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1 

.IN'l'RODUCTIOU 

The Semt-chemieal Pulp ~aete project 1$ orltl 0£ a n:uri.1er of' research 

projec.ts sponsored by the National Council for Stream Improvement,, Inc .• 

(of the Pulp, Pa.per .and Paperboard Industries) in an effort to aid in the 

abattlm&nt· 0£ 1.nduatr':i.al stream pollution... l'\md.s tor the proje.ot were 

granted to the V,.P. I . Research F.oundation which entered into a contra.et to 

condl.tct the investigation., The project was ean"ied out ou the industrial 

£ellowsbip 9la.n under the genel"al direction ot Dean • B. Non-is. Dr. F. c. 
Vilbrandt, Professor ot Ch.emie.al ginaertntb ae~ as .. roject director 

'l!d:th P. H. 'eGauhq, P?"Ofesso.r of Sa.ni taey Engineering, as co-.di.reetor .. 

The purpose or the project was to explore the ponsibili ty af reducing 

the pollutional effects of send-chemical pulp wast•, either tlll"ough treat-

mnt of 'W'a::Stes or a~tention Qf process . 

The prQ am included a 8Ul'Yey of ·available. li te.rature; the preparation 

of material balances. and nOlf diagJ"a?l!$j. the determination of the composic-

tion oi' ernu.ents; and the. extent or stream o:.l.lution. 

Three chemical •ngineers1 .essrs . H. Kre ,, E. Turne?" and 

B. Jaelmin; and one sanitary .enginee:r; the author, were as.,.,i~ to the 

project ._ The former were ccncerned with the -chemical. and chemical engi.-

ne.ering aspeete of the program,, w lile the a.u'thor Tt'aS concerned primarily 

with ·the extent of the 51:.rea.on pallut1$. 

The Mational Container Co oration 0£ Virginia•a plant at Dig lsln:nd, 

Virgini.a the f OQtd of th$ mvestigation. 'l'hia plant, pt"odueing 100 

i<>ns ot p:er dailf1: is looated on the J~ veF hali\'fa.u ~tw~ Lynch-

burg and atural Bridge! 

Studies made on the river in the reaches low the plant d.urtng the 

period fr~ JU:lg 25 to Allgtl.st 28• 1947 serve as source material !or this 

thesis. 



Existin5Cond1tions 
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THE PROBL 

The James River above Big Island is a stream or a: proxil:mtely SO miles 

in length to which the Jackson tiver, its principal headviatel"s· tributary~ 

add& another 87 t'dles, ma.king. a t-0tal length tor the two of a.pproxt-mtely' 

lJT mtles. 

Loeated Qn these stre above Big Isl.and are the- eommu.."'li tiee of 

Covington. Clifton orp, Iron Gate; Eagle. Rock, Buchanan, and Gla:gQU'. 

The Rivtr is of !»'imar.T impo:ttanc t.o these t~ .and citias,. and is ·of' 

.great. concern to the entire State since a . large portion ot Virginia lies in 

the J~ River Basin .. {See Uap 'l .. } 

• B. C. 'oomw, J1!. (l} in reporting on data taken from a survey .made 

on the Jame.s River atates; 
11The .James and Jackson ·vers are stt"enma ·which M.v-e no a nwr~er 0£ 

objectionable features., fbese are primar.ll,r the wide tluotuati.ons in $trea:m 

tl011;, Yarying fFQm destnctive floods ta ee'V\U"e droughts,. and widespread 

ollution of the stream by industrlal "ste$ and mnieipal scmge. This 

latter condition hns long been the flUbject of S't..i"l.tewid~. eonc.orn. Aluost 

every Legislatlll"& !or the. past t ~ yt?ars has considered bills fO.l.' the 

prevention o:r pollution. These bill were ail'!l$d :primarily nt ·the Jn.mes 

ti ver. The Legisla.t.ure of 1946 enacted 1such a me&S'tWO into law. " 

He goes on to .r;;a.y that. this Sta:b1'1 at.er Cont;rol Um is "a bill designed 

to (1) prevent pollution !rom n.n sou:reea (2) prevent iner.ears of Uution 

from •xi.sting sources ()) gradually redtiee the pollution from ens.ting 

ll'fhe opere.tion of this ).a;· , over the, years dll do r.nu.ch to reduce the 

ollu.tion or the .James River. It i !!l:f WormatiQn that the industries. at 
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Cov:ingttm, Dig Island,, and Lynchburg,, a.ra installing or have definite plans 

for installing facilities which w.111 .substantially reduce the pollution 

they aJ"e nmr dis:ollarging into the &tl!"eam. But then induStries (paper ~ 

lp mam.tfacture) use enormous quanti:tiea of water. .. While it ie p.ossible 

to treat. their more concentrated wastes~ tbe tlillions of gallons of atei-

used in processing and 'W:Slung the pulp ·cannot be treated ·ee.onontl.cally. 

Tb$se intiustrles Wlll ·w. (:~ed. to continue to discharge large 1qllalltities, 

((Jf such ater in.to the stream .. " 

The J:ames River is eharaeteri:zed by ~"ide fiuctuationa in stream now.., 
The JJtaXi.mu.m .flow at Balecm,y Falls, a town located a few .nil.es above Big 

Island, is ?'$Corded as 100,000 eta, and the malxmun ae ~42 cf'a . This, of 

course, represents a ran~ from a condition of' d~ru.etiv& tlooding to one 

of sewre drought. 

In regard'o to . stream eon<Iitions Ur. 'oomaw , (1) sa,ya furtheri 

•More serious than the nood h;;lzard ia the other e:ttrema of 1Q'lf water 

'Which occurs raetiea.lly every year for periods o:t from three to five ®nth& 

and which carri• with it a bi{tll concentration of indw!strial and municipal. 

pol.l.ution.. The pollution. renders: the :tor unlit for domaatio or municipal 

water, su.pply and for most indastrlal u_ses. The strea.m ~s an u.naf:tractive 

col.or, and a di11~eable odor tthieh makes. it unp1easant for those 'Who lilfe 

near it. Conditions are nfav¢rable for fish and wildlife, and boating, 

i bing, and other reereational use8' 0£ the stream are possible t.o a V4.ey' 

limited extent. · · 

"Every :fn y:ea.rs there is ~. tma$Ully severe drought Whieb a.IJ:gavates 

these eondi tio.ns. During $ueh p&riods. the st~ gets 'llm!'Y iO'ff, and £¥tag-. , . 
nant ooh are left alo11g its edg@. ,c t>ollut:ton becomes highly conaen-

t.~ ted and under the effects ,of the sunnaer heat. beeQtnes ve objectionable. 

J.he small volume of water moves :So slowly that the natura1 f:o:rces of purl• 



fieatiou do not 1orlc ef.fecti:vely and the ob,jectionable eoilditioos 

04n'i:ed far downstnatn. Wh11e eueh ext~ eondit:to~ a~ of reJ.ativel;y 

short duration and do m>t oceUF ever,, year 1 they ~e to er~ize the 

worst features of pneent Condit.ions. 

"Po:llut.ian. 'both !.rom mnieipal and industrlal $OtJ.reGa ,exists on the 

Jackson aid James ~Civen at several pointet This pollut:...on,, eons.ide:red 1.n 

~ or 1enr connected population 1s as follovnu t Covinaton, the pollu-

tion il1 equal to a. eew?' connect:ed. popul.a:tion of 1711000; at Ra;ron 'i'errace 

or 2h1000J at Clifton orge 6,ooo; a.t. Il"Oll Gate 7, ~00 . 

urua renders 2h nrl.les of the Jackson River unf.it for other uses. T~ 

~ollllti:¢i8 curl.es downstream thr®gb the Jamee 1d th dimini.Shing int.ensi ty ,J 

as it is diluted Wit.h cl.ear water £r-om the tribu.ta.ey at~ and as t 

natural f.~rees of stream purifi:ca:tion get in their beneficial work. UON&ver,. 

the 54 mile o:r too:· James in Botetourt -Ooi..u:l't:v haw t.he e m.ro.ot~r and nppear-

anee or a polluted s.trea"S.. The nter i.s brown or black with fr 11.ient ~cur­

renoes .or white foal!l, .and the.re· Sl"e notie•ab.le odors.. During t.he hot s~r 

months, these· condition8 are in'tensified, and have 'been the s:u.bjeet of much 

e0Xnplaint fran the ~amrounitiee. along the stream. A little fishing is done, 

$tream are practically non-exiJ>tent, both by rea.sou 0£ low water and the u.n-

p1easant nature .of the stream. 

"By the time, the riwr reach.ea Balcony nus, eVidenees. of this pollu-

tion have di.ea · ared and the nine mile o~ stream .from that point to Big 

Island an pr, etie.ally clear.- T~ is· e'O!l$1derable boating, £mhtngJ .gmd 

other recreational use «>f the River at Big Island above the 

(II o mver, at 31.g Ialand~ 1nduetriaJ. wastes again entel' 'the .st~ in an 

a:maunt .equi,'Valent to a ~r conn:eet'CM! p:$plllati<m of 81,.coo. This rensn 
the polluted eondi tions of the stl.""eWn ."'o ~ynchburg, tfn.ere combined mu.niei,.pal 



$Wag.e· and industrial wat:;1t.es are discharged iut.o the etraam in ~n amolllit 

eqtrlva:lent to a. senr eonne:eted population of 210,000 ., Thus .again there ie 

a highzy polluted condition of the James nth the usual ob,jectioooble i'ea-

turl9$, beg;inning a~ B1g Island, oontimdng. th:rwgh An!beret rmd Bedfom 

<rounties. tc Itvn~bburg When they are greatly intentiUlellt, .am then extend-

ing far d~tn!a "1 'hh dimin!Bbing intsm.eity as unpolluted tributaries and 

natural f~rces erf .st:ream pu'ril'ic.ation g:radu.all7 corr~ct the cbaraetet" "Of 

the water., rt 

~:t-iJ?9l~tion ~gielation 

F~llu-tion is a rathe:r ambiguous te:rm; and \min,g such, lends its:el! to 
eont.roversy. WilGy ( 2), however,. defiM& it in, such a way ae t°' ·be· .ac~t.­

a:ble: ·llJ.v' ~ q.~r.. He· considem· pollution as.: lall ·urwar:rsnt11Kl or· 'W'lr&ason ... 

a.bl• ~t.. ()f obj~tionab'le substances eontri.'b~ted to tlle natural 'Yfateni 

"£ a st:reata whi·cb,. be.e.aus$ or the amount and kind, sheuld: be re.moved,, eou.n-

teracted, w prevented from. ent~rlnf. the fl'treat't. 

:tik~oe~ a CGntrove?i'.sial is.sue in ·tne $\.tbjeet cf :etream pollution il3' 

tbe qtJe$ti.on or •h~ :rights shall pnwa.il~ the publle 1.s. t>r' indut!lt~·S' • 

. ltbough it is now generally' a.eeepted th~t. vallution aba.tmnent 1s necessary, 

lm:ll.l$.try does not a~e nth tne u'blic ·on the neee.ss:it;r ·o! 1~diate prose-

;1;uti.on ot anti- pollutiO?:lill measures. .. llul'doek 0), def'~ml• indu.str;r•:s point 

of viell'f Q7 &ta.ting that indU$tey i$ n vital part Qf our ec<.m~t and it ?llllSt 

be given an opportllt\1.ty to eontinuv., Until satis.f'aetoey prer:oses for wastft 

·treatment. en dttv:elcped, *'it, is ~able that a.'l existing plut un the 

stream a the !1Ml disposal ruedi• tor llquid ft6tas from wnicipallty a& 

Wllfll as imiustry ~ 'tf 1'hff pUblie ta point of rt• is defended \)y furdock ( b.) ,. 

who eites a statement from a division of the CGln'"t -of CGa."ll'lt® Pleal!J. of Phila-

delphia County .~· being a. signal for actioll on a matter which has 'been: put 
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off too long. This state · nt is aa follows: 
11lfoth:i.ng is more t"undamental than the· right of people to have the public 

streams from which they draw water supply, f ree from pollution. n 

A mo,re rati·onal and com.promising pQint o·f vi.ft" is taken by Scott ( 5) 

and Boak ( 6 t. Scot.t f;>:) maintains. that the 's.t~ must be used for th,& di~ ... 

posaJ. of sewage and industrial wastes_, but it is essential that the total 

load of pollution should be kept low so as not t.o· create foul conditions .• 

lioak (6) points out. that, '*a. at~'s ultimate uue can onzy be de'term:tned by 

an impartial surve;y wbieh tak~ 1n aceoun.t all pertinent engineering and 

.eeonornic· factors and the· eff~, o! such ua& on the population bordering the 

To · ravide a selution for tl:d.s problem variOUJii legialation has ~ 

proposed .and .same ~C6pted . Scott {7) gift& an excellent revtew of' state 
.Legislation, Interstate CO!:lpae't Legislation, and Feder al Legis lation that 

deals with this probl.em. Although no Federal Legislation ha.a yet developed 

~V"isely (8) believes tba.t Congte$s ia eag&l" to consider · pollution control on 

.a nationa1 scale. As evidence 0£ tb!e eagemese he c::Ltes the introduction 

of no 1eas than siX bi..ll&. At the present, regulatory authority of stream 

pc;llution nvide_s ldth the &t:a.tes . Parran (9) believes that s~ £or 

State Legislation are needed &o that there will be reasonable \ll\i.t'omity 

from state t o state.. There ia eonsi.derable concern that tm¥ stream pollutiGJl 

legiela.tiQn Will drive away indUstrlal payrolle; and thiS· Ull espec1aJ.1y true 
of t hose industries tbat produce asteo f'or lich thfar& is no. practicable 

t:r.eatment method at the resent. Hedgepeth ( 10), believes that special con-

sideration 'Will have to be gl_ven in sueh casea, but this shoul'-1 UQt be a 

wlid reason for contitfued, ahu&~ of the :Streams. fol.man {11) points out. that 

basically 0atream po11ution laW within. the .states. had its origin in the po.lice 

power· or the state to protect :blic health. He also states that the state 
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laws have ~~ ®signed r r t o major puJ.?Oses: (a) the proteqt:lon of the 

:ublic b.aalth1 w.a:te:r su:. ply, aquatic life, industry, ree1-ea.tion, and (b} the 

r>rev<mtion Ol' abatement of local (}%' general nui&anee$ .. 

Q.f lV~at.s cllution legislation. edgepeth (12)i 'Who i:S t ~­

tive Seeretary of the State at.er Control s.rd, e:tplaitl.$ the Virginia Pollu-

tion Cont.rel ct,,. pass d in l9lt6, as 11 a 'licese' to do some a 11.ing of' 

pollu:tion abatement to industey, and tho prevention oX mw or irwreaGed . 

polluti.oa. follU'tiO!l alt'"eady #Xi.Sting prior to the p~sng& of the new- aAt· 
®Uld be continued under permits ·dth the expectancy that efforts are to be 

lMde to Ndue' polluti.on .a& npi.dl;r as sibl.$:.. The . m. ts to pc>llute 

awe mlbject to modi'fica.tiona er irevocatione whenever circumstances jllstil':f 

auoh Wit.hdr~. 11 In another artd.ele, I!edgepetb (lJ}, lists the general 

objectives cl' the State•s stres:m pol:tut.ion prop~ t\$ tht) follmdng: 

l .. ~ ot' scum, slw.tge, and ~e,. 

2. Destru.ctiQn or diV'e'r:dcn cf .objo.cti'Ollable concentrat·· on& o! to:xir> 

agento. 
3. Reduction of discoloration to rcepttbili i;y in the stream_. 

h. ,ld.justment ot acidity o~ alkalinity t.o a oormal :range. 

~. Reduction of the B .. o.D .. eo M oot to drQP the D. O. helOJI e.n 

• 

lature ot the :Pollutants 

Ll:terature is void cf :ref'erences to the som-ehmeal pulp mamrl'aeture .. 

Possibly this a.bee.nee i d'Ue to two t"aetons ~ First,. the process ls a recent. 

development. an.d, second, t e: term aemt-chemieal is rather anbiS11ou.s, referring 

tC> a n-.miber of pl."'O<:eSB~ operating under ld acid ar: alkall.ne condi:tiona, 

flUCh as the e.ari-sulfite, s~Af.ate, semi-e~ca.J. $oda, etc. In all tl'ieso. 

· roeeGt:es trhe principle i t1rol~d iiG a digestion of ha.~d ood e lips under relai-
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tively mild conditions, hich soften but does not .fully p lp t,he chi s, 

With a subsequent roou.etion to. Pulp by mechanical disintegration. It is 

quite. obvious that the semi-chemical proces varies conside.rably from mill 

to mill and that each mill bas its own individual problem of waste dis-

osal .. 

The Big Island Mill ses t o semt....cheml.:eal pulping processe • on 
is a neutral sulfite oook on tannin.-extracted chestnut c ps, and the 

othe:r is e. send-sod.a cook on pine and mixed hardwoods . The waste from 

these processes enters the river fr·Oltl three sources; the digest~r blow-

d€1Wn1 the washers, ru1d the machines . Crawford {Jl~) gives the following 

data on these ef'f'lue:nts: 

· Average Values tor Uay 1947 · 

Glebe Digester Washer · a.chine 
BJ.omioim. Effluent. ru:nuent 

Volumee (gal . /day) 24,000 2,000,000 864,ooo 
Solids Total ~ppm? 102·,;oo 4,593 658 
Solids Fixed · ppm 35,000 l,-~7 166 
Solids Vol.at.1le (ppm) 67 JOO )~046 492 
Solids Total (tons/day) 10. 8 )8 •. 3. i.4 
Color ( Platinum - ppm -

16S,ooo $00 cobalt .standard) 12,000 
·~ of total color .of 

effluents ( ) 1). 8 8L.. 7 1 .• 5 
~-d '1' B. O-. D. (lbs. /day) l,940 l6,.lt4o 2JO 

;o thorough analyses 0£' the cli.mieal nature ot the effluents are avail-

able. However,. it is known that they contain celluloge, tarmin8~ ligni.J:l$, 

perltosm'Ql,. hexosans, wlfur in either aultate, sulti tei, or sulphide f ol"!DS, 

and var10ll$ ot her or~e c~ol.Ulds. of small lPOleeular weight . 
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THE INV ' TlC;iATION ------
A crl'terlon for 't'. e solution of ·limY po1lut.ion probl , involves,. al :Qg 

with a thorellgh knowledge of rocesses and material ,, information as to the 

exact effects of the· pollution. 'These ei'.fectG are man.i.fee in the pb.ys:ieal.1 

chemic:a.11 and biological conditions existing in the pollut st • 

Early in the :rl.J1g or 1947 r .. Geor at · , chemist for he 

t1atiooo1 Container Corp.oration, began investigating as ;.any oi' the ,ysiool 

and ehem1eal aspect.a ot the pollution nresent in the riv.er as s~ible nth 

only one apsistant to aid him on the· rojeet. nr. ilbrandt and ol'essor 

· cGauhey thought it advi.Bab1e. for the author to s . m five eb t Big 

Island so as to rOUJld out the icture, by sttp lamenting ·r •. 

nth mineral, bacterial and nd.emsGopio an.al es or the water. 

