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• 
The increased der.1and -that ~/orld War II mode on the supply of protein 

fo~d and the urgent need for an investigation of sources of fish protein have 
led State Officials of llinnesota t Wisconsin, Iowa, Illinois, and i lissouri, 
to rega rd a survey of the l:.iississippi River as i.w:iediately desirable and nec
essary to the war ef ·ort and "'::o the postwar planning program. 

Dr. Ira 1-1. Gabrielson, then Director of the Fish and ~lildlife Service, 
considering requests •f these Stat ~ for our p~rticipation in a cooparative 
survey, approved, and assigned t:iis task ti') the ".later ;_uality Laboratories, 
a unit of the United States Fish end Wildlife Se rvice wider the supe rvision 
of Dr. 11i. 1:.1. Ellis. The purpose o:' the survey ·ms tQ detimnine t he pnysical 
and cher1tioal characteristics of t1:e Upper Mississippi" River in relation to 
fish life. It was to cover a IJDrind of 15 !:'lantLci, com.":le11cing ir,11ne dia tely 
aft~r a .!:e eting of the State 1:1r,d ?::da ral autaor ities in Uadison, ·,;is., in 
January 1~44. 

The Uppe r l.Iississippi rtlV3r, as considar-.. H! in this papor, is that portion 
of the stream l ying north of thci southoastorn tip of the St1:1tu of :Jissouri !Elnd 
ext:::mding to t wo und one-helf .. ,iles a b.tyve Lock and Dam No. 2 in the Has tings 
Pool, i.iinn • 

.rtocks of various geological ages represented in the iJississippi Drainllgo, 
and many varieties of topograph:r arc ~xhibitt3d in the basin. The r '.l:Lor; , 
rock-s t uff and dissolved mater <ils of many typ13s are t o bu expe c tcid in th~ 
Eississippi :uver water. Detail-31 accounts of thu physiography or th..; riv.;r 
.. 1..e:r bu obtained by r eferring to Chambers (1~10) a Hd GaltsQff (1324). 

I t should be rnentioned that the river from Coiro, Ill., to iUnneupolis, 
llinn., n1:2s ·.., .;;:1 i.!lprove ci to provide a waterway \d th u minim~l depth of 9 
f-j...:t and uidths suitable for long-naul, co1ruilou-carrie1· servictJ. This .:as 
occon plish...id by a cenulization plrm ~1hich iucluti;;;s loc.r.es and diuns ut 2t.> s i t~s . 

Tnc churoct0r of the riv~r has undoubtodly chang~d us a I'dSUlt of this 
de-,relopr::3nt. ~orae of the dE.l ~·:i9r literature co!_.:!drning d1:1m construction und 
the !"'ishuries of the Upp.:r liiss i s .. ; ippi .diver hu.· b!;Jen published by Cok~r (l.129) 
Galtsoff (1~24), a nd 3llis (1~31). 

The rise end fell of th•J !! is ~ issippi Ltive::.- !lt ' differc!1t st"wsons of the 
yoer h!:!V(:; mu de it ne ces_sary to plon tJ~ - i·;ork so thut saupks ;rould b.; obtainod 
while the im.t8r uns at various l ov- ls and t;;r1per·1turas--chongds ;hich could 
affect the equatic f~una. 

Tha tribut~rbs (figures l or!d 2) which :·m:.•:J sa~pled i:ir.d ~=•3 !' ?ported 
upon in t .1is papsr do not cor.1p:.:-isa by ~my 1.1• .. rnr.s ell of +hrl r1.- er s a!16 creoks 
wi1ich unter th.:? grt:1at rivur, but we!'e chosen "•itn r:Jo ;i rc t.1, c .;:;:';~ in conditions 
which would b·.: 13Xpe ctcld to •,:: '•3ct tha .assL s ~ pi, such t.-;, ; .. :.::!',,;..; volume of 
uat .. n·, pollutants, or use of th~ streuii.s ns pot ... L .. l. i•i:. r:i ... ·2e CJ ]ri,_s s it.c s for 
fishus. Thus, t .. ~ose studied. i ncluded sor.10 of th .: lorg..l riv ... r s a s wa ll eis a 
fd\1 S1.!llll Ollt:S. 

Th<:.l im.i,>ortunce of iJllysici::l ~nd chemical ;.'<;ctors of huturul :mt .Jr s has 
been stressed espociall:r in the stud~r of hikes, ar,d is t bly :::.·o::vi t:iv:id by 
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tlawson {1939). Although thus .! ftl~tdrs fil'O oftah ru0~rdod us basis in hydro
bioloGicol studies of inland uutJrS \ vo'r'/ li ttlu if any co1:ipldte wortc hes 
appeared in the litorature dolioerhing the reiution of productivity to chemical 
environment in ri ;rurs. SoLlO chcr.iical analyses of the i.lississippi River and 
a t .:m of its tributarios appear in Clarke's work (1908 end 1924} • T:..esc wara 
from oonpos i te samplos colloctod for ten-day poriocis in only one yoor nt one 
or t\lo points of the river. 

11cHorsue and Peter {1921) r .:lportcd on the ronovol of aincral pleat-food 
by natural drningee wntor, soma of their data r~lnting to the ~ Iissis::;ippi nt 
iiinnJapolis 1 iiinn., and Baton .1.-toue;:: 1 Lo. Those authors found thut the ~hos
phorus content decr~asod on its wr.y to tho Gulf of i.Iox ic~. They also found 
thot nitr.f'. to nitroi;en \rus absent fror.1 the ciinnonpolis snmplo but occurred in 
tho Baton doug~ sample. Alllr.lonia nitrOG~n apparently occurrod only in tho 
Buton J.~ougo sample and in smell :iuontitios. ?his led /iobtl ( 1~31) to "deter
mine i1hut inorgunic constituant of river water li!OY b0 tha f'1ctor tha t limits 
plankton pr:pduction ond hunco fish !)reduction." 'Ile concludod tht\t inorganic 
nitrog •. m is apparently not c li;;1iting factor in th-=: waters of tho llississippi 
Riv~r nt Fc irport, Iowa, and thut soluble phosphorus may be at timos becomes 
o lir.1i tfag factor. Uiobe { 1930b} also reportod on the mangunoso contont of 
the ilississippi Ri vor \'l'•ter at F'lirport, IC>wa. 

Ellis ( 1937) includes dnto of 1Jn eutrophic ch" ractor on the Uississippi 
rtiver in a publication dealing with th i dot·:iction !Ind m;tosurement of stro:u:i 
pollution. The only other \•1ork of <:: chemica l netur3 published on th.::i :iis
sissippi River is th~t of Ellis (1931). T~is survey extunded from ~uincy, 
Ill., to Point au Soble, 1.Iinn. in L.ke Pop in, and included observa tions Nl 
oxy! e :-1, pH and carbon dioxid~ , plankton, bottom condi tious, terapora turcs, 
particularly stressing tho problem of silting 11hich result!3d i'rom slowing 
of the river by dams. 

Asidu fron the i ::iportancc oi' vurious cher:iic-il fuctors wnich ho•1u b<.ien 
found to kflucuco the lnotabolic uctivity of inlond Haters, certoin pnysicul 
fuctors, other than t.Mporaturo, turbidity, sedi..ltmtation, and bottom condi
tions ho7e bioloGicol significance. For inston.ca tho nmount and neture of 
daylight , and the sele ctive absorption of the w~tor itself, aud tho selective 
action ~f purticulato and dissolv3a matoriol, hove bccu found to b~ iMportent 
in the rsgulation of tho activity or m1Jny animnls, in the vision of fish, and 
especially in tho photosynthe sis of pla nts (Clarke 1939}. How pronounced this 
affect . tight bo on the aquatic life of the :assissip~i Ri vor rer.w ins to be 
determined. Zllis ( 1936) has m::de c voluoble contribution ih showing thet 
erosion silt hos little effect on colored light tronsmission. T.uo presenta
tion of data on percentage of light of difforc;nt wave lengths transmitted is 
Offered in this report as u prvl~ninary tR furthe r study along thdso lines. 

It is hoped that the results of this survoy \till be of volu·..l Hhen cor
related with dote colloct.;id by the coopcratinB States ill relation to fish 
po,t>ulotion, growth, uei;git, size, :i:eproduction, and other factors. Although 
the ~uderal and State surveys were conducto d indupantly thoy cov3r tho seme 
p~riod, thus tho data s hould be rolevant, e t locst mer., so thun with previous 
surveys. 

The v1ritcr desires to express his gratitude to Dr. Ll. Ll. Ellis, oquetic 
physiologist, in chars c ~·1ot~r r}.uoli ties Laboratories, Fish and Wildlife s--:r
vice, wider whose guidf.mce nnd sup~rvision this investigation wus mnde; to 
D. K. lieyer. aquatic biologist, who collaborated in olrlost oll the field nnd 
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luborntory t:n·.ilyifos; to H .. L• Cuntieidt eup~rihtatilient, U • .S. ltish-c:.ilturul 
St• tiun, ut Lacross, \/is. 1 mio L1uterinliy oidad ~he field investigt. tion by 
nrr~mging for the use of a <!thleer 1:1i,a dther equipment; to .doy c. s~2ele, 
in churga or the Upper Liississippt '.;/ildlifo und Fish Rafuge, :!inonu, 1Iinn. 
for the loa n or on outboard :no tor for pi.irt or tha survoy ond other ussist~nca. 

Th.J writ-ar c lso wishes to .!ll.l~e ocknowled;;.":lents to Col . L. B. Fee gin, 
Corps of l::.i.:gino3rs, St. Louis, i.~o., District Enginco1·, for purlllission to er.t3r 
Locks 2•1-, 25 1 end 25; and to Lt. Col. J. H. P~il, Corps of ::Ugineers, :rtock 
I.sbud, I.:.l. District Engineer, for 1,ermission to enter the lock ~rounds of 
D!lms 11 to 22, inclusive, and for the use of United Stutes Const Gu' rd p8trol 
bo'lts ::o s. 1755 and 1777 for n 24-hour study of th11t section of Lqke }Ceoku.:c 
... djocant to i(eokuk Dum; und to :a. Inkisch for p-.:rmissiou to \mrk in md 11 roU!.d 
the restricted ;;irt:iti. of Keoktu~ tforn. 

i~T.i:!uD u:~ DlVESTIGhTILl!~ 

~xtaut ~f Survey 

A tot·~l of 53 mujor stntions v:;rying frora 40 miles to less thr.!11 l mile 
tipnrt wercl ost~1blishod ill tha !I: i1. ~hnnnel, and 68 substations weru selecte d 
in sloughs, chutes, cross suctions , ·.nd tributorios. 

R0fe1·ence to figure 3 will sLm: the extent of this survey, the nw1h::ir 
of til'les tt pn r t iculor section of the river w0 s 'Tisi tl~d, --ind the dote s the s·•.r.i
ples word collecte d. ~or inot•.:1.C'J , the hi:;i-vm t <Jr period wis s~nple d from 
Mt:rch 19 to Jwie 28, 1944 1 th~ low-wC!t.3r sen ro~·, from Augus t 11 to Soptuiab~r 
22 , lJ44, nnd thG r:iid-winter 1'~r iod from. l>e C.J.1lb'3l' 26 to Di:) comb en.· 30 , 19 4. 
Durint:; tho 1·1ttur p ...:riod whon truo wi1.ter contli tions wore cmcow1t~r~d, holes 
\ldr .:. ell t through the ice to cwl~~ ct tho wu t er m:npltJs • Samples woru not 
coU.oct...:cl conti11uously throu1~1out th 3S:J p~riods but u0ri;; t~.~u11 at s e lwctad 
int ~rv· . ls tJlH::ll rive r conditions .:J!'c,i;uutod spcci·· l ·:spucts. 

This study in nddi tion to r outir1e s•uapling ~1t the za<ijor st!.l tions included 
the followiag S_J:)e ci~l si.r.iplings: ·~ cross-::;_ction:.i l su111pling of th.J ri vur !.tnd 
ttd j ncJ11t \Ji=t0rs be twoun Cl· rkcsvi l l o , 1.10., end Loui si1.ino, i.Io., !.:t mil.J 275, 
mil.:: 2?8, · 1.d nile 280 (s~ ...: f i,~ur.J 4) j cross-seation at Lu Gr• ngv.., do., mile 
335.5; c ross-section of L:.~ko i:uokuk, eC.: j e: cont to "'"eokuk Dt.1n, mile 3&4.9, :it 
which s -:Jction scmples wer e colloct <.! d ; Vt:J ry six hours for u 211: hour p .::::-iod cOm
m·.mcing e t 10:00 u.,,1.; !.1 cross-se ct ion of Lake IC(;okuk but\·101.m ,Iont osu, Iow·1, 
nnci Hr uvoo, Ill., iailo 375.0j st tions astoblished at I.lile 65..; .0 in c· poli 
and rb rpers slou;,Shs; c;I"Oss-sections ot Luke Pepin nt mile 781.? :-.ncl inile 
77~ .4 (in ecch of thesa c:voss-se ctions there ue:-rJ three substi.. tiuns); ~·nd t t 
.:iile ?6..,,.5 :it th!3 lowe r end of ..,.. !Ce Pepin, but · .oove tha Chippewt. .i.-iiv·~r, 

Hhara two substo:.ti ons vmre .'ll.. ir.tLinad. 

Fifteen differ~nt tributt.r:r :.:i ·:~rs wera s f.1.1.!:lled ut v• rious ti.i,1os; '-' list 
of these rivers ond th~ir u9;iroxi.1:..it(;l tJOint of co1lflue11c(;l ui th the ;iississippi 
River is givon in fi~Ul'cl 2. 

It J'lif91t be mentiondd in p~ss in _; th·1 t Hell over 2 1000 chemicul onolyscs 
\•;ere mnda ·.1t tha Coluubio, Lio., l !;bor _: tories in addition to over l,?00 doter-
1i1irn1tions coNplet:) d in the ffold. 
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s~pt.lcu1~ 

:/llerev..:1r Cl SU!i1ple Of wotei' W.,t..B coilecttid or Obsorvi:it:i.OllS f,mae 1 thut 
place -..'Cs dosiguotod as e stuti.m. In most coses srnnples wtlre collt:!cted from 
the r,&~in chunnels of the !Jississippi ... ~iver or tho tributaries. The sumpling 
of slou~s i chutas, n nd the S1~y .rtiver ord .,ixceptions. 

Th~ plan followod in this surve:r is to use the uoues of towns cs woll 
c.s uildage .. iari~ers, to dosignnto the exact locotion Af tho sta tions. The 
ritsrkers were easily found by rofe:..~ence to n docu.1<.mt preporad by u. s. En&i
uoers Uffic~,. Upper IJississippi V:•lley l>i-.,rision, St. Louis, !Jo., (19':!:0) :.ind 
~ public: tion of the U. s. Const Guard (1944), 

Cuiro, Ill. 1 nt t he mouth of the Ohio nivdr, hus b~an dasign!l tud zoro 
nil·:ms \3. Thf.:! numbt:ir of .;iilus ir;Cl'O -~'J north Gnd south from t.iis 11oii;.t. To 
uvoiu. confusion ill umuiug st.tions by thu ;.iilD::.:,;J syst.Ja, miles surv<Jyad 
south of Co iro, Ill,, ore .1~rkeei '.dth u plus si~1 b·,jfore thu llilt:H..aG':.l figure / 

It r.mst bo rom~ubcred that c.q1.stuntly ch~uging ch~m1als nacossitate 
chang~s in milcr.gu rx•rKars despi to the f a ct that some Li re rather permanently 
fix·Jd in concxate. lio'.>'svor !:my other r,1othod use d to designate the ex·!ct 
position of 11 st"ltion \rould also be subject to chunnel ch'J nges. 

In the S'1npling of sloughs or sactior.s r cross th3 river, purticubr ~; t

t ontion w:is paid to select3d st• tions where w:1 ter conditions •wuld b e e.:pec ':i.;d 
to be different. Therefore, such dt'lte1 pras•.mt q physical ond chu.1ic• l pic
turtl of thd types of w<Jte r ovu ilobl·3 to the i.Iississippi Hiv-~r fishes in the se 
:ir l.las. 

lrle tho~ .£! Sampling 

·.i-:.. t..:r sn1:i.ples 

The 1Iississippi .1.(iver wus 1..11\1::.\ys sor.tplvd fror.1 the chumh~l :.ind !.I t :_; level 
or' ou~-h:..lf tha depth ut tht: t pol'ticulur point, unless oth~rwise stt: t ..:d. Sur
f<ice z_ ... ipL:s ;.1.:: l·e tu!~en ot t.. depth of from l to ~ fuot, while tho t ..:r ;.1 botton 
wr.it ; r s~ l.lplo L.1plies a seconu set of watt!r s •1 .. 1ples tuken obout 6 ihchos ubevc 
thu floor of th.:i stroum. At Lnke h~pin o series of such soi.1plt:is w~ru col
lect~d LJcross the loke, 

Botto~ sc.nplcs 

Snr.ipl.:is of th.:: bottorn wur .i obt·1incd ill th ~ . .i?otarson dl·...idt;<J. Thosu l'ldre 
coll1;ct<:id nt overy i.mjor stat ·.o!. r s Wi3ll ''s ot 11'. . ll~' of' the substutiui~s. The 
chnrrJ ctJr or tb.c l>otto;n, whothur it w s s ;..nd, mid or silt, pl11s !.lll:f oth8r 
p~culiar inclusions \llls recorcl..,d. Bottom f~1wn \i.1ro uot studied in dJt'..iil 
but ::i record •ms }:opt of thu insoct lurv· ~· >· f:.:.-<.:sh-wi .. tur :,mss~ls, ~.:i11d oth-::r 
lt..re;t: i1.v.:irtcbrt. t .:s foW1d. 

In this survey, il!tercst i1'-'S prilimrily focused on soluble or dissolved 
Ll'.l tc.:.·iol in tho -:.·m.t.Jr which .Ji:;ht be of cor.s..:q_u·.mco in influ.::ncing tha condi
tions of oqu~tic lifJ . TherafON, silt \'1'.lS not includad in tho ana lysis. 
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Thu pres:.mce of silt and otlp deiri ·us would certainly nlt·3r t h"1 ·mountr
of ch.:imical constituents prusent. ~1ble l t oken from ste_ige r (1914) s how nn 
t.;mlysis of silt from the J.tississippi. River cbllccted r. t .New Orleans, It is 
e vident from this tnbl>! thPt n tl'U:.l '1nalysis of tho soluble cbnsti t uents of 
tht} riVclr Wtiter could not bu Oti,t ulnod if Slit W3 r O included. 

Gloss fr~i t jars or thL? S£J lf-se~lin~ t ype ~Ji th gless lids wa re use d 
throuehout tha inv:Jsti~:1 tion to °':!' '.:lnsport the 1;·\ +, ' r s n:1plos. Thrca s·~npl~s 
w..i _• 3 coll3ctJt\ r.1t ~2ch st•' tion, n pint, qm~rt, rm cl ijn!:!-hr:i lf g ... llon. Tho f irst 
>J•.s pr.:is<Jrvod with " :few drops of .:mphuric acid for Dl!"1'.1onfo ~ind tot '.:! l ni trog3n 
dut..ir1:1in::1 tions. The second wus prGscrved with chloroform ~ nd wus use d for 
oxybJ n cor .. slll:Md detcrminuti.Jns, ~ ncl th0 third ~;- . s left unpr~servcc.l for the 
clet :.:: r;:,linution of pHt specific con\l.!ct:..nce, curbonnt es, bic'.l roona t .:is, c:..rbon 
~ioxide, turbidities, und light p01.~trntion. All of th•3se ue t .;r1.1inotions i·mrc 
co1apl1:?tod in tho field. Anal:rs -.:s of th.;-i u11pres•J rvuc1 s unplt.3s f or tr:. ce e le
r.ients nnd negutiva r udiculs werJ ,:i~.:ie nt th~ ;:a tc!r :"luc lity l..abor~·. torics of 
t . c U. s. Fish ond ·.lild.lifc Servico , Oolwabiu , ~.io. 

