·>=>one and environment al f actors . 

It 10 1ecessary to present data con erning a ·ew of t he 

many imponndments, both large and small that exist in this 

area , to nl10\;.r v ri "'t ions i n propertie • .:::!xampl s . au listed 

(Tabla 2) , i llustra te some factors 11: volved L t ha1.;;e nu 1ero11a 

bodies of ·:-. tor. .any entures such as the char cter of v,u. t r-

shed , no.t 1re o shoreline , oxtent of aquutic vei?etation , r tor 

exohan.rr , etc., nm.st be co ~1s1dered as factors eontribnting to 

the _ l1erol charactorist ics of t he pond or lalte . These 

eutnres howod e ou~h vari!,.l. tio to indica te tb...d t tho di 

not co1stit1te t he complete la tion or tl.e existing 

status of tnrbidi ty. eye.:; -ond. for exa . le , ha barren 

s.noreline a_.1d a 1 ovo rn zed n1tershed, yi t it was clea r and 

produced a :rich ro rth of :filaI'lontoua al .a • :By , Y o 

cont rust. Denney ro d , o.n old etock t ank , drained a. well 

covered w ... tar had. had u f 1rly ell shac d shore lin and w s 

cont i nuously mu dy. r:_utter ' s t v.o ponds . re sen ed an exc llent 
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Pbyaioo-chemioal Pa.ta f'l"om ztfsoellaneous Ponds of Various Turbid:\. ties in Payne Oounty 1 Okla.. 

:a ter Free Dissolved Alkalinity 
Loca tion From Temp. 002 Oxygen ph-th M. o. Turbidity 

Impoundment Stillwater Date deg. C pH ppm. ppm. ppm. ppm, ppm. 

Be rry Pond A 1 mi . s. 11/7/49 14.o 8.6 o.o 7.2 32.0 197 olear 
(By house) 

College Barn 1 . 5 mi . TJ . 11/10/49 14. 6 a.6 o.o 6. 9 26.0 22a clear 
Pond 

Hesser Spring 4 mi . &. ll/S/49 a.o 7.6 s .4 7.6 o.o 19S clear 
Pond 2. 5 mi . N. 

Keyes Pond 3. 5 mi . E. 11/4/49 16. 2 g. 3 o.o s.1 5.0 109 clear 

Rutter Fish 6 mi . E~ 1/14/50 5.0 7.s. 6.o S. 6 o.o 159 clear 
Pend. 6 mi. s. 

Wilson Pond l mi . E. · 11/4/49 14 .. 6 g.4 o .. o s.o 11.0 11g olea.r 

Berry Pond B 1 m1 . s. 11/7/49 14. g s.4 o.o 9. 2 16. 0 126 30 
(By office) 

Fisher Pond 7.5 mi . E. 11/3/49 10. 2 g.4 o.o &.6 4.o 162 3g 

Lake Oarl 12 mi .. w. 9/J/49 25. 0 g.3 o.o 5.9 2 .. 5 122 45 
Blaokwell 

Boome r Lake l mi . H. 12/3/49 12. 2 g. g o.o g.9 22. 0 66 74 ro 
~ 



Lo c:i ti on ?::roin 
In1po'1JJ1diwBnt Sti 11 wi1, ter Oa.te 

Cros.s Pond .i:. I',> ~ ·.:::, o • ., ffi;i.. ·"*" m1. z. 
ll/4/49 

Oreech Pond 0~5 rui. i. 12/3/49 
0115 :i:ni. ti. 

swe,nk :Pond l mi. s. 12/10/49 

8YmJ1k :Pond (Same) 10/4/49 

Denney .Panel 6 mi. w. !/14/4~ 

DenJlty Pond (~e.:me) l/13/50 

Rutter ilettl.ing ~ m:t.. It. 
Pond G mi. s-

l/14/50 

Hesser tond 4 m.i. ii . ., ll/S/49 
2,5 mi. J. 

Smi tl1 Pond 1 i: 1 "' . • !) Ul. ·• l~c 11/1/49 
l mi.. lit• 

LE 2 (Oon:t.inuecl.) 

1,er E'ree D::!.sst,l ved ill k;n,lini.ty 
"temp.. 00;:z Oxygen r:ih-tb l\il .. p. c;rurb:tdi ty 
di$ C...i'" 0 PH pn!I);., 101::::m.. . vum'! n1,m.. . J)Dm. 

,;..,r . .it,. 4, ~ ... "''. .,,. """ k:".'ii ' ""~ o);. 

l h i:::. 7 ~ <".l, '.~'. ,.. ;:., ..... ~ .. o g.G o.,.o :.l2 ~;7 e·.· 

11.0 i.o 1.4 a.2 o.o Sl 1;s 

9.2 s.5 0-«0' 9,d? 16.0 r4 0 .· 156 

22.0 el.4 o .. ,r 7 .. s 1i.o 72 168 

2g~g g.o·· 2114 7.2 o.o 74 2J4 

5.2 t:i.2, o.o 9.1 a.o 68 260 

6.2 1~~ ;.6' s.9 o.o 7g 27rJ 

15.4 a.ir o.o 9.0 ll!O 94 ;15 

lO es .~ 4 o.o ,.:; 
"· .... '"r ¢,It . . 

I 
5.0 GS 740 

\\') 
a, 
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example of t he a pl i cation of good. conser va tion measures. i n 

t he const n1ction and nu i n t enance o ,roducti v e i mp o1mdme nts . 

ha se ttl i ng pond . locat ed di re ctly above the f i sh p on d ., con

t a ined approxi mat e l y one surfa ce a.ere and r e ce i ve d a ll the 

surrounding rrm-o:f'f wa ter .. Little vege t a tion grew around the 

mar gi n , and n o f i l ament ous a l gae wan det ect ed i n t he \'Ja t e r . 

Thi s ·wa te r cons t antly r etai n ed a l arge qua.nti ty of colloidal 

cl ay i n susrensi on. Tha fi nh pond . i mmedi a t el y b e low , had an 

area of f ive &1rfa c e acres and received all its wat er , t h rough 

a. p i pe . from t he settling pond . Di ver sion di tches had been 

const ructed around t he f ish pond to pr even t t h e e-!1 t rance of 

run- o:ff :rater. As a result of t h i s const ruct i on . s t rict 

cont rol has be en exerci sed ov~r i n comi ng and out goi ng water. 

Thi s pond was c lear . Copi ous amount s of submer ged and 

emer gent pl ants and fil amentous al gae gr ew in t he s hallow 

margi ns of the basin . Tests made on t he wat er s of these 

t wo contrasting pond s showed t h at t he only dete ctable diff er 

en ce , be sides t urb i dit y , Wt:t S an i n crease o:f bica rbonates in 

t he clear water. 

Re sults of all t ests , fro m t he s e he ter ogenous bodi es of 

wat er ,, :fall wi t.h i n t he nor mal r ange limits :for rod wti ve 

water s . :i.: he chemica l t e st s r eve aled no obvious f a ctors 

(ex cept oss ibly b ica r bonate s ) which could b e used to ex lain 

t he diffare1ce i n t u r bidities . 

Specific Conductance and Turbi dity 

Specif ic conductance is often u s ed in i ndu str i a l water 

anal ysa1s . It offe r s a qui ck and c onvenie nt method to i ndica te 
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t ho presence or absence of ionized snbstancas , but it gives 

no i1dica tion of the relative qnantities of each constituent 

of a solution. :rc.tura.l \:Ja.ters 1.u,ua lly contain various 

quantities of acids , alkalies , or issolved salts . 1he ma.in 

salts arc the chlorides , sttl at s , carbonat s , nitrates , and 

phosphates of olitun, otaasium, calcium and magneoium. 

otal con uctivity i equal to tho sum of t ho capacities for 

electric cond1 ctance of each ioni zuble substance rese t . 

"Other things be ing equal , the richer a body of w ... or in 

lectrolytes , t o groater its biological producti ityn ( 1,, e lch , 

1935) . Decompo si ti on of orga ic mat er i:u the water and i n 

the botto deposits , results in the ·roduction of car onic 

and various organic acids. 1i..espira iou of aquatic orgm1·sms 

supplements tJ e carbonic acid coater t of th· ll ut r . ' coted 

aquatic plans , through growth and decomposition . tend o 

recirculate con om1ds from t 1e bottom a 1d , therofore , increase 

t he di ssol va iuerul caatent . 111 of these factors . rosult-

i ng :from biologic£.l acti vit , should i n crease th numbe of 

fre ionG in th ·watoi"' u:nd a.11oul reflec higher specific 

conductallce values . '1:he worl of Ellis ( 1~36) ii di cates the 

i m ortance of conductivity test o pol lu ion studi S 9 but 

sho 'lS littl difference between clear wut I' and tl::.. · contain-

ing rosion silt . He st tad tha t h average~ cific con-

ductance of relati v ly un olluted river wators oa.rryi1 g silt 

V'dried from 133 to 388 micromhos , the usual value -6r the 

l arger streams be i ng 290 m1cromhos .. The conductance of the 

river w tar , carrying erosion silt , was essentially the satm 

\ 

\ 



are given (Tal,le: 5) for tho 3purpc:H3o of aomrparing the oon.... 

d.t1~tivity 'l,rith o-tllar 1:ircrportioo.. :i~1ttle sig:n.ifieanee has 

beH~n i;-;.ttri l:n.t't~d to s11aci:f.tc, c:.onduotta:.ne.e as an lmlex o:f the 
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!Ja,mr,led _ 

emith·Pond 

Pond. ,1,6 

Pond f5 
Pond -'84 
P-ond f} 

Pond f-1 

.Pond f2 

?0$'\ !Ake 

TAli1£ 3 

Spectfio Qonducta.n:ce and Other l?hys1co-ehem1ce,1 D8.ta in R~lation to 

Ttitbidi ty from Some 1mpound.ments 111 P11t7ne Oou.nty, Okla.,, 

Wat~at, rree Dissolvtd Al1ta11n1t1 
ftmp. 002 oars-n ph ... th M.O. Turbidtt1 
deg.e. pH ppm.- PPlD1t ppm. pp.m. ppm .• 

10.s t.4 o~o s., 5.0 ,, 650 

1;.6 _ 7,a 4.2 . ,,., o.o . ,, 104 

14 .• 4 7.a 5.6 6.9 ChO 1;s 9$ 

1;.2 1~~ 6.4 4.s o •. o 1:,a 70 
12.11 7.6 7.0 ,.a 0;.() 104 64 

12.a 7., 4.6 7.0 o.o 125 42 

lJ,O 7.6 :;.t '7•2 o.o 1)2 JS 
15., 7,.g 2.4 s., o"'o i.12 clear 

Speolflc 
Oonduo ta nae 
Miicromhcs 

120 

20; 

JlS 

!S4 

196 
!56 
245 

210 

ij 
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SUSP\<! D..i;D CLAY !OO~GATIO!I U!IDER LABORATORY co:wrrrou 

Laboratory experiments were conducted, 11th clay 

em e,~Si ons , to etormine some of the oondi tions und~r whi oh 

clay particles could be aggregate n . reoipitated. 'Vator 

used WJ S taken from ponds, in Payna Co1u1ty, i n which the 

colloid 1 m1spensions w re stabl . 

These experiments differed in important reapects from 

field operations since inte:rferenca from external forces , suoh 

a s 1..vinda and other agitating agencie a, were minimized. Iever

theless, basic: coagulating principles, a.., determined under 

laboratory concli tions, could be utilized in 1 poundmont projects. 

Coagulation ic a term used to explain changes t hat 0001.r 

when substances, in colloidal state , :flocculate or ag eg · te 

into p rticles t hat eventually beoom heavy eno11.gh to preo1:p-

1tate. Alum has long beon used by sanitary engineers ae a 

ooa llant in tho process of clarification of turbid waters. 

ubstanoas such as alumin and. iron salts are excellent 

clarifying s.gouts , due to t he na 1·e of the fl oe formed upon 

hydrolysis. 

By using various neutralizi ng and coagulating age:nta , 1 t 

w.as evident t hat results of t he fellowing experiments had an 

i mportant bearing on field problems, and s hould be di cussed 

here beoanee they affect t he conclusions to be drarm from the 

field data. 

Inorganic Materials 

Tests ware mad in order to learn the relative effects of 



.32 

hydrogen-ion co 

me 

aonoentrl!litio:1:1 by ;te11 ·ti:m.os ( i.e. r,sdn.eing tl10 pH f:rQ!ll e .• o to 

a1i1:,ro:d:mt1tel1 ? •. o) wtls effe.et:t:vs in e:l.e~ring the suapenfJi.on 

pll v~ilue vms sligt1tly bighel' i:n su.S})®ll8ione to whi.ch ~-aid liad 

t1eex1 adll.od. It 1s i11di(1i,ted thnt. nae hi7d..:rogen iono had been. 

1·emoved. Tha£:e ions h.i:.td trppal:'e:ut·:t.y· ·t,ee:i:1 adotn'"be.d by the 

colloidal alay. The st1eponl'i:ed. colloidc.l olay OO€ln1ed to ex ... , 

hibit a lr1..1f:i:er ncr',ion corn.i:iarable irt effaet to tHrrta1:n 

several ezpe:rime:n.ts $1m1lar to the r1reeQd1ng 011€", war$ 

performed on a11epana:toi1,s of v:,).:itious turbiditi~a ~nd corras

pona1nr1 :r~su.lt:s viere olrtained. However, an. ine:re.t!.tS(Hl q11a11ttty 
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iffec,t of Bydroc;1:1:tn-ion Oonoe:1;ntra.tion& in l?r<0oipi ,ting Ool.loid21.1 Olay 

• ,.Q. ,m3;,n• ..... 
'ru:rb. 

~lectrolyte 1:;)U ppijh 

Oon.trol 

l !i HOt 

Ch5 1'1 ROl 

n. .-.. ::,r:: .. •. r,t .:t.,:r.·n··.·1·. 'V • "A ",ii ~'1 Al-V· 

() .12; 11 liOl 

(). 063 Ii HOl 

O.OJl ?l BOl 

0.125 i !JttOH 

0 ~t:: '%" 1'if!i>F\li 
•... i:; ,:;· ,~! ~Jl~1J.','~i;.'£. 

o. 5 ti r;aoii 

1 lif ~aa,OH 

s .. o 41:4,0 

6.6 440 

6.~ 440 

6,9 !t4Q 

7 .. 1 440 

1,5 ~40 

1 g ·~· ., 440 

6 440 

ih9 41~0 

9.4 tiJ+o 

9.l'f 1i4o 

· ·rdn, ·-·· ,~ .11'_.j lQ .. 'ffl!,.tl• 
·rurb. ·· 

p1;.wn .. 