On the sewn ~le reach of' riv.er under i~tigat"lon, eight sampling 

stations bad been esf.ahlished. (See p 2 .. ) tat.ion ·fl as loea e just 

above the plant and served as a eo11trol. Station ·2 was locat o .• 5 ldles 

t the plant, where t e river is only £ · feet. deep and the 

~nt very awl.ft . Sta:tian 13 . as located one mi.le furth4r downstream. 

. ere the da th is ., ·ter and. the wloeit ~lacke.nu. . At Station · ,t,, o .. a 
miles ~am. 1\-orn Station #J, the Qllda. oroattld hy Co~ Dam is first 

evi enced by o. widen.in · of the rl:vet" and still lower velocities. St.at.ion 15 
, ia 1oeo.t.ed on the quiescent. pond behind Colettan Dam l .1· mile& dmmstroam 

ti gated And d: rin'1l'. ~ riode ·o.f l:mr £l<:rDt, th& current 1$ , ;i.mpe~aptible . Below 

OolJ.n!'lan, nam,o. ;) es from St.atrion >, Station IJ6 1$ located: ,on a shallow 

s oal wheve t current i.s, ag41n mdtt. A mile fut'thei- d01f'DStream Station 11' 

is located where t ponding effect of' Hol.comb Dam is first evidenced~ At 
' 

Station ·8, o.8 miles from Station , the pondage creates a conditiOn 
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similar to that at Sta.tion (15,. 

·~. Mani.ates ' 1nv~stig&tion included pl!,. color,. di$solvcd oxygen, 

diBs<>lved $0licls-t.otal., fixed, am volati1et aud t.be .n.o.D. The author'$ 

imrestigati¢n 1neluded alkalinity. COz, bacterial a.nalysiB - both coli.form 

and total )7°C count, ruld a.~ ot the cro-organi.Sl!!B in the water, in 

the md at the bankfJ:, in the depoeita on t.he bocttom, and 1n the· &ludge that 

was f olllld noat:ing on the mu-.faee,. 

A ~le or two sa.wp:U.ng tnps pat!" week was maintained. ~· trtpe 

were made in. t.wo boatG, one for use Q.n the rlYer above :Coleman Dafn ~the 

other .for uCJe below: 'the dam. The boats ·vtere p~lled by an outboani moiH~·4• 

and tour to six h¢Ur8 wttro ~red to~ making a complete sampling trip. 
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BACflf.E :u1~ crnrczn T!OUS 

The bacterial opula.ti-on in the river c:> investigated in order to 

t x e tot ose 

.ons1b1e fort e biochemical oxyg ·n emnd .. !t seemed certain t•ha:t if 

t astes were tO)..'"iC a e-Ondition . ~lld exist rme1"e the pollutants would 

uril.ei-go only a mt.cl.~ at.tack. fl"'on the· bacteria, ~ the pollution would be 

ca"!.ed to reaehos· for datlfllOtrcn " • 

Fr the ntandpuint of stream. sanitation it would be .oot desirable if 

the pollutimts ·rare· not toxic, t.hereby al1CA'dng the bacteria to attack th 

in the reae e~ nearest t: e· mill.. By doing thie:r the probl 1ould become one 

of :a more local nature. · 

It was thought. ·tba.t a study of the :relative bacterial. .e()neentratiQ.nS at . .. ' 

each station · ould o!fi r an indication an to TdWtber or not the astes were 

toxte • 

.. ethods Used 

Ba.ct-er-lnl ·count re made at ea.ch five sampJ.ing stations t · ee a week. 

~~'ltion: IJl and M. ~ . investigated on e eh trip, and the other t .ee 13a.."11r.>1es 

Two tests rore incl dad i: . this analy;s1 • One ras for determining the 

tat.al .37°0 c.C!lttt and t ot .e:r- for d.etermining the ·nt>er of Zschoriehio. coli 

present.. The tot.::U count of col.onie.u e en a.n agar culture after incu-
bation .to!' twi:mty-four hours. at J.7°C, The· roee~ is discussed in detail 
tn the "Stan.dard 'ethods tor the E:Immoation of 1atel" and Sewa• .u (l~) 

total bacteria in such an environcent. as the Jc_ . · ver, ±t wns .fel:t that 

uch a stuey ould serve as an indieat of relative concentrations. 



12 

The test for scherlchia ooli is in reality two tests- a pres\Uttptive 

teat and a confirmative test . The presumpti~ test i:s :considered positive 

.nen. an inoeulant bas the ability to :.ferment lactose. Ylit.h ~ formation in 

nutrient lactose broth. The conf'innative test ie considered po iti.ve uhen 

an inoeUlant from the presUll'!Pti ve test the .same ability in brilliant 

green bile lactose broth. Bo'bh cultureo are· incubated at 31°C for a ~­

mm. of rorty...e'ight hOUJ'S. By te.et.ing a serie• of dilut.iom; tho$e dilutions 

were deteJ!'mined which bracketed the chan~ from positive. to negative,, ill.di-

.eating the most probable nulriber of Eseherl·eh1a .ooll present. This test for 

Eseherl.chia. .coll is a measure of the quantity of b~eterl.a contributed by 

feoal pollution. Details e-oneerning this test roa:y also be found in tiStandard 

ethoda ror the Sxamination of ., ater and Sevrage. 0 (15) 

Discussion of Results 
1. Maxi?lltHll. Concentratien 

The average values ot the tt>t&l o-ount. at ~ch stat!on a:t"e shQWll in 

Plate 1.. 'rhiP paph clearly demonstrates that the maxtmum concentration of' 

bacter.ta YU loeated .at Station #2 •. This l%la.ximum •ae a pproxiJr.ateJ,y &iX 

ti.me& as great a.a the largest, concentration encountered elsewhere .. ~e 

facton,. taken separatei, or in combination, could gi V1' nee to this condi-

tion. 

The £int factor :may be explained in terms oi' a .river turbul.Emce which 

brings to tbe su:ri'ace not. onl-y the bacteria that were engaged in decomposing 

the suspended · ·ates but also thas& which we.re attacking the bottom depQSits . 

'l'he reach ot river ~.icb extends from the mill to Station 2 is shallow and 

ral)id . The effect o·t ~ .rapid -flow over a ehallm and beulder .. strewn course 

is to provide .a homogene01Js condition from surtaoe to bot.tom. '!'hie ·eondit1on 

does. not ,exist at Stations · 3.1 · ~h and 11 5. The .samples· taken. from the $Urf'eee 



Run lio. Date, 
........... ~ 

2 7 ... 31 
) 8'""4 
It s ... a 
!)' B«-U 
6 e..;15 
1 8-20 

B 8-22 ' 

9 8-25 
10 '8-27 

Ave~ 

l'bm No. Date -
'2 7-)l. 

' a~ 

h 8 
5 6-l3 
·6 a-1, 
7 8-;2() 

8 8-22' 

9 8-2, 
10 6-.27 

A~ 

lJ 
TABLE l 

Results of the Total Count Ikrt.eminationa 
· Niiiiiber or Orjili!em87!tRJ iii! .. 

sta. th. Sta. 'I' Sta. .• 62 Sta • ~ 

1,.000 l" ooo., 000* eoo.ooo* 
lO,otlO* l,,200 201:000 

15,,000 25 000 ' 2,4so,ooo -· 
3$,.000 22,.500 ....... 500,000 

lS,~ 800~000* 40,,000, 000 -
a,ooo ;;cc,ooo ~ J,500,.000 

l0,000 5,ooo,,ooo -· -
80,000c aa*ooo - 4,,.ooq,ooo 
- ....... - -

:21.150 '918,,386 lb,46J,J~) i.764,000 

Sta.. .·~ Sta. tJ6 Sta. Sta. 

600,000* ~ -· -
4.,.J00.-000 - ~· 60,,000 

- ........ hoo_.ooo 
2;$00,000 1; .. 93.o .. 00(). -

- ....... - 100,000 

3,,000. 000 ,.,.._ l,000,.000 -· 
1 , -000,000 - ·-

1, 000,000 - - 900.,000 

- - -
2,.2ao,qoo , i,25o,ooo 100,.000 >~:3,33) 

ta. #4. 
~~ 

800, 000*· 

-
1,;;00,000 

~ 

5,ooo.ooo 
--

2,,43J,J30 

'*Dilution was such that the indicated va1 e represents only an approximation. 



Rlm M<>• Dat$ -
2 1-31 

--,>. .3 6-h 
--7 4 

~ 8'"'t]J 

.6 8-15 
1 e.-20 

8 8- 22 

9 8-2$ 
10 3 .... 27 

Run o. Date --
2 7•31 

3 8""4 
!i, 8-S 

s e~u 

6 ;i.5 
7 ·20 

8 8-22 

9 a~25 

1.0 8-27 

TABLE 2 

ttults ol tha ~heri.e.lrl.a e¢-l1 DetGft'Jinnt:Lons 
- JJOst F~bable Number . of 01:gani.lms]iOO ml. 

Sta. 11 Sta •. Sta. 2 Sta. #3 

240 - 7 240 7 240 

2 400 , 2,hoo - 2,:300 

2,400 2 4oo , 2.300 -
7 ~;000. 21J~OO - 2,)00 

7 21,.,000 7" 24,,000 2,)00 

~ 230 2$400 - 2h,OOO 
2,400 :;:; ·zu.,ooo 2l~,.ooo -

2.30 2·,300 - 2,,00 

2;-14.00 2,.)00 24.ooo -
Sta. 2 Sta. 16 st.a. h Sta. B . ' 
> 240 -
2',lOO - - 2,.300 

- - ~o 

""" 2)CJ 2,hoo - ~· 

- ....... ·- 230 

2.400. - 2,hoo -- 2,hoo ~ -
""" 2.30 - 2_300 

- 230 ·- -· 

7 240 
......, 

44,000 -
24,,000 

~· 

-
.;;:::::: 2:30 
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l$ 
at these stat.ions would 1.nclude,. because of the relatiw qttieseence of the 

ri:ver now,, ·~ the baeter-la ~soeiated '\lith the soluble and Gtl:spfillded 

waete xllateria.l,., 'tha.t this .l'i.rst raetot<., it ii is involved, d~ nqt ops~ate 

,aJ.o."':1.13 but; .instead:, t>per-a·~ in conjunetion Tiith the. other f.actol'Zli is 

nadtl,y ·evidenced by the bat;-l:.eclal conrAnt.ratitln tov.•nd at stet1.Qn 14.. The 

reach. ot ri~ bfrt~n Col~n D• end StatI.on /6 ie sirdlar to 'the reach 

above Station 12.. ~il:l'J the ~rage .QoncentJJ'ati.on at Station #6 is onl;f 

a tenth <>£ tha~ at 112., If this ·•~la;n..'ltion of the c~tr.ation at Station 

(/2 ie eorreet the presence o~ a p(}llutional c~t at tllat p:Oint. ia expeeW. 

'fhit! c4Jrpe,t is a.e.tuall.7 preMnt . :Hovrewt.",. tt 1.s of a tr~itn1t, nat;o.re·. As 

i ·s discussed in the ooetion on Bottom Deposits the carpet is contif'l'w;llly 

being n uslted from tu bott~ 
A condition, '°f at.reme aeration may ~penate u a.not~ tactor. The 

:eonstan\ a.a:J.'batiort,· ~resent at thi.8 point ~$he$ the; Gt.er atlple' contact 

"1t.h the air·. This aerati()n,. along with the bottom <deposits being .,,sloughed 

ot.r,• <:an be t::~d l'litb the ae'tivated sllldge, ~r®Ull of ana.,ge treat.mnt. 

In the activated sludge proeea.ei: d~etie o'lr industri.al tmstes are aerated in 

eontact with a c~a.in amount ()f reeire:ulJ:'\'\ed sludge,. t detailed explana-

tion may be fb:imd in Jietealt and Edclyta {16) nsewe:rap .and Sewage DUJposal,n 

paps 636 to 678. Suf't1dent to nay,. that such a c~.t1Dn or extenei:Yll 

aeration probably' contributes to an tnereaae of the bacterial e0lleentration. 

The mmtes, .rrom the mill inelu® the polyaaecharide pexrtossns sn<l 

hooaan.s along W1 th their ~~ytie pl"Odllete--the pe?lt0Se$ and the bexo.sea. 

The pent:QSes and he:ic:o_set.$ are direotl,y avaflable to the. bacteria u toad. It 

Uie mu wastes cont.ain no t.otic ma:t&t"ial.s., then thte i:mmediat.e ava.il.a.bi11ty 
/ ' 

et food may 'be ri+JCCJgni.Zed a.a an. i1DP0rtant. factor' in ~ing -the eo~ra. 

tionof~a. 

·'l'he. pict~ at Station #2 wae: ooorplieated by ,a Big IS'lm'Ui Seifer· QUtlet 



oeat ~n the 0 ' 1 t' d the flt, ti n . I · ·· as considered : oasih::!.i'J ths.t 

thisi S()'l!fer .c uerved a papuL ti l of t:r ..;m t:ilp. ·to· t tind d ":1<!1.S 

N onsible !or a Md . orti n or th bactel"'ia .fQW'ld at st.at'1.ot1 ,,2. !f :s~# 

a nort1on of t 'Popi lati n found !:!;t t ds st t:i. on s <Jt ecal rl,€in and 

ot be diner.edited ins :far as t a ~ tural bactc-a:d.dnt on r t .e polluta :ts 

, · ee?'t®.rned. quant-i" ·· t:l test f .,,. J!;Scher.iehia eoli it · s h')n · to 

e~ the ~r- o! f~ baete.r:ta. a't ach station,. I£. a great.er ~ 

or seharichia eol11TU assoe!ated with Statim 112, it could reasonably be 

eonol: .·de4 that the total num.bers f.ound here m.tld not neces arily 1nd.ieat 

t t t e river :t that po.int lt'a$ e.n ged in an accelerated a.ttack on the 

nrl..11 waste:s, In ·order completely to iaolate th~ f'fee-t f t.."le $e\18?' outlet, 

Station was establ1ehs.d between the cm.tlet and the: l.'td.11., (See i p 2.) 

· om Table 2 it la seen. that the larger eone~tions: of feea.1 bacter.t.a 

oetmrl'ed at: other Atations just as often as they oe.eurred at Station Ill . 

Theref ere·. ·the .sewer a:t>Parent1y oxerta no err~ and the foregoing fact.or 

ilJ not inYolved. 

Of a.11 the raotoll'S' considered, the im!nerliate t;lVailability of food 

appeans to be: the most impol"tant.. It has been pointed out that turbulence1 

and a:e.ratitm exi:at elsewhere in the rive:rwithou't a bncter:tal complem.<tnt of 
grea.t ma,g.n!twle., If' these factors do operate to :tncreas . the concentration 

at Station 2,. th probably operate in e jumrtion with the r dominant 

food supply faet~r. Eseheriehi coll tests indic te that the Big Island 

2. Concentration at- Station :M 

From Plate l it i~ no~ tbai, la:r&V eoooentr.ation was eneotUlt.&n"Ad at 
Station t..>um at Station vl. 'fhis means that at. some point, or ointa, in 

the water• s rogrese through the milli th& baeterial concentration was· 
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increased. 

Sinee the wood f>Ulp is rGndered att0rile by the eooki.ng process;y no 

bacteria ermld be ex:. ;act.ad fror.1 tti..is source. However, the waste paper u-s.ed 

to · e up to Jo% of the finQ.1 pulp i qu.1 te the opposite of sterile• A 

repor~ O."l a mierobiologieal e.nalysis· pre ared by the atiooal Alw nat& 

Corporation for the !1'.rl.11 list a total count of the bacteria presen~ in the 

..rast papal" be tors at 180,.0001000 organiem#t per ir::l. of , te ~ stock!, 

f hiu tt~ 111 not e.o astounding. however,. U ' one stttps to co1wider the 

waste p.?.par med. · s pa,.oor includes cardboard boxes that have beea used 

to hold vege ablea- P.nd meet • Tile· otting rt.~ or theae items are quite 

£ra .• ently found in th OOl.e:t> of nete p~J)&r used. It is: readil,y recog-

ni.eed that such pa: r C0118tit\ltes a snlient source ot bacteria. 

The sanitary s~ from t~ mill_. .no doubt, contribute . to the i:n-

1QNY'e in bacteria· at Station JJ ., 

) . Concentration at Stat.ton #) 
Jut l\'lhy' the baeterl.al eoneentrotion at Station 13 was 1 s than thoae 

at Stati<h'1S 4 and is not knOM1, P ""sibly, twas a tte ·<Yf obtaining 

mi apµaren.t ;rrather than an actual ·e<: cen.f:.ration. At Steti n. ~ 3 ~n 
!JrJ entol"ed th? rl ver frO'f.l n e...~k . Beca.use th& s ~l.e were taken at the 

snr.faee, t · .. eo· d 

tifieat:ton 

ti. Concentrati,one at Stations HS:, 116, 111 and 8 

The gradU&1 ~crease in concentration '.O;-Olll Station ~5 t~ughout t.be 

remainder of· the river· investigated 1faS probably the result of a redu.cticu 

in t.be available food material.. Obri.ously,, aeration and turbulence were not. 

tunctions of this decrease. The reach of river concerned varies tram ·the 



l.6 
.extre.t:ne turbulence ef water falling over Coleman Dam. to the qu:i.esesnt 

pondap behind l:Iolcomb Dam. It we reoogniz• the cone-entra.ti on at Stat,ion #2 

al be'ing there prl.mari~y because ·Of the readily availabl:e food material, 

then. we 4tm accept the d.eeftase f'rom 11'5 to IJ8. as demonstrating a d:bninis!ung 

Conclusion 

In Yiw of' the fact that. the ~ eon®ntration o.f b4cteria. is 

found mthin a. half' a mile of the mill,, along, with the fact that the mag,trl.-

tude of this concentration ba;s. been ,~orrelated with the reaey availnbility 

ot food material,. and because the general decrease in concentration from 

Stations fl) to ·8 has been aJJarlbfxi to a. dirdniahing food supply 11 the 

authv has no al.taroa.ti'ff but to bell.,. that toxieity was not presnt, ·to 

intl.~ the tesu:ltB obtServed.. Obviowsly-,. a baeterlal pcpuJ.ation could . . . 



Pu!E2se 
'i'he planktonic poptilatioa 'V.'aS e~~ned in order to detierridne ll.OW' the 

mU1 lt!mt&$ affected t: e ud.c~eeopie organisma (other than the bacteria) 

that are ~fided. in the a'te.r. lankton, if not :illhibi:ted by- toxic sub-

.utances or too toul ctmdi tions, .are capabl~ ot aetively engaging in stream 
11pucl..fieatd:.on.' lhier favorable eQ?lditi.ons ea:rb~ates are .split. and 

utilised by plankton unt.il t'hey are £~ .retwrned to t water in their 

oritt[nal f onss: water and ca?bon di_oxide. t.J.so, the ma.jorl.t:r ot plankton. 

eonte!n Qbl()i"Op11Yll, rlaktng t;be:m capable of increasing tho oxygen ten:d,on 

the' mill .ste had u,,non. those. organ.is 

'fd. th the d~cmposi tiM p:rocetw~&. 

desirable ta know just what e£teet 
that tmnJ so inti:J::':ltel;y eoncer!'led 

As a ?"Illa, the plankton are· tmt in specie.$ ea e~d with the mf.cro-

organittmB: found .cm the bott.om, nevertheless, t.hey ;are. s t1-s ~ in 

mmibera. 