The only tl,;,portura fron the procedure :--.ar..tionad \·res :i,n the casa of tha 
rl3t!..ile:i, ci'oss-section s+,udi '3 s botween Louisiona, :!a., nntl Clurksville , 1~o., 

shotm in tf.lbfos 19-23. Hore four one -helf gn llon sar.iplGs of wa t e r i'iOr '.3 col
l~ct•J cl ot each st~tion ond oo ch :·ros pr :Jser-.r:.iri. ·.1ith 11:iillilitor of conci::.:ntrat
<:i c~ sul?huric ucid. Thos o sa1:1pla s wore concontr~tJ<l to Sl'lall - volwnes an,l tr .t 'lt
od a s discusso~ un~cr total nitrog3n. 

J.cids used. to presorv.3 sou:,:l;}s huv.J b t?en found to lc:ich out a l o .. 101!ts us 
r.mngan~so, iron, or zinc from silt, Therefore, our acicl-preservec.. samples 
wer::i not usod for these c!otor rtinntion. 

In the t.atti:cP.tina ti on of totul ni troGun the who lo SU!'lple \/O S us ..:cl ·.;hi ch 
inclu :....:i C.: r 11 susp~nnotl r.u.,tdiclr, Th i s iros consider~d vulicl because all or~~nic 
mut-eri•· l night be utiliwC: by t hu ~ iuot ic orgcnisus, 

All of tho rougonts used in the fi a ld anc ut the hone station lobora tory 
were of the high.est qunli ty r,n : Duri ty. Special precautions "Her u t ulrnn to 
prev,mt contrmina tion by for~ i c.n :.:a t crial. 

Boat 'Jntl _!icld Equipr.11.mt 

Tho field studies i'ro!ll Gutt..:nburg , I0t~n , nile 612.5, to Hastings Pool, 
;Hnn, n ile 817 .5 ware comple t ed in the '35-foot TT. S. Fish nnc~ ~Jilcllifo Ser
vice cruiser no. 1230. A "John" b::l ~ t ~quippoi: -;·1 i th ~in outbo·~rl.! not or w:is 
held. in tou for use in nsccnding t h.J t ributaries an0. slnu_;hs. 

An a utonobile truck, c:quippt}t. for field work, \Jas usocl t o cor.1plete the 
sur7cy f:ron Gui;t~nburg, lawn , 1:dla 612.5 to Cor l..;.thursvillu, 110., which i s 112 
miles balow Cniro, Ill. 

The oquipl.ltint corriecl in tho fie l d cons istl3(1 o:f o vncuun-tubc (;Ul vanom'3ter 
gloss ol~ctrocle, pH 1:1etur,. An oppnr ntus fcx t he maosui~1.ment of specific con
ductuncJ wi.. s aode with o stc.~:.: rd gkss cell cont 1ining co<1tC::cl pl8t i num t:: lec
troC.es in ~ telapho~10 circuit u i th o r:ticrohu.r:ir.' • ..: r P- nC: stflniiar<l vLric.bl.3 r esis
t .mca units. All det.3rnim1tions Qf turbE.ity ·1.1;d l ieht ;ienetr-.tion werci ma de 
with a photelon~ter. 
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Tnble 1.--An~ltsiEt of l.Iisaissippi Silt * 

Constitue.Qt Percent Constituent Percent 

F. . • • • . . • • • . • • • • • . 0 . O? 

s ..•......•......• 0.0? 

Fc203 . .•••••••••••• Cr203. • • • . • • • • • • • • 0 . 01 
3.4? 

:reo. , ....... , .....• V203 .•.••••.•..••• 0 .02 

.. lgO .••••.•••••..••• 1.41 liiO •••••••••••••• , 0 .ul? 

c~ .o. , , . . . . . . . . . . . . . 2 .17 i d.o ••••••..•.....• 0.06 

Nn20 ••••••••••••••• 1.51 Bco ••••...• , •.••.• o.oe 

K20. • • • • • • • • • • • • • • • 2. 30 Sro ............... Troce 

H20 •••••••••••••••• 3.78 CltC,, ••• , .......... 0 .OG4!! 

H20 ••••••••••••• , •• l.96 ZnO ••••••••••••• 1 • 0. 0010 

Ti02 ••••••••••••••• 0.59 

Zr02 ••••••.• , ...••. 0.05 PbO •••••.••••••••• 0,0002 

C02 .• ~ •••.••.•... , . 1. 40 Orgnnic matter .••• 0.66 ----100.6229 

S03 •••••••••••••••• 0.03 Less 0 • • • • , • • • • • • • 0 .1200 

Cl. • • • • • • • • • • • • • • • • 0. 30 
100.5029 

*:.nrilyses by G. Stsiger of '• co;.iposi t ·3 of 235 
E. ~l. Sh'1w in the · " elti~ of tr,~ ~ :ississip.r.i. 

Sci., Vol, 4, 1914, p. 59.) 
y 

sri.r.:p l 3s collect ~ ·~ by 
(Jour. 11·.shir:"'ton .M cr·d 

- 11-



Bottor.i s!!r.1ples were obt!li14e.:. with a Peterdon dredge which w:1s operateci 
by hn.ncl. ~later for oxygen sot,1pl:3~ w2s prociuretl ui th ei ~.qe:i.·st s:.i •. 1pl!::!r. Tam
peroture was obtninecl with u Centigb' de me:t'cury labotiatory therr.101,;eter. Other 
glesswure, us cnlibratad burehcs • gradu3ted pipottes and volumatric flusks 

were corriocl in special boxe!'! ~ ~H.heo..t-mste tubes graduutccl to 100 ral. \JOrt3 

used to detdrr.tine the percentngu sa .imentotion. 

PHYSICAL CHi1?J;C'..t.'ZR!STICS OF 'JG . TAT~ 

Tempe~cture 

Tcmpernturo observations were :¥1C:e by l: r!.Jwing u sauplo of \·mt :i r t:t any 
tl~sir .. H.• a.epth with c Foei·st soraplar und immecfotely plccing a ther :,101:eter in 
!1 jet of wnter excuping i'ro1;1 the bottor.1 vLlve of sur.1pler. Ti1is proc:!' .ure 
w:.. s foul!C.i to t ccur~. te enough fo:- purposes er this survey. 

Tlla tel.1per~.ture of th~ iJississippi .. ~iver c~uring high wu te:c i1. the montns 
ot .~rch onC: April r ·!lni;ecl fro1;1 6.o0 c. to 11.5°0. In • .r~1y uncl Juo1:: th.;i tdiilpe
rutui·a :i':.. ll~d \:'ls froin 1t>.o0c. to 2?.3°c (tuble 2}. Although there is -1uite 
t..: difference in te;,ipurt.ture betwoun April ~ind Jw1e no effort W!.s 1:11;;. cle to 
tr~i.;t the pcirious sapr- ratcly. Tne:,r or~ consiW.arod togethar ·c s hi~h W!lt0r. 
It should be pointeu out th<- t the "now1ts of c:issolved gasl:ls us oxy ;ci. ~nc: 
c· :-bon <lioxii:ie \·1ould VJry considernbly tis a result of this te:.1per~1 ture Tr rio
tior.. (See section 011 ox:yglln}. Low wntt::r tf:l!:tper:.turcs rocordecl uurin;; th~ 
nonths of August und S•Jptelnb :: r hrid u lessor i•t:1:.;o 21.8°c. to 28 .5°c ( sutJ 
Table 3}. 

Tcnpet'o ture ob servo tious i1: tho non th of DG~ •.rnJbe1·, WhC:ln most of th·~ ri Vi:lr 
VJ .• s frozen ov0r with 4 to 8 i?:c£1;:· of ice, w .;ro ~ror,1 zuro to l. o0 c. The 
r'3~• tli,~t;;s <. bovo Z...lro wur·J recor :.it. w.11~rc tho ch·;L.\Jl ~v!.. s opun ( t uble 4} 

The; tonp~r•Jture of the w:1tu1• i n the tributt.ries studietl snoworJ. no gre~t 
diffuron co from tlwt of the i.1•li.11 s _· . .i ~m. Ho\11:Jv~r sloui;bs ·:11u uuyuus usually 
war" 1 to 3 ucgrot)s w· .. rm~r th'.11 th.i :.r.o in chunnol. For instunce the; tC3,:tp:Jro
tur1:i of :.!cGroc;or Lake \·ms 3 • .,;,oc. ni .... :l1er than th1.J ch!.llill6l u t llcGregor, Iowu, 
r11ile 633 .8, both baing s nnplcal · ;i thing nn hour. 

Hhcrc•r,,.ir the velocity of thu curra.nt tr• s cliainishcc~ for uny groot dis
t unce , thu tc;,1pwroturo W~J s usu·.lly nltoro<l. 

T'ne r: ifi'or..ir..ce betwoon top iin1: bo-Jti;J.I:l tFlnperutu::Jes vr-1s quite uniform nnd 
usu•.l lly th~ v· l·h.tion w-.s less thrm one cle ;~ree . However, tit Lnke Pepin, rilile 
774 .4, the difference between surf•lce ;Jq. 9 r.md b<;\ttom no. 10 w is l .2°c. The 
vwriotion in tc11perut1ire of the rivdr between dny £:Jll1 niGht r. ccorclillg to 
observ•1tions in Lake .i."C olrul~ betw~en 10 :00 ~:.m. om'.. 4 :GJ :.. .n. 1-l'tS 3.o0 c. 

Turbiuity, Sedi~t•. tion ~Bottom ConC.itions 

The r.mteriol curried '"'owi: o river :,1'2y be in solution, in sus}ler:.sion, or 
rolled ~1 laq; th!J b· .. :Hi . In the i.!ississ ippi river, erosion S..t.lt \Jith some t...etri
tus ;:~ . s ch,ie:t'ly rt:sponsible for th.; t hree f a ctors here: uiscussed.. 

Thu first, turbidity, t1· s rocortle~ in parts p~r .nillion b·isJd on ruuC.ings 
calculuted from e previously stonl!!..rdized Fullur' s e ::irth curvu. 
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Tnble 2.--0'bserverl temperature~ cf :assissippi diver during Hig..11. '.l~ter. 
(Morch 19 to June 24• 1~ ~4) 

Stet ion 
Hiles; l?emp.ITe:ap. 
from 1 no~e 0 c 0~ Tim.e 

Li::Crosso i 1.iis. 
~icGreeor, Iovm 
Aoovu Dt\n /jlO 
Duou,1u.:i, Iown 
~c~i~ Ci~y, Ill.* 
Fa irpo:·t, Io•·m** 
Burlin,;ton, Iovm 
Hc:.;burg, Ill. 
1~1 ton, Ill. 
St. Louis, :io~ 

Ft. i'!!1dison, Iowa 
H"!'lil ton, I l l. 
~ :·u·suu, Ill. 
Cnnton, i:o. 
~uincy, Ill. 
Snv1Jrton, Ila. 
Louis i"na, Ilo. 
C1·1rksvillc, i:1o. 
Hnmbru6, Ill. 
Gn ifto11 t Ill. 
Al toi., Ill • 
1100G. .Ltiy ~r, Ill. 

St. Louis, 1..io. 
Crys t ti l Ll i ty, ._io. 
St. Gemviova, 'ilo. 
Chest'J!', Ill. 
Rocl;;wood, Ill. 
Grn-1 TC'NOrs' Ill. 
Theb~s, Ill. 
Colunbus, "Cy. 
Hiclc11Jn, !~. 
.1. i;;:itonYillo, Tonn. 
a nruth<.: rs v'i:: .. lv' "':o. 

Pool 14.76 
*River St~ge - Tnil 10.66 

~~ G~~e ree ding - 15.5 
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C~ iro i 19441 u~ t'1lr .Air 

700.4 ·~/ :14 
633 .8 6/24 25.5 29.8 ·:io: 15 ~1.f.l . 

627.5 6/24 25.4 28.8 5 :..:.0 p .1.: . 
580.l 6/25 25. 'J I 2·.:.~ 8:-..:5 ' 

496.5 6/25 25,71 28.~ 11:5'.) ••. 1. 

463.2 6/25 2-~.5 I 29.0 1:~5 p .r1. 
402,816/25 2?.0j 31.0 -=:00 p.m. 
258.6 6/21 2-.h .o I 23.4 10:00 ~ .!n. 
203.0 6/20 25.7 25.5 1:15 p.m. 
172.0 :5/ 30 16 .0 
380 .o I~ ··25 27.,.3 29 .o l-:45 p.m. 
364.0 r.'.:,/j 10.0 9 :10 ,, .r.1. 

349 .B i -~/5 6.0 •1.5 8:00 f) .m. 
342.o I ~15 8 .2 2;20 p.m. 
327 .1 -: / '; 6 ,0 ~ .o 6:00 p . :1 . 
303.51 · /4 6.51 5.0 t.I: : .-:5 p •. m. 
282.5 ,· /4 6.5 3.0 2:00 p .:n. 
2?4 .B j /1! 6.5 3.0 1:30 p.m. 
258 . 61 /4 6.5 3 .0 ll :30 3 .m. 
217.5[ · /4 '?. 5 ::;.o J: :'.JO I • ~:1. 

203.0' .:f •: a.o .) • 5 8 :~~5 p .i,1. 

19 6 • 7 : ... / '= 
l 

8.J ~~ .o ? ;30 ri .m. 
I 

l '7• :' I ~ /19 6.0 2.0 3:00 p. :~1. I """' 4 :::> ; IL-;_ 

152.01.J/19 6.0 2.0 112:20 p ... .l, 
124/0 3(19! 6.U 2 .0 10:00 Q .::.. 

108.613/.!.::il 6.0 2.0 8;00 ~! .1~1. 

100.013/24-1 11.l 
I 

·~: 10 p . !;). . 

'79. 5 3/211. 10.2 
t,,,4.013/241 9.ol 

12i. 7 ! 3/2t.1, I 11.51 3.5 
,.G~ .o ! 3/~31 6.5, 2.0 'k : 10 p.m. 
f.37 .6 i 3/:-3! ?.o; .) .0 3:~10 '!) ... :1 . 

fl.12.0 3/23 ~ 7.0 · 3 .0 2:00 p.n. 



T'..iblo 3,--0bsarved te11paraturas of ilississippi ~tiver during low water 
(August 11 to 3eptember llr 1944) 

Stntions 

i r.ii. below 
Fininger, I,linn. 

~ r.1i. belov1 
Loclcs &. DDm no:.. 2 

b mil below Hustings 1 Uinn. 
Di·Jmord BlUff 1 liisc. 
Red ·.iinG, :!ir!..'1. 
3 .8 •• 1i. bc;lov: 

rt<.! ·..t '.iine;, dinu. 
l .b ,,d. bu low 

Rauds L~nuing, • .iinn. 
ti uli. S • Of :lubosha 1 l.iinn. 
l.~ 1.1i. i~O. Of ., 

C!lir.mey Rock 1 !.li.nn. 
.5 :~i. !; . Of 

·.Jilcl.' s L::!ncling, Hinn~ 
1.2 mi. S. of Lock 

' lll'~ Dom. ,f5A 
il inllr~ Op'..1 , i iinn. 
Trempenle~u, i/isc. 
.1.<ive r Junction, I.rum. 
2 ~ .• ilc Isl!:ln<.L Light 
St. P .11 Doy iJLrker 
Jo l o·.: D:i11 i'.;o. 9 
Pr· irit.:1 .... u Chien, \lis, 
~ .• cGrJ5Dr, Iowa 
Abov0 Dn, l '10 
Guttenburg, Iown 
Belo>; Gutt.:mburg 
Dubu-.!•te,. Ioim 
Sn y r n .. !..h I 1:.1. 
.Hc:;;iit.. City I Ill. 
Fc i port, Iow~ 
Abov - I:iwn iU ver 
i;~w :Sos to!. 1 Ill. 
Burlir s tcr. 1 Iovn 
~t; . • • · is on, Iovm 
Ke Oltul>: , Io wt. 
LciGr'1ng(3 , ~ :o. 

Sr.. V..i).•to:i 1 ;.,o. 
Louis i -:1.ul, wo. 
J:!t.,::.burg , Ill. 
Gri..fton, IJ.l. 
J..l ton , Ill. 
uood Rivt3r, Ill. 
St. Lou.is, ... io. 

IlilJs Date Temp. Tenpl · 
fror.t 19(-4 11° tor Air I Time 
C~irr...J...~-......,;...~-0-c~-i-~0~c::.,_~·~~~~~......_~""'--

e17.s l 8/l7 

814-.5 
813.0 
uoo.o 
791.2 

7Gl.5 
765.0 

739.9 

730.0 

727 .3 
721.9 
715.6 
7QQ. v.t 
6':Jl.3 
::: .::- • 7 

. ,.,. 
th ,;.). _,, 

u27.o 
•.a 5.B 
bl2. ~ 

b8J . : 
537. ~~ 
•..:96 .5 
-=:G~ .2 

~~3·1. 5 
~..: 32.2 

~:03.8 

38J.O 
:36•: .8 
335.6 
30:3.5 
2C2 .5 
2S8 .t) 
21?.5 
203 .0 
19G.? 
172.5 

8/18 
8/18 
8/18 
8/18 

8/18 

8/20 
0/21 

8/21 

0/22 
8/22 
8/15 
8/15 
8/14 
8/13 
6/13 

. 8/12 
8/12 
8, ·12 
8/11 

j0/11 
18/2~ 
' 6 '"'~ 
I I"''-' 

1

8/23 
8/2-l 
8/24 
8/2-1: 
8/2•1 
0/25 
8/25 
8/25 
8/25 
8/;...5 
9/8 
B/8 
':J/9 
9/~ 
9/9 
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21.8 
23.0 
23.0 
23.2 

~'~.5 

23.0 

22.8 

23.2 
2:3 ' . 
2 7 , 
26 . . 1 

I)~ 
"'~ . .. 
"-<.J · 
m .. • 
2£ 
2 r4 J 

2c.. • ..> ,, . 
l.J 

27. 

-- -

27.8 

15.8 
22.4 
19.0 
22.0 

22.5 

;~·~I 
126.5' 

l?.5 

lS.O 
21 0 
3r~ .O 
?1.2 
22 • .J 
2:..: .. 0 
22 n 

27 0 
2? .r 
3B, 0 
23.0 
. .)2.0 

23.5 25.0 
24.0 26.0 
23,5 21.0 
24.o 2'%.0 
2·:.3 2? .o 

3:30 p.l'l. 

8:50 [\ .l.1. 12 
10: 30 0 .:.1. i 10 
12: 50 p •. 1~ ~ 10 
3:oo p.i.. I 
3: .SO p.rn. 7 

l ,-r5 p.1.i. 15 
B:.-;.:' ~\.,,,1. a 

1 :-::0 p.n. 15 

8 :bO O .;1i. 8 

9:15 o.o. 9 
10: 25 0 .!l. 10 
J.l ?•,,5 a .m. 12 
J;OO a.u. 11 
8: 20 u.u. 12 
7 : •.c5 u • 1.1. 

7: 15 u .•..•• 
3:15 p •. ..i . 7 
2:-r5 p .. 1 . g 

10: :55 .:... 6 
8 ~JO [, ••. 1. 15 
7: 3i) t. •• 1.1 • 

11 :40 c .1:i. aO 
2:00 p.1.1. 1'% 
'=' :05 u ,.,l. 22 

12:05 p •• :i. 11 
3:10 n ... 1. 