440 

"·'·.· "··O·· i;;.,-,. 

400 

420 

440 

440 

440 

440 

440 

41.J.O 

320 

~ ··1'' :v,H~St, 
Turb. 

,:f>t:nn~ 

440 

:100 

;90 
420 

440 

t!i4o 

440 

440 

lt40 

i.,.ii.o 

····~l'\i. l,,;;V 

jQ ~!¢1 .. n •. . ' .•. ± \ ,1 

1J:ur\>. 
n,on1. f."~ 

440 

60 

:;10 

410 

440 

440 

440 

440 

440 

·440 

.so 

2 hr§ •. 
'tu.ri:i, 

ppm .. 

44o 

cle:llr 

.,50 
400 
440 

440 

440 

440 

440 

430 

4o 

2ie 1 ~rs, .... 
'?U.tb+ . 

)Pls'>ffl1t 

)111 A .... ·.· ti., . t.\.· .. "'l""t',V ,;;i,. \,1 

ol.ea,r 6.t 

4-0 7,,0 

110 70 - .. 
290 7.:; 

320 7,6 

420 7.a 

24 

~~-·~ --" --~--·-~-~-,,., 
440 .g.6 

410. s~, 
390 9.!.J. ". 

olea:r 9,g 

41;.o 

Cle~,?' 

olea:r 

cleat 

130 
JlO 
420~ 

440 
,,o 
Jl.O 

Ol~~U\' 

-'<~~ •• , 

(,'i;j 
~ 



.of ao1a. t.i.i-aa required to Qff'oot a obange 1:n pl! e:l water taken 

from 'tht aam.e pond wbe.11 tl-1e Wt,te:r held mol'e suepe:ntled ~.lay .• 

These obse:rv®,t ions il'ldici1ted thr<.1t more hydrogen io:t12 were ad

sorbed vvhen the colloidal pnrti<lle.s were ina:reas$d., !he~efore. 

the qu~ti ty of a coagulant naeef£H:i>el'l'Y for oleti:ring was d1:reot}7 

.related to the turbidity of the :atte1~nsion. 

'?he hydrogen ion, ivbioh is th& S!!lal lest ion., mui long been 

know-a. to be an effective floeculant :tor aolloUlal CUlJ'•· Wol.kotf· 

f 1916) haa ah.own· tl1e, t acids ~1~a better flooottlatin.1 agent than 

t'l1oir salts •. Aooord1ng to Bradfi&ld (1924)., lt@lley fl920l't au4 

Je:rm.7 (1932)., the hydrot;,-en ion is the most strongly ad$at"bed 

ion. Sigmond ( 1939) rtuaso11ed tlwi t the adaorb:tng ·energy of li;1(lro• 

ge"l:l is fouw t1m0s. as greet as tl,at of the ealebuu 1on.. Any 

· treatment. that will 1nor&(\se, t!1(l h;ydrogen-ion oonoe.ntration ef 

a soil. will ).ow~:t." that a.oil• s oapaoit7 fol: holding biases. b-$

oau.ee the metallic, 1 ons a:re r1.rplae,ui bf hydrogen ions. It ta 

IiO.a.a:tble to eu.bstitute most ot the raplaoa·e:ole bases. and floeou

l~te <li. ape.raed elay by 1174:rog•n .• upon treciting ao:11 iVith an acid. 

· Kell~y (1929). has preus,ent\ld data which auppo11ts th$ idea that 

h7drogen :tone, fwmed in .$oils by 'bioe:bemiee.l :actiQ,n ,or intl'O• 

dnaed by oarboxl2!ted wat~r. l'eple..oe maiiy of the: ~eplaoeabl,e basts. 

Ao.i.d $Oils re:presr.l.nt the result of this condition.. 

Sodium h1"droxtde <iai1.sed complete flo,ooulatton 111 24, heul!'s 

at a pH ·value o'f ihS bf4lca:11~ of SQm& influence of th~ soiitum 

ion.. Smaller amounts of tl1l$ alk&lt tend t,o stallilis-:e clay 

etispen$ions., To $'tttdy thie 1nfltl$l'tee, a :a:lmilo.r e1a1 sns

pena ion Vf€1,$ ti truted ear$f\tlly with ~odirun hjdr()xlde n:nt 11 



com.pl-~ te eoagu.la:ti 011 l'!tlS t:ffeotod,. Qa:ro beinB taken not to 

add mo~ ~odium hydro1dd~' tha11 ~Naa nee1H:1a~ry to prcHluo& 

vte1bl~ aggregateo.. fhe l'enil.ltant mix-ture wi1e troa·ted with 

001 equivalent emount of h:Jdroehlorio aoid 1.4,d shaken. into a 

m1-open.i;;1ion.. The suo1:-ension so r,re:pa:red 1-eme,.:l,11ed sta1lle .am 
did not ooagnlate on long- standing~ :i?his e,rpe:rin.'18:nt ·points 

to the adsorb.ing and. TaJ;;l.&oing powe:r of h.ydrog~m. ione-. and 

td.th au increase in b;;rdrogen ions {fable 4}, their effeetive 

nautrtt11~1ng po,ver ean 1,e seen. :clie addition of sttffieient 

amo1mt e of arxy elei;.rtrolyte ilill oau.ae the ola;y system to 

flo0:mtlate ~nd settle. This seem~ defi11itely l'a lated to the 

law of ruaas aotiou . ., 

Iio two Q:ollqidal. elo.y suspensions seem to possess exactly 

the srime 11ror;erties toward the. l'f',ot:ton of a~ ~leotxoljtfh :Che 

relation. of! one aollo1du1 falubstm1oe to anoth$r,. in stiell a 

miirttn"e~ must Vf).'r;iJ wi.th different soils end different v.re.tersjl>' 

This suggests t.ht'l.t the siuwtension is a mixture of ae'i'Gral 

colloids.. If eoagulation le aecom-plished by the };ii'Oee:as of 

neut1~a11 zati.011 with 19os.1 tive ions, the presence _ of theee ·in 

su.fJ:1o1e11t 111:wibors w101ud p:ee·ctr,it~te the olay. fbe above 

experiment with an aoid and a baas &J.ggested the aot:ion ot 

re:plaoe~bl~ l)OSitive .ions in coagulation. 

One -lite:r of water from tl1e Ga.tile pond in eaol1 of a sei-t.es 

of jars \'fJfaB used and ti. ve oe .. of a oonr.f!OlUld added. Th.&ae 

suapensiona l1ere st:trred and allowed to otand for 24 hours. 

I1:1itial a:ua.. final pH m1d tur1,id1ty n1eaatt'l'e-r.ie nts were reeo:rd.ed. 

Tha ty-pe cf snbatenoe added to the clay sn.J!pensione and its 
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effect u,,-,pon the tvb1d ity. d:ur:ing the 24 hour peJ-iod is Shown 

{T~ble 5). All the oompen,1nds that 1o.n1zed., ex<;iept KQ.l,, e·lear ... 

e:d the water WhEn1 mixed with th.a suspension.. Sinne Kell is a 

neutral salt, it h~HJ little infln.ence on pH. however,. when 

added in sttf:fieient q1u111tit:tes it will pre-oi;pi tate the clay 

due to the 1110:reaaed :number o:f positive ions-. J&'ilrJ:3' and 

Reitemeier (1935) stated "ahet thel addition of proper amotmts 

of any elec.troly:te will as.1.1se the system to settle,. however" 

the magui tttde of the fl-0ocnlation value is a function of' the 

1,roperties of the ooagttlat;tng cation.. Aooordfng to Baver ml.cl 

Hall (1937) .,. the °£'100.eulat.ing power of e.ertain cations follow 
. . 

the order: liati lC._ l1g* oa,.. H. Hydro.gen ions are therefore 

eo:nside:rsd by them to be the most s:ff~otive 17loec:11lati11g 

agents. Th~ results obtained with tha various ao:i.d.s {T~ble. 5} 

seem to show the importanoe of the positi..va icn:1:'< ainaa clearing 

was e:ffeeted a:t. approximately the same pH valiw-

flle next ooagu.lant ttsed. in a11 e1q>erime1:1t •. although o.f no 

pre..otical valtte, does empha:size a basie prir1aipla of neu:trali• 

zation.. f;. basie dye.., m\$thyl,(n1.e blue~ was added to a el.ey 

suspension in ~- coneentra:t-ion. of one hundred parts pf.3r mill.ion .. 

The elay partiales we!'e aggregated and :preaipi t~ted al though 

th.e i.Y-ater :cems.:tn~d stro11gly colored~ tudw:i'g (1942). stated that; 

flooe11lation v.ri th rootllyle11.e, "blue is tbe. reattlt of: 11.,lt.trali,;a

tion of the negatively ol1atrgt11'd el&.y :pa:rtioles by th~ positively 

chnrgaa. dye colloid10 The phenomenon i,s purely physioal,, in 

that tlie finely divided -powder ea:rries a charge whi.ch <H;1uses 

the oppositely charged 01,;r particles to floe,culate ood. settle 
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to the bottom by the action of gravity. 

Ol'ga11ie Materials 

A major objective i11 thie :b1vestigation was to study 

readily available non-toxic mat:er1als for olaaring tvatera of 

thei-r snspe:uded alay. Inasnn.1eh as o:rganie matter i.s aooess-

1 ble., part:loularly vegetation (grass or weeds). and has b1::$n 

shovm to clear turbid water ( Irwin. 1945) the question .of the 

qtm.:nti t y neoa.sse;:ry was studied. '\fa:rio1.1.s ratios have been 

devised such as tho vegetation from an aere of g.eou.nd appli,ed 

to a surfaoe aQre of water. or a to:i. of vegetation to a surface 

a.ere of water. It was f.elt that these (p,,mntities were not 

applicable to a.11 bodies o~ water since water volume" degree 

o.:f turbidity,, and amount of vegetation obtainable per 1.1nit 

area w.sre not constant.. It seemed more praotioal to oaleulate 

the s.otnal weight of St1.spe:nd.ed clay in a nnit -volume of water 

and nse an eqni vaV.nrt weight o'.! vegatati on or m1:uti.pl.a of this 

v-a.lue. 

'l'his p:rooednre waao followed in axperinwn'ta conducted in 

the laboratory with pond water 1:1s:tng native vegetation which 

'1vcmld 'be avt:.dlable to any land owner. Bermuda gras:S:, Johnson 

grass, India11 grass,, little blue-stem,, alfalfa. smartwetd.,, 

sunflowar •. t'iiheat, and grain so:rgh.um plants were ur:H:1:t:L.. A 

kno¥m weight. of eaoh kind of plant 1.was added to a glass eon

tainer w.i th 1500 oo. of pol':ld water... T·en jars., one f.o:r ea.eh 

of ni:ne kinds of vegetation. and a oontrol. were provide4.. 

The turhidi.ty of the vroter .used meaBnred 690 ppm. The 

calculated weight of suspended elay in 1500 oe. waa l.035 
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gr&L1Eh A quf.l:ntlty (6.21 gro.ms) of each 1r:1nd. of v0gettit10.n 

eqnu.1 to six times th.re 1rveight of tl1w SlU.'lpe:ntloa elay i~a. addied 

to aa.eh of t:b.e :nine jars 1:0:r the fir,zt tei,:rt. At the end of 

60 hot1rs. tl·:;e (!lay hr::i1 1)..;:011 txaei"f'itated in all nine jars but 

tl:"i.e <,ontrol ::tei1uini9d m11ddy~-

Tl1e OXfH'.J:ri:mont wa3 1~epented in like raonmJ:r uaing four 

ti:nc i3 tho weight of 3uspe:::1.ded el!J;J or 4.14 g:eums of vegotution,. 

to oaoh 1500 ec. ·tr£ the sruipansion. Clttri:f'ioc.tion in the 

treated je~l"'S ·took plane in five da~rs tollov:liug this treatment., 

tnrther :1."eiiuotion i.n quantity of vee:ete.tion was tried 1n 

the third Git,perime1:.t. by ad{ling tuioe the: 'f.reight of s1.1.3Vend.Gd 

olay •. or 2.07 g1·c1nm~ to eaQh 1000 oc. of the origl:nal m1:0pen

sion. :eraoi111 tstion of the olay in rtll jars. except tl1a 

oontrol., vms effi:ete.d iu eight day:!l:. 

Still ~21other test 'fnrs r)erform~d nsing a 1.·1t1·iftl1t of 

V!3:'!'6trxtion,. l.035 g?'8J!1s., aq:nnl 't.o the W'3ight of suapen;_\e(l. 

olay. rxeoi11i t~:r.tion of the ,:flay ooourrad. vary Sl€.'r'.1ly und at 

tho o·nd. of two weBclt:s the t1trbidity had been rEHlucod onl.1" 

about one-fou.rth. 

TJ:1Q ane.ll qus,nti ty of W~"etation uzcd ii.:u the last 

experrim011t r1us offec·tive in J:lraoipi ta:tiug the ls>'l1zpen.c:lod clay 

but riitS i:nsttf:f'iei~n1t to coni-pletely olea:i:• the water.. Clarifi

cation of the clay aus1'>ens1,on tv~a aceom.r}l10hed by using a 

weight of vegot~tion £H:fttal to twlce the qu.Dntity of ~usp.ended 

olay.,. !.iarger qna11titie.f1 :reanlted in n1ore rapid olea:riti.g. 