Methods U$ed 

On eac.h tri.p two plankton samples •re. taken. A control aa.mpl~ wae 

stntiomt. Coneequently, only cne or ho sw [ef3 were ta.ken at uost. ~ona 

durini. the period of fielA $~.. The author recog).tl.HCJ. the doubtful. 

Yalidit7 ct 8.l'J\.V eonelUBions ~ed on so few ()bserva:tiolUi. For the lack Qf 

aey bet~ information on the planli.."tO!l;, however,: be feeh .tree ·to prEment 

aueh da:t.a u be baa • 

. h $ample conndted, of $00 ml ta"k:en at a depth ~ fn>la 2 to 5 
teet bel08' tbe eur!°ac&. ln tbe J.abOI"atory the sasple 1faB filtered throu.gh 

a. half· inch ~ of Berks~ sand in a. Sedgwick- Wt.er tilter f'ml.nel as, 



20 

recommended by ~lfuipple .{17). The smld, al~ with the ot"ganism$ it had re-
movt)d ro the water, "fiaG t.nen placed th 5 ee o.f' t· p imter in a mnall 

bEmker and stirred. After s't.i..rr"lna1 tlle water mi~h conto.ined the organisms 

i.n :suspension was dee.?nted of'f . The organ.te~ in the d~e;d. •tor eN 

then in a concentration lOO tu.as, their eoneet1tration in the river. 

Two r.do~~opie ~· ~ made on the coneentt"ated pl.ankton ~1e, 

one of which TTaS a tctal count . The total coullt detenined by placing 

• portion of trhe sample in, ,a -e(Nl1ting ~11 l m deep. By tald.rc ten ,l • 2 

t:telds at random and o~ing the organism included., ths a e:rage coo.tent 

, :r fie}j det.eTtn;ined. The, c1'n¢entl"t:ttim in the rlwr w-as toon obtained 

by dividing the t-0ta1 •ontenb oE ·the· 1 ~ :gy the dilut1Qt'l factor or ioo. 
''l'he other, mieroseapic amly.si• 1m$ .a ~,,;q or the ;UpeQiu of or~sma 

p•sent &."ld their r&l:ati va sbunda~. 

D!~~ ion ot the .1 anti . ti't'.e . · ts 

m the gr.aph an Plat~ 2 it i:S ootwort tha:t t ~'"d.ll1Wlt planl'ton 

concentrati008 occ~ at Stat1.cm.s #1, and lfd. Whereas the mtnili.la 

occurred at Stations ~.l at1d l}T,. A.'1 explanation of \thy thoc Con.@Jltrations 

ftrY as they do ~ in pa:rt answer th& question of the r><>llutants ,, ettect on 

the J.ankton.. 

Lackey (16) st.a.to$ that the n.atur and .ab~ ·af a stream popUlation 

d&~ QUgbly U .five fe.et Ql":S . '.fhe:y ~""6~ t he a.mount of fGod materi.al 

availa.hl.it, the 'te~;"Q.ture ot "' .~ wa~.x-, ·the mnount. of tw..1c subeta:m:oes 

preeent,, the oxy; n sion of the tmter,, and the a.peed of the em-rent. I:t 

nt$t be mpt. in: mb:lii that although all these .facton; a:"e :tnvol~,,, so• plq 

more imp0rta.nt rol.$ ~, o~em. It is the purpose o! thie diacussi.on t.o 
det.enn:i:ne: tbe de~ iD wrbieh tbe varlo.us factors are irm>l'VOO. 
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.J..~ .. <?ilr~a, ____ .. --·~r-~: ?~ ........ , :-g-. -J-·~ · ··--:~:1~·~~;..,,.2°;;:;;;._ r..;::.a:.;;;;;w,.;:..;;:1:41.,... · --~g----~~-. -2 -: ~-.... ~,........1 
_cone ____ e_ntr<?_. -~--i-·9!}{......._~-· -------226· 61 166 1h6 _ 108 177 128 79 

!!l!oi>&t:e.4! 
Ccel0$phaeri:'U.la 

G hospha.e!ia 

l&erlsmopedia 

Oscilla.t-orla 

Ch101"0p~• 

Ank!nrQde.smtUJ 

Closterlmn 

Coeh#tlr'U:m 

Cosmari 

Horm:tdiun 

!erismopedia 

Pantior1na 

Selena$t 
Spirog,yra 

St . · a.strum 

s 

s 

F 

s 

F 

F 

s 

F 

F ., 

F 

F S 

F 

F 

F 

3 

1 

F 

s 

F 

s 

p 

F 

i' 

F 
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T t.::! 3 
( emtinu.ed) 

!~ or qre\l!!.... ., . Da.te OJl ·~ 1i d ; ,:. . . . : . . 

. 1~6 8-4 ' 8-15 
. -

a ... 20 22 8-25 &-21 -
cillarieae 

Amphora F F $ s F s 
.Bll'ebiesonia. s -0 :. F F 

Coceonei.a p F F 'J! 

Cyclotelb.. F " s 1 

Oyma.topleu,ra F F 

cymbella s s F F 

Diatoma s F s 
Encyonema F 

Fr~~lar:t.a u ]} t F 

o,rosip $ F 

Jastogloia F 

.!e1osift r. s s s 0 

"'endion F F '(','! ,;.;; s 
l~Vieula s s s s F s s s 
lli.ts.tJeihia s , .. 

\.'.} s .F 

Pinmda.ri.a F' 

Pl.euro&igina F s s F F F 

Step'ha.nodise~ s 
Surl.rell& F 

S~a s s s s s 8 F 

$~ p.ilchella s 
'rabel.la.ria F 



TiiBIJ; 3 
C eontinu.ed') 

!J~. ipf ~m~------------D'""'~~t~0._;o'"""'"'""~--·· .....,·. ·-· .... ·---·----

Dodo eandatus 
CbilOIIJQn.as 

C~lYda~· 

Grypto:mo 

Eu&].ena - ~ 

Eugl&n;a gl"amlata 

u;glona mi.n:tma 

Eugl~ pi$cifo~s 

Eu.gl.ena Spirog,yra 

glene. ~cola 

Euglenia 'Virl.4ta 

Glaucoma 
P ;.aeua ac.wntnat.a 

Pba,q_ D anaeoela 

Phacus pleurontact'l.l& 

PMtmS ....,..., .. ,,,.,. 

belomonas ·op. 

tr-a.Che~· ~toms.. 

Traoh&lononaa ohlon,ga 

T'ra.cbel~ shd.li& 

. 7- 28 S-4 8 8- lS 8-20 8- 22 a .... 25 . 27 

s 

F F' 

F 

F 

F 

F 

F 

s 

s 
s 

s 



r otonoa (continu d) 

t;>t~r 01rim!.tmlf1. 

?.ematode 

aotUer 

24 
·ma~ ·.., ~ 
.. >l.LJ.1J...:.1 .,, 

{ eo.i-:rtinu ) 

7...,~5 
' ' 

F 

F 8 

r 
8 

s 
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TAJJLE 

Water Pl~~on tnrvey at, Stations, ~.2-J. 9~, . : !:I. #'f i . 11.'?z J? t. ~ #8 
Keyt l for tr.any; $ for s,.;;veral.;. F for fe 

!9!5'~eae 

Coelosphacri 

G hoophaeri · 

er:tsmopeeia 

0Qeillatoria 

Chlor02~a · 

Anldstl"odesmus 

ChlorocoeCUJt 

Clost.eri.\\ll'l 

Coelastl"'ttlfl 

c~e 

Cl"udger:d.a 

Eudorl.na 

Pandorina 
edia&trum 

Protoeoccwa 

Scenedes!11'1e 

s lenastf'W!l 

Spirogna 

F 

F 

F 

67 

s 
F 

F 

F 

., 
7 

F s 

.F 

!f 5 IJ) 

1-28 8-27 
129 4 63 

s 

F 

s s s s 

F 

F 

s F s , F 

s ·S 

F s 
s 

97 

s 

s 
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TABlZ 
(continued) 

Name or ~!ia~sl:Jl Station ~ere . ; 

rf2 '}3 ~l!t .'5 ; ') ii'f.. ~·8 ;;a ~ .. M lot !!lh"4il:io -~•f . 
~ te et .surm ~2 8-4 8-15 7-28 ~1 a-eo 8-8 7·.31 8-25 . 
Ba.cillar:leae 

Amphora F s F s 
Br.eblnord.a F F F if F 

Cqqeoneis F 'I 

t,'clotella s s F F s 
Cymatop1~a F F ;p F 

C)mbella s s F 

Dia~ F s s s F s s 
Fra~ ' .. : ' ... a s s s s 
aatoglcda .F 

loam s p s B s $ 

Meri.di on s F F 

IJ&.vicula s F s s , s M s 
Nita®hla s s F ..... F 

Pinnula.ria F F 

Pleuraai.gY.'13. F F .. • 
s ephanodiacus s 
Synedra ('.' s s s s ,., s 
'J;abelJ..ar.ta F b~ s 

P.mt,ozoa 

1\rce.J1a dieee>ides F F 

taaia F 

Bodo cauda'tus s F s 



~~ '(e•tiniled) 

i81~- acua 
Elllll--•• c~gta 
Eugl.ena v~111s 

~$M !id,nig, 

Eagl~ pjscif~$ 

:&\Jrtt.-.ma •ro~a 
Eagl$nA v:Lrtdi:f 

PhM\l.& lmJ;lf.eruidu.8 
Phacmrt pleumm~ 

fha~:·~ 

\neh(tl~ 
~t~ 

~l~ 
(iib-lonp 

'frac~ 
~1ata. 

~hel~ 
•olvocw 

1'raehe1Qml.1SB . -
~:rl"tle~ 

tf,_+osom. 

V'orlie~lla 

s~u 

" 

F 

7· 

'!'ll:B!.::1 4 t coot:bmad} 

13 b'4 
'' 15' 

·8-4 a .... 15 74S 

:F 
g 

, 
F 
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;? 

' 
1' 

iP.5 l}6 fl1 
8-27 &.-20 8-8 
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,$ 

F 'fl 
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s 
F 

F F 

J! 

l Si 
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AVERAGE OF THE PLANKTON COUNTS' 



l.. Food Material. 

As far as food materials a~, coneerno 1 the only variablee1 in the 

reach of river concerned, are the bacteria and the mill wastes. Everything 

else that the plankton can use for food can be considered to he of the same 

concentration at each sta:tlon. 

If one attempted to explain the eoncentrations in terms of the nrl.ll 

wastes, he would have to correlate the eoncentra.ti ns at each station with 

the etation•s proximity to the mill . This ca.nnot be. done with the results 

obtained.. From the gra b on .Plate 2; it 1.s seen that et those ) Oints closest 

to the will. 'ffhe~ the food is first available, no maxima are encountered .• 

No maxi.n'!um is ent:ounteroo until Station 115; and ev:en ·this ~onc:entration is 

le•~ t.M.11 the oonc-entrat.ion found above the . 11. The general shape of t.he 

concentration graph precludes aey correlation to the availability of food 

from the mill wastes . 

Likewise, it is difficult to correlate the plankton concentrations with 

the bacteria concentratlomJ • minim.'111 of bacteria. as encountered at 

... tation l, a point 0£ maximuni lankton concentration. Furthermore, the 

roaximm bactmal. concentration at Station 2 does not coincide With a maxi.-

mm plankton eoneentration. Any attempts to find .a general eorr&latlon be-

tween the two conc~mtration curves is obviously futile. Evidently, then, 

the food material ' resent in the ,stream 1.e not a controlling factor •. 

2. Te ra.ture 

That temperature is concerned in the dif fsrenees of plankton concentra-

tions is hi hly improbable. Ter..parature differences varied only one to two· 

degrees J:i'ahrenheit for : the enti:re reach of river investigated. And even 

this small di!!erenee cannot be correlated to the points of ~mum plank-

t.onic p.opul tioll&. 



J . Toxic Substances 

The trend of the concentr ation r aph !roi:i St;ation Hl to IJ5 could be 

explained in terniJJ ot toxic effects . It oould be oint-ed out t-l'l1lt to.."'d.o 

sub$tances could cause a deer as i ng ooncentrati on ~uch s i:s ehoim. bet reen 

Stat'.lcn i/11 and ~J; and after raaehing a minimum at Station ).; t he stream, 

throu h the agency or self urification, e.ould bel!in to recover. The con-

centration at Station t;; could indica:t.e rec:ove..cy to condi tione not so 

di.f'f erent. from. those .at Station ,1 ., However,. the graph from St,, tion ilS to 

118 denies any influence from toxic substances . If t o:r..ieity were concerned 

to any great exte,nt" o-ne would 1expe-ct the . :aph to level off at Station 115. 
Actually,, the concentrations decrease. Consequently, the graph as, a 'tlhole 

cannot be expl ained in terms of toxicity. If toxicity as concerned, it 

played only a mtnor, l"ole;• 

4. OXygen Tension 

. ost lankt.on requi~e. o:cygen. ·:V-en the autot:ro s auch as u.glena 

ean."'l:ot live 'in :rater that e onta.ins no dis solved oJcygen. 1-fowever, ae a rule, 

t e oxy en re·quir nts of lankton a~ not f gi-eat as thoso f the higher 

forms of aquatic lif~ . Unless condition$ are se tie, water of lo~ o...vgen 

tension is eapable of' supporting large plankton. e oro.'11Uni·ties. That. a maxi-

mum <100.eentration exist& at Station 5, lende support to this statement. 

It 1.s noted from the gra· h on Plate U that. the av.erage dissolved, oxygen at 

Station • 5 is the lowest encountere • Of course, it is not t o be inferred 

that the large concentration is preee t because cf a low oxygen eontent1 It 

i• mentioned il or der t o br ng out the pQint that r,lankton can aurvlve in a 

wide rangtt of oxy en t~nsi_on,. 

It is. readi "'een by comp ng the curva on · te 2 th the eurv'S on 
. .. ; 

Plate 11, that a eorTelation between the plankton concentrations and the: 
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dissolved oxygen content 0-.f the water is not indicated. At Stations !fl 

and 8 ma;rl..ma in both plankton ,and dissolved ~gen occur;, but ~t Station #$ 

another !l18Jti.ma in lan.,tcton oecu:rs where a nimum of dissolved oxygen waB 

found . 

~ . s eed or current 
The maximu:m concentrations occur at Stati.ons #1, 1}5 nd /8, a.11 of 

which are located at points 1mnled1atel;r abov:e dams. Those cl;n;lG, tho Big 

Island, Cole.man; and, the HoleQl'!!b~ create loeal lenitic environments wllich 

are, a rule, more conducive to lar ge plankton eoneentrations than those 

of lotic nature. River conditions unfavorable to plankton production, such 

as changes in volUl'le, contact of shore and bottom, a.ecess o! heat and light.# 

and ,qhange.s in chemical constituents,. are r.r.ore extensive and more widely 

ei'teotive where eu~ents of gree:ter velocity are concemed., 
' ' > 

Also, it is. noted from the curve on Plate 2 that the concentration& de-

creased in the reaches w.te the; current was m.rt.. The :minima, hO'WCVer, 

ere located at. ·t :tions . J nd 7, r t er than at StatiOllS #2 and 6 \vhere 

the sw.tft.est currents occurred.. Possibly, this ttlagu in ·the r.: nil!'.& Wa# dlle 

t t :re. ri.ver•s transporting the organi.SJWI from the pondages, over the dams t 

and 8:-dt the fivst stat.ion before the concentratt-ons thinned out . In other 

rd.$ ,. the c nc~nt:rat ons at Stationo _l2 and '6 were most likely transi:ent 

co.."lcentratioos fr the n ndage areas ab~ the darns; the river at these 

sto.tions· being oo s :ft to suetain native population. . Th river a.t. Sta-

tione 3 and 6 likely to haYe been still too mft to su:.port. native 

COt'lr.IW".J.t:le$ and mt to have b~en .slow eno"'..1.tth to allOtT the transient plankt.Qxt 

that had been affected .by ,t~e pa&sa ove'r the dam an1 throu b the turbulent. 

reac::hee below to et,tle out. 
, 

A definite .correlation can bo de,. then. between the plankton eoneen-
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fo.cto:r .~ not o~ro:..•,"J.tc alone, hut it r:,:st cc;r: t:.:!.:ni.,,.,,. be of co siirlerl.":bJ~o 

ort.mco. 

·~p:pm 17) Gtat ~ t.:,.a.·;,, ~ti"- · ocy e of ;.:..quatic: Q;."'gA!'n . · a.a 
1:: icatora, of polluticn ' · .roll"~ifics. ion a! •·:a r i~ de :: en- . pon the: 

ciow-o~ut oZ an 0¢0lo£;tcal ~· ~ ¢! "~ficatioo th t \:till show tbe 

:oorr..nl. !'-.ah t .a.t o all or .. e,nis1a:i: t;.;;::.d iJ' ; citto a;:; , ll t: ir OJJ.$i ti vi t to 

con:l..ent of dee~ n l.e OI"gnnie f'n;:::d a: ials. SplitM.n and deoa o.&ition 

processos pred®im:t:. · ·Ct.\ll.S.ililg a rapid de . :etion in the 'it-~ml oo ~n 
~on:u-e&t o!'. tbs water. 

On.ly ~ £w gl"el~ of or~li.$Jns U.ve in th.'t . l5one. Bm1-;Jvor, thoM: toot 
occur often oecur in :.... , t !l\lnbers ,.. . Baate:ria and bact"erl rorcm:s ;rot~oo 

(eo1or1es" fl.a.ge.1.:tate't; an. c:tUi. .. "rt.e$) pred-OT.:t~ :ta. 

;.;....,..,...._....._. __ """"" ............... • Tho ooaoe r~id.:c z "" i~ divided into t 10 part.a. 

The ti~s·c. p-'..rf., e ule a VjS®~bie• adjOO.ns 'tl'l.e polyeaprobic ""or.e.; 'Wbd.l~ 

t . a~ond, ~d beta . ~aprob1e, ~et-end$ t~~ tho att.~probic zoneo11 

In .,h.e al ha .ci.-t."t.cn ~ thio, zone: active d¢ .1 osit1on of tb~ organte. 
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e.,. proached, in the beta porti o-n a! t l i.e· S:one. 

In t~ mes:o.sapro'b:ie. ~one, t bm.:1:e crgantsms that .a;re t olerant of' J.ned:l:i.\m 

~s a.t pollutiot Nep:pear. ·They' include t he: ~en and too blae- g:re:t.tn 

algae, diatoms, certain protozQS.• ~, and tolerant higher- anim1s that 
te.d on ·tha bottom$ • 

. 0.l112!!J2robi..o ZontJ; - In the. o:U.gOitaprobie: zqne the orga:oi~ ~tel"lal i# 

lOIJ \'d.th. aJ.mo$t complttbe :m:tne~al:i•tion. Bactel:".t.a .ate ·reduced in nwnh-I\t iam1 

al;ao ~d-tmtos. llanf cblo~l:U~ arttmal.s, ~tacea, e.nd . . ~ fish 
m:ey"' be r~ in thio eerie. 