Tlible 3 •U..0bsorvad te1:ipcrE:1 tures of i.Iississippi Riv•Jr during low \•mtc r 
(August 11 to Saptembcr 11, 1944 )-(Continued) 

- Hiles Date Tenp. I TeL1p. D;!pth 
Stations-Continued from 1944 : Jn ~sr Air Time 

Coiro OC oc 

Crystal Ci t:r, lio. 152.5 9/10 22.0 20"3 9:45 o .m. 
St. Gen9vieve 1 ilO o 12~,o 9/10 23.5 27.5 11:10 a .m. 
Chestor, Ill. 108.6 9/10 24,8 30.8 1:10 p .lrl. 
Grnncl Tmve1•, Ill. 79 .5 9/10 2,.. .0 31.8 2:20 p.;.....t. 
Thl3bt)S 1 Ill. '.£'~. 0 9/11 23.0 23.5 9:20 a .i:; • 
Columbus, :~. 21.? 9/11 23.5 22.8 2: P..O P .a" 
Hick:.inn, Ay. 36,0 9/11 23.5 22.2 , 3 :-:5 p . r,i . 

Tipton..-ille , Tenn. 87 .6 9/11 25.5 22.5 1,t. : 1:=5 p • :1 . 

cc.ruthti rs·.rillo t l1io. 112 ,0 9 /ll 23,5 21.5 u: 25 p.m. · 
' ' 

Teble -=,--Obser-.red te:npo1·eturas of" :lississippi River in nic4 winter 
(Docambar 26--Dacetlbor 29, 1944) 

I 
I 

I.rile Dote -;11 t er Air Tino l!}::ipth 
fr on Temp. Temp. :!' .!Ut 
r,r, i I'O Oc Oc I 
' 63.2 Dec. 28 0.1 -7.4 12:25 p.n. 6 
•134.5 Dec. 29 1.0 --- <J::25 p.m. --
402.8 Doc. 27 o.o --- 0 :-:5 a .n, 6 
380.0 Dae. 27 O.u --- 3:20 p .i1., ~ 

375.0 Due. 27 
I 

u.O --- 2:30 
p · "'· 1 

9 
359.8 

I Dl;.!C. 29 o.o --- ~;20 !l. r.~. --
3 ' IJ n Da e . 27 0.0 --- 12:~0 p.u. --z.t.:JeO 

l 335.6 Doc, 27 o.o 1.0 12:00 noont 5 
327 .l Dae. 29 o.o --- 10 :~5 0 .1.1. 9 
303.5 Dec. 27 J.O 
275.0 Doc. 26 o.o 

j i.o 
1-a.o 

10:25 a .:.i. :J 
-,,: ~o p .;.1. 7 

258.6 Dec. 29 0.5 
196,7 D~c. 29 1.0 
1'72.5 Dec. 29 0 .!3 I 

2:00 p.n. G 
5:00 p .• ..i. 
b :-k5 .1l. 

-15-

in 
fellt 

--
9 

----
7 

----
----



Th(:! uppc r.p·1rt 6f tho ~lississippi Riv')r hud turbi.Uty v=i lues rangins· · 
frora .:, "" to 85 p. p •. .i... with rrn over go of 50 · p. p .n. for the lO\J-\1!:! ter period. 
In the lower section of the river f :r·om r.iile 258.6 to mile 196.0 the turbi-
<1i ty rose to nn nvercgo of 300 p.p •• '1., but belot'J the Uissouri River the tur
bi1Uty ros.J to an uvor"lge re'lding of 1880 p.p.n, This vHlue diminished only 
slightly at Caruthersville, 110., mile 112.o. 

The high-water W'JS on un uvor~gc 40 percer1t !.10ro turbid then the low. 
The suden risu in turbidity which occurred .b:Jlow the "i·.Iisnouri :rtiver r Jm') ine.i 
a t un elo·m ted le•rel for 50 11ilos, them bug"n to <!:.lcline vtJry crndurllly. 
This vms in ?~~tro:.1e contr~st to the sdimentution c!o t n for this s~me s .;ction 
or thr3 rivor becous~ thB sedir.tl.lntut:!.on uroppe c"!. to u leve l ~~ lr.iost l.lqual to 
t 1e v !.: lue founr: nbove tho conflui:::nct: · of the iiissouri .1:ti v.::r, •.m ci rai.;u in~ <.i o t 
th i s lovol with only littlo chine~ . 

Tho p~rc-antri go of sediz;iontntion wus r~corc1ccl in a lQO nl. capacity mine
wnste ·tube, one hour After collection r,f the s r::iple. 

Tha Upper 1Iiss iss ippi Ri v.ir from. r.iile 250 to mile Al2 during the low 
W'1ter pnriorl cnrriod very little sedinent which would settle-out in one 
hour. The cw~r"l /P v!llue wns 0.02 .P'!rcent. Ho wevcr, bolow the liissouri River 
!l t mile 150 the •m ount of such S".H! i.I!lent incrEH' !;e" to 0.6 percent. B~.vond this 
point the qtv:nt:.t:,r dropped sh rply to 0.06 percent tJnrl remainerl n t npproxi-
mn. tely this level to nile 112 r1hich v1t•s the limit of this survey. 

Tho high-wnter of Hnrch a m: June c1; rried much rnoro materia l v1hich se t
tled out in or1e hour thtm di cl the lqr; \·JU ter. From Jnilo 330 to ,food. Ri vor, 
Ill. , n ile 19 6. 7 ( just rJ bove th3 l.muth of tho Liissouri 1U ·;e r) O. 05 pe r ce!lt 
of sediment W<.s recordc ~ , but b J ~o;1 thti i;lissouri Rive r tht! ~rnow1t of sed il.'lent 
incr .:~ nc( to 0.9 pe rcent a t iailu 150 th'3n tiroppod shorply to 0.1 percent ct 
mile 108. Th~ sli~ht incre t.sa ba l ow ,nilo 100 is thouBht to hJ..• Vc bden er. used 
by the Kcsl~askio Rivor but s ine.:: th is rivar wi::s not stu<a od n 1)os itive str· t.J
u en t c~~ot b<J mode. Tho nmount of sedi r.im.t ~uring the poriot. of n i .;n woter 
in tho iiississippi Rive r s outh of mile ,g -: rr·s on c.n a y.:: r ·1 go o.o.; perce nt 
h i ght:i r th~.n thut for t ho l l)W-\':" t0r period. . 

Thus, it :~ny bo S!l i d thnt t lu •m ount of so C. :L-:ient in tho !lississippi 
Riv~r rluring high w::i tor frO!"l 33 t o 60 percent hi~)lor thun (1Urins low :ntor. 
The p~rcont'ig<; of sc,: i.":l~:mt"tion observed in ~:lj o c :mt slou~"'ls r:> nd l n!-=es depenC.e1 
chi-:f'ly on tho vuloci t y oi' thQ curren t «nd t h·:; t ype bottom. StronG currents 

ov.;: r silty bottom cons t <Jntly :~~pt s om\:l of th ; silt in s usp::ms ion. Usua lly 
n slowor cui·rcnt L1llow~ .: cle<1r or w~ t<::r. As t he v~locity of cui·r;;i nts ·:;<!s not 
i:i.oesur31~ thc so st:.t J:.1onts s!101l u. be rc,~1 1 r:..ec~ L S strictly subj ective. 

Th~ •nly tributuries f OWl('. ;·1hich exceec:e t.: tho p.:.J rcentuge of silt in the 
ilississippi River ·.·!liJN t ho Illi1.ois Rivar \Jith 0.35 pvrCt.lllt if comp~. ra .: with 
thot p" rt of the i.lississ i p j_)i ubovo the r.iouth of the lliss.~mri nnd the !Ussouri 
Ri var which hri.d 1.50 pa rcent, ·c;e serU 1'lontntion. 

Tho bottom c ~nditions of tho :iiississ ippi River h~ve be en reporter: on in 
deta il fron u survey Jl!lf s by Ellis (1931). T'nc river bottom has not moteri9lly 
ch~nge i since thg,t time . .As only gane r ·1 1 batten clmr a ctnristics woul<1 be of 
i!'lport!.lnce in a survey prinnrily conce rned with cher.:icnl n.nnlys is of the 
;v::i ter, only g13ner<il ch11 r acteristi cs will be montioncc1 her e . (T'1ble 5) 
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T'cblo 5,• ... Bottom conclitiorls .dt J,rississippi RiV-..!r 

Uiles from 
Coiro 

81?.5 
Bl•.l: ~5 
813.0 
8UO.O 
?9l.2 
?8?~2 

761.5 
?55,0 
?39.9 
730.0 
727.3 
721.9 
715.6 
700.·k 

691.3 
648.7 
646.8 
63-t " 
6!7 .9 

.03.U 
196.7 
172.5 
152.5 
l2-i .O 
108.6 

79.5 
1k4 .0 

.;. 21.7 

.;. 36.0 

.;. 8? .6 
/.l.J.2,0 

Sand und mud 
Sand ond mud 
Gravel 
Sandy 
Sondy 

Bottom 

Sond • \'Ii th smull c:I!lpty clam shells 
Saudy 
Gavel onci s~nd 
Snndy 
Sundy 
Sandy 
sandy 
SDndy 
Sondy 

Sancl i:m<l i'ine grovel 
S~h1 with livo shells 
Sund 
Sane,, wit h small om.j:lty clur.t shells 
Sane: , a11u. empy cla11 sh~lls 

~iud 

~cno.l , silt 
Sun:i , silt 
Snnli. 
s~nd 

Sonc! !Inn mud 
Snnd nn•! mud 
S'lnd 
Snn ::! rin c\ mud 
Snntl 
Send 
Snnd 



Tho !~ississippi River w 1s four.(' to h•Pm chiofly r. s~nt.1y t silt-cove red 
bottol!l, The uppor p~: rt of tho rb,Jr 1 :t mile 817 h~ r.l muci mixoc1 with snnt'!. 
Just t1 bove Laka Pepin ~ sandy cond.i tion p"rsisted for upproxim~tely 22 miles. 
Lnke Pepin itself had ~1 bottom of mud in which numerous bloodworms were found. 
Below L" ke Pepin· the bottom ag:. in becmne S"ndy with sor.1e silt, end remc.ined 
so to th~ hen ft or. Luke KeokUK. Hore the silt und mud boc1.11;ie domimint f :Jctors. 
South of Lake Keokuk very litt lo clean snnd wt:s foWld. I.lost of it uas mix t::d 
v:ith silt und r.iud. Balow the Illinuis ~nd especia lly bol01..; the ilissouri .i:Uvdr 
u gre:.it deul of silt wos pJ:esent. At mile f 87 and mile f 112 tne botto1:-. gr· -
dunll.y bdC'~r.1e mor1.1 sandy. 

The sloughs und bayous studiod ho d without except:j.on, bottoms of e ither 
sticky r,1ud or silt. The bottora conditions of the tribut:-iries are noted in 
trible s 6-11, revt:)uling (.lud with onl y o few exceptions, os for inst· ... nce thu 
!OW'<l .di V'3r • 

Percentnge of Li!_~t Tr:;nsrni tted 

T'ne percnnt !... ·~a of light penetrtition wns measured \Ii th a photelornete r 
through 5 cm. of vmt.;r which W' s contained in o fused glnss cell. Corning 
gloss filters for tha col.ors red, ye ll ow, gr e on, blue, and violet v~ere use d. 
Thu wcvcilr:tngths us m.3ll as tho porcent11 g~ of li~t trnnsrait ". Jd for i lissis sippi 
tliva r WLt.Jr nru ,:;ivon in fiGUr·J 5 . 

Tho grophs represent D co1.1posi td or data. frou 36 S'l,aplcs of tho dissis
sippi River for aach li6ht-filt~r for thu upper riv~r fro1n 1ail.a 817.5 to 580.l 
and lY sorn.ples for unch light-filt;Jr t'or thi;i lowor part of t he rivclr, l!UJ,10 ly, 
1:iile 258.6 to mile 112. Those dnta wer ..: collected during th~ low-wit-ar mont h s 
of August ond Sopte1ab:3r, 1Y44. 

Thi:l tributarie s •1s wall ~ 1s th-:; slouJ;hs, and cross-sections showed es
s i.:intiully th8 s •1me ordor of spacti~~ 1 transnission os thnt of the River. The 
J;'a• di1i3s \J-3r~ :r; do in tho field i n.;i3c1i·. t :ly upon coll.action o.f i. ;ater s nmpl "1 s • 

: ; 1•t 1r S''m:ples from tho Hiss iss ippi River below tho r.iouth of the j:,!issouri 
Riv·n h'1J to bu diluted with distilled writer bc c t..;use tho amount of suspended 
ms terinl prevented a norr~l ru~~ing. 

Ea ch filtar wa s st.,nd.~1 rdizu (: to th~ s nne light int onsi ty befOr·~ t ho r u i:l C.
ing W'.." S :.t3dc. Th;J gruphs iu figur..J :::.> show thu p..irc(mt':i t_;a of li6ht p0:ietr•.' t i on 
for ~he v·irious unv.:i 1-an[~ths b·· s ...ic;. on wn!.t :~ li~ht :· s bc in :; ouo hundr•;!:i. 
FurthJr inspe ctiou of tha gr uphs shov1 thct rcu. li:_:;ht p·Jne tr .. tt;S t h:.: C.'3~post 

or ell, w1uoubta dly QUa to sel8 ctiv~ ubsorption. 

Exce pt for the viul.c.: t co1,1po11,mt of the spectrl.lr.1, iiic!ge Lal<t; studied by 
Birge ~nd Juday ( 1:130) shows th~ Sl.!me r ol !:tivc: r<Jtcs Of cbsorption t~s tho 
:.iiss iss ippi Rive r 1 both of which ore i'ar from clea r l/8 ter. 

J.l though it is not t he purp ose of th is re port to r eviGv; all of t he 1 i t e 
r r: tu:r-•.:J purtnining to this subj<!ct n f l3W points of interest may bo mentioned. 

Accordi n.s to ZOBe ll. and. :Jc3u~n ( 19.35) ul t r a vioh:t li~ht in l ii r ge n!.to unts 
is injurious to pl~nkton nnd oth-::r org~· nisms. WI.inn ing ( 1~38) points out th"lt 
red light is r.1ost ~ffd ctivu for photosynthesis, while tht.! intC:!nsity rind clure
tion of light hns b l -. .m shown to ::iffe ct the r< c tivi ty of fish-;:i s :.nd plnrJcton, 
(Hoover tllld Hubb •,r d , 193'7; C.rorke 1 1~;54 ; J ohns on, 1.938). 
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'lable 6. --.Pl1ysicc.l chi racteristics of some tritut ri~s of the ~ lississipr>i 
Hi ver (1u.·rch to June 1944, 11i'j1-\%.ter period) 

.::.•:/i' =-:t..>J : TJl J UI J..11 :;s 

I 

1>3r c~nt 

'i ributc:..ries LLte Tur- s.::oi H . .m- ;.:~ ter r~ir 'I'ime · '"ple _,e< •• 1 ) Bottom 
1944 bidity t t. tion te!"'lp. t~mp .. depth 

p. p . i!'l. ( oO inin.) Oc Oc feet 

hoot :tlivar '/' ... 4 0 r.:, --- ------ 27.0 30.0 ---- 3 .0 sc.....nd 
Les Moines kiver 4/.J ~16 ------ 8.0 ---- lC: 00 a. • •• 4.G mud 

...:. . .:'i':: u~ 'l:HLU'I.ro~I~~ 

Illinois ilivcr lJ/21 2JC G • .:;.J 2~.4 22 .[;, S;: VO ~ •..• J.G .nud 
1Jh10 rti ver 3/ 24 92 ·:ir :.....c.:? . ,., ---- "9.: co (., .. 1. ci. 0 .'.1Ud u.c 
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r10.~le 7. --Che;nicc::. l anbl:_,•sis of water s~ :tples from tributaries of the .. ississippi 
(": rch to June 1944; hlzh ·1,c..t3r r:.2riod) 

'. .:: T .:~rr 'I RI~U13:.' :u ....S 

3p . cond . .P.: rts per h ill i on 
~<.u.pl e col l actJd .rJlO . tis- j c2con- I',.'O "'O ..,0 j'lot1 1 t~H3 Pu4 . Cl .::io4 l,; 6 t,; 2 c--•\..I 3 '-· 

c... i .11u U tl1 Of ;~ lG-o nL sol v 3d .JU 1ed (i,) ~ r I 

.li V8l" . . o~ G2 
i 

- ;.J i ' 
I \ \ -

"" . u . 

h'.oot 1<i var 124.C I 3l.C I --- '-
291.0 ---- ------ ---- 1.18 C.21 0.18 C.7C J .4 r ~3 -..> 

Des 11oines rti ver I .:>8,:,. o t .OJ lC .22 18 .J 141.v_L~-- 1.40 2.44 G.Co C.31 ~.42 77.3 73 • ..> 
.. 

_;;. :.S::d\ 1.L.\l~UL .rr..:s 

lllinois .i:<lver ..;.3G. C 7.o~J l.JO I 19 . 0 1G4. 0 l . GO 'irc .. ce C. 20 o 11 c 92 l1 r ··I g - !s~ o . · ·~ ·1--·01" .1 " · uhto J.tiver 273 .0 7.7t>, e . 21 i 0 . 9 61 .J 0 .00 o.oo .S . 49 G.20 C.04 2 .6 3~ .G 31.0 
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'l1u.ble 6--Physic;: 1 chc..rcJ.ct-=ristics of tribut; ries of the l .isf.iss i f)Di 
aiv2r (J,,u; ust c.:-.d Sept e,jber lS!LJ.~; l.Ot,- ·,1 ~ .. tar p3riod) 

\.J :-.;cT~\l~ THII.lU1l'1 HL.S 

P:=r cent I 
I 

. 
Tributaries lJLte 'I'ur- sec..i 1an- ~;~ ter , .ir ~[ mple 

1944 tic,_i ty t t. tlon temp . tJmp. 'l'ime depth :Cottom 
p.p.m. ( oG ;·ain . ) OC Oc feet I 

'v Jri.lillion aivar E/18 I 76 G.02 19 . 0 ~c.o 10: 00 u . i . 3 .0 .ud 
.-~lnt:J ~' · tar .-\iv ·~r £/21 I 42 '!r:.. C3 '·~0 .0 ZiG.8 lJ : lo :. . . : . l.b '.lUd, sa11d 
Hoot .:\i ver f. /14 92 C.02 24.C ' :Id: . 0 9 : .50 i;. • ~ '1 . 3 .0 s:. nd 
.J.m~c.. iii ver 8/2ll -- ---- ---- ---- ---------- --- sand 
:3killlk rtiv3r 8/24 -- ---- ----- ---- ---------- --- ----
Les uOines n:iver c/2u -- ---- ----- ---- ---------- ...... o . .1ud 
i iis::ouri Hi var 9/9 2J5 l.JO 22 .7 ---- 11: 2J C1 . i1i . 12.0 ... ud, silt -·--

..u-.::'I ~ -ll ~ 1I dl.1.,U'I i- ~ a :::S 

..,t. ~r·oix .. ·Llv .;r 0/18 27 a.co 24. 0 2:: .4 11: 30 c.~ ..... 2f~ .o mud 
G~1i;>)c11u. niv.;r 6/20 38 O.Cl 2o .O 26.0 1: lo p ..• 1. J.2 sc:.nd 
'1Te111peo.l 0cu 8/lJ 110 'irace 19.0 2G.O 12: :.?0 p .. n. l.b mud 
nlu.ck .•ti vcr 8/lj 72 TrLce 26 .. j 24.0 8:10 & • . u. e.o sc.nd, 1nud 
La Crosse ·~iver 8/lJ 134 0.0;:> 20 . £ 24 . 0 8 : 2.J b. . 1 . .2 .0 '71Ud , sticks 
.. isc on~ ... in HiVGr 8/1'2 76 Trc..ca 25 . :J .).) . 0 1G: 3.) h • .•• u.O -1ud, sticks 
Illinois •Livar S/t. 138 ----- 2.::. 0 2o.O 1: oc p . ~'.l . •.J .o :nud 
vhio .. ti ver 9/11 13:..> 1.r(;ce 2LJ:.0 ?] .9 11: 4..> c-• • m. !j .o 'TIUd . - ·- . 