It \7.at~ e;r.:peeted tltJ),t at lea.st o:ne ltind of p·la:rxt wo1.1ld oo 

rn.o:re effective thHn the othere ·oeo~use of their difference il1 
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90 

1,;ertod e:dsto-d 1:1cifo:t'e a·pr:l''l~c.d,:.JllG qu~.nti'tie:J of co2 W$:te 

liber~r't;ed. This lug in CO2 ;prodt1et:tou 11'Jt10 uat11ral and l"m.S 
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Ef:focte of Vogat tion upon acteria.l GrovJth . CO 2 rod.uction , 
Ilydrorran-ion Concentro.ti on and .1.urb1d1 t y Reduct ion 

Tim.a , 
Jiouro 

0 
2 
4 
6 
6 

10 
12 
14 
16 
18 
22 
24 
32 
44 
60 
68 
72 

0 
2 
4 
6 
8 

10 
12 
14 
1 
18 
22 
24 
32 
44 
50 
68 
72 

pH 

8 . 0 
8 . 0 
8. 0 
'7 . 8 
7. 6 
7. 2 
7 . 1 
7. 1 
7. 1 
7. 1 
7. 0 
7. 0 
7. 0 
6 . 8 
5. 8 
5 . 4 
5. 2 

a.o 
8 . 0 
8 . 0 
7. 6 
7. 4 
6 . 8 
6 . 8 
6. 8 
6 . 9 
6 . 9 
6 . 8 
7. 0 
6 . l 
5 • . 
5. 4 
5. 0 
5. 0 

in ~uddy ,at or 

Aquarium }l -- Gr n Alfalfa 

3 . 4 
3.6 
4. 2 

10 . 6 
16. 0 
27 . 2 
28 . 8 
28 . 8 
28 . 6 
28 . 8 
32. 4 
34 . 6 
35 . 0 
4 . 0 

84 . 0 
164. 0 
202. 0 

~n:chidlty 
Lumetron Jackson 
70 L. ght ppm •. 

Trana. 

6 . 0 
6. 0 
6 . 0 
6. 0 
6. 0 
6 . 4 
6 ,. 4 
6. 5 
6 . 5 
6 . 5 
7. 0 
8 . 0 

17. 0 
57 •. 0 
62. 0 
eo .o 
86. 0 

690 
90 

690 
690 
690 

650 

650 

640 ---
410 
200 
145 

88 
84 

q11ari um lf2 -- Alfalfa Hay 

3 . 4 
3 . 6 

. 2 
14. 4 
37. 6 
47 . 6 
52. 0 
62. 8 
5 . s 
5 .o 

118. 4 
124. 2 
156. 0 
182. 0 
212.0 
382. 0 
,.,96 . 0 

6 . 0 
6 . 0 
.o 

7. 5 
11. 0 
14. 0 
16 . 0 
16 . 0 
16 . 0 
16 . 0 
20 . 0 
21. 0 
57 . 0 
7 .o 
7 .o 
73. 0 
13. 0 

690 
90 

6 0 
620 
470 

430 

430 

3 0 

165 
142 
160 
165 
lC.7 

Bae aria 
no . /ml . 

X 106 

0 . 0047 
0 . 0055 
0 . 0196 
0 . 0660 
0 . 1040 
1 . 0 
l . 840 

. 80 
24. 70 

213. 50 

1 ,.2 4 . 0 
680 . 0 

0 . 004 
0 . 0068 
0 . 011 
0 . 1 20 
0 . 2020 
1 . 20 
2 . 780 

15. 20 
6 .o 

562. 40 

410 . 0 
520 . 0 

·--·---
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T11.BL.~ 6 (Co.ntintted.) 

fil:ffeota of V(3getcition u:t;HHl Baoto:r:J.al G:rowth. 002 l?rod:ri,otion. 
Hyd.i~ogen-ion C0-ucentr1U;tio11 au.a •r1.u .. bid1ty Radu,e:·t1on 

in Liudd.y Water 

Time. pli 
m)ul'S 

0 8.0 
•" w 8 .. 0 
4 a.o 
6 o.o 
e 7,.3 

lO ~.a 
12 7.J3 
14 ~i.1 
16 7.2 
18 7.2 
22 t.2 
24 7.2 
52 7.,2 
44 J-7.2 
50 7.0 
&O 6.4 
72 6,2 

0 s: .• o 
0 a.o ~· 
4 .s .. o ;, 

6 e.o 
a s .• o 

10 s.o 
12 a.o 
14 e.o 
16 s.o 
18 8.0 
22 a.o 
24 8.0 
32 B.O 
44 e.o 
50 8.0 
68 s.o 
72 ·a.o 

A(fU&l~ium /7' rf ~ :.?nee.t Sti~aw 

... Turbi,ditl 
COo .,..ur-ast:ron J:s" ,,.1 .. son ,!J ·. . . .o!ti U··(.;,A,.. . 

<J ;;•'.'. Ligtit ~. - "A ppm. 11;; . yp!, • 
'J!r&,11s. 

3.4 6.,0 690 
~j.6 Q•O cao 
4.0 o.o 890 
~.a ,.. 0 V.'I· . 690 

11.2 6 •. 4 680 
l 'l .• 6 6.4 
20 •. 0 6.5 650 
20.0 ,.o ....... 
20.0 'l •. o 630 
20.a 7.0 --~..-, 

21.0 ·7.5 600 
22 .. 0 £3,,.0 ---Jl!III:· 
22.a 9 •. o 525 
24,.0 1£? •. 0 44.0 
29.6 21.0 310 
&1.4 <,12,-.0 205 
55+4 51+0 170 

l~qna:riu.m .'fn 
ii,,: ··-: (lo:nt1·el 

3.4 s.o 690 
3 .. 4 6 ... 0 fr~O 
3.4 :6_.,o 690 
15.8 6.0 600 
11,.0 6.0 690 
4.0 6.0 ........... 
4.4 6_.o 690 
~t.4 6..0 

__ .. _ 

11,.a 6.0 690 
4.4 6 .• o ,.... ..... 
4.~ 6,.5 660 
4.6 6.5 ... ..., .. 
4.2 v.o 850 
t.in,2 1 • .0 040 
4.() , .• o 640 
4.2 7.0 640 
L! .• O '1 .• 6 630 

13$,cte:ria 
110./ml .. 

X 10° 

0'*0047 
0 .... 0135 
o •.. os10 
0.0520 
0.0090 
0.1520 
O.J380 
1 •.. 4160 
5,.120 
7.940 

68.0 
1.26.0 

.>M------~• 

o .• 004a 

o.o .. 560 

o.o<>o 
0.0920 

...... _ ... :!IP'i· 
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devel.op. The initial CO2 SVQlution was low bt1t :rs:pidly :renoh

ecl me.::rimnm :rGte •. The CO2 evolt1ti on r8.te, however. followed a 

1;ntte:r11 normal for. biologiocl activity in such materis,ls. 

fJ.'here was a dsfini te re lat ionshir between the dissolved co2 

and hya.rogen-ion conce:ntrr.1t:lon althcuc::h the change in pH 

lagged behind the increaGe i:n cm2• The e:i:fects of other 

acids sv.ch e.s the various orga:ni e acids liberated in the 

1:r~ter were not i.!1I3SB~1red.. Iledu,otion in turbidity paralleled 

the i11cr02se in hydrogen-ion conae:ntration~ The rate of 

deoonrponi tion. as measured by CO2 evolution, varied among the 

three plau:t materials. Dry alfalfa cha.P..gecl most rapidly, 

green alfalfa less, and wheat straw least. 

Baote:t~ial m.unbers increased. as a result of increased 

available to od. . The peak in bacterial :1:1.i-tmbe:r s in the aqitarium 

oontaining g-ree11 alfalfa was reaol1ed at th& end of. 32 h!Jtlrs 

{Tv.ble 6). There 1}1as a cleorease in baoterial count ·together 

1.rvith a decrease in turbidity t1t 44 hours. !.'.'fan:;r bacteria 

~.p1:1are1:1tly were carried to the 'bottom v1ith the precipitated 

clay. The !ligho Eit bacte:ritil com:r:t in th.a aqua.ri1.nn containing 

Hlfalfa hay was noted at 18 .honrs.- The next count." at 32 

ho11.1~s, s.t.0v1rsd a slight decrease in n.nmbers_. and again. this 

rednci.:Hl count 'Nas oorrelated with a decrease in t:u.rbidity.. 

T11e fins.-1 oonut from Aquarium 'llo. ~ :, containing \'!ib.eat st row, 

1.rede at 44 hours; 52.ve, its highest 11nm1:>e:rs. A lack of the 

nutrient content was evidenced in this oultnre-• Furthermore, 

only slight -clay -precipitation was noted. 1-n"ior to the 44 hotir 
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It will bo noted from t hese data that there ms de:i.i nite 

correlat i on between CO2 production , increase in hydrogen-ion 

concent1ation, and rec i pitation of the sus ended clay- i n al l 

t hree cases. I t is apparent t hat t he presence of f ree oxygen 

and org nic matter are es.:iEmtial for such bactert&l owth. 

/aksman (1941) s t ated "Carbon dioxide prodnction is largely 

a function of orobic bacteri a . " It would. oec. t:tltt those 

plant m torials that decompoGe r~pidly are more effective in 

bringing about rapid aggregation t ban those t hat decompose 

slowly, however 9 i n applicati on the same end result i s 

obtai ned. 

Electrophoresis 

Tha electricul char e onsn.res t he stability of suspensoids 

as i s sbown by the phenomenom of ol ectrophoresis. Then posi -

tiva and negative electrodes are placed in a clay suspensi on 

and kept ctivated. the normally ne ative clay particles 

mig1at e to the posit ive pole . When the rotential of the clay 

particles approaches or reaches the isoelectric po int the 

dispersion cou ulates. s:.'he d i fference in pot ential within a 

micell o varies ·71 th tho thickness of the outer ion l&yer and 

wit the degree of hydrat i on o the ions as r,reviously s

cnssed. Since work iith precipi tu ting agents sho -,ed that 

rmsr,ennions of high turbidities required a great er amount of 

an electrolyte to reduce the axisting potential . it was 

t hought thot comparison of the relative speed o~ mi gration 

of part icles would be of interest . 

· n electrophoresis -tube calibrated in O. 5 mm. units 
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t as trned for n ex eriment . A constant otential o 140 vol ts 

r.os maintained on 'the electrodes by means of a diroot current 

generator . oufficie1t diotilled water to oover the 1 ctro s 

was adn!i tted tr1r ongh a opoock at t 1e bot om of the tl. be and 

turbid t'lnt r wos ct. rofully introduce in lite manner . fter 

filling n definite line of demarcation )ewe n clear and 

muddy w tar wrs ·r sent . The velocity ~e aurem nt recorded 

~ .s tho aver ge of thre c eterminations , com1rn.t d as the 

distance over which olonring occurred at the cathode during a 

25 minute period. ccuraey of tho meu.ouremen s required care

ful control of l·ond1 tions. "'ost important wore the original 

stability of tho colloi dal suspension and the sharpness of the 

line of decaroation dividing ho muddy and the distilled water . 

samples A,. o. D. E . and i (Table 7) re reeented aui:r--,onsions 

tal~en directly from t e ponds and used in th electrophoresis 

tub • Sample B was a h'1'S nsion :.irepared by diluting with 

distilled water . S-a.11ple G was a suspension ts.ken from the 

same source as A but 1hich had previously been treated Mith 

B rmu a gram;, for 12 hour • The turui i y reading of tiu nple 

G had been reduced from 620 to 540 .. 1>m wh le in contact nth thG 

:Bermuda. grass. Data r re ent d showing t n·bi i ty of th 

susponsions and relati ~11oed of IJigration of the s1 s ended 

,ar iclos. 

From the dat (Tabl 7) 1· is evident that ~1apensions 

m.th lower turbidity cleared fadtar than those with a great r 

number of particles ut not in tl relative ra"tiJ GXJ,ectod . 

~ample B, for example . vhi ah presumably contained. half the 



A ( ::1r11i th rond) 

B ( fJmi th J!o:ud l 

Q ( Sv;.:i.:nk J?Otld) 

D f Cree oh I'·ond} 

B (Bo.orr~:r 1,GJt&} 

F ( Fi she:r 1.iond) 

ll ( Bmi th Pcmd 
tret;i.tod.) 

'i1ttrbi di t y 
pJ;m. 

156 

148 

74 

TO 

l. Velocit7 
1:n graa.. uni.ts 

1.7 

p:reeipi tated 

25 

25 

2.6 

25 
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number of particles as A, did not cleu.r ut twice the r ute . 

Sample C and Sample D, with approximately equal turbidities ,. 

cleared at nbont the same rnte .. Sample -2 , with ap roxitiately 

the same turbidity us] , aleared at a I ore rapid rate . 

S . ple G ro~mltod in coagu.latiou. 

The lack of u ratio between turbidity and the migration 

i·ute of particle .. , as found in Samples A and B, may have been 

due to ch&nges in the dis1 e:rsing modi nm. Another influencing 

factor could be the increased spoce between particles wldch 

my have rat~rded their t ion into an aggregate lurge eno1gh 

to slow B:rovmian movement . This incr ased space 1:1ould provide 

less chance for particle s to collide . Obviously the migra

tion velocity is affected by several factors among which are 

the size , charge , and hydration of the suspended part icles . 

Samples~ and -· had similar turbidities ; however . particles 

in E exhibited a higher migration v looity. Thin would seem 

to indicate tho t part icles in :.!. carried a higher negative 

charge . Therefore , it would be ore difficult to neutralize 

these highly charged and highly dispersed particles with a. 

flo cculating agent . Sample G, which had previously been 

treated wi th vegetation for 12 hours , was an unstable suspe n

sion. The behavior may be explained by the assumption that 

the charge on these particl shad b en reduced by agents ~rom 

the vegetation, and under the i fluance of the current , rapid 

flocculat ion and precipit at ion resulted. 

The affect s of subst ituted cations on mi grat ion velocity 

in descendi ng order are Na , K,. Ca , Mg. and H, according to 



Co11cl t1rls 

the 

ttc.t :lt 

icle·S· 
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Observetions on sma.11· 1.mpou.ndmen:ts in P-a~e County. both 

before and after treatment '1.'llith vegetation. we-re made to de

termine elrnng-es induced by organic ma.tter. Field ob.servations 

extended from June 20,, 1949 to January 29, 1950. Eaoh pond 

was tested at lea,at twiee before and at regular intervals 

follovrlng treatment. Sample8 of' water and tamy,erat'l1re readings 

were tD1ten at ay-,prox:imately tuo £eat below the mtrface. Most 

determinations were made between 8:00 and 12:00 A. M. 

These bodies of w2ter were artificial impoundments 

receiving thei1"' v1s.ter srrpply :from watershe,ds of various types. 