~ Zone - f he IW.ta'robie zQne inel\td&s that. llara and .f~ which 

u ~J.y. found in .spt"inp liln4 ~ stream&. 

On fabl.• S are, listed th<$e o.rganttmG that ·were encountered ~ t.~ 

d~ ~ ·~ ,at. each statidll. Al$o llat"Od ~ tm)ae tllat were enacun-

t.e1"8d ~tll timetf~. 'Ebe "'40l~cal cha'fttcter of ~ erg~ is indicated 

by the lollo..S:ng letters: 

P • Polysa.prob:lc 
• · •~obi.c. {also al]>ba J. and beta lt) 

0 • a. flig()Sap.·r robic 
K • K'attil"Qbio 

Append~ to ~ cf than '.letters. ~· subeerlpt numbol'f3. which indieat& 

the autb:orl.ilea who are :rQp~ble .fort assi.g1men;bs. The ~s .:.orre-
$pond to those that l:tst the &1cthonties in the hil>lio~ · ey. FQr ~le: 

Pbac;uo. J.ongieauda; OJ.9, 23., ;37; K23 signifies tlla't this ,.e.ci lm4 listed 

as being oll(t0$aplt'Obi.Q t,v ~olkidts and f : _ eon, 19001 Paael1GJr~ l91J ... l9lh.; 

SehoenS.obtJl;.· 1925; and: as ta~te by Pu~her, 191.J.1914. n<boC$ lette~ 

ntbotit ·ta.u"fls~pt ~$ ~$.te: tha.t the qrgenisu was not. i;dentifi:ed. b,y' 

the autllorttiu as to s~11 t he author 'bas ~rl~ tbofre 1etters much 
occur most, :frequentl;y in the defined es te .dem.gnate tba ov~ ~ .. 

I othm" worda,, the letter is used by the author to designate 't Clenus ep. 
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TABLE~ 

Plankto~ S:P!cie~,DistrJ.buti® 

&agth.riia. o 
-lost~ o 
~o 

Prot.oo'OCcus 132 

Sc~ )3'" 

St.ep~:scus /J 
trachel~ 
~ ... /3 :)) 

1Tacbe~ 
~late. ~· :;:1 

A.stasta l!J4 
Drebissonia f31-i9t 24 
C~~ PJ5 
Clmr'tel"11$ !-311.9, 21,.24,.37 
Co.ccanei ~ 'e1J ¢21 

Coelastrt.ua <>Jg ,.YT 
Coelospl\aeri"Um 0 

·~lot&lla 0 

CYJ!ibella. 0 

ntatom 
E\lgltma granulata 
~J,J7j 023,37 
gl.ena minUna O:l.9 , 23 i K23 

Euglena terr.Leola. '"14 
~'ttfena Virldis ·.· . . ~ 

19 ,.21, 2.3, 24, 27 ,33., 
cl 1i9' 24,,21 

&ft'Ollgma 
I o olansif'ication 

Uerld1on Ojg, 24.,J? 
tlavicula ?!; O 

~qt.rwa 

f91!i9, 21,27,,l7J 021 
rieu.roa:tgna o 

S-1.enastrum /> , 



3u. 
TA'B'J.Z S 

(c®tinued) 

Stat.io.a A~• Plankt~. Spee,tes ount-ered 
. Caneent.rat~2Pfml . , . ~ T~ . . 

Synedra .r;...J 0 

~ pulchella. 
No ela.ssification 

Trachel~ /3 '93 
'l'rachel~ 

ot>Ionga ,81!33 
Tra.ehelomonas 

volv()Cina ,8t.J,9 ; ll23; K2J 

Ulothrix '! J 0 

C~lla 0 
i ; a:g;'t.l.a.Jr.i · 0 

Melo.Gira O 

l 0 

:Soda caudatu$ 
1'35; °' -~20J 'U23,l7 

Cyclotella 0 

Diatome. 
Fra!lilar:ta 0 

Nitucbia I; O 

61 Vol'ticella. P3>; ! :J1,3h Altkia.trod~ ~U; o 
C7c1otella o 
c~o 

Diat 
Naneula : ; o , 
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T.AEI.Z 5 

(Cont:1nu.0d) 

llav!cula til; 0 

Pamiorlna 0 

~/39' 

S~epbanodiacu.s ,Bit 

~ '.~O 

'b-a.cl'!Cl.dl!I01'1.a$ 
lttcilOlata f3 :Jj 

Syneck'a ' ; 0 

fl;oo.ehel~ 

eu:tepta j3 ·· '.3' 
AntPh~ 0 

/U11.d.$troci&S!lllle fi~; 0 

Coelosphattri: O 

mat~ u 
~elos.ira 0 

llit-ue:biu M; 'O 

?leuroaigma O 

Solenautnu:a ,8! 

AntistrodeQDJU$ fJ u1 o 
E.uglena l.>iscif'~ 

/3 ·"" l 1~3,37~ 023,37 
F.ra~arl.a o 
Gamp~ s.p :aorta O 

lQflUa 0 
!leridion o 
:Pandorl.no. 0 

~occus M):2 

~a r :0 

Traehel~ "V'<dvodn.a 
,.etli9; U2J~ K23 

Vorticella l)!l' 1131,34 
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T!J3LE ~ 

( cGm.tinued:) 

Spet:!d.U'S Zr.counte~ 
la··\· 'l':Ulte 

~&Lena viridis 
P-~9,21,23,24, 27,33; 
a.UJ.9, 24, 27 

~acho:k:oana& 
~tam ~YJ) 

11-~l$!10na8 
uneol.at /3 · J) 

-laVi(:Ula Y;. o 
s~a · ;o 

1 losir. O 

4\Vicul.A , · J 0 

?he.CW:l longt~ 
°'19,23.,37; Kz3 
5~ . ;0 

~d~ode:maw (3 J 0 

~~t® 
'P3~; ot»20;. ll23,37 

CyelotAlla 0. 

nta.tcmia 



·. Table ~ i 1s seen that. ·t.h ~jon:ty of or ~ams. at ea.ch statlon 

m:te designnted . eit\ler h .or ' 0 • And at two· .stations only• tlL. and , 

~ thG>m present in®~~ plankton that could oo tclmn as fndicatars 

ot higb organic c®tent. At Station •, Vortieelk, wni:ch is ascribed t.o 

'tha pQl,J#a,pr~'b:te ~ .. soaa:p:r:o\tic· ~, ~ f otmd. in nud:>ers. Ettg"le.ma 

virldia,, 'lrl'd.ch ts likewis. 8.$Ct1.tied to the pol;ySaprobic and 

~ , fO'Wld in ~s: at S~t.ion D1. 
!!~, tho ~tho.I' is prQne to e:owider t.re E.d':.gttlfica.nce of tbefte "two 

orpni.$.1$ as OOins overshadowed by evi~ turn:Lahed by the other organ.i.SlllS 

and 116. the uct ma;ialritr'J o! Qr:g~ · ru.-e 
i®ntifiVJd • being .of ·OO.:tJ,w~· the· ~.aprohto Dr the oliaoaapn>bio ~. 

Concluai~ 

The· ~ pre.s(ln\ in the NAeh t,>f riv~ i:trtest1ge..ted indicate, then,. . . . 
~bat. £0.r ·S::even mUe11 bel · . the t:dll the river supports a b.Q:x)geneous plank-

tan population t.na't ia indi.catiw of t.ba l:ll9t!U,l&apro'b'ie ~ oligoaap:robie e0118$ . 

"rl•.ue al"Q aoMB of taediWll to little ~~c '®l'ltent,. 1t is w be l\Qted that 

no groos• pollution i,s intimated ! the ~ts <if the ~. 

ThJ homogcmeOll.lt m~. of the ·a]>~ fQ il'1dteate the rt ·· 's 

~ty to produ~ plankton toot bl indigen~& ta indi"ri.dua.l reaches. ·This 

ina.bilit? be explai.ned in of eurx tt. Tb$ ~ed nature. oE 

planktQn ~oe t~ .mlbjeet to· 4mtste:tlt Jdxing· b:r riVOl!' ~. 

'Theref'ore, it ap ears the. 10 t:otal 

t.bB · ct.Ste f~o.."'1 tJ.le ml 1$ nQ,i an ~rtMt tact.G!', and · at have littl~ or:· 

no ff'ect on the l.Ankton o! the r1 ve;r. 
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U"Tl'OOAL R .• sr; c ?OPUU'fIOU 

By ~tatively exazninin~ t , bentho.s1 near the bore,_ it as hoped 

to thJ'ow light on the eharaeter of life f'ound at the intcrfaeial ~.one between 

tba watet- and oud. '£his int$.rl'aeiaJ. ~one empportiJ a at®l.er m.'te?1ooeo1:d.e 

eomntuni~y than do&B the t r . By virtue of this eta.bill ty, th banthos ro-

fleet$ mQ-ra e~le.tely the :nat~ of the w1.il.ter where they are found tban do 

the plankton. mwrea.s the plankt·on collected a.t ,aqy on.a tat.ion. is likely 

to be a f'llnction ot the, current and representa a trano.ient 11opulation, t. 

benthie c~t;y 'ia nati.ve ·&n« a. tunoti0t'l Ol1l.y ot oonditiGM at that station. 

If the environmental -sone ·~"in be <l.eterr..J.ned by eor1 l.ating tlle s1>ecieG' 

foimd .in this .aone w.ith KOJ.ktlit~, and llt.a'ss1,m•s eeo1ogical ~1.fieation, 

another crl'UJrion f:w jud,ging t.hn effect. ot too ndll. waste ·upqn tlte river is 

a?n.llable. 

l!ethode ·ua-ea 
ham two to four mud s · . · les 

at'1n;>le$ ~ ta.ten at painto along. both ban'ks h-om mud at depths of t~ to 

twelve in.Chi's· belaar the water snr.tt10f.). fle:re the. wtrtEil.~ was, 1"(!.:tzl:ti%1'1 f'ree 

o! current • On:cy the top inch of' ?nid ~ tak-en, as t s nortion contains 

practically all the benth<.?$ ~ ln the labm"at-ory 1 a d'Orosc tLe n~ m:s 

made of 'the .aampJ.e to dnf,e:nidne the species pr ·aMt aml their relative 

abunda.ne•~ 

D!.aeua•i<;m._ot : sult~ 
By ·C~_g Tab~ 6 Jli,._b 'l'abl.e Ii, it 1.s seen that while the algal 

*Those l!d.croorganiimw that JJ.:ve nt the in'terfa.ee ~twen the botto mas 
and the wat.e2'". 
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!ABLE 6 

~llfthos s~. ~ a,t~~~Ol'W l.t..t . 112, ... and . /!3 
A:~ 1 r ~ many; s or ~ral:J :r for 'f~ . 

~~' 
AnabEJM 

~P~~a 

lie~~. 

'0.ei~a 

Obl. •· ··:orw~ - · . ·_ it: .. 

.blkis~od.9~ 

Cloatel':LUll!I 

c~­

&~• 

P~ldori.M 

P4!d!.~trum 

Pl"'Otoo.ocows 

Seeued~ 

.Spi.ro~ 

Bacillarieae 
Amphm'~ 

Bl"'ebie$00'.la 

Coeoonete 

C)elotel.h 

s 
, , S 

s 
F 

F F 

F $ s 
/ s F .s :S 

1 F 

F. 

s s 
.s s £l 

ll' F 

.F 
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t;,m .•. --: 6 

( co:i.xki:nued) 

tame o! Orf'?,nift St&tion .Mnlbex~· 
~ -

#~1 /fl {fl 
' 2 itJ ii'J fl) 

.Date of .... surv!l s-12 8~7· 8....8 7_.-28 "-4 u . i3-l3 

Bac.illa:r:l.ea& Ccontil\ued) . ' 

Oyn¥it.opleura r ii' F 

Oymbti<lla s s $ .$ s F 

DMt:lenla F 

ma~ a ~, tt s 
Enoy-0n.em.a $ F 

Epitbeda 
~gilall'ia .s 
Gomphonema. 

'G.1ro#!igm& 

wt.ogl.ota F s 
MelotiJira u u s 8 0 u 8 s 
Ueridta F s ."$ F F 

iarleul.a s B u • s Ji . $ Ji 

tiituebia s F F s F s s .F 

Pinnul.al'ta F 

Pl«U"'OS1gma s s ,if $ 

s~~111 

r)'~$~ G . . . . . F F 

Sud.rel.la F 

Synedra ,S s " ;'l< s , 0 ;:; 

Synedra '"'iUJ..chella. 

Ts.bellarta s 5 s 



TABLE 6 
(continued} 

N.wne .of .~ftr;ani~E.L-------------S_t_a:_ti_on __ . _M_umo_. ·_e_r_s_.. ______ _ 

Protozoa 

mo~ba. di:scoides 

Arcel1r d · coi ' •a 

Bodo c .udatus 

Bodo globoeu· 

Bryopby:ra 

Cinetoc rlht:!l 

Colpi dim 

Enehelys 

Engl.em aeus 

4"' glena de.ses 

fucrl na minima 

Eu.glen.a mr:yuris 

Euglen .. 'l v: rl · s 

Goniu:n 

Halteria 

ffl Ill #1 /12 ll2 h 3 

F 

s 

F, · F s 

;f; 

F 

F 

''3 it 

F 

F 



tozoa (continued) 
Holophrya 

1 • ,,:rt.Tichidi.lm 

!iC'p'ooineli:a 

Lionotus 

Wto tlS striat f$ 

NotosoJ:.entta 

~rlcha 

OXytri<;ba l.udibu..."'lda 

Paramecium 

Parru:iecl.um oaudatum 

Phneus long:teaudu:s 

?'haeua pl0Uroneet~s 

r tynG ?atm 

Polyt · 

Saprophi1ua 

Spathidi'l.W: 

Spirosto~ 

pit" st - ta "JS 

St-ronbidium 

42 
TABLE 6 

( contim1ed) 

n #1 
8""'.12 27 

s 

F F 

F 

F 

S~a:tion ~ 

'1 :12 112 #3 #3 ti) 

8~29 7- 28 7- 28 $-4 8-13 

F 

s F 

F' 

F $ 

F 

s 
F 

F 



D~te of s~ _ , 

Protozoa (continued) 

Traebellus 
'11ir'aehel~s ,~t~ 

achel~ eim.lis. 

T:rachelomom:.s 'Ul'Ccola.ta 
T:racbelom.onas volvooina 
Uro o:me. 

Vort!eella. 

other Or~~ 
Chaotontus 

Da hrrl.a 

~ema.t.Qde 

Rotife1·" 

/ 

TAB. 6 
(continued) 

Ill Ill lfl. 112 l 'J 113. IJ _ 

F 

s F 

F 

F 
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11i LE 6 

Bentl:os ,Sur~ nt Stat.ions r•·Jz 11;5, and.1/6 

ate of vl~ 
,.,. , , . · 4 -X .. 

. ~a• 
bena 

GQinPhosphaeria. 

ri.smopedia 
Oscillator.la 

O~o~!'Rll!eae, 

Ankistrode$ms 

C1osterium 

C-osmri.um 

Pandcrl~ 

Ped!us:trum 

toeoecus 
See e 
Spirogyra 

Bacillarieae 

•ho.ra 
Bl"ebi Gonia 

Coceonei.s 

C:V-Clotella 

! £or numy; S tor several; F Tor fevr. 

s s s 

F 

F ll 

s s s 
J s s s s 

F s p F 

116 

s F 

F 

F 

s 

s a 
s F 

F 

s s 



45 
TABLE 6 

( eontim,ed) 

. ~ . or. Q!smdsm Station Nwh:m 
114 ' & 115 16 116 116 

.Date of 
' 

survez 7- 28 8 7-31 8 8-:t.5 

Bacillariea:e (continu· ) 
'. 

s F F F 

~lla s s s 'Tl s 
mi cu.la 

Diatom s s s p· 

yonema F 

p~themia 

agllar.ta s s 
Gomp~.· 

Gyrosigma s F s 
-gloia s Ji' 

osi.ra s s s s s s 
F F F F F 

l!aV!etJ.la, ll s s K s u 
1itss-ebie. M s s s s s 
Pimru.laria 

Pl :rosi s s s 
Stauro~is F 

St \lhanodisc.us 

S'Ut'irella 'F 

s ' ·S s s s s 
Synedr.a :p'UJ.e lla 
abellaria. 



46 
"'A.BL 6 

(C()ntinu:ed) 

Muma of Op~ . Station Nu.~rs --! ~ 

#4 '5 ·~~ !16 116 
Date of survoz. 7-28 8-8 7 ... 2a 8-lJ 7-31 8..8 8-15 .3'! 

Protozoa 

Actin.obol:us 

Amoeba d!sc-oides F 

Amoeba pt>ot.eu s 
Amsonem aoil1us s 

cell.a discoides 
Asta.sin F 

Bodo ea11datus s s s s s M 

Bodo globtl~s, s 
'11 hyra 

Cinetoehilma 
Cal:niditt 

Enehely& 
Euglena aeus s s s 

glena d.eses 

Euglena ~ 
iU 1ena. :QX,y'Uriu 

Udl ena. • :i:i:-o a s 
gl !lltit Viridi F 

Ol.aucoma 

Ooni.um F 

a1.teria s s s 
fleteroneir.a aeu 



Date of Survez. _. , • 

rot.ozoa (continued) 

Holopbrya 

otnehidUm 
J,epod.neliS 

Lioootus 
!:etopus ~atus 

tSU1a aurea 

Oll':ytl":i.eha 

~ri,<:lha. ludibund.a 

a.r~ium eaudatum. 

Pb.aet1s 1ongleaudu& 
PllS.CUS pleuroneetus 

Plat re.tum 

Polytonn 
Sa.prophilus 

Spathidiim 

Stentor igneus 

Stronbidium 

..j Ji f 

47 
TABLE 6 

(~ontin:ued) 

748 

F 

F 

s 

s 

$ 

M 

F 

3, 

s 

s 
F 

s 

s 



Dute of Surt1?l 

Protozoa ( eontinued) 

Traobe~ ·~.ru:i:~yatoma 

Traclielomcmas simi.lis 

Tracoolononas urceolata 
rao wlomonas volvoeina 

Vorlioolla 

Other ore;ems 
Chaetoritus 

Cyelop 

Da. h.".lia 

Nematode 
Rotif$l" 

T.ABX..: 6 
(.continued) 

ii'4 11+ 11'5 /15 :r5 116 '6 116 ........ .___ . ....__.........,. _____ ~..--...,-·,.~·---......... -· 
7-28 8- 3 7-2 8-h. 