. 



I 
l:-' 
M 
I 

ti c..ble 9--J'- che .. iicc..l u 1:.:..lysis of i;c-. t .;;r s: ::1ples fro.Ii trit:ut: ries of the i.lssi ss ipni 
Rivar (..u:Just <-.nd ::..0i:t 3 .. :.:2r 10L~1 ;-10,i- •. Lter p-.:riod) · · 

._::r1 ...:;~-\i~ ~rd...,U~ , .• I~ 

-- .,, 

I r : .. r t..> par • iillion 
SL~pla coll0ctaG 

c.. t ::1outh of 
riv2r 

-
'v3r. 1illion 
:Jhite . ~ c.t3r .Kiver 
nOOt ·• i.. ;: .;r 
IO\ ;h . ~lvcr 

~}~un. : .d ver 
lJ~b • • oi r;.es uiv.;r 
.• i:-~ouri •\i v 2r 

0t. c 
\..hip_i) 
'Ire,u.J 
_,l~c :< 

lb.Lf'O 
,,iS <.:O 

lllin 
Oi1io 

roix .. . iver 
~lt,e;. .ti v ~r 
J c... l 2c..u ui v er 
.ti vcr 

S v 2 . LL v8r 
L1 S11·. •li var 
JiS • l.L V'3r 
ll l V8 r I 

:,p. ~Oi1d. ·1H ! 

:·ir.o 
) 10-6 

2..;o~ 

~ci.J. c L.20 
l±C ~, .0 8 . ,:jO: 
.. ~: 7 . G <. 

j .vJ 

.J;jl. 0 
4.3u . O ----
<±~ J .G ----
'l.6 1 _ . c 7.J0 

ldl .O 5 .1.:l: 
127 . .) L.31 
21J.0 r: .• 40 
:~ol . 0 G • ..iO 
?::,9 • ( j ~ .JO 
:..,-lJ. (, u .13 
.): J. 0 7. ?C 
2~11. 0 7. 9b -

UlS- U2 con- .i i-G\J3 I l,;U3 ' LuE* 10t[.l 
solv2G sumed 1 • (!\I) 0 1; 

2 ,. . 
... l. t..J • 

..;. LG 12.0 136 .. 0. J .4C. \).00 l.3t 
(: .67 ;J.3 • .) 13.3 .c 17. :JO O.GO l.Oo 
J .14 s .c 13] .o ~ . • d 0.00 C.70 
---- 7.0 ~ t3 . 4 ---- ---- l.cib 
---- 6.J . (. 1C3 . 8 ---- ---- 1.40 
---- 1: .!J 9C .8 ---- ---- 3.21 
6 .46 42 .b oS.C 4 .10 o.co 2.03 -

_;_ ;_,'! ~ - -{} ~ r1 :-a lJi • . .L....i 

J.74 26.0 L..tS .1 G.CO .1. i ... t.. ~ \:: 1.28 
7.10 ::7.0 37.4 ·-:• .C4 o.oo ~·~ .lb 

4.LC 10.0 t5C.l c.J .40 0.00 1.87 
o . 41 l S.O t34.0 3 .00 o.oo :2 .vl 
::S . 2EJ 10.3 71.9 o.OG o.oo 0.£1 
b. 2b 01 .. G 70.4 4 .20 C.00 3.42 
Z.Oo 2o.O cS.4 c.oo 11I'e:.Ce J • Ll 
0 .02 2C.O 60 . 9 G.CO 1ir <..ce 1.28 

* 'i r c...ce vu2 L .u1cc.,t c !::, 1.0 :) . .!> ... 1. or l~:.:,s 

** '1.c~ce ..... u4 inuicc... tcl~ v .'-> p.'1.,:i. or l ~ss 

i llli3 l:-'V4 
I 

I 

1.08 0.33 
a.cc C. ?l 
G.13 

I 

0 "" ' • l.J 

0 .06 0. 4G 
C.08 0.36 
0.09 0.42 
O.lG 0. ;3 

l.G7 G.lL 
l .c~- o.')l 
1.12 0.JJ 
C.H c. ~~s 

C.29 0.41 
G.66 G.14 
0.Jl 0 . 47 
0 .10 G.16 

l.a 

.5 .CO 
G.99 
2 .. : 2i 
7.43 
6 . S? 
S.67 
Q. P6 

O.uG 
0 .00 
0.29 
0.00 
2 .l[l 
1.98 

2S . 34 

;j .40 

''->U •• 
I 4 

L:a 

o.oo 6? -.; 
0.00 ;06. 0 

Trr cg ~::51....J. 
~G.£ G ~4?.4 

2?.10 5g...a 
6C.40 44-. 
64.40 50 .. & 

0.00 .2 .3 . 4 
O.GO 17.C 
o. oo 24.4 
C•.CO 28 •. 7 
rl rei.ce 27. 9 
'in.c2 26.4 
62 • .S 4c..1. 7 

24. 2 2:J.~ 



ri1 .• b l 0 lG--1 hVSiei.. l ch· :c· et 31'.'l StiC~; Of SO Tie tribut; .Ci.3s of th9 .-Iiss iSSiD"C i 
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- i· v ~r t ··.~c .:. i•r.lI" i c44· -.. -=u-"·1· ·t~r n.::.r1·od) !"\ ._ \.J..J....., v .i.11' ·.- ._, t 111..L ~f l - rJ ._ 

: , -_;~'i·-:~-u ! T :{IBlJT ~' i~l -_s 

I 
-

1i'ur- 1'·=r c,mt \~'c-1t~r JJ.r .:.ar:1pl e 
'i riliut :.. ri3s lJc...te .:luity b2C! i.113n- temp. t emp. IJ.'Lh.; Gepth bottom 

1 0L 4 I ~ 8 '1 t · t i0'1 OC Oc in ..... ~ .!. ~ • ~ . 1. • I :.... ·. 
1 , G i,n;1) feet 

_1 __ ---- ------· ' --------- ·----- I ~ r I -'8 --- ---- o.o --- 10: 10 a .. l. 2.0 SLDd .LG1 ' " 

I i 2/27 

I rn l.01wc... .ti ver 
I 5.\:l.4.k l li v ..::r 

I;2s uoj D 3S aiv _ 
i!is s~mri i•l vec 

r l 12/?7 
12/27 

--- ----
--- ----
--- ----

o.o --- 4: 00 p ... ,. 3.C ---
c.o --- 1 :40 p .... 4.0 :nud 
--- --- ' --------- 3.0 .1ud, silt 

-:::: .., rr __::m 'i''.1IH.1'1, :-'.l =: 

llli_[hJ~_s-:l1v_;r I l~/Z7 I -:_:__J ---- I --- I --- I 2: 45 p ... 1. I 4.0 I mud 



'iabl.3 ll--Cr1..:.aiccl G.;folysis of \,: t .. n~ Sb..1pl2s f ro:J tritut · ri.~s J f tl1.::: uiss i s.c. i ppi 
Hiv2r (D8c.;.Jt .. ff 1?44; .id'kint3r p.;riod) 

--------

..:.h . .ip l 3 c 
t.Lt .nou 

riv 

Io,1a Hi v 
.:3h.w1:~ ·~i 

--. 

oll.wt::d Sp cond 
th Of mho 
.:r x lG-G 

,,: 2:.Pc 
er l,!.Jl0.0 
V3r 627.0 

pH Dis-
S01V3d 

02 
1L S. 

7.':0 ll.12 
7 .E.J 11 . ~0 

... ~:J. .....tl U\ 11.~I-U'1 . .. J. .... ::; 

Po.rts p~r .nil lion 
02 COR- HC03 Cv3 co Totei.l . .. "!J' • ·a1 2 ~~.13 .. v 4 
SU .3d 

20 .0 164.0 c.oc 2 . t34 G . c~· 0 . 50 0 . (, 6 C•. 62 I 

.JO • .J 16~ .u G. CO 8 . 64 C.08 C.76 0 .17 4. C?. 
~:J L3S Hoin 3S i.tivcr 817.G 7.83 16.CC 17.0 l 7F .. 0 o.cc lz , Qj 1.40 l . 0G 0.10 7 ,.. ,.. • 0 
.;;. 
I . 11ssouri aiv.:r - --- --- ----- 3~ . c ----- ----- ---- 7.e.3 3.43 0. 2P :o.oo 

::' .. _'I..:-il~ T .. ~Lljjl;'l ~11.::: 

:;04 Ca 

-
32...S ----
65..6 ---
144 .. I---
79..5 ---

l llino;Ls Hiv..:r I 712 . 0 !&.oo I 9.4.J 11 . 0 lOo. 2 IO.CC l2.64IJ.ti0 J2 . S8 I0 . . ~7126.3 171.2 



Mile 817.5 to 580.l Mile 258.6 to -112.0 

DIDI Lantern Red 12412. Major transmission 6300 to 7000 AU. 
~ Noviol Shade C *3385. Major transmission 4900 to 5400 AU • 
.. Sextant Green #4010 ~ Major transmission 5100 to 5400 AU . 
B8SI Dark theatre blue #5030. Major transmission -4000 to 4400 AU. 
E9 Violet #511S. Major transmission 3800 to 4300 AU . 
CJ White. 100 per cent transmission. 

FIGURE 5.~Per cent lip.ht trlinsmission in the Mississippi River. 



' Tho d..i ta l'ro1a th!3 che111ict 1 tinulysus r1ro s o volu..1inous th•1 t th<.?y h :.i ve 
b.Jen SWJJ:mrizod ht:::. .. e in the for-r.1 Qf grams. 1.lthough t h is nethod cloes not 
show thu a ctual figurus obtu in3C::. it uotls sho\1 • ~dUOl"tl tr'3ucl of the soluble 
constituants. 

' 
The v·1rbtion of s ol ts i'ror.1 sm.1ple to s u1.1ple \lCsso1.1eti1.1d considori..blc:. 

The r olling over of t :w rivur '' S described by inany writ...irs (Strt.ub, l~-r2) 
~muld be oxpect;.: cl to insure complotu mixing, but this is :r::.ir from the C?.:so, 
Dclnsity cUirrui1ts fror.1 tributrlri"3s, sloughs, !.llld ba yous ure quite evi,'iont. 
Desp ite th::? fuct th~t stntions war.~ chosen .;o avoi d such densit :i• cur""• . .mts, 
cxc~pt wh.:L ·u th~ ir purticulnr eff .::ict vms to be stutliod , nuch V!lr b tion still 
W's f ound . Snr.1plas colluctecl f1 fJt~ hours op:•rt us in th<i cross-s ·ct ' on 
s t adi·:is of L-:!\:o ·~okuk (t'lbl.,;:s 12-15) and L1ke Pep in (tables 16 nnd 17) s!1oi·1 
t _is~ (Figures 6,?, a nd 8). 

All of the anulyticnl dutu pr~sent :::d in th0 f ollowing s ection of this 
paper a re e::-:pr~ssecl in p• l'ts per 1.1illion, cxc:ipt conductivity \~hich is ~iven 
tis mho x lo-6 ~t 25°c.; und h;vdrog •. m-ion concE:lntI'fi t i on which is e~:press~d :is 
pH. 

Diss ol Vd<.l oxyg~n wos de tc"i',.:in:.i .• by two u ifftJ l'cll t 1 uthoL!s , tho s o of: 
Riti.~Bl one! StC:lvmrt ( 1':!01) unc ~ in1'l1.3r { 1888) • .hbout 80 parc•.:mt of t ht.: ..lu t\:r
uiuations wore i.mde by t he Rido:tl-Stawort me'thod. Tile t\JO wethods l 01e1·e often 
used in parallel and it wos found that the ti.ideal-Stewart !ilethod usually gave 
a f'ew tenths .f a part per million lo\'1er, dissolved-ox~rgen than the ~linkler 
methos. 

~e l.!ississippi River has a distinct seasonal oxygen :puls e (fi~ure9). 
In 11id· ;inter, •,1hen the river v;as frozen over \Ii th 4- EB inches of ice , oxygen 
ranged f rom 12.40 p.p •. '1. to 14.95 p . p.11. The ::ow-water ~riod of August 
and Septe:;Jier had a range of fro:11 3.00 to ? . 10 p.p.111. of dissolved oxy3en 
\1hile the h 6h-\reter period rau.;ed frora .J: .30 t o 11.50 p.p.1n. 

The tributaries, in general, has the same oxygen content as the dis
sissipp '-<iver for the three periods except the Illinois iiiver which contained 
only 1.50 p.p.r.1. of dissolved o.,..ygen on JUJ!e 21 aud 2,08 p.p. m. on Septe1.iber 
<3, B44, This river 11as also co;.1paratively low in oxygan coutent in 1.1idwinter, 
being 14. 5 percent lower than the averega value for the su!ole period in the 
;assissippi River (tables 6,'7 1 8 1 9,10 1 and 11. 

The dissolved oxygen in the Uississippi River tends tl"l increase sli~htly 
downstream. at least during t l1e low-water period. The upper part of the river 
frRm mile 817 .5 to mile 620.0 has an average value of 4. 70 p.p.m,, w•1ile the 
average value in the lower section, from mile 330 to mile 112, is 5.40 p.p.m. 
The opposite s aems t o be truo during the high watvr period, that is, tha oxygen 
content appears tf} decrease downstream~ 

This decr1:3 se in dissolved o:<ygan during hi~h wate r ;nay be due to the 
increased amount of debris, organic .:natter, and silt present in the river, 
at least :this correlates with our total nitrogan VH .~ues obtained for this 
same period (figure 11). 
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Table 12 .-- cross-section s611)pilng of kok~ Lake adjacent to 
!\:eoicuk darn (Samples cOllrlctod every six hours for a 24-hour 

period, Jw1e 27 and 28, 1944} 

Ph.,YSICJ.L CHA?~CT3.tUSTICS 

10:00 a.u. Cross Sectiun 

i r I 1 

Stations I tur- I Per cont \later I ~~ir Depth Sample 
See bidity l sodimen- temp. I temp. f :Jot depth 

fig. 6 I p.p •• :i • • tat ion De 00 
I ( 60 1.;in) 

1. 870 o.o-± 27.0 :n.o 21.0 10.0 
2. 870 0.07 !36.5 :n .o 18 0 9.0 
3. 1110 0.10 25.6 31.0JJ:: 0 7.0 
4. 930 0.05 26.5 .:-1.:_0 3~Q lb.a 

4:00 p.m. Cross S:=ct i n 

1. 930 0.04 26.9 :. .o 21.0 10.0 
2. 945 0.10 26.2 '- -'- .o 13.0 9.0 
3. 1190 0.10 26. 0 31.0 14.0 7.0 
4. 1010 0.07 26. ~ 31.0 35.0 18.0 

10:00 p.n . Cross Section 

l. 1020 0 . 05 27.8 28.5 21.0 10.0 
2, 2100 0.20 2b.O 28.5 18.0 9.0 
3. 1340 0.12 2G.O 28.5 14.u 7.0 
4. 1210 0.10 2G.O 28.5 36.0 18.0 

4:00 a . m. Cress Section 

1. 1080 

I 
0.04 26.0 23.5 21.0 10.0 

2. lBUU o.~.r,:, 25.2 2~.5 18.0 ~.o 

3. 1800 I 0.13 25.0 2:5.5 14.0 7.0 
4. 1~20 I 0.08 2.3.0 23.5 .S6 .u 18.0 

Note:-The bottom 0

\10S r.1ostly silt r.ii:ced with somo sand at all 
four stations. 
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Tabie 13.--Chemical analys i s ot wata r samples coll~cted in Lake 
i~eokuk adjacent to .. ~okUK Dam {Sarilples collected every six hours 

for a 24-houe period) 

10:00 a.m. Section 

l Sp.cond~I Pa1•ts per milJ.. i on 
Station I r.lb-p x I pH lJlS- I I ; 
S ·JO -fig -6 I 10 .... 6 at solved o.c. HC03 Total HH I P04 l Cl ca 

I 25°C ! j l o:~ygen I 
i I I . 1 

1, l 286,5 I r/ ,45 3 • .l4 I 21.5 Si5.3 0.62 0.20 1 0 .2·: 1 i.2 i --I 

2, I 290,0 l '?. 75 :s.~4 26.0 :n .• t> 0.20 0.20 l l 23 ~ :i. .2 --
3, I 285~0 17 ,75 4.44 I 24.8 87.5 O.J;2 0.18 o 26 I o. g --
·1' ~ I 273,0 7.75 4,36 I 24.0 91.0 o.34 C. -L3 I c. 2s I 1.4 36.2 I - . 

4;00 p.m. Section 

1, 
I 282.0 I 7.64 tlr ,50 27.0 92.2 I o.90 I 0.19 I 0 . 25 i 1.. ~ l --I 

2• I 2'77,0 7.64 4,23 2~.2 89.5 I 0.20 l 0.191 0.24 11.2 i --
3· 276.0 ?,66 4.30 ~tl.2 89,5 

I I 0.2~ 0 .26 1.2 l --! I 1.08 

1 267.0 7.64 4.36 I 26.0 87.6 0.19 j 0 .24 : 1.0 ~4 .1 4, I I I 1.18 
.... ---

10:0~ p.n . Section 

I 

7.70 l .; ,.Oil! i 03 .5 • ~9 • a ! 3 .aa I 1, I 277,1 0.22 0.24 1.0 I --
2. ' I 275.0 7.75 

I 
4."15 41.8 .:..8.4 

1

1.88 I 0.19 0.·24 1~2 --
3, I 2G9.0 ?.75 3, 4::5 I 30 .3 8.4 2.30 0.15 0-23 0.7 --I 

4 •. l 269.0 7-75 3 .94- I 33.5 88.4 - 2.02 I 0.17 0,23 I 0.9 33.3 

4:00 a.m. Section 

1. 282.0 ,q.74, 4 •. 44 126 .o i 89 .o 1.32 0.161 o.~3 I o.7 --
2. 265 .0 7 .. 75 4:.28 41.7185.8 1.60 0.15j 0.20 11.2 --
3. 262.0 ' 7,75 4.23 I 52,5 . 83,3 1.88 0,16 0.21 1.0 --
4. 267.0 j7. 75 4.62 I 30 .8 1 84· .. o 1.46 0.17 0.22 ! 1.0 33.1 
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'Iable 14.--Physicc...l ctc...rc ... cteristics of Hississippi Itivcr (St:.. tions est~.blishcd across the 
riv2r b Jtv~.::.=n 11ontrose, l.OM .. , L.nd Nauvoo, Ill., June 26, 1944) 

f"iILl 375 • 0 

I I I I 
I 1 

I 

I 

Sto.tions ·rr·ur- i?drcentagc .\~o.t ~r 
s }·:;) biQity _ s.;di:n.Jn- · t~.np. t ~ ·1P ' 'l'Ln ~ d.1pthl dapth I bottom _c; 

...... 1 • 1 11 ·~ 
fig. 7 p .. p.m. to.tion. · Oc Oc f ~et f..)~t 

( 00 min·.) I . 
Ee.st .u&.nk 933 0.11 . 25~3 26.0 I b..~. 6.0 3.0 silt, mud 
11id CliL.M1.=l 745 C.07 ~~ ,-. ')~ I d 24.0 12.0 -~.D I ~6.0 0 ---------
uvar sand bc...r S7C 0.10 24.l 2o.0 LO 12.0 6.G sand 
,,_;st b&nk I 1010 ·0.06 2..i.O I 26.0 do 18.G ~) .o mud 
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'Ieibla 15.--Gl1.;; .. iic;""l w1c:..lysis of sa~pl~s of Vv&t~r coll3ct .=c. c,_cross thJ . iiss lssippi ~livJr 

b.jt -.. .J ..:11 • i01i tro s0, I0.1Ci, a.nd hauvoo, I 11 . (Ju. .~ 2ti, 1944) 

!!IL:; 375 . 0 

lr- . I I I mtll ion I-'c r~tr; p..;r ,0p. conu., 
Stations I r!lho I pli u2 0. C., !-1C0,1 • ' no I 

C00 lr.i t1 ' · I POL1 Cl i 504 I u 3 l C q 1 ·11 :3 
S -'.l r 10-6 

.:.> L 
J - i u~ ) J.Llf ...J • 

fig .. 7 · 2G0 c I 

:..:cist b~£nlc 301 7. cGj.5.17 ~~6 .G 96.o jo.oc ~.Lrac.J 2 .16 C.19 0 . 2E. l .7C 
1.id cht..nn~ J 291 17 . [·9j 0 .68 2!.> .0 £9.0 0. 00 GO 3 .14 0 . 28 C. '27 1 .70 
Sc-...nd beir 299 

1

7 . E.3 I 2. 52 27 • .J SJ. . .5 o. cc do 0 .62 0 .17 c . ~s l . 4C 
,. ..;St bt~nk I 600 7.8910.17 34.2 lGO.O 0.00 c\o 4 .12 0 .18 0 . 28 2 . 00 

i~ot~:-:.andb .. r not.]d for 0:00C. fishing for cu.rp c..nc1 c· t f i3h. 
J.ron, zinc, flLAori L.2 , r.l.L.n .·~c..nJ:.....:: ~J1d copp.:!r ~1 Jr .; .1ot dJt Jct ~d by ..• ~thoO.s us3d . 
n. trac~ of co inc.1ic::..t,;d 1. 0 p . p .. .1 . or less .. 