Faoto:rs snch as accessibility., interest and oooperei;ion from 

the property owner. cronst.r-notfon and a! ze were oonsid.ered in 

selecting these hodies of 1.1\mter. Several srmll bodies of water 

nsed. eiq)erimentn1 ly can prQvide more limnologio.al data in a 

given period of time tllan a single large laka ,, sine-a o.ondi tion_s 

affecting them can be mor~~ easily modified and treatments 

varied •. 

Effects :Produced in ~everal Imi.1olmdraents by the 
Addition o.f' Vegetation 

I-. Yost L,'lcka, located six m:tlea north and thr'Ele east of 

Stillvmter ,. had a surfuoe. a!'ea of about 00 ac:rea ai":1.d an aver-

age depth of 6 fr:!et. This lak~ vrue 'laaaed hy the Yost, Lake 

Cotn1try Club and. used :prim&.ri ly for re o:reational pitrl)oaea._ 

Prior to 1941, the lake oonts.i-ned a good growth of' aq1.1.atie 

ple.nts and remained clear except for a few weeks each year 

d.nriJ1g:the rainy seasons. In 1941. the. plants were eliminated 
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by cutting and cop;::er sulfate treat en s . dubs quently. he 

water did not attain 1 ts previous clarity even ho 1eh an in

creasing number o e<ub rged and emergent aq·1atia plan o es

tablished the selves i:.a the- shallow :nar ns o:r tho lak ~ 

mhe oondition still ·revailcd in 1948 an . early in the 

ffitmmer . approximately 20 tous o:f gypsun mre Jiled in the 

shallo\;.r water in the belief th t . u ~on ino:rensing th c lei um 

content , the ~lSpond d clay wotld be preciuitatod • . he objec

tionable t1u•bidi ty persi a-tad however . and in h spring of 

1949 1 the Bo rd of Trustees authorized tho planting of ZO acres 

of adjoini_ng land to grain oo rghum for tho pnr ose of using 

t .1.e green fodder to ole !lr th w~ ter .• 

Toot a ,:.rare made i a kly 'Ly the writ er , bogi1ming June 20 , 

on the water pr ceding the tine vnum vegetation 1as put into 

the lake . Based on 180 acre feet of a er , cal 1la io s 

showed the 19 440 poun s or apDroxim tely 10 tons of clay 

wor snsr, ndod in the lake :'lt1ter. ..Lhe average urbidi 

v-alne u tnis ti e w· s 40 ppm. 1.\n att m t ros made o add 

a. measurea.. amount of vego·tation bas d on oalcula ions from 

tnrbid.i y reti. ings. 

:.i.:he origina l plan vms to add nly he g--.cain sorghum. 

however ,. on July 26 an es ti mat d qnenti ty of 10 tons f 

-prairie gras.., . out from field bordoring 1l lak • was · il d 

111 he wat r . .1hirty ons of he green sorghum ,; re ad ad on 

Au st 5. The total weight of gr en veq;otation co st·tutad 

40 tons i. hich ap roxi11 tad four times tha weigh of h 

suspended olay. 
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foll0Wi.11g rai11:S. \'!ID.811 it 'bteame temyJora:cily cloudy. :rhG 

hydrogon-1011 Gonee:nt:t·atio11 v1~ .. a ltaf'ini'tel~ .. ¢orrelat~d. witli the 

free co2 1:n the water. Th$ range of tree co2 e1,te:nded from 0 

to 4 .• a :pprn.- s.nd the ino:r.13~,sse seer;1ea -to be assoo1ated with the 

deQ0111pos1 tion of tl:10 ve!!E}tati on. CarlJone.to.s were not :i:cn:.md. 

with the first slight inoraaao noted :collov,.ii.ng the first 

addi tiorr of vegetation. Diaeol ved oxyge!l oonte1:1t never became 

ori tioallJ low eve11 though . it ifll&t3i evident tl1at the deeomposing 

Ol."ganio matter dee1'o~ui:ied it. Tha peroent saturation of dissolved. 

oxygen :ranged fror,1 52.6 to ~8.G,,, &1d on. five ooeasions only., 

V,'tH3 the :porcent snt11.:ro:t1011 lee»s than GO. It would seem from 

the tl'Ond shown in the d.t:1ta that the ~.diUtion of the sorghum 

"foade:r was m1neeeaeary :fr<rl(l the eta11d1.ioint. o:f inortH.1.S111g the 

trm1.spare11cy., Zin.co :tt did not aariously deplete the 

dissolved oxygen. it was benef1o1al 1n that it .ine:r~ased the 



Til'Li S 

Pb.ye1co.ch0mioal Da:ta Sl:u.)wtng the it:facts of Orga.1110. *'tte~ A.dded to Yoe, tAtke 

A1r ifatei- nee l31$S0l'f6'4 Al kalini tf 
Temp. Temp .• 002 oxrs•n pb~tb ra.o~ f1.u:bid1ty 

Date deg,O deg.a Pl ppm. ppm, ppm, p:pm. ppm, 

Jtute !O )0.8 29·11' thQ 1.2 .. , 60 o.o 6S . 40 .. ·.· 

27 29.$ 29.4 !h2 o.o z.oa 2.0 ~ is 
Ju.17 ;• }0~4 29.0 $.O 1.0 .60 c.o 

1) ~·2 i;~t a.o 1,i 6-li o.o 6; ,i 
19 ~1 ... ,.o 1 .• ,.; o.o H ;g 
25••• JJ.O 29., s.o 1.2 ,.2, o.o ;s 

AQ.g.- 2* ,i.~ ;q .. 4 $,0 1.~4 g-94 o.o 7i ii . i····. n~s 29.6 · 7.g 2.0 · · · · ,14 OtO ta . . 
;4.i! a9.o 1 .. , 2.0 eh~ o.o g ,~ 

1 :,;~6 2s.4 7.a 1,8 ,. o.o :i . ' $ ;2.s 27.s t:: 2.6 ,.:,s o.o 25 ... •• 
9 ;1.2 21., l·lf 6,08 O,,Q 79 25-

10• )2,6 27.2 7 .. 1 .. o 5.9s o.o ti. 25 
11 39.2 .. 1 7,6. 4.s ,:n o .. o ir 2 .~o 
12 ;4.2 2Eh$ 7' 4.o o.o si 2 *' ll j6tO 29.6 7,8 3.6 S1'S$ o.o g is. 
1 • )O"S 29.2 7.6 ;.2: 5.26 (hO 8$ g~ 
15 ii:g 29+4 · 7.6 ;.4 R~6* o.o SI! 25 .... 
16 30.6 J:l 2.5 ·tl o.o S4 

2~ 17 ;;.s 31.a :, 0 '4..,. ·. o.o Sl a .... · .. 
19 32.4 2s.s ,.8 2 .. , 4.J2 O;,O 84 2~ 
21 26.s :i:2 •• 2.s 4.:4 o.o 71 a;. 
2) )O.$ 7.s ).Q 4.$2 o.o 8. !$-
)l• 23 .. 0 25.0 7. 7 2.,$ 5~5P 0,0 91 2;... 

Sept. 6• ;1.4 25.; 7.g ·3.2 5.24 o.i!o IS as,. 
10 22.g 23,«0 7.s 2 .. , i 94 o .. o ,, 2;. . ,. 

!l 20 .. 2 a2.4 7.3 2~g .:;o o.o 92 25- ~. 
N 
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~" 
o-.·.-• .. 4_·6 ~,·p··~~. ~ 

~~- -r 
I! 
2~ 

IOY. 6 
20 

D••• 3 

Air 
'i'emp. 
a.ei.c 
lS.S 
20.i 
,.tr' ,.-. ...,v • .;:: 
...,.., C 
i::,,)• 0 

l,!-_Q 
14.2 
,,., ,,., . r,& 
,:. ?" t, 

,;ia,t.el! 
(!'$mp. 
deg.O 

21.2 ~o.o 
21.6 
l:h6 
lO,.! 
9.0 
·c ~ 6.~. 

pH 

7 .. 9 
7;S ·~ "'.''· (t,Q 

7.,··;J 
"'1 ltii ·i .$ 
7 .~ ... · • .i.;.. 

~.o 

Fl'~e 
OQ;a 
PL:;!i:l• 

~ h ·.(1;.,"'t' 

2.0 
a.6 
l.el 
2.l!, 
2.4 
1.6 

!Ill; 

** 
*** ®*** 

Ra1ns ooou:r:red within Dre.vit,us 24 hou~a 
Less than 25 1ip1n. - · · . 
Ten tons :r;a•a,iri<t grase add$d {Jttly 26) 
Th1:cty ton$ grain so1gbl.tt1t aa.d.ed, {Aug. ;) 

1)1 a ~H,l ve.d 
oxy~en 

pp::a. 

6.14 
7 .' :;_'' 2_ , 

7.ltO 
,_.,1 o __ .. ···<'l °'" .;;O 
.a~-t5-C 
7.94 
9- 7s 

./'"lkitlini ty 
pb ... tll M. (J,. 

p9111. PI:Jm., 

o.o 
o.o 
o~o 
0,0 
O,Q 
o~o 
~o 

93 
10a 
104 
112 
1oe 
107 
lOG 

"' 

Tu:rbid1 ty 
pp1u. 

25 .... ·ot::: __ . 
iZ .,J 
')I.:;;_ 
.... .,,r 

25 .... 
~·.r:,;:...,. ~-,,, 
25 .... 
~-~_-' t;;;_:)""' 

tr: 
C>* 



matter tip-parent ly l"t:f.rulted in the preoiy1i fcf;ltion of suspended 

colloid~l els.y. It ab..on.ld be rem.emhe;i;. .. ed. however .• in th1a 

aor ..... 11.eotion t:hat w~ttJl. .. will not :rom~..tn ole&1r unle11s all inoomina: . - . -....;, 

Lake Cou11t-cy Club golf course. had o.59 ~uria.oo a.oxes aud an 

ove1.~age depth of :1 •. 5 feet-. AQ:oordb1g t-o :re:ports from olub 

m0mbers .. thia i:iond had -persisted 1n a :mud.dy aondition for 

several yea:r.s. An attempt was made. however. in the r~mamar 

of' 194:6, to alaar. the vffl.ter by the 11.s& of gy-pmun. It oleared 
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as a result of this treatment but mud.died again :f'ollow1ng a 

rain and remained iXJ. thct com:lition. Consequently. this 

method of temporary cl-01.:1.ring was abandoned. 

area, whi.ch wgs part of the golf eou:rse,, 

consisted of f:tve acres of mediTL.'n-olor,ing land. covered by 

closely cut grass .. · The so:!.l wss clansifioc1 by the f:eoil Con-

se:rvation Service e.s a very shallow. :?ine-textn~ced soil. not 

rocon1me::1ded fo'.l:' m:.11tivetion. During heavy rains, run"'.'off 

Vlf.::tex :E'rom about 400 feet of the road adjacent the golf 

,c}Ortl'Se .• emptied on the drainage area.. It 1;,ro.s evident :f:rom the 

ne.tnre of this watershed that fine particles of clay were 

car:riea. into the pond by the r1.u1-off water. 

Beginning on .July 5. preliminary tests were made on the 

wEter to d.etennine soI!le of its physical an.d chemical 11roper-

ties. The turbidity leveleo.-of'f anB. 11re sented a fairly con-

stant avere.ge of 150 p:pm. Considering the ·vollune of w~)ter as 

two aer,e-:feet. calculations showed that 810 lbs. of clay were 

sunpenct.ed in the water. lt was deoided 'to add the eq11ivalant 

.of three times this weight in sorghum fod.d.e:r, and on A1:iguat 5 • 

Table 9 emrrmarizes and :presents the data obtai:nod over 

a :1:ive rnonth 11eriod. It shows that two days after the sorghum 

was added (Angn.st 7) there was a change in properties compar ... 

able to that 1:n. Yost J'.ia.ke. There was an illcrease in frse 002 

and bicarbonates, a deoretit~O in pH. o.iasolved oxygen. snd 

t1.1Xhid.ity. The free co 2 i:nere.ased from practically O to e. 

maxi1m1r1 of 12 ·. ppm.. two weelts aft or the vegetat1011 hs.d been 
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tb:ys1.o:o-onem10tt .. + Oat~, Snowing the mt rect:u of 0:tg@!,ni4' mttel' Added to ll~rtd ~o. 1 

Date 

.July 

Aug., 

5* 
·1 
l ' 

9 
25 

2• 

i·· 
7 s 
9 

10• 
11 
12 
13 
14• 
15 
li 
17 
l9 
21 
!) 
)l• 

Sept., 6• 
10 
21 
26•• 
26 

Ai:, 
l'ifmmi~ ;\"1--i},·t 

deg,a 

30~1¥ 
3:h. J 
Y'--1 
33~0 
.31.2 
)2 .. 8 
31 •• 4 
'ti- 6 _;; ... : 

, ... i 
:;1.2 
;2.6 
30.2 
:,4.2 
36.0 
30.a 
;1.6 
36.0 
JJ.$ 
32.4 
26.$ 
30.g 
23.0 
;1.4 
22.s 
20 .. 2 
1s~g 
ao.4 

wa.te:r 
'l~·fflP!f; 
de~.o 
go·4 ,.,...,.7. 

31"0 
'Z"" n 
.;,.;)• G 
30 .. 0 
31.0 
30 ..• o ai.s 
21~0 
28.2 

:z·oO • 26.4 
Jl.2 
)0.2 
21.4 
2a.o 
;1.1 
Jl.9 
26.6 21 .. 0 
2.0 
a!t .• s 
a6., 
21.0 
21 .• 6 
20.2 
lS.2 

pi 

s~o 
,·A . ..... 
Ci; c: 
f!!,~2 
t1' ~.o 
$~2 
~ 0 tJ•w 
g.2 
·7.,8 
7tS 
7.6 
7.7 
1~m 
7.g 1., 
7.! 
7.6 
7.4 
7.6 
7.5 
7.5 
7,6 
7,,,.7:. 7.7 
1~1 
7 .. 6 
111rt1 7.s 

Jrree 
0.02 
ppm. 

1.6 
o~o 
o~o 
1~4 
o .• o 
o.o 
()..() 
4.o 
j~O 
6.4 4.o ,., 
7.2 ,.s 
4.s 
rs •. a: 
9 .• a 
9.0 

12.0 
9,6 
9.2 
7.2 
5.1$ 
6,0 
4,6 
~.4 
5,2 

1J1aeol vtd. 
Oxygen. 