F 

F . F 

F 



T!J3LE 6 

Csc·· · ator:ta s s 

CillOJ'OI'.1~ 
~~ -' 

Ankist1"od00mus 

Closter± 

~.ritto 

llormidi 

Pandori'Jla F 

ed:ias'tt"i.W 

Protoooc 

$ F 

s..-.i:ro 

Dacillm"ieae 
~~~ 

Atlphora .$ .F F 

Drebiss·o~ F s fl 

Coeconeis s " p 

Cyolotella 



'TABLE 6 
{ continuoa) 

;~ .• ·t>f gmQ.] ... ~-... -· .;a_ .... ....,, ·----------~~~~fumb .. _· ........ ·...;.er.;,.;..·-----

nacillnrieae (conti ue } 

, > toplaira. 

C":j'rl:>ellaa 

ntieula 

lli.atom 

L'pithe.mia 

agl.~1'-J'ia 

vv~1,,..o:aneU'.n: 

osi~ 

togloin. 

Uertdion 

o.Vi~a. 

liit$$~ 

Pin.'lUlc.r:l.a 

PleiU"OSi 

St. :uroneis 

........ .__ ______ !.1_,,__..¥8..__..._..._.. __ ,..:;..... __ _31_ 

s 

s 
u 
s 

s 

s 

s 
F 

F 

F 

/ ·S · S 

F 

s 

s 

27 7-28 8- 20 

' " 
s 
F 

s 

. F 

s 

F 

.F 

F 



Pr.:.ctoz<:ia 

Actinoboltui· 

A:moeba d:itteo:ldes 

Amc10ba ~<;> 

clG~ .a.a 

·cena dise.oides 

Astasia. 

Bodo ·ea\ldatus 

Dodo &lob~ 

.~ 

inetoohilum 

Col idin 

chol~ 

Eualem.~ 

· ·~lena dose.& 

Eug em st 
~ena oxyuri.s 

glen.a s · ii.ro a 

glom mid:l& 

Glau~ 

n.i:wn 
r .... tor:ta 

T.A131'.E 6 
( oont-inued) 

(11 
1~.31 

s s 

F 

s 

s F 



otozoa (eontinlled) 
Uolop'h.ey'a. 

ey.potr-lchidU.lil 

Lepocinclls. 

tionotu.s 
".et<mus "'triat 

Cbcy'trieha : 

rtei,"m ludibunda 

Pl'<.aetm pleuron\'irotus 

Platynematmll 

~ r ·· hU 

s·-~ 

Stent.or igneut. 

52 
'!'ABLE 6 

( c-011ti.nued) 

II? 
7-31 

... , 
' 

........ ~ 

18 ts ·~ is 1' _.....,......, .. ,...,_......, 

1-28 ~-!~ ·3 ... 13 0-20 . ' -

F, 

F 



TABLE 6 
( c011-i;;inued) 

Name of O:rga:nim:.t St.ation !fu:r&>er:; 
.-.,....--_.,..,... &. •*I~ • • "" -••Po;a ______ __,,...._ ___ , 

/f 7 IJ? J? IJB 
~··· ...., . ......:• ' -- ..... ' ~ ·""--.......;;.~---"'--

pate. of SQrtrey 7-31 8·8 8-27 ?-23 

!!Etozoa {<:ontinuc-d) 

Tr« .• chelius. 

Urosoua 

Vortieella 

ot 2er Or~anim 

C'haetontus 

F 

F 

s 

F 

s 



Stntion 

loo a a J 0 

~1-ncula :r ; O 

54 

~-0 udatus P35; « Z.::zo; 
2.3,3 

Dia•t.oma ft 

.AmP*~a 0 

D bissoni"' ~~ 19,24 
Coceone:i 
Otjll'bella 0 

D:lat.ona /> 
ooy~ma o 

U-0notu 31, 34 
" Cfrl.dion 0 

ra tm>ebia 1>· 1f1 o 
· . e:lllat.orla D32 

~rte.ha. 1)5; ~31,)4 

P1e.ut-osi 0 

~a ft i ; 0 

'T®ella:ria 0 

~nor~ o 
issord. 

~lla 0 

iit.~cbia ~r. ; O 

'V'rlert'.l"a. /> . J 0 

Tabella~ a 0 

0 

Anisonem ~-nu& 
~ l20J 23; ~ 23, 



3 
(continued) 

TN.31.:: 7 
( cori.:tinued) 

tGrill. 'Jlt'S' 
·telosira J o 
favieulm ; O 

Synedra 13.'; O 

D:tatQlW. ~1 

~elooira M; o 
!lavicula 1 ·l O 

1~ tteebia /J ; O 

llalteria :)l,,35 
- j 0 

Spoo1e ·· 'ncountm."TG!d 
Sever.al Times ..,.... . . 

robiasoma a r, ~. ,.., ,, , 41-
Cyelotella: O 

:nnUella. 0 

ag-il<lrl.a O 

~tofllain 
Ho claasification 

Ni.thohia ~lli 0 

Ph.t,-nemi:;U?!l 
Uo elassii'ica.tiO'n 

Pleu ... ooigoa O 

Sa;prophil U31 

·Tooellaria o 

Anisonom t cinua 
,BUzo; ' 23.1 ~3 

Dodo eo.udatua 
P35; 1 O; 112.'h-37 

Bnbissonia 13· ~l , 24 
CytclJella 0 

lw-l:taJ<"'i.C t343~ 

•r t.oCiloia 
Mo ·ol..'1.S ifi~tion 

leUl'OSigma 0-

Syn.edra ,8 \« ;, a 
VorM.cella P3!)> 31,.34 

· ~A 0 

Dodo ewdtltua 
P3 (){. . 201 ~'231-31 



T.ltEIZ 1 
( eoritimoo) 

Spe,cies Ene()'U.lltored 
_s ta_ti_' on_· -------~ T~~ 

. 5 
(continued) 

.lavieula ; 0 

P cus pleu:roneetus 

Spiro~a ~?!; 0 

Vortieella P;,~1 U,:;l,-34 

Dodo c~udat-as l13~i ~1201 
U2:g,3-

lfa.rt euia lf} 0 

.PJ.e1lr • ·Wil O 

Species 1Sneountc:red 
Several Timt:> 

Bodo gl.Obomu3, 
20.,21,27; '23,J r 

Brebwsonia /3 '19 ~24 

~o 

Dia.to ~ 

;t1&oo acus ,8!!19, 24; 
Mz:;,)71 °23~3 
gl«m a ira(t'P"a /3 ~19,.24; 
M23,:n; 02,;,3; 

~ ngi:tario. o 

:fbi, ~trtcb:tdur.t 
, ;\o ela.oeifie.atioo. 

astogloia 
to ·cl..-wsi!i ion 

llitzouhin ft: ~; o 

~elm P3.$; fl31~3!:i, 

,Pba,cqs longi.e1tiudna 
0:1912),,31; K 

n~osi·, o. 
:'t.o:;;:um te a ,8 20 

Synedra ,au; o 

~lotella 0 



57 
TA!31.3 

{ oo."ltinu.Od) 

s es ,c.ncow:roered: Hz>eeies Rllcountercd 
~~i'?!!.------· -·--~.~~·~-~~~-~·~?-·~---------~----~~·ev;..;...;..ora~·~~-l~r~~~~;:...-~.--.-

16 
Ceontinu:ed} 

. :to.i:ia /f f 

· ttana acua ,81.1_9; 24; 
U23, 37f 020, 27 
a.gi.J.a;rla 0 

r.xm ..... n;· g;cn O 

llalteTla 

~el~ira 

., 
.3l,,J5 
; 0 

~dion 0 

~~~vu.a ll'UrOO. 1134 
~ t-zso1n;;a. flf!J. o 
·· otosolenus ':14 
P~cittm: eauda:tt'lun 

21,J~; a..~o, 27, 33; ·rai 
Spirogsrra ,au; o 
SpirostOillU'm tc:r "' f> ~ •20 
St:rombi(tinm /!>" ;, 0 

Synedl'I ~ff i 0 

Bodo eandatu.s 
1'>3SJ oi~J 23131 

GoneCllli".d ~ "; 0 

Cyri.Jbella. 0 

Gyros! 0 

lalteria ?31,JS' 
l:o&il"a ' ; 0 



TABLE 7 
( eDnt1.nu.ed) 

Species tnca.mtered Spec:ios . ' ountcrE..>d 
._st_a-_:t_:t .... on __ ... __ , __ .-.. -~,_ ....... __ T_ima_, _s ____ -._,. ______ sav_e_ra_. _1_T_i:_'l'!1.ei.,.!.._ . . ,, .. 

ii 
(continued) 

D:tat ft'.,~ 

.:tart.cu'la • i 0 

11iteschio. ,BU; 0 

Os.cillatoric . U32 

~:.l p. ~; 0 

'Vorticella. P35; Y,n,;)h 

Bodo co.udntus 
P3;1 a. . 20; 23,:37 

Brebis ooia fi -· ~24 

Cyrrbella 0 

Glaile0Ilt9. "'3111 Jh 
~~d.gma. Q 

Halteria ll31~l$ 
,eloaira ll; O 

·itzscl'liil f3 ; O 

Os"(?illat'°r.ta !..32 
Plenrosi o 
Uroaoon 

No ·classi.fienticn 



;;9 
otoz.® s -e::tea of benthoo rere the , ost eltt J.lSivc.. J.biS. .re.ct :.: . .a not ·sur-

1"1T'is.tn .. '• As tma 'OCdnted out in th~ section ,011 the p:L'lnktolJ.io cpt11a.tionJ 

the rrldest vr...rlct-.r or species u.sutrJ.ly 1::ieeura: on th b®t.oo., ".bC'l"CaS th$ 

~a.test wur;iber o! indi vi.dual$ occur in the S"JIJ. _ • · ded portion ot tLa etroF.ID.1' 

biota. 

Also to na 

d . the lankton1e zo ... These high.er '" of life because · their 

. t&r ai!.ie· and •ight a~ not adapted to tl pel<,"1gie fllJ\tistenee,. ~ ~, 

favored by an emriro~t that off et'.· · otecti.on fret . tba> Ii · ot a 

e t b'Ol"OO' e..."d nee. Hol$.ve.r,. it i ·a not to ba iW::e.rred that t se t'Ol"r!!S 

o life .. never +"mmd i p!;:inkton. tly advent:itiot' ott r 
foon;t in planktmt... Ms' o'mla: tJ c intimately rel.at inJ.. rgrade and 

m1% to mah an ~ t r.s to &t.r s. !'> • \ronotmoem-ents M tblir· indi.'"3.duala. 

In Table 7 those o:r~.Ji .are li""te at ~ f Oi:md in mie l ~ 

ns t W/'iU'T.ant aece:p , t as ro . rosen~t:iw of the >a;mlation £'ran. vihte 

t is f Koll(.'!· • t~ and 

'""""""'·'.""on •s. eeolo , .cal zo ns. Tl:ds elllssif ~· on is ref to o'" pa.go' 31. 

U e!.1 ~ o: gar.d.tll:.l$ aro :Cot$1 o+" equ.:U 1m.po~1:n($,, the: cl.aasi-

lieation ~ :tndie""te that the river;, especially the ~b fi'am stat.ton 

13 to· B. st..tppO?t so....ru.i5osa.prpbic· env.iron.~. 'J. .. author~ however.,, 

et· t<> ignore t · indication. 'A. vast vnjority of the ('.fl: • sms 

ll'"'ted in Tabl 7 · · di.atoms & If t d.iat.ov.s_. all of · elass:i.-

f oo as 00± c£. either tlle nesosaprobic or too oligooaprobie aonos~ '¥m:te 

di c:tedit.ed,, tho romli:nlllt,; 01~5' · . ou!d ~ iola.ssil'i&d ·ma:tnly ae ba:lng 

a pQJ,y~OOt&probic z.one... Such a de 01ati.Qn1 t1e autb le a.& .is 

l.e t N&sQ '• 

ctnlSe at . -.he eillcm c0.tt>0si.tion of dill~ i'rustulo!l, t 'le ca;L~ ne$ 

ot dead dietct of a. ~e Naistatr m turo. :1.'hat -
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· nlate i"' W':i:tnosaed in th.e extreme ./ the e:ctienstve de:vosits o.f diato -

Ce(jl'S .oe.rtb f ~ in thi count17.. lt ia ~atli~v reoognize that in a t>uriroy 

of this kitld, :11 em no eogni~ t-tJ tn. (CO no t m thor the ~ktom m;re 

linng 0$ ad, an inaccurate idea ,eoold b~ r ae tot.ho 1~atio of the 

di.at to th . sa org-0.tds that ~vo no shell.a to p<';':rpo·t.:uate their asenco. 

Fo:r' ~e,,. -vrh~as ~ one ~neration Qt p;roto~oa .1s $tW'\"&yoo, swcl'al 

~rations of dia.tariS r.f.ey' e · ·ot to be f; rgot ten. DJ.so, w 
.f'aet tha:t after death the dii.:-i.tom ~era of the pl~n populatien. tall to 

the bottom to l'u.rther distort the pict.\U'C:. 

Another· i"eason f 01" discrediting tho · entbie di.a.tor~, i their urd Grsal 

~~.. They · tX'llly the tt t..:ss o£ the • o..u VeI t~'T :ter.s ax-a 
~n or rep.re en'ktti"mB o..r thi$ up. Only in v • .:ters of' the ooaest 

pdl.lution do tbs di.atOF'...s U: ~ in d:-..icod Wlllbers. 

- "1;14i.G;"'sie is shift to the protoz 

t. Station .1 t t.he cori.~ol etat:l®1 ~ t::IM> prot,~Q.ll'l al~ 'tr.! th mi 

1Mi:eo.tCl$ at all tve~ fou:ni:l at St ti~ 4,. 

t the ~der of tho atatio. t. e prot.ozoa.; I1a.ltorla., ol"ticolla,, 

Bodo,. ~rieba; ar.td .. Par~setum identU)' the i iresenee of a high 'Cr~°' 

eon-tent. Som Qf tho1;H~: o ~1.nifX'.13 at.tac the · .grorle material dii-ectly and 

others, ~fSpeCially th& eU.itttes, te0d upon the bacteria: that are. t . 0 na.t~ 

eampl· ·-. &tiler and hc.natoo.eo, lik se :Uution indicat s,, were 
found regule.rl at t~ stati011B. 

Ccncl.us:ton 
Tlw rec..ults 

eont.ent or the 

t ;ireu,ao :t t · 

r)e !r0JJ1. t.he b ·· nth:ie survey indicate '1 th ot-ganic 

ms i~eed a't St, ti on #3 .a;nd rem · ned ao ine~-

""l''" of t e l'e"'ch invcsti!l'uted. 't"inee .,.ere i no ether 
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cause to l'rb!Ch this increase eould 

1ndietr~nt. 

"1.t trirn:tt ; the mill must s:i:u·;ter the 



~e 

In tha .light of ~eent day ~ledge~ cher:dcal '1nd p~i~al ~Se$ 

form_, ~l""haps, t.he best nreans ot ga~ actual stre~ C<'tndi tions. thi:s i:s 

nQt to d~i~ too value< or biol.og;ieal 1nvestigati-OnS11 &<J.~ it is only 

a: :reeognieing of thS far ~te:t· mnonnt 0£ re&~h that lw:l t,-ak-en plaee in 

the ~..1..elll...physie.al tWpeclis -0f Btt11e.m pollut:ion. In 1t.ne past. Lt too pe~l 
m...._~t o<mea:~ vlth st:re~ polluM.en. hav~ been l!len who tor the most~ i'Sd 

trr-dning only in ehemii:Jtey... Conseque.ntl;sr a mo.re eo~~·te e;riter:ie. tor: 

~rlng polluti-011 bas bG~u oYolved £:tori tlwir studies t!wi has· ~n evolved 

l.To,,"!l. the tnv-est.tgati.ons of tho oom:para:M.vol.Jr rew b:t¢.logi.$ts eoncerned, 

In this inv,e~tigatioo '.ID. a.~sis of the tempe~t~t pH.~ cQlor., dissolved 

em!ds1 dissolVGd ~gm1,, b.toe!~c.a.l ~gen d~ dissolvt~ earbon diaid.de . . ' 

.a,00 alkalinity~ Wa.$ ~e in drder to dsterm:I.ne hotf the ol'lJ.\1rde.al~l~ica:t 

<lba.Pac:te.r of the river va.ried b'om normal in those ireaehea wlmre the e!.f'oet~ 

cf' the m1.ll iaste . rere ~"lifest , 

Uiathod$ .t1$0'd 

T?W dete:rr.!doot.iona on temparat~• pH, ¢:e1o:r, dissol·.red .soli~,, I» •. o~ ,, 

<nld . o .. D. ,. were made by • ~atf!l!s;: mdle those et."'l carbon di~de and 

alkalinity· were~. hy tbe author:,. T~. erature and carbQn dioxide d@~-er 

tions were nmde in the boat at the t:t of sru-dpling 'i'rlule t.li.e ot.hera 1wre m;o.de 

in the· laboratoey. All ,s~lea e:xoept tr1ose for C02 a..~s lm:ro fi(aJ.:on '\'r.itrh 

a. modi!i<ii.d 'Wt*..ip 1e s~ler .at. dept a of ii~ :f-Get b&lm t..fie uart:a&J., At 

~int~ of lei?sw :rivol'" depth, t.lle Sa!ZEPl~3 'tfal~ taken. Mi the bot:t<m\+ 'llre ,car-

\'J.on di~de . saopl.e.e wn1.Le ~.at the B'Ul'".fnce in e; nessler t®e.. The p~e­

durie:a used were those set. forth by ttstandlam tte:tl'wds for the ~na-1;.icn ot 
~nater .and ~ ·.~ u (15) 
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TA!JLE 8 
Data on Temperature, pH, C<>.?t end (HC03) 

----------- ater · · 
"'enn"lcrature H G02 . 

Fo ppm as co2 

.-; ~ - I~ 

Station 1 

r" 8 .. 2 2.6 86 
79 8.1 2.1 0 
79*-5 8.0 1.l 99 
78 7.8 1.1 102 
7 1.a h.2 86 
80 ·1.1 2.1 92 
80 8.) 3.2 100 

).2 la5 
2.1 92 

81 7'. 8 2 .. 1 80 .. 
·~ --

Averag 79.2 8.o 2.4 9.3 --·--....,.._.· 
Station 2 

uly 28,. 1947 76 8.l 3.9 . 92' 
~July 31 eo 8.1 ).2. 96 
Auet,tat 4 19.'5 a.1 2.5 98 

;ugu t 8 79 1.6 ~·2 108 
gu:at 13 r 1.a ~6 85 

A st l$ l is .. L9 90 
AurolSt 20 82 .8 3~5 102 
Au t 22 - ).2 1o6 
August. 2> - 2.8 94 
August 27' 82 8.0 2 .1 80 -Average 79,.,8 a.o 3.3 9$ 

Station )' 

.:ruJ.y 28> 1. L.7 76 8 .1~ 4 ~6 88 
July 31 80 8.2 J.2 94 
Au . , 4 7 . ~ 8.o 2.2 100 
Augrtst 8 79 1.9 2J3 108 
Au stU 80 1.1 5.) 93 
.Augttst. 1'.5 82 'f., 7 3.9 92 
August 20 82 .o 3.2 lOO 
Au st 22 - ,.., 
A.uguat 25 - - 2 .. 5 9'3 
A ' st 27 82 1.1 2.2 78 

~---.... 
__ . . . ft 

Ave.r age so.a 1.9 l . I! 



te 

JUly 28~ 1947 
July 31. 
,u ust 4 
August 8 

· ~st 13 
ugust 1~ 

August 20 
August Z2 
Au t 25 
August 27 

Avera&e 

Station ~ 

July 28, 19h7 
July' 31 
August. h 
.Augunt 8 
AuP.Ust 13 
Au t 1$ 
August 20 
Aug>J.St 22 
Augt.t~t 25 
August 27 

Avera~e 

· tat.ion 6 

July 28~ 1947 
July 31 
All , t b 
August 8 
August 13 
Auzu.st 15 . . 
August 20 
August 22 
August 25 
Jiu. st 27 

Average 

6 
0 

80 
19 eo 
82 
82 

-82 
0 .1 

76 
81 
··o 

0 
80 
82 
82 

-82 
80.4 

76 
82 
80 
80 
81 
,...2 
01 
:..12 

1 

80 .6: 

64 
T.BU: 8 

8 .~ 1. 
8 .. 1. 
7 .s 
7.6 
1.r; 1.a .... 