0 . 00 
o.oo 
o.cc 
5 .80 

ca 

04 ..6 
~4 .6 

~4 ... 6 
34 ~ti 
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'I:..ble 16.--H1ysicc..l Ch:_r~ct2ristics of l.hke Pepin (.1\U[ USt 20 7 1944) 

nile 7el.7 

' . I I ! I 
3t< .. tion 'i·ur- \ .t'ercentL£e j 1.:.... ter ~-.ir ~ lJeJth i :a.:1?le I 

.'::>ee ti<iity sedi1nen- 1 temp.. temp. ' Time in j DeT)th Bottom 
fig. 8 p.p.in. t::...tion I 0 c 0c f~~t I in 

( 00 i;lin.) \ feet 
I j 

l.Surface - 132 I Trace 2.5.0 2C.5 8:45 a . '1 . I l e II 3.0 
2.bottom 213 ! 0.03 20 .0 20.5 I £::5.J 2.. . 1. I lf l f . C :'1Ud co;-t ' i >1 j:i: r l ooc .. orr1 
· f ~ 1..... ,. 2... ? ...,C · I a 10 1 

0 1 · ... 0 6.sur o.ce i .:> I 1rc. .. c2 o •.. , .J .o ~: : . . . 1 .... l o. 
4. bottom 113 Tro.c.;c '0 .2 20 . .5 i 9:1J · . ~·1 . I '": l I 81.0 ~nud 
i..) .surfc...ce El I o.oo '?J .2 I ~0 .J i 9 : .3C a. 1 1.1 24 3.0 
b. tJottom 103 9:3..; ~ • ··!.. 24 ! .~4.0 . . ud co·1tL 1:1in:l: rloodwor J1 

s 

I o . oo ! :~3 • 2 l 2Q_. 5 ! s 

i'lile 774 .4 

I I 
• ----.J 

7.surfu.c~ • 74 C.GC 24.G ;~? . 7 1C: 3C a. 1. 27 J .0 I 

8.bottom I lOc C.(,l ;"24.0 ::.'2 . 7 10: 35 CJ. . ~j . 27 .?,7. 0 ..• ud cont:.. in inc~ t looc~. or;.1s 
I ~. suri :-....ce 70 O. GC 2£.t: . 2 22 .7 lG: 40 ~4 .::n . .50 ~.o 

a .bottom I 100 0 . 06 23 . 0 2.~ . 7 10:45 L . :1 . :50 30 .0 II " II 

l.surfa.ce I 7G o.oc 23 .7 ~ :> 7 l O:JO a . 39 3.0 I ...... . . 
2.tottom 70 I ·ir·~ ce 2o.o 22. .7 l O:DC a. • •• 69 I · c o " II " .)., . 

1 J.le 7ti4 . .; 

,._ 

.3 . 1 
1 

36 '1 r c...c3 24.7 I I 
24.5 112 : lG p •. n . 9 4.:J cot..rse Lr c..va l I- '' ll t""hr.>llc- ln~ ' '::ii:" <:i. 46 Trace 2J.d :-4 . ;J ~ 1 ~ : 4±0 ~ • .• l...i 7 • ..; _..J:, aC.. -~:. \.;., -..J z t;;c... a. \JV 

.. 
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Table 17 .--Chenical ~nalysis of water samples collected in Lake Pepin 

. 

Stations 
(see 

~igure 8) 

l Surface 
2 nottom 
3 Surface 
:i Bottom 
5 Surface 
6 Bottom 

7 surface 
8 Bottom 
9 Surface 

10 BJ;ittom 
11 surface 
12 Bottom 

1~5 Suri'ece 
14 Surface 

-. 
I 

!Sp.cond. 

I 
I 
I 
i 

mho x 
10-u at 

25°c. 

277.0 
280.0 
276.0 
268.0 
264.0 
276.0 

302,0 
312,0 
270,0 
277.0 
270.0 
271.0 

319.o 
323.0 

. 

' },iH 

s.oo 
8.02 
8.10 I 

6.06 i 
8.20 i 
8.14 I 

I 

8.20 i 
e.15 I 
~:i~ I 
8.1s I 
,:).18 ! 

8.22 
8,12 

{Au~ust 20, 19A4) 

iUle ?81/7 

PEirts per million 
,lJl.S-

solved 
oxygen 

5.03 
4.J.8 

A 3.1~ 
3.64 
5.20 
4,77 

o.c. I ;:co3 j_co3 l1H .' 3 

-- 74.2 I 2,76 
I 73,7 I 2.76 - --I I 20.0 I 77.8 
i - I 7o.5 
i I 70.9 

I 2, 77 II 0 • 28 - -

i -- i 72,5 

i.iile 774.4 

I
I 2 0 76 --

3.60 ! -
; 2,04! 

----- l 80.6 3.47 --
1

4.20 I 
:3.20 ; -- 81.3 :;.oo 
5.20 ! 25.5 77.8 I 2.77 0.31 
4.12 l 73.8 I 2.7G ' 
5.20 I 75.0 l J 2.76 
4.61 I 73.3 i 2.76 ' 

L:!ile 764.4 

5.26 121.0189,2 I 3.6o o.31 
3.47 l -- 84,9 2.76 -

- 35-

' 

' 

' I I I 
P04 I Cl i so4 l ca i ' 

l l I 
' 

: -- -- - --I I i -- I -- -- --' : I ,.. o.36 l,oo 10.00 I ~s.o 
i -- I --

1 
I 

i --
. O.JO 

I 
I 

I 
I 

i 39.5 
' I I --

o.oo !48.2 
I 

I --



p.p.m. 
16.0 

15.0 

14.0 

13.0 

12.0 

11.0 

10~0 

9.0 

e.o 

7.o 

a.a 

5.0 

4.0 

3.0 

I • ,,, . 
, .. r. 
;~1 •• 
I 1 f ! 
: i II 
I I I I • 

t j I : I I 
I 1 1 : ; ~ I 

, !V'h' : : ~ : 
I 1 , I I I 

~ ~ : : ,ru 
1

1 ti 
~: I I : : 
II 11 I 
II 1, 1,_ 
,,. '1 '• 
1 ~ 

600 
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FIGuru: 9.- Dissolved oxygen 1n the Mississippi River. 



The oAygen content of t1ie wEiter in slou&is and wooded a ... ·eas in ,nidwinter 
wh6.9 covered with 4 to 6 inches (lf ice 11as parallel with that found in the 
main channel of the i.lississippi iU ve~, 

The oxy~en cons~d was deter .. 1ined by the pernanganate nethod (Ameridan 
Public tlealth 1 1936). 'Ihe lOx 1.iathod was used entirely. 

Durin~ tne period of high wa~er 1 oxygen-consu..ied values in the fllain 
channel o"i;' the Uississippi "tiver ranged from 7.80 p.p.r,1. to 43.0 p,p.r:l. with 
an averotie around25 p.p.m. The u~per section from 1:iile 280 to mile GOO had 
~ass variation and averaged about 2B.O p.p .1.1. That section i L1.1ediately be
lov the 1.iissouri River had hi@ler values then any other part of the river 
having an average of 34 p.p.:i1. (figure 10). 

Results obtained in the low-water period indicated that a greeter amount 
of oxidizable twterial was present at mile 800 and progressively decr eased 
to r.1ile 170, the average o:-cygen-consu!.1ed valuo b1~ing 22.p. p .n. Fram mile 
170 uhich is in the vicinity Of St. Louis, Ho. 1 to mile/. 112 Caruthersville, 
Uo., the ave rabe value increasod to 35.0 p,p.m. 

The mid\·linter studies, although not as extensive as the low- and high
watl.:lr studie s indicate a range of from 23.0 p.p.m. to 50 p.p.:;. i1ith en ave
rage of about 34 p.p.m. oxyGen cousu.~d. 

The tributari~s are particularl:r interesting. Reference to table 7 will 
show that Root "iiver during the period of high water had a value of 124 .0 
P• .1- .m. o:;cyG~n consu.,1ed uhile that f'or the Ohio ~Uvar wus exceptionally low, 
bei1~,~ o:.tly 0,J p. p •. :i. It should be notud thot the s e val ues aru tnc extre:11es 
and that both occurred during the sai.. i pe riod. Furthermore , Root Riv.::r ,ms 
1:::.-c'3ptionally lou in oxidizabla materiel during the lm:-wat-.3r period. To 
e:i:plain these differences ~muld r :Jquire much • .iore s0101plin~ and rJore detuiled 
study of th3 tributarie s. 

the data ou OXYJdn conswnpt ion E\re very c.Ufficul t to interpret because 
of thd dXtrai:loly wide variation fi·om sa:.1plc to sa •. 1ple. Houever a few gene
ral statc1:ients seem wa:;..~rantod. 

The section of the I-lississip!li .diver beloH the r.1outh of the l..tissouri 
.div~r definitely hos on incroaso in mettdr o:ddizabl.! by p i.1 ri.u:in;sun1:1to. The 
winter studi3s indica t e much highar oxygen-consur.1od vuluos than ui th~r thJ 
loH-or high-1.~otor studios cov .. ~rinG the somo section uf' .the river b~t\·1ean 
mile 4:50 and r.1ile 200. Thuro 1..ilso seems tu bo more o::ddizable r.tatcrial in 
t11e upp..ir purt of tho ri Vi.J r around Llile 8JCJ than thoro is at mile 300. 

Tctal 14trogo:n 

The dater;aination of totul nitrogen in the Clarksville cross-section 
somplos was done by Jrjeldohl •. 1a thod t1s described b:r .r'eturs and Ven Slyke 
( 1932). lfncn small ·1olumes of.' irotor were employed tha Llicro-r.iethod of .i:Coch 
and ..lcl.Iesl~in ( 1924) uns am.i?loyod. Soraplos which wure preserved in thu fi·~ld 
with concentrat~d sulphuric acid, r1eru usod without e:.ccoption (figure 4 and 
tebl~ s 18-23) for total nitrO G'3n de t::irmir.ntions • 
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FIGURE.10.- Oxygen consumed in the 1Uss1ss1pp1 River. 



Throughout the period of hi 111 W'lt1r toti1l 1 nitto6eh inoroeses steadily 
as one proce e ds downsttaamj (f!g~ta il)' Tho !tla!vidual s amples for this pe
riod rang~d from O ,34 pjp&:!11 to 9 .7~ .P>ian . th-:J average be in; about 4.50 p.p .r.1. 

Ih dire ct contrast to t ile high-water valuEls, the low-water figures indi
cate a docline in totnl nitrogen i1s one proc~eds down the river, the r~nge 
b~ing from 0.70 p.p.r,1. to 3.10 r:.p •. 1. 1.Jith an averogt? of l.?O p. p . m. 

Tha r.1id\Jint.::ir values tend to inoref:iso some~vhot in the lower portion of 
the rivar. The actual det~rrainations ronga from o.so p.p. i.1. to l.25 p. p .m. 
with an averf:ig~ of o.a p .p.m., th i s boir.~ about half of the valud found for 
the low wat•Jr period. 

The tributaries show no correlation with the ~Hssissippi ~s to t o t t..l 
nitro~on. Tho !Iissouri .rlivc r hcd e :,igh vuluo of ? .83 p.p •. 1. r or the n id
wint :'.3 r pe riod a s contrest~d uith the lrwer value of :3.03 p.p. n . during low 
water. Th-3 IOWIJ and Sl>:unk Rivors in the winta r wore quite low, but with volu_ 
of 0.08 p.p.r.. ••hile the low-wotor period had values or l.65 p. p ."1. uud 
1.40 p .p.n ., r ·lSpt?cti'!e ly. 

The dot~rr.iin'Jtions of tot{,1 nitrognn for tho cross-section studios of 
tha .Iississippi 1Uv0r bet:.een Cl!Jr"sville 1 !.Io., nnd Louisiana, i.io., wer e run 
on four liturs of water conccntr•it.Jd to snoll volur.ius. These r osults indicnt.j 
thut iinpoundod \mters such os Swun Vjk(;J , Spring Luke , ond burrow pit, uhich 
are usually flooded by the Mississippi .1.tL e r onch spring, h~v1:1 slightly ll isher 
total nitrog1m velues than tha mnin channel, (Ta blos 18, 19 1 20 , 21,22, and 
23) • It was interesting to note that wuter collected behind o s e ries of 
islands and £1J:toung dee d trecls had Y!llues sliGhtly higher then those of t he 
mo.in ch:mn '3l. 

Am. 'ldnift. 

Anmonin wns dot ornine d by direct nessleriza tion os df' s c1· ibod by the 
Al1e ricnn Pu"IJlic H:? Eilth Associi.: tion ( 1936), except thnt Nessk r' s reag~nt ~·>-.ls 
m11dc up ~ ccording to Koch 11nd wc!.1ockin ( 1924) • Anothe r vori.r:i t ion wos the use 
of o phote loi'l:iter inste ~1 d of lfossler' s tub·Js, to determine the amount of color 
dcv.doped • .Absol ut e values 1.:o r · th~n r ~f"ld from e previously st£l nd'lrdiza d c1...rvo . 

The u::i.::ionin vnluds for Wississippi niv-ar simples ( fi ,-sur0 12) during the 
poriod of high wa t e r r !mged fro.;1 ..J .J:3 p.p.n. to 0.52 p .p.::..., tha 'W _1 _·q·~e be ing 
ubout 0. 2J p.p.i.1. The lnrgest n1·1ount of !l.:u1onia \•ms found ba low cities whera 
r '.:W s ewa ge wus enpti Jd i nto th>:! rivor. 

Va lues of 0!.1!.lonie f or the low-wL tdr pe riod nppe'' r <l cl to be dividod into 
three distinct s~ctiona. The sections from mile 817.5 to mile 580.0 ~~d ~igh 
n lues r~n~ing fror.i. 0.18 p.p.n. tn 1.5 p.p.m. with on uver::i ge of 0.60 p.p.1n. 
Thu t fror.t nile 580 to nile 1 ?O (St. Louis, !..lo. t arde) r nnged frO:!l zero to 
0 .1 p.p . ... uith an uve rug.::; of 0.06 p.p.m. B.Jlow St. Louis, 110., the nmount 
of nr .. 'llonir:i in the river increcsod slightly to ~n ave re:;e of u.12 p.p.m. 

The m:i.ount of OJ:i."Jonio in the ~:iississippi rtiver in ilidwinte r f;! 'T-'3 r 1 g.; d 
much highe r th~1n durin5 e ither tho h igh- or 10~·1-\mtor pJriods for th'i t s e ction 
of th'3 ri v-:r Hhe r a th~se d~ter.11in• . tions ov'3rlflp. The v~luos r -:. n!,;;oj d from O. 05 
p.p.n . to l.14 p.p.11., with 1~os t of th:: r ...;r dings arotu:d O.~ p.p.11. 
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Tt.ble 15. --fi1ysical ch:...ructeristics of the i'iississ ippi Ri V·~r and c.dj t.... cen t waters 

LILE 275 

J:~r- / I 
Sto.tions 

I :ny 
l 11 ~c.rrow r ,i t 
0 
t III ~llut:; 

lV J.SlWld 
V J.SL.. nd 
VI Cl1Lnnel 
v LL Channel 
V 1.J..l. :100dS 

lA Is!L .. nd 
A lSlf,Dd 
.i .. I lsl<.ind 
VII Cl1~nnel 

v111 1Aoods 
IA Islc....nds 

Date 

Sept .. 19 
- :'.) t no .::icp .. c., 

do 
do 
do 
do 
do 
do 
do 
do 
uo 

I ]J.;c ·, 26 
i QO 

I C..O 

'Iur- I cent<.1.;ar 
bidity , sed-
p.p.rn. I imen-

• t ·.tlon* 
29~ 

9( 
L1;_;5 
4.90 
Jlb 
37G 
370 
185 
27:5 
270 
27E 

C.Oo 
0.02 
Trace 
Trc:.ce 
Tn tce 
r.r1"'~· .. ce 
Trs.ce 
'IrhCG 
'I'race 
Trr~c3 

G.Gl 

I ----
* :Jadident;_:_tion r .=coru0u ;_ ft3r o:;e hour. 

IAater 
I 

I te:nn .. 
0 ~ 

I c 

j23.o 
19.8 
22.2 
22.2 
';) ~ .3 
·~o. O 

24.0 
26.l 
2..J.2 

i 9 1· r:: 
~O .:J 

2.0. 3 
0 .0 
0.0 
o.o 

Air 
Tempr 

Oc 

27.5 
24.0 
24.0 
21 .. 8 
?.2 .5 

101 r; 
s-~ - .v 

2;:; . 0 
~c· .5 

31 .. G 
ol.O 
.:Jl. G 
-8 .0 
- f .O 
- P.O 

'I'hne 

I
. 3 : 30 P,,· m • 

9: 40 a .:n. 
9:b6 a .m. 

10: 20 e:. . :1. 
10: 40 a . 1 . 

11: 00 a. in. 

11 : 16 & • ·:1 • 
1:05 p ."J. 
1: 40 p •. ~1 . 