·an""" ?,r,i .... 

5,;.17 
r 0""" ?• ·Q 

·2·90 
·;>.~S5 
7.2, 
Z:~ 
5.95 
!)-.Jif 
5irl!, 
~-95 
4-.,% J.,,. 
4,06 
4.16 
:;.1& 
2.$0 
2t-4$ 
a.JO 
2 •.. 3$ 
2.40 
2.so 
;..,40 
5.40 
'"'2~ 1+.95 
6.32 

Al ka.11 n.i ty 
ph-th ~.o. 

p,pm. p;)m~ 

o~o 
i.;o 
1~; 
o;o 
2.0 
2.0 
2.0 o.o 
().0 
o.o o.o 
0,Q 
o.o 
o .. o o.o o.o 
(hO 
o.o 
o .. o 
thO 
0,0 
0,0 
0,0 o.o 
o..o 
o.o 
ChO 

~ 
75 
72 
71 
i6 
72 
78 
$! ,2 
94-
97 

102 ioo 
9g 

10a 
106 
102 
106 
11.2 
119 
107 
109 
111 
11! 
1~2 

fu,rbiditf 
ppm. 

192 
193 
152 
150 
162' 
148 

i4( 
t~ 
1;t 
136 
112 
100 
1,24 ,, 
.75 
60· 
51 

·~ 

'

"2 

g 

f7 
4;, 

g 

~ 
54 t:-n 

~ 



Ttia.tiJ:.: 9 ( Oo,n.t inued) 

Air. r;a,te~ 
tenrp.;: 'Pe~,. 

Date deg1tC a.eg.c pS: 

Oct. l 2;.6. 1s.s 7.6 
4 21.0 20.s 7.a 1r .20.g 20;2 '1 t:_ 

.f ,.Q 

30.~ lCJ·S 7·z "" ., .. • . 

2g 2,~o lS.2 7· • 6 9.4 1 " NOV• .o . .-b 
20 14.e e.6 7;,g 

Dee. ; 2) _, 9.4 . 7.g . .6 

• :bins ooour:red ·· id thin D:t'&V1-oue 2it boture 
111 • Grain sorghum eu'ldad (/t'itg. 5, aept, . 26) . 

F:ree Disaol'vea. 
002. Oxygen 
p;:ptlh, tlfH1h, 

4~s· 5,9.0 
6.S i~ ... 63 
7.2 J.4o 
b.4 5.00 
5.6 7.20 
5.6 6. 72; 
4.4 7.so 4.a $.26 

' 

Allmlinity 
ph..-tl\ w.o •. 

ppm. P1'>1n. 

o.o· 124 o.o 126 o.o 125 o~o l,32 
o.o 125 o.o 132 
0,0 1;6 o~o 12d. 

h.rbi4i'l:,· 
ppm. 

!1' 
' 52 
~ HZ 
>+5 ;s 
;a 

zj; 
...;i. 



added.. :i;ho pH value docreased from a maximu o:f 8 . 2 to a 

min· mum of 7. 4 . which correlated with t he i ncrease in free 

58 

co 2 . Di sso 1 ved oxygen content ~ as lowered con..,iderably for 

almost a week, paralleling t he time :vhen free co 2 values were 

high. he minimum dissolved oxygen value on . ugnst 19 , show-

ed t he mter to oontain 2. 30 ppm. or to be 28 . 2 per cen t 

saturated . Initially., carbonetes were low, t hen di sap eared 

and bioarbon t s were i noree.sed to a ma:dmum of 13-6 ppm., 

almo t double the i nitial value . 1:ur bidity readings began to 

drop not1ceabl on August 11 . Procipi ation l ag ad behind 

h i ncrease i n free CO2 and hydrogen- ion con cent.rat ion , and 

seemed to be t he result of their increa se . 

Aocording to Ellis ( 1944 ) , a dissolved oxygan level of 

5 ppm. is the lowest value \mich n y reasonabl be expected 

to mai ntai n a varied warm water fish fa.11na a.t a ·Jater temper

a ure of 200 c.. Ol' above . Bullheads ware knom1 to be present 

in t he pond and t here was no evidence of asphyxi ation of any 

aquatic organisms present . 

Deoreo.se i n t urbid1 ty cont i nued and levoled--off bet ween 

50 and 60 ppm. dt1ri11g the month of September. hi nki ng t hat 

i nsufficient vegetation wao present to clear t he wat er , 810 

bs . of sorghum \1ere addod to t he pond on Sept ember 26 . The 

tur idity showod a sl i ght increase., The water was examined 

undor the oil immersion lens of a m1oroscope and no evidence 

of clay particles of any size cotlld be found but zoopl anktors 

were observed in great a bru1.dance . I t ~as obvious tha t thaoe 

organisms were producing t he t urbidity. The t urbidity read

i ngs di~o pe le.tQr .rt_ th t h e deorea e i n planl{t on. The general 



!!I. 

above 

Soil. 
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i·eeei ved 1134 lbs. of the 1 sorghum on Angiist 5. 
·, 

Data are presented {Table 10}. oove:ting.the same testing 

dates as gi vo:n for the pI'evious pond... The same general corre-

No. 1.. Since the free co2 and hydrogen-ion conoent:rotio.n did 

not ixu:rreasa to the extent found in the other pond, it vm.s. 

apparent that these values were di:reatly dependent u:pon the, 

q11ant i ty of organio matter introdu.ced. This t':r&S followed '!J·y 

satnration. 

A disturbing condi ti.on, eonce:r:ning the t11:rbid.ity measure~ 

ments. oompa.:rable to thi.:tt Ob$e:rved. in :Pond Mo." i. 1;;vas likewise 

found in this pond. Toward the la tte:r ria:rt of lttignst the 

turbidity had dropped to 42 ppm.. Follo'lirlng e. rain on A1igust 00 • 

the tn:rbidity 1110:reased and aft.er two weekfi it had not re

turned to its IJTf)Vi ous low level. More sorgh,:un (56? lbs •. ) 

was aclded. tUl in !Jo.. 1. but after fi va days no grea:t deerease 

in tnrbid,ity reading took plaoe. Vlate:r checked 1Nith the 

m:lcrosec:rpe shovved no ola.y ptu:ti.cles but an abmtdanee of zoo-

plank.tors.. l\pparently a pulse of plankton was. occurring at 

this time ruid had ln2H:1n int.ensifiad by the additional organlo 

pa::r@:ne;l 0f the water increased' g.ce at ly and the final turbidity 

reading shoived tho we,ter tq b€f practically clear. 

IV. :Pond No. s. loc13.ted one mile south of Stillwater 

on the Berry farm 1J1est of R1g11way 40, was selected for 
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PhyGl'ico-obeH:tl~al D~.te, r0hot11nij the i:t:foota of Orgr.attQ •,-ttei- itddetl to Pond llth 2 

J\1r t:1a.te:c :irre~ I>i&ai:iolved Al kB. ll.ni t:, 
~riemp. Tean.v. ""0 Ox:rgen pn ... tn. ~.o. 1'ulfo1 di tf ¥;'2 

Ot\te d~g.o deg.a ,,i l)Pi.'tl• ppm, ppm'"' ppllh, p};nn. 

July 5* :;;o .. 4 ~9 ji tho 1.0 5 .. 92 thO '6 142. ,f,... .• Y" l 
13 :r:~ .. 2 Jl,2 7,,9 dt •. 2 bt 32 o.o tl 112 
lQ 3£i:.1 ~3 ..,_ e.o o.a 6~12 o.o 90 # :) ·~ 6.lf 25 :,;~o )0.2 s.o 1~2 o.o 75 lOS 

Attg, 2• ;1.2 ;1.0 -,i 0 l,4 6. o .. o 70 112 g .• 

i·· 32.i 30.2 s.o o.s 7,2) o"o 7; 10, 
;J.t.,4 .29.0 thO i.4 6.15 (hO 78. 100 

7 . i5i-6 2,.2 1.s 4.6 . :h,Ob 0,0 $0 102 
g ;2 .. s 28 .. 4 7.iS f2 4.4& o.o 9; 110 
9 -;1 .. 2 27.e l,6 .;Q ;.66 o .. o §4 112 

10* j2.6 26.2 7.,6· ~o - 7r;'i ChO 114 )• 6 
ll ;0.2 26.6 7.4- a,.o ~7 o.o 96 100 
12 ;4.2 31~2 7«6 6 .• 4 ~:lo o •• o 108 92 
1i ,6.o ;1.6 7,.6 l-~a 5,04 o.o l.09 90 
1·• ;o,g as.; 7•1 .s ~-.. ,4 o,.o 102 112 
15 )1,' as.s f.b S~4 .os o.o 108 6e -.1, ;6~o ;2.2 11 1 6.4 5,.02 o.o 10; 61 
17 :;:; .. s ' ii:: 7.1 . ·7..,6 4 .. S. o.o llj 6t 
19 32.4 1., 6.,S ,.s, o.o 115 ,o 
!l 26.g a6.4 7.6 10.2 .• g5 o.o 11S ·2 
23 ·30.s 24.2 7.6 9f4 ;.71 o.o 12:, 44 
31• 23.0 24,~ 7,.t; z--g 4.50 0.-0 92 92 

Se.pt~ . 6• ;1.4 26,,4 7.s 4<52 o .. o l.O 94 "'. 
10 22.8 20.4 1,itl 6.2 l·fl.O Oi!O 114 so 
21 20~2 21.6 7.9 4.6 ·g8 o.o 112 l~ 26•• lB·S 20.4 i~o l:: 4 .. o o.o 121 . . .. 
ae 20,,.4 171Jg 7 t,11 3.54 o.o 115 $S Ci} .• I,\) 

~ 



Date 

oot. 

llov .. 

Veo .. 

1 
i~ 
1• 

12 
ae ,,, 

0 

3 

"C 
Tem9 • 

.. o 
').,. /" .,..;;i.v 
':)·1 . {, 
{,.~ ' ~- \,} 

;ti, .. ,:, 
:J{),.~ 2 
? i . 1:: 
{,;.s, ;;•.- ~,.> 
4 .. 0 

l ''. ''.> :"t'·-~ 

2~.: ,, 
:,; • t, 

l () :'.."I 
Jif-(;,. 

;fl .o 
i, 

• "i' 
l ~1. Ii . n '"I' 
l. •-, . i;:) 
... { .. JI 

9.2 
8 .. 0 

·1.: ... r, r ... ·,· \,./,~'V 

0 

• R:iin~ oecul?I"Bd i;Jithin 1cs:ev1ou~ 
•~· Gl'ain sox-t~hum added ( ·· ;, 

10 ( Co:tti nue d) 

·7· ? .o 
7.g 
"l -..• b 
7.g 
7 ~ 

.b ~, ~· 7.9 

bOUl'S 
• 26) 

CO2 

4 
6.4 
~. ~ u.~ 

~o 
4 .. 2 
4 .. 2 
; .. 6 ,~2 

]Ji ti 
oxyg~n 

!1_ ·7·"··· ~i-r·. t.::;, 

11,..26 
, .. 94 
r;. 30 
·1· •C,i':1 .. t-:.i~ 
? ,,·u,~~ 
0.6•1· 
•1 ,, .c: 
1 •0V 

,,., 7· fl ,;) • c:. 

ph-th 
!)YJfll• 
J., ,!-

o.o 
o.o 
o .. o 
o .. o 
o .. o 
o .. o 
o .. o 
a.o 

:cti t.y 
:~l. 0 ~ 

127 
122 
l2S 
lJ; 
132 
129 
123 
1l1-2 

'.1'1:rhid:1 ty 

5~ iJ.o 
12$ 
"0 ;)' 

C,, 
ro 



:che 111111rotaoted pa,1·t of the watershed J.ay adjoining th@ road 

and ti iiart of the roadside rras inol udod in tho d1·a;i,naga ar~s .• 

of 425 lbs. vegetixtion eq12.al to three times the aalaul~,tEid 

we;ight of a-i1.f'rpe11ded ols.y was added 111 the form o:f grass out 

fl*Ofll the waternhed, •. 

Ap::pro:ri:imi:i.teliii' 1276 u,~. of grass. n1.ostly ulue-sten1. nei"a 

h~rtiled into the lt'Jator on Septemb.ar 29. Test2 were :r.oade ~:t 

frequent intervals for 'the following tbree weeJr~ il1 order to 

evali1ate the effect of' thi,s vegetation 11J:H:.in t.he p:ropexties of 



Oct .. 

llov. 

:o~o .. 

• •• 

.• 25-
".)f5!11* r:~ •. , 

1 
") 

"' "'~;;, 
'l 

4 

ocr,l 

,. 
0 

.. 2 2·1. !;i 
• 15 1£~ ..• 6-

t} lli~ .C) 
19.4 
l Q t,'i ·,,r·• 0 

20.0 
6 30.s 22 .. 4 
~ ~n~~ ~.,~.· ~.~ 
~§ ~Iv~~ ~~·-
0 -.. 0. 0~ ~ 
.,f ')C. i' .G f • ?. 

·1·· · .;:,. ;,,11. :::a1· · · "'' .·i...1 c;... ·-~:•O 
1. \7) 1.1;.,.·"\i , i,.t 11::- ,;, ,,.. - ,7• ",.) . )'> ,,2 
11~ 10 .. 2 lJ. 6 
16 27. 2 17.t} 
l ~ 1·1.· ~.. ·1.·.'.· .. ~ o · .~ o.~ ~a· ':'.:/'"' Ji ".Jl o ... . tt-)•'l' t,.,, .• ·. 

0 6• 1.9.·~. l~ .~ t;,. . *· '-" .• .,,,.. 0 

1 e A n h - ~J•-V ~;,.,.., 

• c.h 1.·~ Q J :.,,>t"'I" \.I•,;;., 

7 '") .,., '.;;:, l. ":! . ·;:; ... ~~. :. G(•<w · .P•D 
1- ~~ - 1:7• ~ .tJ i:::t) .. ;$ ·. '. " • ., 
l·.·4, '.~·.~-,·.~ 1·.Y.o• . ( ... •, .. G;, .'Oic ' 

1si 14.4 9.4 ~, lg,~ lM ~ 
'""· ··K;;i'! ~ . v~ "r 
.,... """ f' 1 l1 ") 
,G { ~'+1 I.J ,i;,"l"~;;;;,. 