1.1 
1.1 

7.72 
7.c; 
7.9 
7 .r; 
7.7 1·£ 7. 

-7.8 
7·.7 

7,.79 
7.8 1.e 
7.8 
7.6 
7.6 
7.8 

... 
1.''f_ 
1.1 

J .9 84 
4.2 91 
3.5 100 
h.2 J.10 
4.6 93 
ti.9· 92 
).2 100 
J.2 92 
3.5 80 
) .9 94 

5.J 82 
5~J 90 
lh6 100 
4.2 107 
~-J 98 ;.h 90 
J.2 6 - -J.5 8 
4.2 81.i. 
4.a 9.3 

4 .. 2 84 
JS 90 3.5 100 
2.8 lo6 
At .. 9 100 
$.6 92 
4 .. 2 94 
4 .. 2 lc6 
2.1 90 h.2 86 
3.9 95 
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TADLE 8 

Data on Temperature, pH, C02, and (HC03) 
.. .;i.,-..---= < ... ,.t -later CO? (HCO~) Date Tempera tare pH . 0 ppm .e~ C02 ppm ru-; · . aC03 

Sta.ti.on 7 

July 28, 19 77 7.84 4.9 >3 
July 31 82 7.9 h .. 6 91 
.Augnst h 80 7. J .. 8 98 
ugust 8 80 1.1 4 ,2 lC-4 
ugust 13 81 7.9 J.9 lOh 
:ugust 15 82 7.6 6.7 92 

August 20 81 r.6 h.2 97 
.Au ... 1st 22 82 L..2 107 
Auguot 25 ... t ·2 94 
n~st 27 81 7.8 .2. 90 -Average so .1 7..fi 4.4 96 

Station 

July 28, 1947 77 ·1. 79 4"6 80 
July 31 82 1.6 .. 2 88 
ugust 4 30 1.1 4~ 2 100 

Aurmst 8 80 7 .. 6 !J.9 l c6 
Augµ:st 13 l 7.7 ~~2 105 
Augu t 15 2 7.S' .) 90 
Aumist 20 81 1.6 4.9· 95 
AUP.Ust 22 
August 25 ... - 3 .. 2 90 
k,gust 21 81 7.7 5.3 90 

Ave.r age: 80.5 1.6 4.8 9h 

Biochenteal °'Wgen. ~ 
.in Pl!?' 

Date Sta. l Sta.. 2 sta .. 3 Sta.4 Sta.~ Sta .. 6 sta. 7 sta.8 
July 28, 194.? - - - - -
Jul:y )1 .4 9,,6 9.6 10.·0 1,.2 6.h 6.6 6 .. 8 
August 4 .4 4.6 !).h 7 .6 6.o 6.2 s.o ).2 
A.u.guot 8 4.0 14 .• l + 12.4. 10.4 7.8 8.4 8 .. 4 7.0 

2.B 14.4'+ 12 .. 0 10.8 1.a.6 7,.:2 1.u 6 .. 4 
August 13 3.4 4~2 12.8 12.0 6 .. 4 ;1.4 ~-6 5+6 
August 15 - - - ... -August 20 1.1 r 8.5. 1.1 6.4 5.o 6 .. J 4-9 4.2 
August 22 ·- ... 
Au t ~1 - - -- ~ 

J·ver".>gc 2.0 9 .2 9.9 9· ~ • ::> 7 :5' 6.6 6.3 5.$ 
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TABLE 9 

Data an Dissolved ~rgoo, Dissolved Solids and Color 

E • ...., st .s~.de 0£ ri .~ = v · dd1e of river 
1 • lest side of river 

Dissofved Disso'.l~:;a' 

T • ffotcl 
F • Fixed 
V = Volatile 

Date ~gen Solids COlor 
E. l _. tr:. ~.,! F. v. E .. ll. 

St.at.ion l 

July 2 '> 1947 ... 7.8 194 132 62 
July 31 1..'J - ... 
Aurnmt h .... 6.6 215 lL4 71 -ngu.st 8 - 7.0 - - ~ 

Aug'.l t 13 $.t - - ... -ngust 15 6,. . - -
A.Ugt:t.st 20 .... 6 ~8 21S 144 Tl 
Augast 22 ""': 6.J , ... -August 25 ·-· - - - - ... 
Aut:.rust 27 - 6.8 - ... 

Average 6.9 208 lO 68 

Station 2 

J'!Jly 28, 194 ;:.2 6.3 1.5 0 12 !!6 l.lO 90 
July Jl. 4.2 5.9 6.8 ... - 170 90 
August. 4 4-l 4.9 6.5 2)0 lh6 Oh 1~0 llO 
August ti.6 5~1 1.-0 ... - :lJJ,O ill 
Augu.st 13 5.6 6.o 6.J .... 
August lS 1.7 4.o ~~4 - - 220 l.30 
ugust 20 S.6 5-5 6 .8 221 146 8l 50 60 

Au ast 22 6.4 
AUbtWt 2S .... - - - 110 110 
August 27 . 6 .2 5.6 6.1 

Average 5.6 216 1.33 84 1!)0 107 

\1. 

JO 
.30 
2S 
h2 -35 
32 
.... 
61. 
.... 

38 

>o 
,32 -50 
10 
35 -64 ..... 

53 
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TABLJ.~ 

:ey: "' = -·a.st e:lde 0.1. ri· e 
~ • ' i r le o.f river 

T =Total 
~ = -61 I 

= •c t side of nvor V = Vol&tilo 

li'issolved Dissolved 
Date gen Solids Colol" 

B .. u. w .. 'l' . F. v. E .• u .. w. 
~~ 

$t~ticn 3 
July 28 ; 19~7 5..$ 6.k 6.) 188 115 73 110 ao 65 
July 31 &·4 ~.6 6.1 - -· ... 110 110 64 
August l .4 h.7 $ .. 2 226 135 91 90 95 
Aupt 8 5 .. 0 4.6 5-8 - .... lhO 125 90 
August 13 ~s J.h 4.0 - - ... 
August l!) 2.0 3,4 J.5' - .... 100 100 90 
August 20 4.9 ~.J ·s.s 235 l.48 P""' 65 70 40 VI 
Augu.st 22 - 6.2 ._.., .... - ·- -ugust 2~ " 8, 8:) 7·> - - -· - -· -1\.Ug'.!et 27 6.2 2-8 $'.8 ... .... 

Avera e 4. 216 133 84 100· 99 77 

....... -~....,.,._ 

tation h. 
JulY 2a_. 1947 5.7 ~ - 8 5.9 ll 117 64 6:;; '.fO 70 
July 31 J.8 4.6 h .. 6 ·- 90 75 15 
August 4 l·4 ).1 4,.4 227 lJ8 89 90 9$ -
Au~t 8 .o 1.3 4.3 - 125 100 .100 
Au. t 13 2:.o 2.2 4-1 - -
A.u t 15 2.2 2.u 3.3 ... - - 75 7$ 75 
Au ot 20 J.) 4.3 .o 229 lh3 86 7 70 70 
August 22 .... .... ... - -A:llr,'11.St 25 - - - 65 a> 
Augupt. 27 '4. 7 4.9 h-7 

Aver~ 3.9 212 113 80 88 82 81 
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Dat on Dissolved i'J:rJ n, Dissolved Solids o..'1.d Color 

Key: E • F.aot side ot river 
i· .. • :iddle of tiv-er 
l = West side of rtver 

T • otal 
F ,,. Pixed 

• Volatil~ 

01.strolved Dissolved Data Ox;]{ gen Solids E. or • F. tr. 
.Stat.ion !) 

July 28t 19h7 4.5 4.9 li .9 169 lll 58 70 July 3l 3.$ 3.1 3.9 • - - 1~ August 4 1.5 2.1 2.2 220 124 96 $~ 
ng-ust 8 2.J J .. O 2:7 .... 15 August 1.) ;3.0 3~3 ,3.J .... 

Augu.et. l~ .9 l .J 1.) ·- 100 
August 20 2 .. ·0 2.3 2 .• 2 216 JJ7 19 70 
Au st 22 - -.. 
Au/ t 2; - - ..... 90 
August 27 h-.5 3*9 J .. ~ -

Avera~ ) .. o 202 12 82 

Color 
• 

10 
90 
75 
7$ 

lOO 
70 -90 

"'4 0 

~-

Station 6 

July 2 ,. l h7 ~·t 7.1 7· .. 3 ll::> 6 70 ? _,. ... 
Jul 31. o .. 6.7 6.7 ... - - ?> 75 
Au.pt 4 6.5 6.G 6.!5 217 l.28 89 > 75 
August 6.4 6. 6 .!i 8!) 85 
Attgust 13 $..6 6.? 6.6 ... 
lru~ l5 6 .1. 6.2 6.0 - ... 100 l.00 
~ t 20 6.3 6.3 6 ~3 Zll Uh 11 70 70 
August 22 .. -neust 25 ... ... ... - ... 90 
Au t 27 .... 6.8 -

Average 6.~ 20 126 78 3 8J 

If,. 

7 75 .... 
1S 

100 
70 .... 
90 -
So 

70 
7~ -· B5 -100 
70 

-... 
3 



TABLE 9 

Data on Dissol ed Ox;ygen1 Dissolved Solids and Color 

Key: • t side of river 
• !iddle of rive1• 

'<If • West eide of river 

T :oi. Total 
F = Fixed 
V = Volatile 

Dissolved Di .. solved 
Da.t.e OXy'gen Solids 

E., M. " T. F .. v. E. 
Station 7 

July 28, 19 7 6. 6.7 6 . 7 166 lo6 60 70 
July Jl 6.) 6.1 5· ... a ... .. 1$ 
August 6 .. 3 6.1 s .. a 212 131 7'5 70 
t.u ~ 't ~.9 5.7 5.7 75 
ugu t 13 6.3 6.3 6.o 

August 15' ~ .. 6 5.6 5~ 4 - - 100 
Au.gust 20 >.9 >.8 5.6 Z26 l3L 92 70 
August 22 
A:u st 2$ " -Au st 27 6 .7 

ver~ 6.1 201 126 76 78 

Station 8 
July 28, 194 6 .. J 6.3 6 .. 2 10 110 60 70 
July Jl 5.S 5 .. 8 $ .. 6 - 15 
Au st 4 5.1 6.0 ,.) 199 lll 88 65 
~ugu t 8 },J..9 5~0 .9 ·75 
August 1) 5.6 5.8 5.6 
Au 1 t 1~ 1~.9 5.o 4.6 ... 100 
, ugust 20 5.3 ~-~ 5 ~o 21) 135 78 70 
Aumiat 22 ...,. ... -Au ufrt 25 - ..... - ..... 

gus 27 6 .. 2 ... ... 
Aver ee 5.5 194 119' 1'5 77 

Color 
M. w. 

10 70 
75 7~ 
70 
75 7'5 

l CO 100 
10 10 ... 
90 

80 80 

10 10 
75 7~ 

6~ 
75 75 

100 100 
70 70 

90 ,.,. 

82 11 



PLATE s 
&4- J'f o t ion-'! 
82 
80 
7CJ 
re 
84 J':fo/1011 ~ 82 
80 
76' 
76' 
84- S'faf/on #J' 
82 
80 
78 
76' 
84 Sta/ion~ 

lJ.. 82 
0 80 
I ?CJ 
Q, ' 78 

" 84 Station n:-s ;':) 
~ 82 
~ 80 
Q.i 

f 78 
76' 

~ <S+ St'of iontt6 '32 
80 
7a 
76' 
0'4 Stot1on #7 t52 
80 
78 
76 
84 Stof/o/l H& 
82 
ao 
ld 
76 

28 .JI 4 8 /..] IS 20 22 27 
t/v(y Au.9<N f 



8.S 
8.0 
7.5 

6'.S 

8.0 
T.S 

8.S 
8.0 
7.S 

8.S 

~ 8.0 

~ 7.S 

8.S 
a.o 
7.S 

8 .S 
8 .0 
7.S' 

8 .S-
8 .0 
7. S" 

8 .S 
8.0 
7.S" 

28 
tlvjy 

..JI 

Pl"1 TE 4-

Sfat/on 11
/ 

S':tolion 1t2 

Sf of ion '(] 

Jtafjo11 ~ 

Sfofion ~ 

Sfotion 11"6 

Sfafion #cJ 
,,,. . _,,, 

4 /.J IS 
Augll..rf 

0 

20 27 



( 

PLATE .5 

8 J1fof/Ol7 #/ 
6 

4 
2 
0 
8 Srctlio/7 #2 
6 
4 
2 
0 
8 Srof/on #J 
6' 
4-
2 
0 
8 Station""!?-
6 
4 

~· 2 
~ . 0 'Z 8 Jf ofio/J "tr . ~ 6 " 
~ 

4 
2 (j 
0 
8 Sfof/017#-6 
6 
4-
2 
0 
~ Sfof/on 7 6' 
4-
2 
0 
8 J'fafion~ 
6' 
4 
2 
0 

2:s .JI l.J IS 20 22 25 27 
t./(l(y Au .9 u.r r 



PLATE 6' 

100 

80 
80 Sfof/011 #/ 

JOO 
80 
80 Sf at /011 #2. 

~"-J 

~ G 100 d 80 

ti 80 Staf/on{i 

t ' /00 
~ 
~ 

80 

~ 
80 Slat/on~ 

...... 
,C(-
~ 100 
0 . 
~ 80 
~ <!JO Sto/10/7~ 
~ 

~ ~ /00 
~ 
~ 90 '~ 
~ 
\ 80 .J't 0 t IO /J 15' \) 
lJ 
" C{) /00 

80 

80 Stol/011 *7 

100 
90 ~ 

CJO srot/011 "8 
c8 .JI 4 6' /J IS 20 22 2S 27 
v'u.6-' Avgu.f'f 
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PLATE 7 

8 
6' 
4 
2 Station*/ 0 
8 
tJ 
4 
2 Sf of/on #2 0 

~ 8 
~ 6 
~ 

' 4-
,2 

Sfat/011 11J' ..... 
~ 

0 
8 

·~ 0 ' ~ 4 
~ 2 
() Sfolion #4 ' ·o 
(J 

8 0 
.6' 

~ 4-
~ 2 Sfation:K..J 0 
~ t 8 

~ 6' 

~ 4 
2.. Stof1on .Jf6' 'tl 0 

~ 8 
~ 6' (J ., ..;. . c, 

2 ' J'tof/on"7 ~ 
0 
8 
6' 
4 
2 Stat on~ a 

ctB .JI 4 ~ /..J ;.,- 20 e7 
t.lu{y Auyv.rf 



C'.l"" 
\..) 
0 

80.S 7. ~ S (i 86' 

ci 
~ 

7.8 : ~ 4 
~ 

'~ 
.~ 

' 
~ 

7.7 ".J 

7.9.0 7.6' 

0 

\ 
\ 
\ 

/\ 
/ \ 

Avero_yP YC7/t/t9.S- or: 
Te/npera fvre - - - - -
pfl - -

C02 
(llC0) 

I 

/ 

4-

p-
/ 

S fa. I Sf q.2. J'la.4- J'la. S Sfo: 6' 

D1.rfcYnC&' rrofl? M/// /n /W//i=P.s 

PLATE 8 

.Jfo.7 J'f01. 8 



210 

200 Total Jo/;ds /1Yg) 

I.JO 
Fired J'o/!dJ (Av9.) 