2: 00 p. -· 

Depth 
in 

• feet 

.t3ot toIIT 

3.5 mud, silt, sa~d 
2 . O J:i.Ud , st lcks ,.1 e£ vgs 

21.0 sei.nd with s:tlt 
2 . 0 s tiff ;nud 
4 . o stiff r:1ud 

20.0 sa~d covared silt 
13. e .1lJd ' "'Tla?f 1 ~r 1:- r v· e 
3. O mud, sticl<s 
.s .o mud, 
o.O mud 

2 : 20 p .. .1 . 4 . 0 f.JU d 
4 : 40 p .:·1. l:J .5 :~1ud 

1 

5:00 p .~. 6.0 ~ud 

o: 15 p • . ; . J 4 .C , mud 
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Table 19.--Chemical analysis .'.lf water samples fNm the Mississippi River, including sloughs and 
and lakes flooded in periods of high water {September 1944) 

MILE 275 

rP· Cort.i. 
...... Parts per million 
-;:; I 

I I NH3 I 1'in 
fo 

Statio!ls mho pH in HC03 1co3 C02 Tota1 Zn F cu . 1.!'e P04 . :CL 
x io-6 p.p.m. {N) 
: 25°c R.'S~~ l 1 

I SNY 662 ?.82 b.62 ll::>.010.00 3.50 1.34 1.30 1.30 o.oo 0.00 o.oo l.8o ·u.?2•lo.3.zo 
II iliL. '1.HO 11 P I'I 367 7.3510.32 96o0 0.00 15.00 3.25 2.08 1.70 o.oo o.oo o.oo 3.80 :S.90 o..oc 
III CHUTE 3...>4 ? • 9U !.5. 52 80~5 o.oo 1.70 l.09 0.75 o.oo o.oo 0.00 Q.,.)O 1.20 IJ.53 1.54 
IV ISLA1:ID 290 s.oo o.05 83.o 0.00

1
i.7o1.25 o.7? o.oo o.oo o.oo 0.00 1.15 0 .. 53 l.4'J 

v ISL/.JID 289 8.11 5.b4 84.~ O. GO, 1.70
1
1.23 . p.82 0.00,0,00 o,oo 0,00 1.16 0.5 <} 0.3e 

VI CHANNEL 341 8 .. 25,5.63 83.o·o .ool 1.70 1.13 o.95 0.05 o.oo o.oo 0.00 0.95 0.51 2.6C 
VII C.f.~~i~l!l. 326 8.:?.G 5.61 I i I 

0.03i0.00 o.oo o.oo 1.21 0 .48 2.12 84.0 1 0.o~I i.?o i.u8 0.25 
VIII ·,,oODS 362 8. ~jQ ?.23 ~~.01~.40 O.UJ,l.42 0.37 0.15 o.uo o.oo O.uo O .. ?O 0.34 2.22 
IX ISLA.i.'ID 363 8.24 5.68 9~ 0 0.5010.00 1.22 0.42 0.25 10.00 o.oo o.oo 0.61 0.34 0.66 
;c ISLiilID 363 8.3Gj?.12 I 92.01~.oo , o.ooj1.~7 o.37 0.2510.0010.00 o.oo 0 .. '75 0.41 3.46 
XI ISLA.ND 364 8.5116.43 J__9Z£0.6_0...i~~0~8 0.35 0.1510.00 , 0.00 o.oo ,o .. 75 10.34 L.16 
R;S .- oxygen method oi' Hf deal and Stewart. 
Iron, manganese, zinc, fluoride and copper \·1ere deter111ined on acidified. samples. 

Ca 

. 
55 .• 9 
39-4 

--S?-4· '~ 
37 .? 

-sG·.s 
39.·~ 
.;i.8 .. 0 
43~ 

40-4 
4tl_:.i 
•14...6.. 
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Table 20. --Pllysicc. 1 ctit"tr't cteristics of t 1:e Nissis!..:i ippi :-\i V?.r t.nd ac1 j ac;e7Jt ~Y[. t3rs 

r--nr::::: 278 

-· 

1 
• t cr I J · 

I 

' I 
'Iur- .r .-~r- '·'-· , .ir D~pth 

St u.tic.ms lJht G bidity centc...~3 t 3 ~1p . ! temp . Tirne i n Bot tom 
p .p . . ri . s~d- oc I oc f ~~t 

lD ·"1-I . . ...... 
It ,t Jon* i 

•'-11 Chute Sept. 21 490 1rt.CG 2;). 2 I 01. c - . t". ~ · • 16. 0 sand I ;J • lO .I'\ 1} 

1~111 !sla.nd d.O u .30 '.i'n.i ce 2.J . ;5 161.0 ') · ·'.)o ... 3 .5 :nud, cori t t.. i n in:., .. k. .~rf ly- I rv: 3 '·' · ' ""' lJ . ... 11 . 

AlV l.Slt..nd G.0 497 Tr<:!.ce 2:5.7 131. 0 2 : 3..; p. i:. .) . 0 
AV c11a.nna1 uo 398 'ITc ... C3 2•.1:.0 131. (J ..., : co p . . 1 . ;~O . C ,si:.nd 
Al/l Ghannell ClO 410 'iTt .. C3 20 .. :.> 3: lo p •. ~1 . :c .o I 

:vl. C I QO 

nOt0: -...,ai1plG colL~c;t .JG 2 th0 d~pth W1les~ d~Uth \~·-L l~S0 t h4n 3 f ..:2t. 
*3Gai1aant&tJ.0n r..3eor6.~G. ona hour uft·:ff c;ollJction of Gi.... .. 1pl0. 

do 



J,. 
VJ 
I 

Table 21.--Chemical analysis of samples of water from the i1!ississ ipµi River and adjacent waters 
(September> 1944) 

, 
MILE 278 

i t I I 

Sp.cond1 pH o2 HC03 e-03 CJ2 Total NH3 Mn I Zn 
1 

F Cu Fe P04 Cl Ca 
Stations mh~0 in (N~ I Ill 

x 10 p.p.m. 
:.:'? 25°c. R.S.. I I 

; 

XII C~ 336 ,8.40 6~00 86.5 0.00 11.70 1.27 i0.6310.07 0.00 0~0010.00 1.63 0.5~ 0.28 39.2 
XIII IS~ :35 8.~4 6.2~ 66.0 0.00 1.70 1.27 0.67 !0.15 0.00 0.00,~.0011.68 0.57 0.38 41.8 
XIV ISIAND ~36 8.~0 4.1~ 04.0,0.00 2.co 1.20 0.6910.15 o.oo 0.00 0.0011.58 0.54 0.66 40.5 
·-xv cmima!l.. 340 e .. 10 5.10 64.5 o. oo 1.70 1.15 u .55 0.15 * 10.00 * 1.31 o.52 t;.l~ 39.5 
XVI Cdtu~WiL 5.14 .a.21 6.25:., 8.3.010.00 2.60 Lll ,o.65 10.20 .0.ooio.oolo. oo ,i.42 o.5o o.75bs.5 
Iron and manganes e determined on acidified samples. Tctal nitrogen, *zinc=0.0125 p. p .m., and * 
Copper-0 .027 p . p .m., determiue d by a c idifie d samples concentrat -. d from four liters of wuter. 
R.S.-Method of Ridea l l:ind Stewart. · 



{ 
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Table 22.--Physical characteristics of tne Mississippi i.Uver and adjacent waters 

Stations Date 

l 

BARROW PU' llSept 
CHUTE d· 
ISh\lID d, 
C!iANNEL 

d 
u0 

Sept. 19 
!Sept 

MILE 280 

Per- i I' l 
Tur- centage \,aterl Air , 

bidi ty sed- temp. temp,1 
p . ,'> . in . ili1en- 0c l 0c 

Time 
Depth! 

. in 
jreet 

Bottom 

! t ·.l t ion* 
1 

I 

I ~:?..~ ! 111.$0 "utw11., ~.? mui, sticks, leaves 
25.5 t 11:45 a.m. t 15.0 sand 
25.6 12 : 00 noon :=i.o

1 
mud, containing mayfl.y larvae 

25.6 12:EO p.m. l?.O sani 
~3.9 12 : 33 p.m. 21.0 sand 
25~6 12:55 p.m~ 1.0 mud, st i ~~s, leave s 
~l.O 2:CO p.m. 3.5 mud, sand 
21.0 3:15 p. in . 3.0 mud, s ticks, lM.ves 
21.0 1 :00 p.m. 18.0 hard-packed mud 
21.0 2:30 p.m~ I 2 .0 mud, leaves 

IC:ote :-Sample ~ollcctud -~ the depth unless de pth was l e s!:l than 3 feet. 
*Sedimentation recordod one hour after collection of sample. 
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Table 23.--Chemical analysis of samples of water from the liicsissippi l'liver and adjacent waters 
(3 eptomber 1944) 

Stations 

1."VII SPRIIK:t I..AKE 
XVIII Tl.Ill! S.irl 

ISp.Cond: 
mho 

x io-6 
@ 25°.:; 

i.!X SiuJf LAY..E I 
7.X 1903 BR.i...;.A 

212 
582 
29'7 
4Q:8 
~"%5 

J36 
339 
3:36 

XXI .ti.iJ&m. PIT 
: J.II CHTJI' E 
Y.XIII ISLUID 
XYJV ISl/J•rn 
XXV CHJ-ti.1l·;};L 
~II T:H...'..ES 

I 3rl8 
I 351 

~.iILE 280 

Parts per million 
pH IR~= J""3 i Cu3 I C02 I Totail1IB3 rMn I Zn I F 

I 

Cu Fe 1 P04 Cl I Ca 

8.2114.?~I 5~.5jo.ool ;·?.o l.66 lo .. 63 I0~?5Jo.oo 0.0010.0012.1010.~9 I -~·~01~4.4 
8.10 1 s.~~I 9u.~ 1 0.ooi ~ • .:io 1.14 !o.96 O.?o ?*oo o.oo o.oo l.~5iO-~~ I 5~.60 ;?.2 
?.?? 6 • .c6 1 63.o io.001 1.70 1.84 .0.84,0.00j _ o.oo o.o,J l .... oj0.50 1 .:i.86

1
.,o.4 

?.65 6.80 11-1.0,• .. . 001 a.so i.o-± jo.96 1.95 ,o.oo o.oo o.oo 1.% .o.33 I o.?o ·J:6.8 
?.50 2.45 93.o o.ooj10.5o o.6? .0~50 ;1.~o·o~OJ J.oo o.oo 1.20 1.25 o.96 ~1.9 
?.ro ~·~5 ~.o o.oo, i.?o i.;,~ 

1

1

n •. i6 l1.52 o.oo o.oo o.oo ;.52 o.5; ~·o~ 36.8 
a.~5 ~-~o 1 80.0 o.oo l.?0 1 1.~:J 1 0.~212.00 o.oo o.oo o.oo G.oo o.~ G.l~ ~.o 
,B.~0, 6/u~ 183 .o 0.001 l.?O il .. O~ lO .. ::.O 1.40 0.00 0.00 o~.oo L:~ o.~u l.l<i .:J8.5 
.6.1·1j5 .. 3:J 83.0 0.00; l.?O.l.lb ,0.60 1.35 o.oo o . oo • l..:i5 0.46 I 1.92 38.l 
!a.~o 1 ?.5o ss.o o.ooi l .. ?0!1.36 !o.?3 l.?u!o.oo 1o.oo 1o.bo l.?010.53 I ~ .5o!3s.9 

Iron and mwiganes~ determined from acidified samples. 
Totul nitrogen, *zinc-p.165 p.p.m., *coppcr-0.02? p.p.m., det~~minad from acidified samples conc~ntrated 
from four lit 1::rs of r1at.;r. 
R.S .--M~thod of .nidcal and Stewart. 
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FIGURE u.- Total Nitrogen (N) in the Mississippi River. 
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FIGURE 12.- .hmmonia {HH3 ) in the Mississippi River 



. 
Though tho tribut·1rics of the Missis~lppi (t•1blc 7-9-11) hnvo V' .rir1ble 

0:1olU1ts of Cltl!Jonio, cortu in gJnJ r ' lizotions C'!n bo .indo. Tho ri vcrs entering 
the Hississippi from the west hnvo less anmoniq th11n those frora the e•1st. 
'Ibis moy be due to highe r industrolizntion a long the rivers bn the eastern 
side or the River~ The Illinois Gnd ilissouri rivers showed o definite in
cruflsa in the amount of nui ionk in J'lidwin tar , 

The umounts of o:'lf.lOnio found in the sanples collect~d at the cross-
s e ct ionnl oroos studies between Clol'ksville, l:Io., nnd· Louisionr., Uo., ( tebles 
18, 19, 20, 21, 22, and 23) ora slightly loi;or on tho dissouri, than on the 
Illinois side. 

The burrow pit shows n high value of cmr.ionia. This is probably due to 
doc"lyina 'rag1J tAtion. Since tho \'rotor hare W'1S nostly stttgn'1nt this is not 
surprising, 

Phosphat<Js 
I 

Phosph'ltc s were dete r1.1ined by Donigcs ( 1920) 1.iat: od, using stunnous 
chloride r;s n r (:3 ducing agent to dJvolop th'.3 blue phos-pho;1olybdous 'IC id. 
Frdsh '1:?U 1onium-molydnto r \3!.l gent \PS 11Cdo whon.:lver the z~ro conccntrt1tion did 
not check. The 1.1ethod wns ndnpte d for Us "1 with c photc lv-ne t ..J r 'md tho cc.1-
culotions \~ere m'il de by preparing u curv'l fron stnndnrd solutions of phosph~to. 

Ex:a;,1instion of figure 13 shot•1s th·) t the ·1jJOunt of phosph•: te in the I;!is
sissip~i rliver vc rics with tho sousoiis. During Decar11bar the phosph:ite r(Jngad 
fron 0.03 p, _t) .Iilo to u.20 p.p,i.l. \lith r.n t!Vc r'lr;o vulue Of O.l.5 p. IJ .l1l. Al
though the we tor str.gi"J in thci riv'3r in Decur.ibor HOS c.i bout tha s11;ne •is during 
the low-water period of August (.nd SeptCJmbur, the phosphate cont..,nt for this 
letter poriod rnnged frfilll 0.20 to 0.40 p.p.111. and avcr:igt:id 0.31 p.p.n. Tne 
phospr:hte content of the ri·1er during high v1~ 1 tcr rnngad from 0.20 p.p.m. to 
3 • .50 p.p.r.1. tmd ovarri t;ed 0,25 p. p •. .1. 

Tho tribut~irics V'l riod in the s n:;ie mann:::ir ·1s the I:lississippi rtiV3r for 
tho thrao sou sons, t ho t is, th..:y hnd high phospnhto during lo\;-writer, low 
phosphttt::l in 1aidwint•.:1r, with int...J rmadiute v~:luas f or tho hi~'1.-;mtcr period. 
The phosphate content, in gcner·1l, ;ms nu ch higher in the tributaries th~m 

in the !i1•in riv~r. TheTrar11pau l~-i'1U s<ivar, for instance, cont· : in.:!d 0.5.5 p.p.m., 
tiw Illinois J;\iV-Jr, 0. '.1:7 p.p.;.1. 1 rind the Des : ioincs Rivor o . .;,2 P•!) • • during 
the low-\vj.tcr period. 

B..lsido thu tribut•uies i:s sources of phospht;ta for tnu :assissip,i?i River 
such bodies of w•. tGr r~ s thu b"r ~·0\1 pit which H" S i uc lud~d in th•J cc:-css-saction 
study ut 1:iilc 275, cont:1inod 3. 90 p.p.n. This would ;..lso. be u i.;ood source 
~f phosph•Jtcs. 

It \ms of pnrticuler int;~rcst to fine that HcGregor Loke had a phosphatG 
cont•mt of O.·'.':O p.p.n. whilo the ch~nnel of the llississippi .. tiver nt !IcGregor, 
Iown, rnile 633.8, cont11inod only 0.32 p.p.ri. hlthough this differonce is not 
gre'1t, it i:idicntes th'1t one would expect to find .more phosphoto in sloughs 
nnd l c1kes thr~n in the .'min chrmnel ( t1b l.::is 24 "!nd 2!j). 

-4B-
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FIGtlliB l,3.-Phosphates (P04) in the Mississippi River. 



rlabl3 .24.--rhyslchl ch:....rc,ct dris tics of J:1CGr~zor Lc...tee, ncGr~._.or, I oi·vc.., Aug.ist 12, 1944 

. 

:Jt i... tion. 
'i ur- I 1) _:)r c ~n t 

i.ir bidity j :::adi.112n- ~· la. tar :L&ka Sc.!npla 
'"' - t- · t ton t~;np ~ t.=.·~p 'Ii~.e CdDtl1 dcpt1·1 ! bottom. !" · _, .,1. I .. .: . . ._,u • 

OC O• f ;}et f ~:::t 1 ( uO .t1L 1 . ) I,., 

8 
I 

-. 
_.t;.St s!-lor3 of l Cii{e 74 --- 3C.9 I ~().Q . l:OC 11 · i . 6.0 3 .. 0 black r.md 

I 

l.)ent ar of l r· k.a 7".:J 11re:-~ce 29.0 l 2ti.C i 1: 15 p •. 11. 5.0 4.0 do • 
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'I 

r.1\ ... cle ~.J.--~ll~ .. 1iCdl E:i&.lysis Of St: .. i.)las of \1ater collect3d c..t 11cGra~or Lt.kc, i!CC'rrdgor- Imia, 
.huzust 12, 1944 

-
::. p. cond , I r)h ~02 ~ott.l Jhll::-, <'04 Dis- 02 fiCO.,.. t!lJ3 Cl so U& I , .., 4 Stations 1!"J10 ! ..;olv ~d con-
x io-6 I t;ri su.:iad i 

I 
. zjOC 

(~ 

I 
l 

_GS t sl1ora of lake 291.0 t..?o o.os ----
1
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The Volh•Jrd 1ethod for the dctcrminntion of chlorides ns described by 
Kolthoff ~nd o...1ondcll ( 1938), with~ Cnlfwell' s modificati..m, wos e,:iployed. 

Chlorides enter the i.:ississip1 i Ri;.rer, in port at l O;iat froo hwnun con
tt:.1r1inntion, but lcrgely fror.i thu western tributurios. Excludin:; the Illinois 
River which w~s olw1.lys high in chlorides, ubout b9 percent of till the chloride 
fro;,1 th~ t1·ibuturios co1,le fron the wustorn side, nnd only :SO percent comes 
from thu e:,stcrn. 

Tho Illinois Rivor wns found to contain mort:3 chloride thLn !my of the 
othur rivdrs studfod, During the period of low wotar it curri~d 2.5.3 p.p •. a. 
chloride, tluring hi~er ~J'"...! t~r 16.6 .J:l.p.i.1. and in the .. 1iuwint()r 2ti.:5 p.iJ.lll. 
All of these v:.:luus ore about ~bout twice os high tis those for an.; of the 
other tributurius for tho s r. .. 10 periods ( tobles 6, 7, _, , ..;, , 10, and 11). \ 

Th.a chlorides in tho iliss iss ippi Hi wr occw.mlo to dc>wn stream (sec figurJ 
14}. In tho.J u~p.Jr rivJr fro1.1 r.tilc 400 tp milo 817 tho amount of chloride 
durin;; tho low-wnt•Jr period r::::ngtld frPra zero to 4.0 p.p.n. ond ov~raGod 2.2 
p.p •.. 1., Hhilu in t!"lo lo\·;er section it rongod fror.1 2.8 to 7.0 p.p .. 'l., with un 
uver .. 50 of 4.8 i'•p.::i. for the Sttma period. 

Chloride V'lluos for tho h iGh-1::..: t'Jr pc:- iod w~re tho lowos t, r '.!1.gins frora 
zoro to :5.1 p._t). i.1 . ond :.i verui$ing l.v p.p • .ra. 

The uid;~inter puriod showud ~1 surprising incrouse in th.; 01,1ow1ts of 
chloride, theso runGing from O. 79 p. _J.m. ut Fairport, Iowa, uile 463.2 to 
18.5 p.p.ra. nt St. Louis, :i.io., r.1ile 172; the ovuro30 \'Y<.lS 7.0 µ.p.l.'l. 

Th<l Sny River which wos included in the Clarksville-Louis iona, ilo., 
cr~ss-s...: ction studios hud an o:rne j)tionnlly high chloride conti1nt 'flt 103.2 
p.p.ri. This !lOWuV·3i' 11ny hoV·3 bl.!on r esulte d from sewage. 

Evidanco of a density current of c lloridcs along the m!St bank of the 
!.~is:.oissipp i River appears in the l..aGrang1:J (fir.;ure 15, tables 26 and 27) cross
S'Jction, nilo 335.6 uh-Jro tha ch_.>:·ides ·;•er3 :~.O p.p.n . as conpuNd to the 
east b:mk of 1.7 p.p.n . Tnis S !..1 .~ de nsit y curr::nt oppoors at thu lJontrose
Ha uvoo s,jction, mile 316. 