~ ~·l·· .6• Q e 
,,;ii i;'-. * ,;,e:.. 

12 O 5.4 
l~ins GOCU?l'@d ~ifcr1 thin \)!'GVi QUS 
1l~getation added (Sept·. 29) 

Q} .·, ~ 
,:.;,i 'J 

[i 
(j 

'"I.. ".'.'.' f. 0 

7 .. f; 
7 11 

'i- ·-r 
7.:2 
7.0 
7 .. 2 
7,.4 
7 .. 1 
{ll'l 
7 •. z 
t 2 

" r::,·· .. ... (:. 
7.6 
7.3 
1~ll.·.··.·. 7.-A~ 
7.1+ 
i•S (,.q. 
.;? .f+ .t. 
..:. h 
{• "t "';' 1 ' ,. "':l .•; 
l'*' !.;T, 
24 houra 

11 

~, Or 

1 ..• 2 
l.;6 
l.;2 
5.;2 
}-~ 

lli·~:~)-

16.;·$ 
17)t, 
·1· ~ ... · .:;;"?1 ]ti~ 
11,.6 
.l-6-~t~ 
15,dl 
15.,;2 
l "' ,4 .;,, .. 1; .. ,, 

7,,10 
,,~ ,II 
l::h'+ 
~.o 
.-j h 

(,>;,'"T 
g.,4 
~i /0 
CJ t'\ 
;t.~·~~ 

7.6 
6.4 

'

'A.,6.·.· f> 

. ,,r'\ 
*'v 

t} 

.r:1 
t3 

2 
_q 

1 .~ .~ 
1.~ 
1.1 
0!5 
O~O 
o.o 
~ r u.o 
1.0 
o .. G 
1,$ 
o.s 
0,6 
3.2 
~.".~ #·~ 
~ n 
)•1 
ij,.2 

6 

4 ... 
5.1 
f5 f' 1:~ 
7~£5 

o~o 
o~o 
o~o 
o~ 
o.o 
o.o 
o.o 

().. 
..... '.,~ 
1b\J 
o.o 
{hO 
{)iQ 
o~o 
o.o 
r-,, P"'°' 
i../. '..) 
10,,0 

0 
o.o 
() .. 0 
,t)-~ 
0 .. () 

nity 
ltL, fJ.. 

9~ 
102 

q2 
64 .,, 
ii'.)ffi ;;,c 

100 
,-4(.'t ~-,.,. 

10a 
ll.2 
111 
llS 
lOC) 

91 
b· :;;·~· 

10.~;, 

1,Jlt, 
130 

"" 125 
l, 'l;Q 
1~6 

"' 

. ' 
Ttrt:'bi di t y 

5;,o 
!::;?(', ..,,1 •.. ·,ii 
i:: •·•.· ·.·, J "]~µ~ 

.'lo ... n. ·• .~ (·/J 

:;to 
_aqn ,.,,.. 
130 

90 
1$5 
72 
r;,O 
66 
.55 
&},$ 
-,z4' ,;,: ' 

42 
50 

4~ 
4g 
4r. 0 
-4 ;f 
2S 
;o 
'7? :1tt!, 

28 
°' ,i::,. 
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2.5 f'e • totcl vo lu .. 1:J.G of ,Nater i11 t si11 ecn1t1l_a:d 

0.476 rcre- ot .. 

ex·.she-d 

oonsti tnted 

011 the"! shore margin. 

E111 

This q1u1ntity .:rep:resemted 

:freE.1 00':) had r1.H.whed a t,1nximmn of 14.4 ppm .. ..., ' 

Since sorn.e clay still rem.ained :i.n 

equivalent to twice t.he e::;dsting ,rveight of r:rn nded clay, 
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llowi:ng the 

@,ddition r:d: thiB organio matter. Turbidity readings dro;pped, 

to a minimum of 26 ppm.. 1\ co:nsicle:r.able inc1"ew.se i:n bioa:rhon-

a was mani sted s the d from 90 to 

22J4 pi::im. 

Olaa:ring of this pond was a 

been preoipit as a restllt of the 

1:Jut an acldi tion£l.l e.rnonnt ©X}?l1ldi.t cleuring 

-v·r. Pond l:fo. 5, w:~~; loci1tacl one mile south o:f: Stilhvater 

on the Ber-.cy :fa-rm in1n1ed.iately north of the section line :road. 

1.rhis 12011d. measu.:red 0 .•. 305 S:ttrface a:eree with an average der:ptll 

o:f 3.5 feet and 

!'Phis pond had been conetruoted for use as a settling 

basin for a fish pond. whioh wa/3 located 500 fe,et 110:rth. The 

bas:i.n d:r:sdned. n:pr,1roximntel1· s:ix. acres of well grassed. w&tersbed, 

however. run-off ·water from 500 feet o:i: road. bed also emptied 

into it. According to tlie owner, a.n astirnated two tons of 

prairie 'been pu.t i.:nto the water, in the sp.l"'i:ng of 1948. 

1:i.1his cleared the w.s:ter which remt1ineit cl(Hir until after the 

spring rt1ins of 1949. :Bluegill base had bean stocked in 

the pond in 1948 and one year later showed excellent growth. 

The 1Nater :remained dingy {turbidity 100 ppm.) during the 

an.1nr1H.1r of 1949, hnt the p<Hld c.onta:Lned. a :fair growth of 

fila.me11tot1s algao in the s'.hallow margi11s. 1l1his pond i.''lt::Hs t:reat

ad with a quantity of vegetation egu.al in weight to the &i.s:pe:ndad 



in ou.ly 

Fraa OOz oontent 

The in:fllwrrne of. th:i.s vegett;,tion on tu.rbidi ty :i:·educti on 

wa.s diffie,'11lt to datex·miue. Rainfall (total of 1.,24 inc-hes) 

occurred on Oatobel" 23 and .24. whieh oar:ried sil'f; into the 

v1et-ar.. A pond situated above and on the opposite s.:ide of the 

road., we.a OJ:;en0d and drained. on Novembe:r. 27... This pond. re, .... 

l''e:rrad. to as S11va11k Fond iit T.e:ble 2. f)OSt,ezsed e. tu.?1,id.ity of 

156 r,1:m. Owing to thG condition of this water together wi.th 

the fact that it dro,inect tlie road* J:o:mi !Jo., 5 .reae1 V'1S'd Q 

.co:1.side:rable volruna of rm.iduw water. i1:ppare11tly,., muah ot th:la 

VII. :Pond :t?o. 6, YJUS loeated in a p&;:tlt area of the :Htt'1"J' 

.Addition to the city of St:tllt'1'ater. Tl1ia pond contained o.t>S 

su.rf'~a:0 a,¢re~ m1.t1. had. a11 a:ve:rnge deptb of. 2.5 feet,. whiah 

constituted f\ voltu.1.e o: 1.$25 t;!.cre-feet. 



m.~ ·,"'11··1,•\ 1"" .,£.1, 4:,, u_.:j ;; 

l11hya1oo ... ohemiotil Dattt t'Jho~r1g the Effeots ot Ort}c.nicJ ·M1.;.tter i\d<1et1 to J.'011d No. 5 

Air ?Vl'l~t,eJ> J'ree P1e~olved ~-ll"''.lli n · ty .s;,:,. ~~~·. ~ 'l 
TGL'JJ?. Temsh 0()<;// Oxyge11 p,h ... th t:;.o. Tu~b:i.f!itf 

(.;, 

vi.tu dt:i f;{• 0 (i~ ·' 0 pll ppfrt, i:,pm. Pl):i;a.. pj,')ftl • ppta~ . gr.· 

Oot. ·. 3 ".X(} ,-:, ,i11, 0 f.hO 1~0 6.g ·o.o l'-"l 104 :,; • c. ' g 30,l~ 2rho e;. o l,2 6.9 o.o l5Es t)fj 
t~'t :.§, 

12,i).• l Q .• t 16. l~ 8,0 2. t; G.l 0,0 )J::6 100 .111,,,_. -" .. ,,} 
14 10,2 l},6 7 .. 9 tho 6.3 o.o 152 ll.O 
16 27.2 lS ,:"/} 7.g 4tg 6.2 o.o 157 lOS ... o 
20 2j+4 21 <) 1 .. s r' b. 5.s o .. o 15} 2s ..• a;;. th ' 
26• 19 e, 15.6 e.o J,6 6 q 0,0 l}~ 16r; .· •O 

-· fl: 120 NOVw l s.o - 9.4 7.6 ~- 2 7,9 o.o 150 
) 9. J+ 10.t~ f.s ~:; s.2 0(0 1-•, 107 'J,;;. 
7 •".'1"1' ~ ).J.!. ~ 4 /'JI 6-.,.,4- o~o 15~ 100 "· { t '"' 

• i;5 )+ Q 
10 26~S 16 ~ 7 .. a ;3..6 7\1 Q.,O 1h· 'GS' ,, . ,,;-.~~ 

1io " . 14 2?..2 14.4 1.s ~:f ih2 thO 86 
lfJ 1 ·~l;l, 7.g 7.; ,·' 4 o~o 165 $4 t;;., 

22 lt .. 2 11~0 7-. 7 4.2 s ... o o.o 160 .~o 
27* 111 • 

r,4 rr 13.6 $.,Q 2 .. 0 g~2 o~o 14·:> 192 ,2' .• 0 ~--
Dec. 5 r,,1 6 12 .. 2 "11-J- s .. , 4- e~.~4 o.o l.5l.J. .· 112 ,. .. . t• ;)• 
J~,n .. g 9~2 4.E 7.,g 

' el 
9~6 o.o lSS 94 . .. ' 

• la,in.s oocur~ed 111 thtn prfJvi.Gu.s. f!+ houta 
•• VGi,;:;teta:U.tMl. added (Oot. 10) . 

••• Received. water t·tom f.i'Wt.tdt Pond 

~ 
0 



.adjo.oont. ·to and d:rainod into th~ pond. 

1.J.1he d1"'ains.ge e.rea w;;:i.~ too le.rge fo.r 'the size of' the dam 

and the }?Ond ov-arflo·.ved du:ring rainy s,,aso:ns ,;,f the yee:r-. 

lJevertheler:.rn. th.is pond wag seloo'ted fox study due to its 

aaoessibil1'ty an.d 'the case ·with imie.h veget~tion '10\tl<.l be 

obtai12ed., 

3&led v:-i:·s.1:rio hay whiQh ia availa'bl@ all ysar and oont..iins 

a c.om'bi.aat:l..on. of curod :native g:rassas a:w:l \?{.1odJ'J .• v1az 11.aed t"ii th

out l)i~aal;:ing th{ij bales. 

'l:he w:~rte;r.~ on October :10 aud le had a tu:rbitl.tty of a.bo1tt 

130 ppm. Taking the volmie as L •. 325 ae:re-feet, this tu.l''hicU.ty 

measm·ement :ti1tlics;ted 465 lb$ of su.s1:1ended mteriale. 0.11 

October lri., twenty four bales o'f prairie hay totaling 1392 lba.

·.vo:re d:nrti:ped into the p,ud. Thi.a q~iauti ty was equal to thr,ee 

times -too weight o:f zn svcn1aed olny., Due to th~ lower temrera..,. 

tu.re of the wa·te:r bee1:1u.ae of the aeuso:n e.11d tho form in which 

the vegotatio.u had 1)eon introduced,. it was recognized tl1at no 

rapid chru1.gos in the p'.r'O].)ertio ~ of the l~a.tt.rr WG)re ·to 'be 

expected. 

Ta.ble 14 contains the dt;i.ta obtained ove:r a :tcnu: :u10.:ntll 

period. In 'view of ·the slowex r,,~te of deaozxt:fHlSitio:n tu1aer 

the oondi tions me:nti oned. abe.rve, free CO2 oontent reraai.ned low,., 

Sim.ilairly II pH ,.,i11uos :revealed lit·tle. lne:raase ill hydrog6n-1on 

ooncenti~ation as f.lu .. ct1.i.atio11s rar.ged from 7,.8 to 7 •. 6,.,_ Little 

effect was noted in th~ dissolved o~gan. 1:,. ninintt.ljl of 5 ~a 
l?lJnl•· we.a l'ecordod on (Jotober 20. t1aoe days after t.he haf h&.d. 

been added but it was d<.rn.btful if this value wae effected. b;v 



1A2IL:~ 14-

,t'!.thysico-chemiof .. l Da,t~ Showin$ the iffeot& ot Organic ~tte:r Add.tad to Pond nt'>-. 6. 

Air Vieter 
Tem.p. Tet1ij;:.:i. 

Date deg.o deg. Q i,s: 
oot. 10 25.6 20.4 t·g 

16 ••. 1$.4 14~"8 .• a 
lf! 17.4 ·17.2 7.7 
20 23.4 21.;S 1.1 
26• '19.g 15.4 1.s 

1 s.o 9"8 7.6 mov. 

t 9.4 1o~s 7,.6 
27.2 14.o 7.6 

10 26.g 15.s 7.7 
14 !"".2 15.0 7.7 
1.$ l~. '+ $ .. ! 7.g 
22· 1a.2 10 .• 6 7w6 
27 24.6 12.2 7.6 

])~Cb 5 21.6 9.0 7.6 
10 lti.Q s.4· 7 .. g 

Jan.. a• 8.2 l:~ 7.g 
lO . l.O.)! 7.6 
19 7.6 6.2 7 .. 6 

• Ba:1ns ooourred inthin :p:revioUG 24 Mt.l~s 
••· Vegetation ,idded. (Oot. l 7) 

;~~ee 
CO2 
ppm. 

:,.4 

?·' .6 
6.6 
4.2 ,. 4 b •. 
.4.4 
5..J? 
6 •. o 
6.2 
;.6 
5.2 
l·6 }.0 ,., 
.o 

6.8 
7.4 

D1E:isolved. Alkal1n1tf 
oxygen ph,;,.th kl}..(). TU.l?b!di ty 

ppm. ppm. ppm. ppm. 