~ l120 
~~~-+-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ s 
~ 80 

TO 

0 

,f'f a. I Sia 2 

f/olot-1/P So//dJ (A vy.) 

I 4 6' 7 

.Sfo . .J J'fo 4 Sfa. S J fa. 6' J'-t-o. 7 Sfa8 

PLATE 3 



~ 
'ti 
'i... 
·':> 
~ 

6 
'-Q -
0 
(J 

~ 
~ 

' . ~ 

' ~ 'i.. 

~ ~ 
~ 
I:: 
<) . 

) : 
~ 
'> 
ti 

Q:) 
'-

100 

.so 

I.JO 
' 

12.S-

100 

so 

0 
J'f q , I .f'la. 2 

_____.E O'cf f {' /cY<P o,r r /vt?r 

M-dd/e " '' 
11 I/ 

I 2 
..ffo. .,J . S-!o:4 

Colo/'" of T/Jrc>e Poinfu 
AcroJJ R/Yer {At-g.) 

4 s 6 

Sfa. S .Sfa.6' Sfa-.8 

PLATE 10 

7 



~· 

~ 
Q,_ 

· ~ 
Cj 
\:) 
qj 

8 

6 ' 

~ 4-
~ 

cS 
'1 

2 

0 

Sfo. / .Jfo.t? 

/ 

J'fo . .J 

-- S- d~ B/oc/J~nJ/co/ 0--tYgPn [}e;nand 
(AYercrye} 

LJ/..r .. 10/rF?d 0-(,Yge.n 
~ (AverCT51e) 

2 J 4 
J'fo-. 4 Jfa S Sfo.6' 

PLATE II 

S'fo. T 

6' 

Sfo:t!.l 

7 



PLATE le 
OATA oBrAJNEfJ AUGUST~ /847 

80 
I.I.,. 
0 

7.9 
T<9/77pc:=>rofure 

8.0 

lS H 

~ 
s 

~ 
~ 

..] 

I 
C02 -..., 

~"I 

~~ / 00 

~ 89 .. 88 ~. B/carbo17aft? A'/.ka/i11/ly 

~ 
tJ 

~ + <( ------. 
2 

Disso/VtPd 0.)( en 
8 

\" 6' 
~ 4 
~ 2 

0 B/och~mical O,..r ~n DeJnCl'nd 

.JOO 
tTofa/ 

~- 200 
~ fF/x~c/ 

~ 
JOO 

-~ Yo/0-f.1/e 

Dis-solved Jolid..r 
A///e..s ·o / 2 .3 4 ..) 6' 
..Jlaf/on J c ..J 4 s 6' r a 
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l. .. Temperntm.-e 

Plln .. e 3 shet:· oo the t 1t!'£' :rnture varied at aach ,stat:t on \hl:riue -the 

e1•iod of t.ta aut o~•s investi$(ltion. ""'t ~ appar<Urt t.J.O.t. t• .o pa.tten-m O'l 

t le CUI <lr~ ... irxi. • 

ditf erenccs, bet\teen t va.-rious stati ow ,, 

The, ~1""":tUl'."e· curve oa Plat 8 represents the average te -
4 

ratt.U'."Cs at 

eaeh station during the 1:terioo of investir;ation"' It i. oted that the ave t:£ 

temperaturea on:cy !'tom 19 .,2°F to 80. ?°i'. Thi~ Val"'i&.."lc~ o.f a. d&groe "'nd 

a ha.lf' can prooahly' be a:ttr...but.ed to norw.nl daily ~ature n.ctuation. 

e te.."!lpcratm.'e , :t, Station <1' 'a.ken the first thin in tho morning,, 

and that at Station 8 the last thing in the afternoon. 'l'hcre.toro, tho. t.e: 

roture data h..1.S no d:i.rect signi:fieance. 

2. u 
If the st~ ~ ot been in!'looneed by an in - lay o:r· c .deal reac-

ti 

tiow should not btlvo ~a.nod rrctn -!' to t i .. A constancy o! :f.fo:raneos 

should Liv~ been .e A)tmterod on ei-1..eh tl;"'ip. tiai.·te.vm·,., since tl ri. eu~e on 

Plate .,_ g!,v& littlo indication of tr. co is.t.ont patte-r:n, s ..i.<!l t· :ctor other 

t ,:'In that "' ocl.a.ted ni the s·l.;r *s om· eo11dit.icn t11ist be involved. 

it is seen that t.ho:x-c 4 ooeral doc f'rClll S ation fJ. to ~tati01 /JfJ., 

!f St<J:tion ~ a cont.rel ro l'esent.i..ng no~ et.ream eor.1diti<m.S• tho dect-oa&e 

in H is to be eonaidaro.cl alien to t11eGe rutt'ti:ISJ. eondi:tiQt?,S end the ~ult of 

"'ly introduced r, ~or•' . 

Hot_ plates,. then, ve sv-ldenca 
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be the eher:i.ical changes instigat~d by the mill waste. 

The mill itrast.e,. hc:m:•1nrer, suf£~:t"S no indictment from this qtlart.er as far 

as thfl biota is coocG:!"noo.. A µH fluetuation of betYteen 7 .9 to 8 .l. nll not 

raM.eally affect aquatic llie • 

.3 . .,. Carbon Dtodd.e 

As t"J. 1t be expected~ the decreasing pB from Station IJl to Station #8 

is ace<mIPanied by a general ioor'ease in earbon dio..~da .. 'i'bi:s is de!!l.Q'lstrated 

on Plate 8.. The Q.planation i:& simp'le.. C~on diQ!Xide i .s proouced in the 

deeompooition of organic· m.aterial. Sinc.e the dissolved C02 i:s in the £om 

of ·~or.de acid, a ehU.'t to· a mt"li"e acidie pU m..v be expected to ac.compan7 

the produeticin of 002.. Alth<mgh it is recognized that the mill probablY con-

tributes the majority of the ·organie Jnat$ria1 re:sponsible £c-r too c~, here 

again~ an indietr~..ell;t is not i.n ol'de'r •. An incre~e of £r:om 2. 5 tc L. .. $ WJ of 

CQa only demonstrates t:he pre"'enae of a ·sU'lt.0 or ooco•n:pcai:tion and not a. 

lethal variance. 

• 
The: only alkalirnty found in the :rlve1"" '.!!'Ia& of a bic-.arbonate nature,. 

Althr.iugh the curves on Plate 6 exlubit a pattern <tl constant differences. 

·betwen statio.ns,. the curve on Plate B appears 1"o be ur..:r-,elat.od to the C02 

·and H curves ., 1'.oraovet"1 tho cwve on Plate S eanoot be damonstraUld as 

representing direct effects or t .he mill'ts w:a:s te <>n the river. 

; .. C<>lor 
On Plate. 10 the data on the ~ive:r•.s eolo.r is preaenta.d in two ways.. One 

demonatrate"W the c~ng effect and t m othox> demonstrates thG relatifJ..~ 

ship of th& average color ~t. eae ·~ oin:t. along the river \v.itb those of the 
reat. of the i"eaeh. 
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rom tho bo:litot'l wet of curves it ia noted tha.t at Station f/2 the c-olor 

v-ar e"" quite mdtZlly across the river .. The east side of too rlver1 where the 

gr.eatest color is found, i the si.de· opposite the· :mill. The :cffluerrt es it 
le!'l:ttes the :mill fl s oat acres the vcr and ·loo t. .c .east shore. 'l'his 

et\:'lnnelin affect is in evidene-e <l am u ·"'il St.4ti"n ,,4 is rooched. 

1· o top cun; ( . ate 10) indicate o t.hin '?> • &st~ it is ob ri<ttJ.G 

that the mill does ocntri u:te color .:.o t otrerun. dd-ttiotu{l o denee of 

thi.. is :found in the channeling uffeet . And '$Gco1~d; color :ts loat es t~le 
ivor nows d "'tre~ til Station 4 is reached.. F.t"om t.hi"' point on 

t , OUt"'1 out the re :ainder of the ree.c i inve 'ti atcd the. color re1!"' ns the 

sru::a.. .. an this evidence it • ht oo ecmclude.1 that tho color lost beti-r en 

the ·11 ru'ld Station 4 re!)re..:>Ont-s the col ed port:_oo of the · te tri.at ia 

held in suape i on:; v.rhile that color fthieh r ., dn in tl s river !rom St.ation 

i 4 to Statioo HB represents the colored portion ·or the VdSte 'th.at i '·' in solu-

~ion or in a e oit1~1 state. 

Color, then. furn shes indiotl:lett't or t 

ollui>ion ~ 

6 • D.iS'SOlftd $ li 

F'rm the eurve"B on Plate 9 it :ls qu1te av de4 t that organic nnt&rlal 

nter tne river re;:: the mill. The romd ~ in volatile soli i .1:'1.::rund at 

St .t.. i n 2 . The on.1.y e:x;pl ation for thi is t i.a.t the channeling effect at 

that ... tation dist the picture ood reurea.entetive da.ta. 1a8 not obtained. 

A Gteady deerea$0 of the volati1e solids ia no'ted from Station /J4 to Station f/8 .. 

Quite: unusual is the fact that more fixed solids (inorganic. iraterial) 

ea:-e in solut/ on upstr "'.tt fr~ the :mill than re d tream. 3eeause of the 

steady decrease sh0r1n by the curv , it d ht he suggested that the mll 

t exert.a a "saltin - 1Ut« effect on th o mtcrial. So f(Y. , deter-
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mnatiooo were ma.de on the dissolved solids, h('Nfever, the :tctu · is at 

best inadequate. 

7.. Biochemical 0¥ygen Demand 

From the B.o .. D. curve on Plate 11 it is seen that t 

as .found at Station #J . Again, the ehanneling effect at Station 112 un~ 
doubtedly distorts t e icture . Sufficient eviden.ce is provioJldt however,, 

to shew that the rrJ.11 does increase tho rlvar's B.O. D .• by about 8 ppm. The 

D.O .• D. at Station 118 is still greater b:r J.5 p n than th.:;.t above the mill. 

I"Operlias of t e te,. then, are stil. functioning 

•. Dis ol ved OX1"en 
.By virtue o'! the B. o. D. givtm to the. river by the mill., tho dissolved 

()lleyg® i deereas · · from about 7 ppra above the fiU.11 to 3 ip at Station 11$. 
This is evident in t n.o. curve en Plate 11. Also evident ia the fact 

t :iat tlle aste is in such an avt:d.lable state that the de "11 £or ox:y n is 

diate. Qui tc eonspicucus is t · e inc se in D. o. be"' - en Station #5 and 

f6 . 1'h1s increase is caused by the reaerati of ·the rater flO\Ving over the 

Coleman Dam. The dam;. the~fot"e;, 'is beneficial in at. leru:;t t o Yi • .!'int; 

:tt forms a pondage rhiah aids in keeping t B.o.D. in the reaeh.e . nearer· ·l:.o 

the mill, and second; it serves t.o r-eplenish the reduced '. gen supply. 

It t be re ibcr:ed that this D .. O •. eu.rve as. plotted fl:' the avera.ies. 

or data obtained: durl the mo"t critical times of the )"eel' . ln other words~ 

the ccndi ti()D$ deecrib d by thie ow"Ve represent those :Ci.O t. co , n du.ring one 

of the l:>.Onths of' least n~ and wn:t"'mest weather. '!'here.fore, aqua.ti<; life in 
' o er to survive tu , .. eriod rnst be ~ccllllated to the aid conditiona ... 

Also,, it i to be r i ered that the dis olved n sa::wplos re 

th st. 
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tation ·?S. if t .e botta. <'1,.eposits exert a.'1 a:prreci~ble detrlti\nd on the .D.o. , 

conditions will bo more critic-OJ. at this point than are i.ndicated. 

~i;ost f o!"l'!Wi of aquatic life need o.·-,eyg;en. Fish have a normal l"eG:uirement 

f h to 4.~ ppm~ but s · fish can suffer as little as 2 .• ~ to J p .::::;. mrer 

short. periods of tim •. If no bottom de !:\nd is resent. and the values <;:)£. 

D.o. taken at a 5 ft . depth represent conditions fr surf1;:.eo t.o bott· 

t · certain fish . ght .survilr-e the c1•itical .su:mn:-er n1-0nths in all rG.S.ches of 

the etrea1n. H . evet<", if' a 'bottom -detiand is preasnt at Station #5,. it i$ 

very dou.:b'tfu.l hat fish could S'<lf'Vi ve in tho pondage at that stat-on. 

Conelusion 

Tiw lr.OOt evident of the m.ill 1S ei'f ects O t' .. e physical and chem1.cal 

nature. of tho river are the incre ed. .C.Glo:ration and the denres ion of the 

n-.o.. 'rhesa effects. Q.re cited as serious in 't:thttt they a.t"e the mos.t. obvious. 
• .. ' > 

1nc other physical and chemical a.hara.ct ri$tics, l:i:owever _. are not to be, con-

aidel"ed insignific:mt. For the most rt,, the offer roof of abnormal 1eon-

ditions . It is the diff:ioulty oi sin~,ling them :out from heir int.er-

la; r that prohibits their bein~ res ted importrult !Vidcnee. Coloration 

end dissolv~d oxygon content are 10£ a na.t'tl that ean be usad as .salient 

indictments . 
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A fai;rly t.,tood id.au of the e::rt.erlt of c~ formation wa~ obtained by 

dropning a. weigb.t co ected to the end of a sash cord int:o the r-1Yer and 

nc'..; ng tr..o flcnic • 'n:lether tho might str ck bare stone,,. stone covered 

-of' the impact... .:>aundings: et t us sort iero :rnade at tlJl"Oe po:tnts acJ"Otl;$ 

t,.~, river a.t each ptation and mid-stai>ion. 

t bott. .. 

• Only 

t 0 1'toi:.:tgh ·eo.~lotely to carpet 

ar to lie in betr:roen t · ou1dera 

or -to bang . rece.riou · on ti,~ boulders 1· wrfaees , These latter 

"slough olf · and. become sludge floats . ., 

For lack or a ore· sei~ntil'ic ~ tbe te.m •sludge float&" is used to 
' ' . 

face of t.t.w river. 'These noata. were ratmd,. r· 

in di"'I ter, and consiuted of a tre"'cent slii:.ey -:isn . 

10 to 18 inehes 

oat-est m.tdlor 

ori· · "ted. betneen Station #2 tmd Statia.. i31 al.th~ so ap a.rod 'to 

originate ipriol"' to Station I ·. In eom1.ng to the surraoa they woul b<a aeoo 

anicd. by a tty'rl.ad of bubble&. Large :vor :0.G'la insti«ated by aintall 

a.test n~ of 

· o currents earrie t they 

ould either be t..crc tad b'f the river1 s bank& or l:ly th at Station {f5 .. 

Once a ... Station If , th • auld deco". ae on the still ond er di inte ate 
hilo crln1 evoo.' the dam. eey fart floats wel"'e enecuntel:'Sd bolarr Station (/") . 

Ul"lder the C?'oseo: , ,Q .aludge flo.'lt a al:"ed to co. ist. o! S-pliaerotilua 

ai ' cros:eopic 
'nr<l..m<:i.ei'l.Ul caudatum, 



~" trlcha i!etopu.:. striatus., and Blept.iarl. .ma steini .. These, for the mast 

part,, ore Petlnto1" or~.llrl.is:i:rs,, and along with ·the un.mistakablo H~ "'dors, 

idnnt.ify tl'W ·a as being in active anaerobic d~ositl,o~~ 

Semplea of the s.1ud8e carpet at Sto:ti-0n 5 te:re ·~ a. f 'I.ind to 

eontcln nuch "" .. 1 e rateriaJ.1 S< , .a fmr fibers, a.nc.i several iatom 

oarea.sses,. ~e sa:nples ·e1'0 teken in 20 ree.t ot lm't.>0...r at a. point .. ere 

t ;rater five £e t f r om th~ mrftAee often eootained let1s tr.¥<t11l 2 pp '4 

D .. O.. · Jl'mn the Samr>les ere Obtained, the -oalm of the ponclage "aS distu:rbe4 

by mI\Y gas bubble • The fact that "' o predatOJT prot~oa ~ .found indi-

ca · = limited little, if any,. Sphae.rotUus \r preBent. 

though ~test pn...~ of the river bot.tom at St.ati. ,'2 

strevm w:i th l ~ bou.1der.sJ a portion cl :e to the sh e. was co~ 

.-lth m~r!al wbieb bil1' ~ in. bla.ok clouds ·hen d:l~bed. The water at 

this :x>t ·was tr one to t~ feet deop.. A mcro:se!opic a.nalyeia of this 

b ok .iat.er-lal rave" ed .a. cornposi tion or . c l s 

am ~ ortro.ni.a • 

Too Ol"'gm:iier: . ·es.ant · J.i.1ded diatcan . ., mti.fe? , Cl ri' · , 

OeeiU.rl.oria,. S )iroat , t~l'GS, and .some argeni::;m. that l"CS· ,ihl · human 

b1td.~ (merosct';i.pia aµpetlX'~e). ~ filementn ct this la:tt.er organism waved 

'b ek and f orth and. a.~ed to be mtlde: u · oi "'trin.gs ol' bhte eellG.,, Very 

t tla Sphae:rat.i us ~ noted .. 

ft e t;, present tind the fact that no odors we o detected 

in bringing up the Sl<)l • , es, pl"eC-u.de de.oiena.t.i the· eondi ti on here as neB:r-

s ·tie or .ge tie. 
Downst~ from tbe dam e.t Station l/i5 no evidence of a 'Gar rms found 

until Sta'ttion ~IB . H · re:, tit the ·panda behind anothei" dmn,, on. orie aide o:t 

t ri ~ and ad acent to· t e , oint the P~ :uver fl int9 tb¢ 

Jn . . , a alight at f rund.. ro ._..e eo ic ~is WO. 'e of this 
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carpet, but its ert.ent rdS kncr.m to be lim.1.ted.. Occ ionally bubbles were 

seen to ri.se.1 b xt at no time 8$ th:U:i pond.ago found to be offonaiv-e to the 

lirom the reaultn obta-lned tl~e follwtn& conclusions are <?.de . 

There ia a def'inite deposltion o.i' ood fibers on the ri r bot.tcu":l .• 

1 tl:u.:ugh the de:posi tiOt\ b&giJ.lS at th.e t'.lill; the ri vor' etll'l"tmt.tl: alaug TJi tb 

the unov.e11 river bed prohibi.t the to ."'tion OJ: a thick henthcl carpet until 

the pmlda.ge at Stat.ion . ~ is reacb.ctd.. Here in the deep and relatively 

quiescent ater, a carpet f~d t-0 suc1 an extent ru1 completely tQ. 

cover the bottom. i"his c::i.rpet 1s or o inl.;'i ari~erobinly .. 

Ho-..1ever, ·tiw ~et produces no visible offensive can ition. Outside 

of the bubbles oceasia.11ally ing to the surfhce and. the rotentiorl of 

what s1udge i'loats nrr.iVG from U tre.:-'l!;'l_. t:he tar i.S MO't. offensive to the 

eye or OSlh 

rm1~nmt.i.ng ev:tdenee i$ to ba foo...~ trcn ..Jtat.ion /12 to #h.. !: re,, 

a1:t hau_gh r1 ·· ial. coo by bub~ las r · ·ine; to he 

suwfaee,, the river, ~entG slough o.ft11 the' de:>asit.$ befON a cor1pleto 

earpet can be fo . .. I. sludge noo.ts t.hue r~, along with t bubbles. 

that ace~ their aseension, n.ve the rivel" , $ordid appt?~e. Tho 

dee ' osition ;t. t..h.e floats as th ' noot domwtrean or ,collect al 

b.<ulk evolves rou:i odors. 

SOM deposition,. esibly' s · o-f it eontrlbuted by the, P~ ''rer,, 

sent at Station llB, but- like th :t of tho more oxtensiv-e carpet at 

Station ent. 
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Qu. te eun i.cucua in the' wnter Got Station 112 was the constant nux of 

part:lclea res lin~ tufts oi' woo1. T lis ccnditicn1 al.thou h litlited to a 

relatively s~rt :reaca., w-as observe on every tri • Sample of t . ds n<.lClt-

!ng material lfere t , . to t~ lab.orato ru:id exrudne under the · aroseo~ e. 

!th little difficulty tho subst nee lla.$. identified as being the cSO""Called 

sewage fungus,. Sp ~ otilua natans . This fungus :Ls vividly described by 

Suter (J9) ae foll s: 
uit tor in dense ses, covering the stones of the bot to and 