Sulfot 3s 

Tha ·.10lUi.1otric l> ens idine ;11.;th.:.>d .,:f S c:i :..•o.;aer ( l':l.i!3 ) wus used for tho 
g_uuntitotivu det.Jr,:iinotil.ln of i:; ulf:.it'-s. 

The sulfates ~ntJr ti1e 1.Iississip,:)i .rth :J:: in port, es a rosult of indus
triulizution and hw • .cn contmain'.ltiou, but u ,_;r -clot dea l of the sulfot3 comos 
hrg<.!ly from t :ta uostJ rn trib..itc ries, pri;.ci:-in lly fro~·.1 tho Das Uoines and 
!hssouxi iiivors \ ' hich flm·1 throu~h 3ypsu.r:i b uds . 3ow.:::vor, tnJ {llinois and 
Ohio Hiv.Jrs on th.J oi.: sturn sid(. o f the i:iss issip;Ji ulso contribute. 

During tho lm·;-rmtor period of ku 'lust e!1d Septom~t3r, sufu tus were not 
found in the uppor pnrt of tho ri w r nort~" of :1ilJ 340, but south of this 
point incro!.l s~ d r~pidly until n poi:>.~ of 51.1 p . p .ra. '.J- S .r .. ~uchud t1 t r.1ilo .,4 .O, 
(l'igur.:i 16). 
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iron, zinc, flouridG, 11c:i.ng<. n3b2 ::.nd cop'par ., Ji·~ not dJt~ct.:;d. by 111~ti1ods us.3d. 
Trac2 of cu2 indictt~s 1.0 p.p.m. or less. 



Tho ~ I issouri .1.<iv.Jr, which cont11lhed 6264 P•Pl!il. of sulfnt!l, \J'.s pr:i!ncri ... 
ly responsible for this rapid indr~oee. South of the Ohio ••iver (milo 0.0), 
however, the sulph<ites in the llississ ippi rtiver declined rapidly. This msy 
be due to dilution by the Ohio :ruver which was compe,rntively low in sulphctes 
(24d2 p.p.r.1.) ot th ::. s time of the ye~ r. 

The h igh-wo.ter period howeve r present s ~\ll entirely different picture. 
At this time, the Uississippi "''iver seems to get ..iost of its sulphate from 
the Des doines and Illinois rliva rs -:while the hlissouri River contributes relo
tively little~ 

In rlidwinter the Mississippi was primarily affected by the Des i :ioines 
... Livor, which contained 114.1 p.p.m. sulphate. The Io\m ond Skwlk Rivers dur
ins this srim9 period contHined 32.5 p.p. ti. and 65.6 p.p.m., respectivoly. 

A stud:r of slout:JlS, hr.yous, ~nd :mto:t·s ~djocent to_ the !lississippi indi
cate th~t these plocos c9ntributcd very little sulphote to the river. 

Thus from tht:i foregoing reviaw Rf da to it rnny be S Ll id th3 t n.ost of the 
sulph· .. te ions enter tho i.Iississippi Rivor fror:i the tribut~ries. 

T~e particula r effact of ~nch tributary depends l urgoly upon the secson 
of the yeor and its volun~ of :; ter os wull ·1s tho st:Jde of tho Uississippi 
rti Vt:!r • 

Culcium 

c ~~ lciwil has long been cons idor..:cl as on important constituent in f ish ins 
t'IJttJrs, und was so str-... rnsed at one timt::! th·it the classification of wnt;rs was 
bqst.:d ch iafly upon tho quant it~· of culc iw:i present. 

C~lc iwn in thu Hiss iss ippi lU vur wti ter is usually in tho form o:r cA-rbo
no t c or bic!lrb.i:Jnote. The similari t:r o:r figurtJs 17 nnd 20 Gspociolly for the 
high ·;r-~ te:r p~riod shows th:.. t most ~ th~ C"llciurn t'l' lS co:1bined os bic,1rbonotes. 

In th~ llississippi rliver tho c~lciwn content during tho high-wct~r 
period rt.ng.:d frnm 24 to 5~ p.p.::i. Tho l~r~0st •:mount Hf calciwri, nv~reging 
1.t:5 p.p.n. w1 .s fow1d b ...i t>Jeon rnilo ~70 and i.1ilc 250. Above ;Jud be low thase two 
points the c•1lcium cont..:nt wtis sli~htly lRt';lilr 1·11 th •m U'li:.!rtluu (If 35 p.p.r.1. 
for til.J soction north of mile 370 und 32 p.p.111. for tho section south of milG 
250. 

Th.a low-wct~r poriod hud C'.:llciun v::lues th!:t uere 1.1ore W1iform than thosa 
for tho ~igh ~r1tu:i' p~riod. Tho r• •n::;o uns 33 to 49 p.p. ;:i. \-Ii th nn a73rnge of 
~O p.p.n. A tul!dency for calciur.1 to occw.1ul'lte in th~ lower stren.r.i during 
thG low-wnt1Jr period is eviclcnt fror,1 dotn plotted in figure l?. 

The c ~ lciu n cont1..int of thl? west~rn i;ributerie s during low-uater nveraged 
53 p.p.m.; with the e:.-:ccption of the Illinois H.iwr which hnd a vnlue r,f 45.7 
p.p.!i.., the enst.Jrn tributnri...is, uver!:.'3a cl 24 p.p.n. 

The Sny -•ivor, section :iilo 275, hud n V' lue of 59 p.p.r.1. The C~!lciwn 
contl3nt of H~ tcr in a saries of islonds us a t section uile 275 uas slightly 
h i;;h.:i r th:m in t.ue !:lr"l in chmmel of the ri vor. 
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The lower end of Lnka Papin hnci nh inlirn•-1e Hi the "lmoliht of c~lcium of 
10 p.p.r.1., us compared to the uppeil ahd. However nora stntions would ho'/e 
to be sor~pled before ahy sighiri~tmce coulrl be attuched to this finc!. ing. 

Carbonates 

The ~iississippi River du1'ing the low water period contained carbonates 
that ranged from 1.2 p.p.m. to 4.9 p.p.m. havin~ an av~re~e of 3.4 p.p.m. 
(Figure 18}. This condition change d cor.1pletely at ~~ile lbO, where carbonates 
alnost disappe~1red. 

The high-water and midwinter periods were conspicuous by the complete 
absence of cnrbomitos south of mile 360. 

This sam'3 condition also existe d in the tributaries. .uoth thu wostarn 
ond eastern tributaries ware devoid bf' carbonates. The Illinois and Ohi• 
Rivers did not 09ntain any cerbonctes during the l<':w-vmter period but the oth~ 
tributFuies ~ntained cnrbnm1tcs v•1rying in mnount from 17 ,3 p.p.m. in the 
Whit::i ' Ioto; r tliver to 2.04 p.p.m. in the Chippawa Rivor (table 9}. 

The c1Jrbonot.J contents of the slouG}ls wGr-3 slightly higher than in the 
14ississ ippi channol. For exanplo, Harper's Slough canto ined 6 .o p. p •. n. I i'Jhil~ 

the river contoinad only 4.2 p.p •. 1. (figure 19 ond t r:ble s 28 011cl 29}. 

Thu cross-section studies at r.11le 275 r3vealed thut cartuin woodGd ·1re:.'s 
covered with W..iter onu 'mttJr I! ~r island groups containe d r.iorc corbowite than 
the mAin channel of the r.ussissippi River, 

Bicsrbonotes 

The m9thod of Seyler qs dascribed by i~r:unerar, Bovl'\rd, ond Boorman (1923} 
and the Amaric~n Public Hoalth Associntion (1936) ~~s used in the determina
tion of bica rbonates, cnrbonot ..}S, '•nd carbon (lioxirle. 

The bicarbona tes in the Iliss i~sippi 1tiv3r ore present chiefly l'\S C<Jl
cium bicqrbonnte. A crymporison of fiGUr~s 17 nnd 20 on the calcium nnd bi
C!lrbonnte content of the ri~1er shous thnt both hnv'1 the s ::!me gcner·1l outline,. 

The :1i-:iount of bicarbonates in tl:'J iiississippi .div~r during low vr.itcr was 
quite uniform. Thl: VEiluos rung.::tl from 64 t~ 87 p.p.n. iii th on :w..:r'lgu of 79 
p.p.1a. Tli-:;y were g~nernlly high::.lr in that port oi' th·J riv·.:ir north of nilo 
196 thnn in thi:: s e ction below mile 196. This diffvrencu s e2!"ls to b e c!.usud 
by thu l:lissouri .niv::: r. 

'!.'he high-w•1te r poriod hnd u l'(:ng.:l of fror.i 51 p.p •. 1. to 112 p.p.m.; this 
l a tter '!Clue was found below th~ Illinois River, which h:- d u .ioderotcly high 
bicr.rbonato content of 89 • .: p,p.n. 

A simil!'r r.:iduction in bic~rboncto ions occurred below the r.Iissouri River 
during this ptlriod os in tho lm~-lV".l tur period. 

Thd raidwinte !' surv~y ind icflted 11n incr!) '•s 2 in th3 omount of bicorbonr.:te 
ns compared to tho lo•·1-i1nd hi:;.}i-woter surveys. Tho r nnga in i:iid,1intar wns 
from 110 to ;i35 p.p.n., t1ith :-- n nv '3rngo of 115 p.p.n. Th'9 p!'esence of l'!rger 
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Table 28.--Physica l characteristics of \'•ti t er collected from s loughs adjacent to the Mississippi Ri~er 
cha nnel (Au511st 13, 1944 ) 

Stations 

Uest of Cfooked s1ou(;i1 
Harpers slough 

I 
l I Tur-

biC:ity 
I p.p.m. 
I 

62 
9,,;, 
0'1 9? 
85 

I 

Po:...rcentage 
scdirnen-
t a.tiun 

0.09 
o.o? 

MILE 653.0 

I 

r1ntor Air 
temp. oc t ump, 

Oc 

25.8 
26.2 24.0 

i 24 • .0 

I 26.0 124.0 
I 26 .0 2.1.0 

IDopth I $ample 
Time in 

1 

depth Bottom 
f uot in 

f cot 
I 

I 8 : 50 a.in. 118.0 9 ... 0 I mud, l!ntpty shollS-

I 9 :00 a.m. 4.0 2.0 mud . 
10:15 a.m. 

1
• 9.0 4.0 I mud 

I0\30 a.m. 1.5 1.0 i mud 
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rr·a bl.} 29 .. --Ci1J,:-1ic&l ~nalysis of :1ut 3r sc-... . 1pl ,;s coll.act Jci fror.1 slougl1s 
o.ei.jo.c.Jnt to th.; hissis~ippi ~ii v.:.r clu::.mwl (i-.UQlSt 13 , 1944) 

t·HJ.::: 6:53 . 0 

I cp "O"JQ I I 
I .:. . .., ~ , 

:3to.tions ~1.hO , pII Lis- . no co3 COz .iv 3 
x 10-6 I solv_;d 
, ::> - OC 02 \<. ~O 

I 

! 
0a poli slou~h 287 . C f . 2£> 3 .42 BC.? .3.GO o.oo 
1122.d of islt:.Yld l.Jl ':23 .. o 8 .15 .5 .12 ~o.7 I 4.:o o.oo 
I.est of croolc~cl slou1.~h 292 . 0 s .1.5 I 3.84 c2.0 I o.oG G.00 
fi. t q2_; rs slour,n I 288 . 0 8.20 . ( ::) • 65 51.5. 6.CO 10.00 
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~nowits of bicc.rbonuta in nidw1htor wotlld i11dic•1te rl buttor bufftiring power 
of the river o~dust :-.dids or t;lkolls l 

I 
The westa1~h t1·ibutaries e::c 1uiled the eastern tribut~rics, in bicarbonate 

content (tuble 9). The White River ~/oter wns compuruti·1ely high with 135.8 
pipp,1j of bicr;rbonuh. The o.1io River contained the lo\·1est m:iount, the vulue 
beins 30.9 p,p.;!l. which occun·tiu during tht! low-water period. 

~ 

Sloughs anu buyous showed littl~ differel!Ce in bicurboauttl content from 
thr.t found in the 1aain chsnnel of the lUssissippi ~tiver. 

The Sny River und "' small ir.lpQundmen t (tu bla 23) which is rnn ched by 
flood waters of tho Uississippi both hr:-d a bicEJrbont! to co1.t·ant slightly higher 
t:l•in most of the Hississippi .1.i1var. 

C'1rbon l.Jioxide 

The nethod used for the 6.etern inotion of corlfon dioxide v;•! S sensitive 
~o 1.0 p. p ~m. The word 11tre1ce" is given \;here tha ~mount of curbon dioxide 
~ppe:re6 to be less. 

The ~Jississ ippi River contc-.ined very little c•1rbor. dioxiue during the 
low-w:Jtcr period. There wL! s no Oti rbon dioxide fowid in the rivar north of 
nile 612.5. Ho\lever, thn t section s outh of mile 270 cont•i imHl :.i t ::.·:.ice. 
During the high-wa ter period the UMO~lt Of c•1rbon uioxide i tile .1.0Wer S(rntio1. 
thu t is, south of :!lile 364 \rus on nn uvero~e 1.0 p.p.hl. 

In midwinter the volues of ct~rbon dioxide in the rn~1 in chnnnel rose to 
Eon r!vernge of 1.5 p. ~ .m. and the increesa Up) ee.red t o btl gf:lnerul. Samples 
collect~d from tht3 Io\ro, SkWlK, De s l.lo ine s, , !issour i, and Illinois Ri vars !"ill 
s towed .11) re thnn 2.0 p.p. m. ce rbon d io: ::i:i<le as compur ed to t hose r epresent ing 
low-on6. high-wuter pariods, •~h ich s howed no cu rbon clioxide or only '!1:roce . 

C<lrbon d ioxic!e in the br rrow pit; !!lld the 1903 breok-through wus r '' the r 
high, being 15.0 end 8 . 8 p.p. i. , r a s pc c t ively. In the nonth of Scptt:mbur, 
the Sny Ri7ar contl'l ine tl ::5 .5 1>. p . L'l . nt s oction uile 275 t:n ci 5 .3 p.p.:n. :! t s e c
tion i:tila 280. 

Tha sloughs t111d b1.iyuus c onno ct; d with thu llississi~·Pi niver hn tl ~pproxi
r:1uti:;ly the snr.1e c t.. rbon cl i o;ci d•.; con tc11t us tl!t: t found in the m:.i in ch·_nn.:;l. 

Hycl:::o r ;ur.-~ Conc..intr :... tion 

Hydrogen-ion i:ieosurements we r e !r..auc with a gl•1ss wl o:! ctrodu pH meter. 
1Hl tho pH reudings Wdre ,x1do i n th~ fie ld wi thiu :..: s hort tin~ ~fter col
lucting the woter sampl 8 s . 

Tho llississ i ppi .. ~i vor be co11os pro,~re s .3 ively moro '1cid downstream, ( figuro 
21). The i:iverngc pH r\3 nc~ ing in t h.;.i lower s e ction (u ile 150 to raila .;. 112) 
wns found to be 7.90 1 whe r ens i n the uppe r section it wns 8.25 . 

At th~ time of t he high-wate r survc~r the riv~rngo pH W'\S slightly l ower 
th!...n it w:..s Cturing ~ i thti r thi:; low-w~:t ! I' o r the mi1lwi11tc r per1oeis. The cic!
wi;.it·~r s •.nples were 11or13 11 lkdiue t h'. n those tukcn c:uring lar·i- or high-wate r 
periods. Tnis <..iff~reucc in pH .1u.1y be corrolo tt!C. with the u .. 1uunt of bic:;r-
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bonate prosont (figure 20). Ths r u soem to b e ;:ioro bid~rbohrite iohs in miC.
winter which would ·ive n greritor b4ffering power to thu Wbter. 

Iohi~able S~lts t~~ecific Con~uct~nce) 

The amounts of solts in s olution wns dot~rminad by nn oppnratus olrody 
described under boat and field equipment. Fr r convenience, the dnto are ex
pressed us specific conductLnco in mho x lo-G at 25°c. 

The amount of ionizESble snl ts in the llississippi liiver increased steadi
ly downstre : l'l in each of the t hree periods (figure 22). This incrense was 
pt•rticulnrly noticeable during low water. The upper section of thJ riv~~ du1· 
ing th!lt period hod a specific conductEince bt3 twean 200 !ind :350 Ilh'lO x 10-ll at 
25°C os comp~red to t he low·dr s£iction (below mile 200) ;•1hich hod a sp ~cific 
conductcince from 380 to 1HO r.t.11o • . 

The specific-conductnnce dnta for the hiGh-wntGr period v~riad considerc
bly 1 trom l·.H) to 1.!:70 m..110. The gr9!;te st incrJos e w•1s foW1d to be belon tri
buturius aspc~iolly the Iowe , Des 11oines 1 Illinois, ond i:.tissour rbr.Jrs, 

The e:ff.:ct of the l.iissouri River is p:irticulnrly ovidont durin~ tho mid
wintur poriod Hhan the spec,ific c:onducti vi ty rises fro!'l 380 mho just •.! · uv~ 

its confluence with the ~Hssissippi River t o 750, mho about 50 .til'3s b.;lm:•. 
Tho s'lnples of 1.1idwinter gdnar,.. lly had o specific co1~ductiv"ity that W'.:S 

high;r than for thoso of oithor t t.. J low-or high-water periods, the uv3rag..: 
v~lus being 450 m.~o 

Pe ta on SI1ecific-co11duc~Pnco !'le!lsurements of tho tributnriGs a [;reo with 
stntements mode pra viousljr, thnt tho western tributari~s h::i -ve D hig.i-icr S<i l t 
content thon the easte rn tribut!lri;;s <:ixcept those of tho Illinois River 
( te.bl·3 8) • Th•3 •we rn ;e V"!lue for the western tributrtriJ s wns found to be 372 
mho and f or the E:lns t e rn tribut'Jri<::1 s ( includin5 the Illinois Riv3r) wDs 247 m.liu. 

That the r e is density curi·.int of ioniz'l h:!.~ sults "\lOnG the WGs t bnnk 
of th.; i!ississippi Rive r is c vidtmt. Cross-s l3 ction studies ri t """o Gr nnge, 'i··iO., 
(table 26 ) a r.d o t ~.lontrose , Iou;;j, (t'lblc 1 1

: ) sho;1ud th'1 t such a·density cur
rent could be dcte c tcld. The slou·shs which W<;l r c s '.:mpled 11 t nile C.b3.0 sbowad 
no C!i!"fer ance in co11-:uct ivi ty :11.;!asure:1..:nt fro:;, those found in the i.Iississippi 
Riv~r. 

Howl3vu 1~ , tlw Sny ..:li vor 1 '\l!'lich wr:s .:.r .rt of the s o ct ions '1t r.iile 280 
oncl mile 27:5 , h'l d a s pecific co!.u.uc t uc0 o~.,, 660 :.1110. Loc~1 r usi::':.<3nts r ·.=port .3::! 
that w1til r ucontl y tho Sny Riv..; r '\ I 'm .-n e:i:cel.:'.~nt fisnin3 site for crappi13 
but wi thing the past two Y9<irs tht} m:itch W'.l s ratne r poor. It would have buen 
intar1sting to study cor:L'e lation o:!' this ci:wnga with cne:.1ical rlota . 