6.o o.o 92 125 
6~4- 0,0 ig 1;2 
6.2 o.o 96 1:;i 
i•~ o.o 9S lij .4 Ct,O 96 l. .. l o.o c.!6 12$ {:>..·. Q 

a.4 (hO 92 11.a. -
6.4 o.o ~ 104 
6.5 o.o g4, 9i J:; o.o $2 9· o.o S6 9S s.2 o.o S6 9Q a.o o.o 94 *' 7.2 o.o 102 za g.4 o.o 93 4 
8 .. 2 o .. o 100 111" a.s o.o 92 42 
9 ~ 0,0 llS )6 .~ 

"" l:'O 
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the baled ha • Carb 1~ .... tes wer absent an bioarbo11ates i n

creased o _ly sli@1tly. Turbidity value wer gr d1 ully ro

duced and , on January 2<.: , th1~ee an on - 'ulf months aft r 

S.1-Plicati on o:f th hay • a reading of 36 m. wus rec rded. 

t/h i le the:c~ was 0videnoe t h t tl e adui t ion o:f baled 

rairie huy i1fluenoed the pro)erti s of the wu t r in this 

ond, i is ap v.rent that the lower tcmr,eratur of th water 

and the presence of hay , in the com 1act bale cl form , retarded 

i s e:ffoct . 

Oxidizable Organic ~attar _ s Measured 3y B. o . D. Tests 

Additlon of orgaYiic matter to an i ""Onndment i 11cTeases 

t ho demand or oxygen because of gr ant er microbi al act vity. 

It 1as thou ht desirnb a to use biochemical oxy:~n demand 

analyses in on atter.pt to determine t ho amount o organic 

muttor available to microbial agents in an i uponndmont and 

to oompa.re this with the existing turbidity . 

:SioclAemioal oxygen demand tast s were made on smnplos of 

water rom those a1d four additional i :ponndment s to o luo.ts 

the 1.::hanp:es thnt the v getot i on :roduoad. Tablo 15 presen t s 

data showing B. o. D. and certain other proy;ort ie s . The ae 

tests ~,ere made on Jammcy 27 , 1950 , when t ~le temperati1:re of 

th iV.;iters uverr.L.ed 4 . 2 dogrees c. 
The B. o. D .. de.ta ow a 1 0\!IJ' :range . SI!lith Pond and I utter 

Sottlin .) Pond oro de -111itely r..1u dy and the B. o. u. i n t hese 

waters "ms low . Ponds o . 5 ancl 1ro. 6 still possessed some 

sus )ended clay whi lo all others wo-. e c loar or gave u low tur

bidity reading to di nsol ved or sus· onded organio natter. 



Anal}Niles of V[t:riou.s 

:J;Inp ou11dment 

th Pond 

iitttter ,1ettlin~: 
1:->ond 

;;,., . . A i,;:; 
f" i!lnu. 11';,; 

!I"O"'d }I6 '· '"'"'· :r 

''I . . ;3· .f' ",t 
/t' Ol!ht 11'.1 

Pond 1r1 

:Pond :P+ 

llil,utter lrish :['and 

'f)J1lson Pond 

Yost take 

p C:iil +it Ji~' 
.;>· .• Y. Ji""' 

,,~,:...~ 
;wJ;i. 

i5.:L~ 

7 '"" • it::) 

s.o 
.o. 7 <"· 

7.6 
7.9 

1· 1 
7.s 
a.4' 
7 .. 8 

·7· ~ .... d 

:!?tee 
1J02 

o.o 
'-";;.' {" 
}• C. 

2.0 
h Cl 
*i* 0 

t~:-t ·."'.···.·.4' -·· ' 

:hi 

7.s 
6,0 

o.o 
f{t .• 0 

},2 

1:i1 tf~ 15 

to:tk'3 (thOt:.i'i:\1.g; El. o. u .. t:tnd [i!o1ne Other ,.@l'.'OfHilX'ties 

D:l~lSOl ,red 
Qxygen 

~">01'.;i, t;f'",-;,j. 

10.6 

t). 2: 
.#1:r , 

l .. ,(~ .. . d ,.,;.,,13, 

9.7 
S), 2 

10.! 

9 .. 0 

9.9 

11 .. ; 

10+4 

10.1 

fl.l·. t .. ~, 1·. ..; n· -1 tv.'. · o{ ,. l\.':;l'.-1,· ..Ji!;, ,-, 1/:«-. .ii' 

:i;>h-th !'.,I\. o. 
p:m. 

2.0 

o.o ~ 

o.o 1~ 

o.o 102 

o.o U6 

Q.Q l~ 

o.o 245 

o.o ~2 

1.5 llS 

a.a w6 

o.o 139 

c.io .. 

o ... ; 

0.3 

0 .. 7 

3 .. ; 

0,? iJlOl'. 

Oa tnor. 

1. .. 7 

o.; 
2.,g 

1.5 
o .. 6 

'fttrbidi tr 

670· 

240 

7g 

45 
'\4 ;ff . 

30 

30 

cle~r 

clear 

oleiiu, 

Cl$;!a:'.r 

,/ 

·~J 
·IP' 



Fii.lSOll J?ontl 1 vdth next b.i .., .. h~'3t •(.') ,-'"'~ ~. !?!. o. :) .. of 2,.8 p:pm, \7€15 a 

cle.;;i.I',, p:t"Odnoti VB bocty cr.i: w··ater,. ::?ond. lTo .. 1. which had :r11~:...ir1 ... 

prosont. :si.mi lar 1~es:-c1.lt a. 

thut Futte:r do-ttlil1g :?011d whieh was qui·te devoi.d of aquatic 

o,~gen eonzumea detennin.'El.tions we:r.e 11sed to deton~il'l$ 

tf a. reletjonship existed between disaolvod. organic matter 

aol.locted und detarminati ons t:ve:re macl.e in tbs laboratol:'f• 

The ~mo1.111t of oxygen ccmsnmed in prim. by oxida,tio.n with 

:&!1'!'104:. together with res11f,rnt1ve t11.rb:i.tlity measurements,. are 

shown (T.t.:t'ble 16}. Si11oe 'ferrous oemp01.1nas in tho wa.ters were 



Berry Pend A 

Cnrbe:rr7 l?ond. 

Rutter .Fish Pond 

r·-,· ,,..,..,..:a.- ):,.F.f. 
·v ..... v. 'i:·v 

I1erry Pond B 

Eond #1 

Glses .Pend 

Cro.:as :Pond 

"''"'_n4, JI,/!,. L·v,._.i JrU 

Oreeeh .Pond 

Denney ?ond 

Swank, Fond 

Rutter set tl1.ng Yowl 

Sm1th Pond 

Oxygen Oonsumei 
ppm. 

27 

12 

ll 

18 

28 

1, 
16 

20 

29 

12 

12 

a.a 
11 

u . 
9.2 

a.2 
tl.6 

lQ 

76 

!'nrb1d1tJ' 
ppm. 

olear 

clear 

clear 

-elear 

clear 

el ear 

el ear 

52 

42 

42 

$ 

60 

,64 

S4 

86 

9& 

170 

170 

.l:86 

210 

520 
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low, th{l)SO valuie s :roughly indl oated the amount of dissolved 

slightli~ colOl*N.1 from disaolvad Ol"g~rlio 1.n~.tte:r... Sr.rank l)ond 

showect oxygen cousn.mad v1alues cf· 6.0 ppn1. with & turbHiity 

raw.ding o:i~· 210 ppm. Smith r;o11d" O:reech :Pond.,, Denney rono .• 
6., and Rutt€l'l" Settling fond ehowed com-

high o:.rygen crnnmuood values denoting a higher diSS<:lltted organie 

1118tter content.. The pond.a that had co:naidtn·able 111.ssolved 

organio matter cont&.d:.nad no suspended clay. 

Pond no. l gave e.n oxygen consumed value of 12 ppm. ; the 

turbidity :reading of this \"later was 56 ppm. r~nd no. 2 show-

ad un o~gan oonsur.aed value of lo ppm., whereas this water was 

olear* Sorghum fodd.er had been added to thsse two ponds on 

August (,, fiUd September 26 re,ilpectiv-e-ly. l!'ive months 110.d 

elapsed between the addition of vegeto.tion and the time of 

testing aud during this tim$ add.itional E~1lt had been intro

d11eed by TO.n•off water. The wa.ter had s turbidity of 5ei ppm. 

due to colloidal olay et t-he time of testing,. yet ths test 
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been added or whether comUtiona within an im,poundmeut are .. 

conducive to ma.intain.1ng organic matter content in thG vmte:r. 

the end result l.?eems to be manif~sted in representing a eon

dit.ion wheroby colloidal .c:.flaY .is p:rccipitatod vihen organi-0 

matter is present. 

General Vegetation 1lequ1:re111ents for Reducing Tn.:rbidit.ies 
Due to Olay in Im:poimded Waters 

It has been demonstrated,, by the laboratory m1d t·ield 

experiments presented.,, that vegeta.tion added to the ws.ter 

v'Vill red:aae turbidities due to clay. .A quantity of g-rean 

vegetation equal to three times tlrn weight o-f suspended clay 

olea:r-ed th~ Wttters of im:pou11dmants. without cr:Ltioally 

depleting the dissol vad oxwgen,. 

A table is presented (Table 17) shoning the quantity of 

vegatation required to al.ear a.:n ao:r.a-:f'oot of im1,om1d.ed water 

for various tn.rb:tdities. Thees are computed :from the m1spend

ed clay presemt as rrRH .. 1.aured in 1)a:rts per m.illion turbidity. 

The f ollovdn.g method was used in. making the oalcmlati ons :f0~ 

the table. An ao:re-f'oot of water weighs about 2./7 million 

11ound3 by using the speoi:fie vJaight ot water as a standard, 

100 ppm~ sustencled clay won.ltl weigh about 270 lbs. or 100 x 

2.7. The weight. ::f.or the other turbidity meaenrements were 

comiJnted in like manmri... Tha weifib_ t of green vegetation 

listed. was determined. by m.11.lt iplying the weight ot suspended. 

clay by Z at 1ntervala of 25 ppm. turbidity. Vegetation re

q11i:reme11ts of dry ·plant materietl are 011e-tili:rd less than :for 

green v.agetation.. Thsso di:f':taranoes w~:re basei on water lost 



Turbidity 
ppm •. 

50 

t715 

100 

125 

160 

175 

200 

:7t,. of ::m.spended 
clay i11 l'bs. 
pez' ~ei .. e ... ft. 

67 .• 5 

l'"""" () OD•· 

1$02. 5 

?270 .o 
.3.Z?. 5 

405.0 

4/12.5 

6f56.0 

202.6 

1507.5 

1215.0 

1417.5 

1608.0 

Q11ant it y .of 
dry vo13:i,Jtation 

:reqt.tiran:i in lt,e. 
per ao::re-tt. 

54-0.0 

810~.0 

1072.0 



quirame:nts 

on .• 
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The stutly of turbid. waters baa theoretical as well :la 

practicril illt!i'Jreet beoause o.f the eo1ur)laxititH.;) ancom.-.1.tt1n."od. 

and bt'Hl&.nse of the effeota that suspended soil have on vJat@r. 

The chief oontribnting ffilctor to perrfillnently turbid wate,r 

lies in the vhys:toul nature of th!SI soil of the watershed. , 

Soils in oertain regions possess oonsiderlllble quantities of 

dispersed oolloidal clay. which,, vmen carried into th~ :teser .. 

voir by ru.11 ... of:t water. 1)rOtiuotls a permanent tn:rhidity. 

M.easitres for elearb1g ixnpou.nd.ma:nts -penna:nently mu.st be 

both oorreotive an.d p;revantiv-e... IJ.~he best prooedure is to 

r,:revent silt fron1 reaching the i1:.1poundment but it is 1.)raotie&1l• 

ly i.lllposaible to eliminate siltatio11 even from a well cov<ere<l 

watershed. The atidition o,f silt oe.n be reduced by providing 

good vagetati ve cover on t:he entire wate1·shed,. by tarraoing 

the land., and by co11st.n1ot1:ug gul.ly pl11ga and :settling basins. 

Tl:rrting the bm:1ks at the sho:rel1ne will minimize the effeots. 

of bank-wa:sh., The -puddling aff~ota of farm stock ean be pra

vontetl by fenoir1g the pond and wateril1g the stook at a tank 

below the d.&m. TttrbulenaEl caused by bot tom ... awelling orgs:nisms 

doos not J;}rodttea thi:.l pa:rma:r1ently turbid eoudi tion of imJ}01md

me11ts in Oklnhora.m. as is avidenead by the ole~r water reservoirs 

which contain mD.:x1y1 of ·these forms .• 

one of the impcrrta.nt properties of elc.y eolloids of turbid 

waters :is the fc.ct ths.t the ~rt1eles are negative.lii' eharged. 

\Jhen a direct current of eileot:r1oity is :passed through a clay 

S1.1.spenaion, these particles move toward the cathode~ awl n:pon 
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reach:i.ng it,, are nentraJ.1 zed.. Similarly,. 1;i1hen any oompound 

that :releases sufficient positive ions is :prase:nt in a su.s ... 

pension, nen.t.;relizt.'.ittion and aggreg.~tion occur. 

Em1y ionizable substances serve as coagulants of di.Spera-

ed clay.. Calcilim, copper, aluminum., and iron oo.m:poimde e:re 

commonly 1.1.aed Jco precipitate sn.spemded matter in water pnri

ficati on pla.:nt s. .Alumimun and iron comrounds a:re ef£icient 

coagulants but due to the natt1re of the floe formed as 

a result o:f hydrolysis,, the small organisms of food chains are 

also oa:rried to the bottom a.mi are usually killed •. thtis 

retarding food prod.notion .. Due to the toxicity of the copper 

and aluu1inm11 ions to aquatic orgams:ms. it is impraotioal to 

use theee oompqu:mls if aqu.atio prod1:ictivity is desired. Cal

cium &'t1lf'ate ia sometimes used i&here it is desired to clear 

water and yet maintsin a biota in. an im:;poundmeni;;. As p1·evious-

ly mentioned . ., the precipitate prod.need. by the calcium ions 

is :not stable and ·the bond can be b:roke:n by tu:rbuleuoe more 

easily than that formed by the smaller. leas hydrated hydrogen 

ions. These commeroial coagulants clear water only temporarily 

s:nd impoundme:nts become turbid again :follo~"ling each Ttu:1-off 

or wind storm. I.t is apparent :from the data presented that 

introduced organie matter provides a more praotical,, effio.iant, · 

and lasting aoagula:nt. ana one whioh. greatly stimulates the 

yroduotion of aquatic o:rgu11isn1a. 