clinging. t-o sub rg· s ticks and plants. In still water it :.'I · be bulbous 

in form, like Stll1l.r.'.er eloudfl.; './here there is • e 'C'.ill'Ten.t t.h r;. sos are 

more sha.ggy or f'leeey ui th. jagged ed!'t.e.s and points sway;i.ng in. the current, 

F:ragments are .fre<lU:tmtly detached by the cu1Tent, and carried'. downstream 
into the lO'Her zones .. Vlhile suh .. ergr::.d, these plants rove somew.hat t e 

a. ·~earnnee ef cotton ool, al.tho· h made u of lati.nous t ends. The 

nei ly devel l d fo " ar fr entl,y te, but the older parts tend 

tO'l'lrr..rds an olive green or ' . :t;.ty3 , ay col ·• t-u...~n to c. rusty braull in 

tbe old&>t portions. This funeus feeds on mm diaintegro.tes it~ate material 

and absorbs .ox:y: n. It enis-t.s: until the oxygen saturation is pulled dct.m 

to a.bout 1 S per centi h at SU!l'l · r te: rattu-es, When it dies a.:.od in 

tum supports tho lowor f 

As is pointed out in the sect on on ottom Dep~ ..... :tt.s, this fun i.s 

flu.shed off the botto where it is formed... SO'l'lle of it 16lougbs off!' in 

amall tutts m1ere.aa the rermnder c .. es to the .s.u:rfaee in chunks to i'<Wm 

the sludge noats . 

It i>.> to be note that this fun e occurs at the o~nt of maximum 

bactori coneentro:ti n. It undau edl cooperates t the lo;mr bacteria 
in red't.ic" ('/ the organic eon.tent of t 10 river .. 
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Althoiagh the reaeh of rive.r just v.hove Big Island probably eontains 

less pollution than any other reach o! the J~.es , the water is f.'ar b'oo 

beinet in the clear ·· ristine state. Instead, it is r.mddish and,. at t ·· , 
SO!!l,E!"ahat brackis 1 alon the hore. During puriods of lo; .fl • the Big 

Island Dam eate es t.he seum which . ceu.nrilates ba:ck u 1»he river. Rc;81Wer, 

thi$ scum is never ... ora than a surface film, and,. o·t.Jler than being 'U.n-:-

.sigh:tly, ere.ates no mtisance. 

The water ... -s 1 t leaves the . .:11 varies in appearance . "fuon only tre 

wasl1cr and th~ ti chine effluent are f'lo::lin into the river~ no ore than 

a small addit.ional coloratioll and foaming result • Ikrnave:r, when the 

di..,ester e·ffluent is a.tlded t~ the t"iver, very dark eoloration and inc:ree.s:ed 

foaming ocours. Th,_s near-black liquid flows A-om the nrl.11,, crosses the 
.. ' 

river,. and fictWS downstream. on the si' · opposite: the mill.. Such a channel-

ing effect persist vi ibly until Station 2 is rea.-ched and can even be 

traced as :tar ,as Sta ti.on 94 by co1or:trrntric tests . The i lands b.etween 

Stations Hh and /15 effectively break up the 11channeling'l and a homogeneOll.8 

color across the i-J.:ver ia obtained. The foam. has usual.ly die.ap a.red be.fore 

it J."eaehes Station #2. 

In the. ~llcr; md turbulcn' reach at Stat.ion l!2,, the flw of 

Spbaerotilus nata.ns is encountered. ""ctlre.en here and S ~t on J t :c "'ludfie 

neats begin ascending to the surface . 1 se make their wey d m the river 

ortion collects alon~ the shore bet~ .... n Stations ~IJ and 14 ~ 

l ·at::=C:tumllation, together With the gas bubbles that a.re eonstantly risil.li 

to the surra.ce serves 't.o ~v~ tl,lis reach .... very sordid ap e.'.U"ance .. During 

hot eat r tti..o reach is further de· aded by the foul 1ors emanating from 

these decomposing .float • 
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These alud , flo.::i;ts that. are not interce t.ed by the shoro .float down-

st~ to the two islands located abo, e ..>tation. #5. Here, in tne two 

sballcmest ehs.nnels vfuero. the stronger cnrrents don.ct invade, nk'UW of the 
fl.oat 

The floats that successfully ~a.eh the pond.age at Station fJ5 collect 

thore until finally they are thrown over Cole n :o.:tm.. However, their re-
tention. at th!.s point, ooeausE'J of the larger area involved, doee not. gi.ve 

ria to ae diaa.groea'ble a c ondition as i,a encountered in the sh.,.1.llow 

·Oha.n.11.els between the islands and shore. At Station 115 the sti1l o£ the 

_ ondage is fr i timo to time di.sturb:ed lr'J a bub'bl.es . 

Those neats that go over too ·ati ~...isint:e at.e and very few are found 

rlomm.i.reW'.. H~ver, a eondi'tion or fr thing oec rs ~the dam o 

Station l/6. Thi& 'f rl.te frot.h;r p:rodueed b 'f the · vmter nom.n,g over the d.ru:t, .. , 

is not a.f;> thick as f • It ap . a:rtJ to be made up of tiny bubbles one 

layer thick . s a short d:istru.1ce dcmnstream i'rom f/6 . 
• om there t.o Statioi ll8 the ater i of a nature si.':Uila.r to that. 

abo\-re the mill . All visible traces of the condi tions eau-a.ed by the mill 

have disappe.r-iretl. 



Whe..:,, polluted \'\iatel"' is a;g,;pooed to the air, it tends to ahso:d> ~gen. 

In this manner, tl'W water tends to offs~t tho or1gen liabilities incurred 

b-y the B"'o.n .. of the pollutants . These tt.-10,_ reaerat.:tan n..n deoxygenat:ton, 

~. ther fortll, L'l a simultaneous operation in polluted streams .. The ,.ru.lO'Ullt 

o!' di$solved 01;.,7gen present. at any ins.tu.nt. can ba detomin«i if their rates 

are kn0tm.. The two h.rtvitl, been f'dmllated in an ttr..pro:s,sion kndm'l <lS ~ 

oxyge'fl $&g et1rve .. 'i'his curve is in the .f m of'i} 

Dt ;=;; Klt (lo~K1t_1<.r"K2t) + I) s: io- K2t, -K2 - K1 

Where 

Dt = ~n saturation: deficit. of the V.l'Q.ter in ppm at az r time t. 
. . 

D = : i&tial: 01!W'EOO sat.uration deficit. at: point of pollution., in ppm. 

L = initial biochemical ox:yge-11 demand of the diluted ollution. 

K1 • the d-e~mition eonstant, . 

~ • the reaeratcion eons-tant 

Th¢· d4'roxygenation constant Kii ba.s been det&rmined as being 0 .1 at 

oo0o.. i'l'ds holde for all st.reams. H ·«:.iver,_ -~ one' might expect in d'eallng 

with biol:o;i.ca.Uy-aetivated processes,, the constant el4'lngoa with a. change 

in temperature . From considerations in pcysical chemistry a:l'.ld. actual test 

the de~genation const_a11t l 1 at any tempwatvG m1 K'1(1•) = 1:(20) [1 .. ohf- 20]. 

Furth~ore, te~ erature ,a_ffee:ts the ma.gni:tudf:f of the fir-$t e:tage B,.,o~n., 

and tbe first ztaae dmnand tat any to~erat~ T has be'.Eln found to bear 

the follor.r..tn mlt!ti-on to the fix-st -· talte demand .at 2d'C; 

!Jr • -Lro [ l + 0~02 ' (T- 26)] 
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bitt, {hO) the :rea.;.)r tion co tant ue -nds J.ar.goly on 

tenmeraturo., time* turbulence, depth,. sunli ht~ a.mi the rate of dOOlr/gG:na-

tion of the liquid# Consoq,uently, the ·constant aries •tb the st~.nl and 

even the reach eonsidored. It is 'th the -aeration constant that. this: 

ection deals . 

By rtot kn<:ming the rlver veloeities, it was necessar-.1 to der'lJ.. With two 

unknowns, the reaeration constant and time . The rea.eration constant fol' 
var,i'Ous velooities was determined by t.rla:t and error, using o.ir:ect observa-

tions elf dissolved oxyiien and B.o.D. In this 111al'mer, thrc.>e curves \;ere 

tained (Plate 1.3) descrlbin,g tho :reaeratian constant at different veloeiti.ea 

~. ·• tie indivldu.tll reaehes ~en "'tations 2 d J,, , 3 and ,/4, and 11 
and • • 

'l'he CUl"l1'C tor the reao.h bet, en S't..1.tiooo /12 and ll3 (it>pea'l:'s qutte 

reasonable,. · Int $, reaeh the river i quite srd.ft;- the a.v:er.agQ velocity 

obably being O. l ft-/see. A¢cordin~ tc Dabbitt (40) .a.t~ of th1;s 

nature buve rea.eration ,eonstanta v< ng f r om O. JO to o. ~o .. Flrom the cu.rve 
on Plate 13 it is seen that f .<11:" a velocity ot 0,.1 fps a. constant 0£ o.42 is 

obtained., 

Likewise, the c~ for the reach bet~n Station #J and _, a~ 

reasonable. Hare the current is reduced considerably, say f!t'om O.OJS to 
0 . 0 0 f f:> • Babbitt (!iO) gives the value 0£ 0.15 ta 0.20 far 1 strea.w 

of lov.r velocity. Tho ClU"Ve on 'Plat 13 ves a constant 0£ .. 16 for a v-elocit.y 

of o.o;;o tps. 

'!'he atttbot" docs not attempt to evaluate the voloc:i:ty fot' the reach 

betvreen Statiail$ h and ~'~. Here, due to the pondage behind Colerl'lOll Da.tJ, -tho 

l .oeity i~ sxt:i: 'l.y "'1 · . ~ Babbitt. {kO) ·ves K2 a value of 0 .10 to O~lS 

f ar slugg;i.$h stre~ a.00: lar, 1.akQS.. Ir tho volooity o::. flcm or the, roach 

concerned is c~aole to this elassifie tion, t . n it "f'"ould s0eJ'!l that. the 
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curve on Plate 13 i"" in disagreenent.. If' this disa.gr1;;; .uent is aetu.a.11 tr.en 

oith~ the observed data is incorrect or "'ome other factor" not ta.ken into 

account in ·the sag curve, enters the . ieture. Assuming the da.ta to be 

I t ·s seen cm Plo.te 13 that the CU1"'1l'O f or the .. ~D.ch bctweoo Sta.ti 

14 and I> gives s ler V"alues far 2 than Dabbitt {40) . 1.'his. o£ c ours , 

ia based on the assumption that the vel ities concerned are th . that 

e<P.lld be ¢la:Ssified aa being present in sluggish streal'llS or large lakes . 

Sdm.ethin~ eloo, t _erefo~' other than the B.o • .n. 0£ the ··.:·ter, wst accoun:t 

for t ·_e low c-on.stan~. In other wardt.t~ so ·thing else i s, ooru:;uming the 

gen other than t_i.e pollutants in the rat or. 

This somthing elsetl might be in the fom of bottom der)osita. If 

thE>.re e'l."e deposits carpeting the bottom o.f t.his reach. it i quit~e prob-

able that they exert an additional demand on the' .ox.ye.en. Such a d001..and 

ould not be evident in our n .. o.n. <let tions . It is quite possible 

that t 'lie d~ doe exist,. beeause the reacnee. of a. ea , t in the~ 

- orti - of this reach has been verified. ( Soo .s-action Qn Botto il De oaitS. ) 

But t le extent of the e i.and ls net known at t .. ~ r-e:sent . 

!t a:t not be. forgott.an toot the above discussion is oot based on. 

.knO\m velooitios . !:o definite c;oneluaion ca.n be dram until v-elociti«:J 

of the various reaches are taken. ·~uriher 1nvesti .. ¢itions along tbi: lino 

sh ld prove very valuable .• 



Cal:eula.tion of eaeration Constant for VD.ricms Velocities 
(Data ta en fr.om rw:J made on Augu t 20, 1947) 

Dz - saturation deficit at Stati n /t2 

sat. at. 82° • 7.9!) p-~ 

D.o • . at st-tion ¥2 • %-50 ppm 
.... - - - ... - - - - 2.J~> ppm 

t 2 - $ dey, 27 .. 78°C B.o.n. at. Station 

• ~o [1 + . 02 (l-20~ 
• .3 [1. .... 02 (27. 78 - 20~ 

• 8 .. J x I.1~56 • ... - ... - - - ... - ·- · 9 .6 pm 

'& _, deox;rsenat on eonsu.mt ut 27.1 ~ 
• K20 ( l . o!dfi-20) 

• .1 (1 .0477.18) • - ·- - - - - - - • 

DJ - saturation de.t'i.eit at Ste.ti 

,,at. at 82°' • 1. 9S ppm 

D. o. $tt Station #3 . , ~.)O PE 

Ucing the .~en sag :formula' 

DJ ;:; lr1L2 (.10- K1t-10- 2t) + Dz 20- 2t 
i2. ~ 1 

2.6$ = l .37 (10~· 1.4Jxt_10·1'2t} + 2. U;5 x 10 ' 2t 
X2 _..l 
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By ~rial and eIT f' too :follow:Lntt alues of K2 '1e.re !ound :for eo:rre-

s ending V'olues of tin;e . 

t (in dq:f!) 

10.00 
2.00 
1 . .3) 
1 .00 
o.~o 
0 .40 
0.10 
0.05 

2 ~ For the re ch 

0 .10 
0.$0 
o.·75 
1.00 
2 .• 00 
2.)0 

lo·.oo 
20 .00 

tending irPlll Station 113 to 14, a Ilia · 

2 
.09 
.3 

:li 
.la .u 
.Jl 
.l.B 

e or .8 mlo. 

D3 - · ~tnration deficit at St.atio 3 - - - ... - - 2.65 

1.3 • 5 day• 21. 78°0 B. O •. D. at Stat.ion 3 

• 1 Ir ,... . 02 <21.1a - 20>] 

• 7 x :t.1556 - - - - -· - - 8.l ppin 

Du ... saturation deficit at Station 
sat .• at 82° 

D .. o. at St .. tion IJ4 

Usin the o~gen 84:, ' J.ormlla: 

• . . .30 ..... P .... · -
- - - - - - J.6, ppm 

,3 .. 6~ • 1 .16 (10-···-.l43t_10- 2t) + 2 .• 6;) x 10- K2t 
i2 ~.14J 



fr5 tr;...ol end error 

t (in d.n: s) {in m . /day) 

8.o ·0.1 .08 
l .6 o.s .19 i .o o.a .11 
o.4 2.0 *co 

Lu ..,. 5 ~" 2?. 78°0 B. O.,D,. at St.ntic•n t-th 
= 6 .. 1 x l.1~$6 • - - - - - - 7 .1 J'"' 

·-! -

l i# D.O. at S ... -tion :;i 

Using too ~gen sag f orlilllla: 

... - "'"" - _..,... 

5"1) • 1 ~00.$ (10-.lLJt_lO"'"K2t) + 3.6$ lt 10- 2t 
....--..-~ . 

K2 -·.lhJ 

By trial An' error 
t {L~ days} V ( in . /day) 

0 .. 10 
0. $0 
(l.60 
0.15 
l..00 

- l .60 

• 7 .. 9;5 ppm: 

= 2 .. 20 mm 
5.75 i: i'1 



Tho v .. O. D. data sea ~ cal.cu; .nted b°'J the author from the D. o. 

data obtairied !1•om the ii'liddlG of tbe; river and "-ing 7,.!)' ppm and 7.4 ppm 

res ecti ve'J:;/ as the il'!ln3diate an1. 5 a.ay .0. O. o! the diluting wt· r ,. 

A 2:1 dilut:ton 1ms t:rade"' These values of B. o. D .. varied somewhat f;roo1 

those cnlooJ.tited by .:r . l a.-Uates ., 

, ' 



I The l"ea<:b i .iediatel;y belcr.v ~ mill is· poll'iit<:m to a eel"ious wcton.t,; 

espe>eio.11.~ during the late $l.ll!lt"N r.'.lonths . This is fJvic.enccd b~: 

1 .. Increased color 

'2.. Incl'"Gascd B ... o,D • 

.),. • :].et.ion of dissolved oxygen 

h.. Large ba.cterl.al populations 

S.. Indieato:r organ'.f.$m3 in t litt.onli oonthic zon 

6. Profus Sphaerdtilus . ·;th 

7. Sludge nmts 

.• G bubbloti 

9. Tendency- -!or carpet.. .torrnat:!en. 

II In that ~ioo o£ the i"ive:ir ·extending frem C~n Dnm to the end 

or ·the re.aah it1V'esti ated, tb.e pollution is not $0 obvious. nomwar, 

t ere is 

:"1.:t thee f this reach; a oint seven · los d 

mill.. J. 10 o ence is: 

r . the 

1 .. Oreator colcration than that at station lt'l - the control 

statio 
2. ~tte D. O, D. than th.at .at Station · 

Il! w pollutan not -torte to the microorgnni:s 

the 13.,0.D.. !n feet,, the large ®ulati 

natans 'lee t.cd ar,00,iatel:f do.-.'nStl"eat"J t 
of baoterl.o. end . ..,_ · "' r .otilus 

tho mill indioote t 'urit t · 



B9 

1... By i e:.T.:U.na; pondi).zeo in ! · ch the suz:;p~ ltlro ,!le.terial rJ/ly 

aett,1·~ C!.lt .• 

2.. By the so.rile ~:mndages ,. !'etains the B. o.,D. in reaehe 

no er the mill, and .. aX""O tl'i.e probleo of a more 

lc~cl nat'!1ra . 

3 .. By aerating tho ator .f'lotr:lng "Cr mld th~ ooy ... 

pla"'li;;;il'liuz tho deplc.-wJ oxyrren mipµly .. 

V A ca.1Widerab'1e c ·>1~t 1~ ;:::t'esfmt. in t w pon"<!age bemrrl Cole::!k"m Dam .• 

T'mre i$ a coed ~ ,soibili t7 t!.tat t ta c<':IJ•pet is ~rt.ing an oxygrm. 

de~ on the rater ®ov.o it. Il<J1 ever~ e.dditional st'Udies en river 

ve:.lcoitJ.e · are nece. a efore thia point can be olarli'1.ed . 

VI The great.eat majorit y ol the 1 ution. is eau.aed by t1 e t!lill.; vecy 

lit-tl.e of _t, being, caused by the Big Island dm.;-)stie sern.:i.ge. 

Vll ':f'he ~ch irnrestig-d.ted is mrl'ficiently 1ol1Uted tc render it unfit 

for recr-eati.onat purposes. 
III t omQts obt.:l.io fro,,.. this s rve gest the foll- ·ne for future 

1. .aver velocitie.~ ru::cc:npnni.ed by :n. o. a.."td B .• o • obsorva, .... 

tions in ordor to de:te.l"?:lir.e the eoi~.roeet valuea for tho 

l..ld a!J.oo <:!. rl4'"0 accurate 

. by tho batten 

2 .. To.rle-i ty s.tudies on fish .. Studie · of thi! natu..""e !1C11ld 

of!ar an insight on a !.:'attar vital to the e£Jt:ir:iation ·0£ 

t o recr.eat· .ornl poterltial of the re.ache. , boloo tha. riill ,. 

J ~ c roher~ive st\.io.y of t -· abimd.ant b otcrial. flora 

located at Station 2.. i ntification or the bacteria 

invo :V'(ld, a.long w.ith a 
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of t.'Ue mata_'T'ial tl:' flora 

it,o uvo in a -.;ms to trea.tmefri,J:, .>rocE':ss .. 

Althau.rp the O.ilthor h.:. B eot>..fidence in hi"' data,, ~ e :recog:oi~G$ the 

m~e of li<dty of concl'tw:tons dr:.£-rrt !'ram li:dte-:i obDel"Vtltion end 

shoold liko to see us ;;Ql'k sUpplemented by addi tio:nal .i.nv>eDtigations . 



The author ex lresses his deepest appreciation to Professor P. H • 

. ~cOauhe l'or his ins'Oir· ng guidanca antl invaluable editorial a.ssiatance; 

to 11 for er edit,orial and ing as istanee; to 

survey,; and to the 

too 

,_.. ,... .1, of the • 

£or t ieir u:nlimi ted coa ration. in raldng the 

~·-~- -~(of 

) who sponscred the fell ship 
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