Trace :31.em::ints 

Tha r ol e s of vnrious tra ce eloments i :1 the physiological proce s ses of 
a1uotic onir.m ls anC. pl an ;;s 1J r ·..J in r:!OS +. ees..: s still f nr :!.'ro:-i cloar . However, 
iron is kno:m t o be ~n <;)SS'3llt ict l conpont:::..t of h~er:nglobin in the vertebr9t e 
enLnuls, ur:.C. iron, m::inJ'.:lncs~ , or.,1 c o~):;>..:!r i r. . ivi:lu'.. lly hn-ve b ·,jn fow.c: in 
respiratory ;>i ;;..1 ·a ts of ir.•rnrt~br-. t es 4 Zin~ m.s r e c.::i ntly b..! :ll . plt c~t. in th~ 
ess~:.tinl lis t of tr(lC•3 ole::u .. ts ::-3quir~d i!. 1:.utrition of hi~Gr v3rt-9brl.1 t us 
ond ::ioy t:i~r·.;for-D p l uy o si!;;.i::..r p!.I J.'t in th·J l!utrition of !lquti tic o.ni.110ls. 
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The SU ·gestion htiS bedll Idndd t ha ;t !r9n, bes ides its f 1..U1Ction ill h!:lSlnO
~lobin, probably octs ns a cntalyst in tlie foi!motion of chlorophyl und m'~Y 
b.) involved also in respiretory ucti vi ty. .tJ•Jilc,'7anese .lllOY, under certuin con
ditions, cct as a p~rtial substitute for iron, Iron has furthor been f ound 
to be import~nt in that it coz:ibines with phosphotes, bdint; thus precipitntad 
and :removed. 

Consequently, iron, manganese, qopper, ond zinc were determined for a 
considernble pr-9portion of the l'!l!Itlplas of water studied ill this survey. 

Iron 

The determination of iron wns carried out according to the method des
cribe~ by Theroux, Eldrid~e, n~ d ~a lman, (19~3). 

The presence of ferric iron in soluti0n in the Hississippi ~iver (ex
cluding silt) ~~s almost negligible. In L~ke Pepin only u tracs of iron 
wns found during the low-wotEJr pariod. The l ower sect"ion of the ri\"er, that 
is, south cf the Llissouri rtiv~r cont~ined sligntly more iron but there 
1.lso it could only bo reportad 11s a trace, the method used being only re
li'.lble to 0.1 p.p., •• 

Tha tributaries did not contuiu iron in excess of O.l p.p •. .1. at ~~ny se:J
sou studied in this survey. 

The presence of iron in the cross-sections at mile 275, mile 278,, 1md 
mile 280 should be explained. Ail of the somples collected in theso sections 
ware preserved with 1.0 ml, of concc.mtl'.t~ted sulphuric acid, being intended 
primarily for totnl nitrogen detJrmir-~ tiona, but in our usual routine of cna
lys is trace elements were also dotarmined, It was then disco~13red thr. t the 
ucid used to preserve the s nmplo hnd leochad out these el9nrJ.r..ts from the 
silt. Acid-:;:r9servod s amples which contninod no silt u.iro not olt...i r .::ld. All 
ot hor doterminuti-.>ns for trnoo ele;nonts were completed on s unples which ware 
not preserved in nny W'iY. 

Uangcnese was dete rmined, using a method descr ibed by jColtoff uncl Sundell 
( 1938). Hanganeso wes absent in tha mo in cha1.nt:d of the llississipp i iti var; 
some, however s W:lS found in tho w~stern tributurips. These wera: Io;·m Rive r, 
0.22 p.p.m.; Skunk River, 0.17 p.p.r.1.; Das 1:01..ces .div;.1r O.l·J "l .-o.m. and Root 
.Rive r, 0.05 p.p.m. in high wotar. No ::'IL'lngcnel::l £i was found in any of tho east
ern tributaries. 

The p!'tlsonca of n~ngnnese in tho s~mp:3~ collecteG at s ection, mile 275, 
mile 278, end nile 280 s hould b.J r e5:1r ci.od \Ji t: r J s ervations becauso the 
snnples were ncinified . 

Copper 

Tho method use l t o tfo t~rubc coi:J.J ...ir wc.s that of Sr.ell ( 2.Y36) , which has 
a r eported sensitivity to 0 . 01 p . p . !>1. By 1ncen t r ri .,ion of s ump.Les this sen
sitivity was extundarl . No aampLis stu :1 i~ . from ciny p~!.'tion of the l.Iissi
ssip~.)i .ltivor or its ~ributnries contui!.od COJpe r in 1;;1 xces s uf' 0 .0078 p.p.11., 
o proportiun fow1G. during h i gh wwt :JI' nt mile 172.5, St. Louis, uo. It m.o y 
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bo st::itedJ there fOJ'l'e, thut t hu oopJor content of thu llississi)) i Rive r woter 
wcs very smull (Snell and She ll, 1936}~ 

Zinc 

Zinc ucterminotions wer e ;:icde according to Sa ndall' s method ( 194•!). 
Zinc wus det "?ct0d in the Llis sissippi Rivor ba lou St. Louis a t raile 172.5 
during high wqter• The amount f ound wns 0.0075 p.p.r.1. ~inc wcs also f ound 
il'lf.lediotely below Burlington, Im~a , the v~ 1.ua being 0 .0009 p.p.m. 

Tho followin3 tributaries contained zinc: Skunlc .div<lr, 0.03 p. p . ~1.; 
Chippawu River, 0.0:3 p.p.n .; Illinois niver, 0.024 p.p.:1. during l c.m wnt a r 
unO. 0. 04 p. p .m. during high •"8 t or. 

FJ,.uorine 

The filathod use(. t o deter r.iina fluo:riclcs wos publishod by Sanchis ( 193'.l:}. 
Thay wcro not dctect~d i n the mn in channel of the Hississippi rtiver. The 
tributories which ci:nteined fluorides were a ll on the western sitle with the 
usu~l exce ption of Illinois Rivur. Skunk River hod th~ highest vn lue fowid 
which ua s O.l : l:J.p.n. The Iown 'incl De s l!o in'3s Rivers crnch hnd 0.0•:::5 p.p.m. 

?QjLTJTIOH 

From a cri ticf"ll Nview of e ll of the physicr:i l imd chcmi c' \l <!~t·! collected 
during thi s survuy of the Lliss issippi Rive r, thu existin3 pul.i.utions , thi=: t 
is, the:i sur1e of all polluting affluents n ow onta ring tho i.IississipJ i :tivcir 
in th'3 sector studied, 01·a not crea ting con~.itions seriously wi:fovorcblc t o 
fish and othe r oquc tic life , ~xcept in loccl ar eas below porticulor plnnts 
or citias. The prose itce of s pecific areas of pollution nonr industrialized 
s ections c3nnot b3 J iscount3d but os a r esult of the large vol~~u of Wdter 
in tho .lississippi Riv.Jr nnd the cnrrying po•v..?r of this stre L •. 1, tho immcdiuta
ly ~=-ngerous .:?ffi.3cts of thoJs :i i:>Ollutunts ere res trict.;d l•1r~clly to ,t>Ortions · 
of ths rive r o fou :.1ilcs bolo~·1 th.::! entroca of porticult!r effluents. However, 
th'l c~rnulotiv~ effects of thuse collective pollutions must bo consid·3rdd ns 
slowly d..: turioreting the g0ne r nl qua lity of thi~ i.Iississippi d iver water for 
production of fish ond other o~uatic org~nisras. 

ldony si:i<:i ll, cs uoll ~ s sor:ia l•1r~o, communities locnt3d on th;.? rivor still 
uso it as o con11eniant .!!11.i r,ns f or the disposal of s owage. .Al t hough C'1ch of
fense seems smnll end b jco.r.i.e s insignific~nt n f oJw miles from its source, the 
tot~1l effect 1)r o<lucetl .:11ust bu consiC:erc tl. . 

Evon thuugh tho volune of wn ter is l •1r ga unuu.~h P.nrl the cl ilutiun is 
greu t enough to rer...:er i..haso pollut·.nts h:·. :r.·r.-U.css to the i>res9nt fish f'Jun·1 
uf the llississ ippi tli ver, one must r\:lr.tui:ab•Jr th'i t e rt ch sn•ill ·1nount of m'.]
t ariol n"lrrows tll-a s ~fety 111~ r~in of the river, 

It hus been shown in previous surveys, ris W3ll us in the pr~sent one, 
th~t tha oxygen content in tha uppar section of the llississippi .rtivGr riuring 
the low •roter period wns below thc t fow1d in i 1eol fishing '.mte r. Hov;ever, 
this 10\1 o:..:yg.:m cor.c1itiun may r esult from the f)ross Jffect of e ll the m3tari~l 
which enters the stre•m. and raay not be cu'lsed by any inclivitluc l pollutant. 

!lost notur·1l bodies of vr:: t nr ho•;:} 'i ci:irt~ in buff.Jr •1rilue, f"lnci. when this 
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is destro~ed by pollutants, the plant and an~nal life, essential to norJnal 
stream balance, quickly die, Thus, in the Il ississippi Riv•ir, the water be
comes more acid downstream, This acidity expressed in pH has an average 
value of 8.20 ·at mile 700 and pH 7.80 at mile 100. Regardless of the causes 
of this change, one must concede that the river at mile 100 would r e quire 
less acici to r each a point lethal to fish thb..l et .:1ile 700 . 

Another fact .18y be given reg1:trding t .e salinity: o'f' the .-Iississippi 
River. A lLn.it usually acce pted es tolerable by 1.1ost fishes should not ex
ceed 1,000 mha x le-6 et 250 a. In the l:lissis sippi River fron mile 500 to 
mile 800 the mhos avera~e 280 uhile the section bel~w mile 300 averages 410 
mha . Thus, the concentration of ionizable salts in the lower section would 
only have to be slightly more t han doubled to reach a condition int olerable 
to fish, while the ionizable salts in the upper section would have to be 
~nore t han t ripled to reach the same C"lndition. The values r.ientioned ab:tve 
f or t he Uiss i s s ippi Ri var are not considered herrntul at pres~nt. R:owever, 
an increas e in industrialization in the post-war years may further narrow 
the margin of safety on which the ri V3r depends in keeping its ne tur a.l balance 

As the water quality of a stream chan~es from time to time, it is necer 
sary to re-examine the strean occassionally to re-evaluate its con~ition •. 

T'ne .iississippi River was not in a critica.l condition et the ti.I!le et 
this survey. Considering the river 'f'roman over-ell point of view, it may be 
concluded that the upper section of the river, that is, t he section above mile 
420, !11Bintained a more favorable position with respect to fish production 
than the s e ction below ~ile 420. Comparing the water quality of th9 Wissi
ssippi ttiver with waters producing good fish fewia, it would be rated as good 

DISCU.JS ION Al"D IJOHCLUSIOH 

Study at three different ~mesons of the year showed that the cher1ical 
constituents of the Hississippi River are by no 1neans constant. Not only i 
ware seasonal variations obvious but daily ann hourly changes were constantly 

' taking place • 

Probably one of the J.iost s~riking variations as a result of seasonal 
c!tangas was in thi; dissolv~d oxygan content. The midwinte::'.' period, which was 
studie d when i!lost of the ri var was covered '.1ith sevt:iral inchus of ice, had 
an ,9::,.:yg-:!n conte1;.t 8 t i!:es greatv1• than thr t row1d durins tho low-water period . 

Th·J midwinter period also had a groater amount of ionizeblo salts. This 
incrsasa in ulcctrolyt1Js wao partly clue to tho increasa in sulf1:ttes, chlorines 
bicarbonates, and anunonie. Thu incraaso in bicarbonates apd ar,l!nonia reflects 
on the hydrogen-ion content of tho water; thus the alkalinity was found .ta 
be er~ator during this period. 

The midwinter period did not show an increase in all o:r th~ constituents 
deter111ine d; the phosphates, for instanco, were considerably lowar. "Iowever. 
the d~) creaso in J?letabolic activity of plankton during thi s period, .for which 
this e l ement has br:!un de ::ionstret~d to be s'desntial (-li':lb!'J. l 130a, ai1d others) 
probably did not suffer much from this ri:.iduction. 
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Sonson11l ris'3 in tho W'l t..:r lovol in the Ilississi~lpi Ri7er, r1fter periods 
of thow nnC: rain is p· rticulsarly evident from worch uni! J" uno. The f loo•l 
''mtors bring with them silt n.rl detritus "'r.rl couse I:tL.rkad chcnges in the 
chemic'll corn~ostion of the wntor. · 

During these periods of hiGh \•r1tar the tot11l nitro;.;en content of the 
r.lississip:pi Hi var incre~sod to so-.ren time the lotv-watur ontl midwinter vr::lues, 
but the chlorides, corbonatos, ~nd sulf~tas in turn ~ocreosod to o point 
i'mich was below the low-woter ".llld mi :i· 1inter periods• In 1nost cnsc.. s the high 
untl:3r produced c reduction of electrolytes in the dississi,t>pi River. 

Follot·1ing the porion Of high water comes th~~.t of least chune;o in physi
cPl cnvirorua~m ol cont.itiuns. Tho low-wntar periorl wns chnroctarizoc1 by 
high.or pbospbota ancl c~rbonrta Y'llues but n low sulfnto onc1 dissolv.lcl oxy~en 
contunt~ 

The tributaries of the i:iss issippi Rivar ore primnrily rosponsibla for 
mnny of tho chomiC'll 'lncl :Jhys ic•1l chnnRos which t'' ke pl•1ce. Tho was tern tri
butnrios bring into the Uississi;pi more electrolytes thFm rire contributad 
by the costern stra~ms. 

The mnow1t om! kin~ of r.l!.lt:?ri~l de~ends upon ~aologic11l surroundings. 
ago, soil, nnd vegotfltion cover of the dr::-; in;re, The i.!issouri •1nd D3s . :uines 
rtivors, for oi:umpla, \rore hi.~~ in sul.retes and chloridos, the Root 1 Vermil
liun, tmd \ihite !atclr riv1;1rs cantrrined much bict!rbon· te, . wheru·1a thu Iowu, 
Srl:unk, nnd Des do inas ri vi:: rs conttt inad S()me r.n ng.-;nase. All uf tho tributr:iri'3: 
cont·dnad more or lass of t~ nv.1jority of th"3 constituents re_:>crted in this 
1Ju_r.ior. 

A study of cross-sections 1 • sloutYis, bayous, •md >re ters adjacent to the 
main chnnnel revealed th!:!t the c.1emica l chnrocteristics woru diffoi•tmt on 
wheth~r thsso arens were intir1ritoly connoct~d with th:.J riv,1r or iso1.~ tod tmd 
only r-::ached in periods of !ligh writ or. 

The borrow pit and 1903 brcak-thit"on~h. just such bodies of vmt ..?r, war13 
chr:ractarizod by high hiccrbonat..i s Difld :phosph11tes. 

The b~rrow pit W'!S also high in tot11 l nitroc;~n, m:ll1onia~ and cr, rbon 
dioxide, but vcr.v low in oxygm1 .contJnt. The Sny Rivs r wes WlUSU'•lly high 
iin chlorid'.:ls. 

Tho physicnl t.'~ctors ruportod in this paper 11urJ origilwlly 'l'sswae d to 
be of a socondury iuport!.lncl:l, but t he incro·Js od nttontion recently given to 
th.a study of light ponctrctiun tjfid its consicl ..3r " tivn cs n criticul r~1ctor 

oxpocinlly in phyto-pl~nkton production, h'lS shown th·1t ocologic•1l ~nd limno
logicol studies of plankton should ba corrol '1 t eu with th.:i li~~ht-trnnsr.1iss ivn 
dat~1 '3S woll 11s tho. chomical •md physiccl chnrr~ctoristics of th~ water. 

Th:l full signific·mco of th-:!s o nnc!lyticcl :f'indin~s c'ln only b'3 known ''men 
th1Jy ~·.r~ corrolnta!l with tho b iologice l and e colo6icr.i l n'lt<"I which other units 
of this coo~erativo snrvoy hav'J colluctn<l . 

- 7:3-



sm: tARY 

Tho physical ond chemiclll dAt~ he r e ro;iorted, presento<l study of th:3 
Up;>or :iJississippi rtivor from 2 mil-Js a!lovo Lock and Dam No. 2 in th9 iiestings 
Pool, Minne. , to caruthersyillc, i..io. , tiurinr:; th..:: y~ar 194· • 

1. Tho mean oxygen cont.;nt of the River durin~ tho period of low-wat~r 
was 5.0 p.p.11.; in hiBh \'later avorng.J tl ,., ,6 il·~·r.1.; and in 1,1idwintor, 13.6 P· l-1 · 

2. Oxy~3n-consWi1ecl values during tho J.).Jriod of high \mtnr ranged :from 
7 .8 to +J: ::i ~.p.m., with an evor!:lga of 25 p.p.in. The u1ip:n.· sucti0n of the riv- r 
from milo 280 to mile 600 averagod 22 p. p .m. Dur in.-; low-rn1t.3r tha average 
was 22 p.p.m. :fro.{!l mile 1'10 to mile 800, whilo that b'3low tha I.rissouri Rivor 
uos 36 p.p.m. In ilidwintor t!lJ 3v.;i r :.r;o was 34 p.p.m. 

3. TotF>l nitro,~;m values wero low in midwintor, ovc ruging less than 
l.O p.!).ta. Tho low-wotor !!Vor.rigo W1lS l, 7 p.!).m~ 1 while that 1Jf high wot.Jr 
ovor=:!i~od 5. 5 p. !> .m. 

~. The ar.unoui!l v <i lucs from· mile 590 to milo 817 ovel"l ed 0. 59 p.p.m. 
whil~ the lowar section south uf mile 590 ~\V'3ragod · 0.05 :p.~,n. fur tho low
watC!r :>eriod; high-w'1t~r vclutJs nvar!l,:;od 0.2 ~J.;_l ... l.; oriel in r.iidwintc r the 
!.1Vcr·.;t3u was 0.4 p.p.m. 

5. PhosphMta content. i;~s low in miclwintar, hi~ in low water nnd inter
medinte <lurin~ the hiGh-wnter period. 

6. Chlorides t.,u:deci to c ccu:nult! ta downstreum. They were low during tha 
high-woter period, high ih midwir!t or, and intermec!i Ate during the low-w'1 t e r 
pariod. 

, 
? • Sulfates were high in :.1idwinter. During the 10'.'1-wat,~r period t hey 

were nbscnt froL1 mile 350 to 817 but incrc~scd stoodily be low the !!issouri 
Rivor. During hiJh water the sulfo t .:ls hoc". nn intornediflte vnlue fro::i mile 
2QO t o mile 600 but fell below th·; low-~·mter vnlue south of nile 220. 

a. Cnlciwn f .Jr both hi,;h unr' lo;-; wn t er nv·Jrnt;ed •10 ;> ._.J . r.1. , with consi
l.er .. b l c:: 7'- rintion tluring hi -;ti \i'itrlr. 

9. Corbonotos _uring low-wotar uver"lgtld ~--= J . i) .r.l., but \Jere s:lbs~nt 

occor~ing to tho high-\1~ter Lnd r.iidwintar surv~ys . 

10. C1.i rbpn ..:. toxitle wr1s usw.Jlly loss thun ' 1.0 p.;.n . Hic?;her vniues wore 
:f'oW!u in wuters '1G.jucent to t na wississi~?i Rh·or. 

11. The ~iississippi .rlive::- be cul'li.o mor e ncicl :lownstroom. i.lic!winter v <ilues 
wor e hie;h~r thnn thosu of eithur low-er high-wntor !:'oriods. 

12. Ionizn';le s nlts woro ,aoro domin' nt :luring midwinter ond 1enst so in 
the high-W'<.ltor period. 

13. Bic'1rbonPt tlS warn hi3horst in .:iic\/il~tur. 

l~. Thi;:i J.:iorceut'.!.;.J of se:u::1eJ:t r.tion incre· so .~ ~arin<, hir;h water. 
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15 1 The weste rn tri!Jutarius of the i.!ississip:) i .:tiver e<H arnlly continec 
i~orQ snlta than did the eastc :m tributurics. 

16. Sloughs 11nd boyous intil:liJ tely connuct~d with tha i.lississippi .div3r 
hs: d the SO.i:lO cilomicJ l ch'Jr'.lctJristics ~s those of the 1:iain ·cllam.el. 
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