Organic matter plays an extremely important and oom:r.1-Sx 

part in a.ggregating and pl1'ec1pitating susp,indad coll.oidal 

elay in water. Hydrogen ions. ~esnlting from dissolution .and 
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c matter in 

()(j • cations o:f: 0 

i:n the :t:o:rm of Vf.1 ts i:n Ci'.Pi t.0:t:l 011 

It 

Bs:ol ve<.l 

the 

(?:f 

c .. t impo1:i,:mlrn.e :n.t s. it 1;rov0 d rJn. f:1:i ci 

The re.lo.t:tve wei1~1ts of vegets,tion would have been ad.jtrn.ted 

in li1tcl m;gnuer if the s1;:ieei:f.1e grsvi ty of clay 110.d been used. 
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The most advantageous time to treat water ~ t h vegetat ion, 

in Oklahoma , seems to be during mi d- summer . Green vogeta.tion 

is usually availabl a.nd the impoun ont 1s not ordinal"ily 

s11bjeoted to rn.11-off water . The su.nlT!ler g:i:owing season is more 

efficacious for the establishment o higher a.quatio plants 

that aid in repetnating precipitation of clays. High tomper

atures , pervailing in the summer months . accelerate the rat 

of decomposition o:f tho organic materiel aud thus effect more 

r ap i d ole a ring. 

It 1s probable that the kind of vegetation and its 

oondition when added to the water oonstitnte an importont 

variable in the aggregation of silt . Alfalfa hay. which has 

a high nitrogen content , reacted more rapidly than pr airie 

hay or wheat straw. It seems that additional study of this 

problem might 1·eveal now info1·mation conce1·ning the effective

ness of kinds of vogetation and their conditions when used . 

Oxygen oonsn:med analyses seem to show that the qua.nt i ty 

of oxid1zabla organic matter is a :factor in regtilatiug the 

tui·bidi ty of wa.tor... There is a d · finite relationship between 

th13se two roper·ties . Further investigations should concern 

dissolved organic matter content ae well as speoifio organic 

compounds in tha Vt ters. Conditions within a body of water 

are by no means constant; the phys:Loal , che cal ., and bio

logical properties are continuously changing. Some physical 

and ohemical roperties , at least , vary with the quantity of 

plant materials , with plant activity, and wi th ha inflowing 

and outflowing of water . It is essant ia.l that wat er excha..vige 



th@,t 

liglrt ,, 

attempt 



'o:pa:ration init tend to de comr,ose oerrt@lin orgru1io. ,oomplexss 

first,. and otllexo la terr.. The first snl,st~neos destroyed are 

likely t,o b0 }XHn.e of th,a ~.rbohyclre.tao a:nd p:rotoilie; the 

lig1:1ins, otl::u\lr proteins, aon1e fats and e01"te.1n otl:vJr ,,011stitu ... 

ants snch ns the chitinn ~re the lant to lie attacJied. The 

:r,..,g,tu:ro and abti..11dv,nce of the orgartio ruattar :aynthesJ.zea and · 

decomposed in wat01"' are oontrolled by the chemioal oon.teut of 

it a,na. by, the :season of the year. 

nemilts by many invEutU.gatora havt1 shown the &ffeotivon4:tss 

of oTg&nie rnatte1~ in 1r:roduoing f'loecula.ted pert!\eable scils .am 

the importance of the hyd:rogen ion in soil aggregation. but 

little attention has been gi ve11 to. thi$ prooes~ 111. eollo1dal 

olt1y susx,ens1ons.. Ellis (1937) m.e11tione,ci that 1n the l!tbora ... 

to:ity. e:ror;ion silt oan be l}l"eoipitated ~om m11ddy wat·al" both 

qn.ioli:ly and effaotively by ahan~ing the a.haxge of the par

tioles 111 suspension or by altering the l)E value of tha water. 

Irvlin {1945) attributes the preoi111tat1:ng effeet of orga11io 

nu~ttei to the l:1beratetl l:ryd.1·0 gen io:na vt.a1eh neu.trali2Je the 

negative Gharges ou t.he sttGpended olay :Partiolas. · Dr •. Mi.Ill.la 

i. Je\vell (psrso11al correSJ}On.denoe) reported that sh.a hae 

:rLever filea11. a 11m.ddy aoid le.ta and. tluit ~oidify.ing muddy vrater 

would proeipitHte the ola1· w1t!1out t:he nse of vegetation., It 

seems likely thtat no acid wa:ters., swrun1) waters,. Ol? wat~rs w1 th 

a high oxganle tnatter cont~nt re111air1 tu:rbid from s.11.sr~uded 

silts or, .clays ~.ftar turbu:J,e:nee oe-asea. 

It is evident from th$~ i.nvostigation that organie mntter 

olarif;ies turbid. water rrri.nlarily th::eo1:igh the aotion Qf llbera:teil 



hydrog-0:n iolls f:07 tho following :t·easons«' (I} Aeid w-a:to:r3 

have been xaooJ:'dea.. as eloar.ing read.ily f,:;llowi:c.g floods,., (2) 

B.ydi"ogen ions .. 111.trodnced by merine of aaitls, waxe qtdt'3 effe0c

tive in 11eu:t:rHlizing a:r1<1 flocoulait1ng tl1e negt,a.tively ohurg-ed 

colloid.al clay in. a su.e11cn1sior1.. (3J The hyd:roge~1 ion. is the 

l)revs.1111-ig and. do:rni:uHnt J?Osit1·i;re ion resulting :from the de ... 

oom11osi tion of organio matter.., It ia possfble 'that subsid

iary f~,.:;t o:rs m{ly aid i:n ·precip:ttfation.. A rea,rtion mf).y take 

r1laca bsty;ao11 senna of' the 1.l1terrnedi21to u.ooouipos:Lt:Lcm firodnc:te 

and the ele.y colloid. Th~ thi.gmotacrtie tende:m:ty of aorta.in 

"'bacteria ma~1 eam:.ls s.ome 11:reoipito:tion of the o.lay colloids: 

due to 5.ds.orption r11~ich fo:11.Us larger ~rnd roo:ro eompact. 

l'..1'lor.e werll l1ide variations in the hyd.:rogen-ion eo:neentra

tion of tho wat_e~s anal,¥Z,$id.!f, T"h<,HJ€f are due to di:f.fo:re;;1ces in 

the quantity of ino1..,gauia eu.hstr:N!1oe.a* to inir:y'"'.tng 6i}1ounts e.nd 

kinds of decom1;psabl-0 rriaiHiriale, or to phot.osynthtjt1c aoti v-

i tia s of the ehlo:rpl:;;rll ... be.a.:ring .orgru1isras. The a11alyses fox 

CO2 eontent o:ff'G_r some inter.Gstlng su.ggasti:Ona in t.1ttar.iij)ting 

an i11te:rprotation of these var:ictions in pM s:1ttoe ea:rb.on 

dio::dde content is a fHotor tb.a·t af:Zoota this ,re;:riation-. 

fhe det?J show t:hat a rongk eorrela:tion exis'ts betweeJT the 

')oou.i're:uae of ao2• whet.her :tNs ox as bioa:cbona:tfla, and the 

p:re.ei1)l:tat1011 of oollo1da.l elay_., Tlle bi4s.rbonata oonta:nt in 

'tl1e miscello.uem1.t3 :rose.rvoil"S analyzed was often higher in 

olear 1:-:~.t.er than 111 t1u·bid.. Wart.er. 5:1~ tendE1Yney :tOlt 'bioa:rbo:u

e.tea to inaxet~,~,e Vtta$ asoociatet ,11.ri tb the increase in free 



tl that 

in. the down bi-

the,t 'bi ,·1·t--· ]· ~. ,,,,.,•, ... l··· ,"if'\ 
l. t,J. .J.,:,c;ciJ. iS) V0£• :rt 

so Cf.m.stitute a 

eo 11.oidal elity. 

li im.poimslmants ~dd in 

d:l.oxid.0 lihe:ratecl into the 

ion tvou.ld 

1t.·1.·1l."'·'l ·i.,~r ·irlo. ,,.,.; 'i.y)(">. - "'"- 1-.1 J - · ·. vLi.,1. .. .,.t;, • 

t.he ·pH valnes are 8l1f'fic :ntly hi to gi Vfl .an a11mline :re-

oonclnsion that h;,rdro• 

ions a:r.e chief neutralizing s,. This objG1ation 

cu.liar 

even 

radt1ced slowly in v;rater, wi 11 :release hyd:rogen. ionr:;. 

itien, r:ill in-

availBJ.ile hydro ions. 

of 

the clay :mi.celle. 



~1·0 :r.0lsar1.ad.. It stonld his· noted that hydro gen ions. n1"e re

lco,rJed zlowly :t:n oo.oh of the r:t.bove canefs. A naeo:ti vel1t oha:rged 

to s 

veluo is 

t 

sitive 1.o:ns,. l)ecaut1e of 

wcm.le" beoome adsorbed 

positive io11B ·would 

iclo whetlwr Pl"CHlucad 

!t i)eeor:1<)8 Ef"viden.t, thn:11., that clo::ri:fica, ... 

to ti oorrtirn101ts re lease (.:d: hyd1·og<.sn:1 ions 



1. !:~;poni11J~ of (Jl~7 t-rir'h1ft!ty m_1d rtv.:rth·odfl of 11?-$·Ci111.tating 

oolloit!.1il eli~,y. ~$ n,1·(ttotl to 1r:1pa1u1ded wutte:ro of ce1,1tr~1 

Ckishtnna" hti'V1S ~(i)J1 bnro~tigrrteci. l:c-rt !nr,crtti.,,:tt ~14 aon~ 

trollirtt!i fru1tor 11'1 th~ 1;.r~o1~1 t~t1on · ~oot'l5~ !$ tl:2.- cat~ 

ion exel:.a11ga 0~1Jeett:1' of the stisr,e11.i.:,\~-d ehty. 

2. 'Literntn:ra reg-i1:t'titng the netn-re of ~ltiy 1.m.rl)idlt,- &ni. 

t 'l,,_ :,, .t,, t.C A: A <\,)' • "°· A .. ~ ,tM . . .. lnG :...()u.f3 Oi ~-!{l!'t"e~ ,;LOl\ ~s l"tlV1.iJ'W&u.- .\,,,$:fi!.a;?)'*-~ ~1. LJ'..OG-h• 

letton -of' -d.ic~>er~4 ol!!ii,y in so1la; bf o:r,gtmie tlt:.t1,:tl~la 

me o.:f JJai-tt~nle.:r (}OnMTn.; 

3,. i!10 m.-rtst 1-'IU"port;:1.nt ftit<fto:r ~,hie:!'i QiJntributee to 1;1eTm~vlttt 

tu::rb:t-ditJ" !s th~ rrn~Flittr ,':if iia::p(tr~d ool.1oid~l. oll\J 1:n 

th~ d:rei1mge a:rea.. #Glt;erliE!'.b~:d ~) ntrol c;;::tn a1'1 lu. .mi.n1mi~

in;g s11·t~tii!)!l~ ,thil-0 et:f.2eT ·f~oto:rs •. f1uch as,, t~rt~1l.etnC$ 

~1~ ml11erel aontent ot i~ter ~1ow ltttl$ Ol." no ottf.tet 11.1 

maintr.£ti.u1..n.~ tJie att,ble trt:rb1d, orn1ftl. tit,11 of' the \~ter;. . '. "l',Q 

,r~ti;led nt, ,;~:>:rrelatt'tta t1t:rt1.ffietl th0 t,i.:rbid ec0nrl't tion of the 

tt!l};t@1' u?i! cth&'.l* r,:t¢~r\1ez,. 'W1t11 the !lOSIJi.1)19 ·besptlon 

of ld,e~rb:Oi1.!lt!ts, 

5. !J1w11-"3r~tl <,ley oollo.14 ~il"'tiol#l:s ar,e '.nli~:rtivrfl.y eila!'gt4. 

t:tnd t1)]1 ;t11.:1r.tm~u11tl t1Milt 1!G1~&mil r~f:t1@1*1nt positive ions 

t·1ill os.n:.oo pr"neip1t·8;t·1011., H4llt'-o~n ions m,:e it~ most 
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r'I. Bloctro}?ho:resis expariment s tlrnt some colloidal clay 

othe:rs; 

ions will require more o:I: the 

:t:'loom1lating agent to clear. 

8. fJeve:n impoundments we:re studied from June• 1949 through 

J rmu~ry, 19 50. Physical and chemic al properties ware 

recorded before and aft~:r" t:reatmeut with veg~tfttion. 

Vegetation in. ths wrcter caused an i11crease in free co2 

a11d h:lClll"bonate content,. and a clecreaea in tlte di srJol ved 

ox;:,rgen. }';'1H, and ·turbidity. 

9. t!icl-stunmer is an a.clvantagaous ·time to treat impom1ded 

water wlth vogetatioI.t .. 

10. 1l1lle qtmntititrn of vegetation, .neces 

foot of turl:iid v1ext0:c. c a:.r-1 be based upon the weight· of 

s11.span.cted cl&y aa c~louluted from tu::rbid.ity retidings. 

11. The turbidity of water seems to be rtilat0d to t.he quantity 

of oxidizable organic nID.tt(;ir }?resen'c. waters ttl th a high 

oonte:nt of oxidizabla organic r.ID-tter have a low alEQt 

turbidity. 

aid in m~dntai11i::ng e 1EH1I' fertile nater by their 

r.ootoholio and decomposition pro due.ts. 

13. Colloidal cla;;r partiele s act tis a buffer in wrrter by bind-

ing available hydrogen ions to 'thom. exo0ss of hydrogen 

ions is 1·sflected 1n a lowe:ting o:f 1·/H. It is 11ossible 

that biciarbons:to s pro'V'ide a re serve of hydrogen ions that 

oan be irned to .neutralize clay particles. 



.3 

14. .Any proce ss . ·that liberate· hydrogen ions in 1nte:r .• tends 

to Aliminate ttu-bidit due to colloidal clay. 

15 • . ator olarifice ion rocasa o in gener a l , and some factors 

involved in rarticulur , have been summarized and some post

ul,tions for addition 1 res arch have be made . 
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