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INTRobUCTION

The increased demand thet \orld War II made on the supply of protein
food and the urgent need for an investigation of sources of fish protein have
led Staete Officials of llinnesota, \/isconsin, Iowa, Illinois, end ilissouri,
to rezard a survey of the liississippi River as iamediately desirable and nec-
essary to the war ef 'ort and %o the postwar planning program.

Dr. Irs H. Gabrielson, then Dirsctor of the Fish and V/ildlife Service,
considering requests ef these Stat s for our purticipation in a coopesrative
survay, approved, and assigned this task tn the later Tuality Laboratories,
g unit of the United Stetes Fish erd Wildlife Service under the supervision
of Dr. i, b, #1llis. The purpose 0 the surwvey -8 ta determine the pnysical
and chenical characteristies of tuz Upper blississippi River in relation to
Tish life, It wss to cover a poerind of 15 montis, commencing immediataly
after a meeting of the State and Fzdarsl suthorities in lladison, Jis., in
January 1Yad,

The Upger ilississippi river, as considersd in this paper, is tnat portion
o' the stream lyinz north of the southecastern tip of the State of llissouri snd
extznding to two and one-helf ..iles absve Leck and Dam Ho. 2 in the Hastings
Pool, iiinn,

focks of various geological ages repressnted in the jlississippi Drainsge,
and many varieties of topography are exhibited in the besin, Therelor:,
rock-stuff and dissolved mater als of many types are to be expected in the
llississippl Hdiver water, Detailced accounts of the physiezraphy of the river
L£2y bo obiained by referring to Cnembers (1910) aud Galtsoff (1924).

It should be nentioned tnat the river from Cairo, I1l., to ilinmeapolis,
liinn., nus Lezn ilaproved to provide a waterway with & minimal depth of 9
T22t and widths suitable for long-naul, common-carrisr service. This uas
accomplished by e cenalization pilzn which incluuss locks and dems at 26 sites.

The cheracter of the rivar haes undoubtedly chapnged as a result of this
developrant, ©Some of the sarlior literature co..csrning dam construction and
the Tishoerics of the Uppaer liissizsippi River ho: been published by Cokar (1429)
Galtsoff (1924), and Zllis (1331}).

The rise and fell of ths llississippi River at differcnt seasons of the
year have mude it necessary to plan . viork sn thut sanples wvould b: obtained
while the water urs at various lev-1ls and temperntures——changes /hich could
affsct the squatic fauna. :

The tributarizs {figures 1 and 2) which were sampled and are roported
upon in tiis paper do not comprise by any uears s8ll of the ri~ers and cresks
wiich enter the great river, but were chosen witn regerd to corssin conditions
wiiich would b2 expecied to =7 'sct the .lissiis’ pi, such &3, l=rge volume of
wvetar, pollutants, or use of the strevns es pote.vini hreecing sites for
fishes. Thus, t.iose studied inciuded some of th: larg: rivers us wall s a
faw suail ones.

The importunce of pnysiczl und chomical Factors of naturul waturs has
been stressed sspecially in tae study of lakes, and is w«bly reviewzd by
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FIGURE 2.--Confluence of tributaries with
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Rawson {1939), Although thes: fddtors ete oftah regarded as basie in hydro-
bioclogical studies of inland waters} vory littls if any complete work has
appearcd in the literature doHudrling the reletion of productivity to chemical
environment in rivers. Somo chemical analyses of the ilississippi River and

a Tow of its tributaries appsar in Clarke's work (1908 and 1924);. Tuese were
from conposite samples collccied Tor ten-day periodas in only one yzar =2t one
or two points of the river,

ilcHargue ond Peter (1921) raported on the reomoval of mineral plaut-food
by naturnl droingee wator, soms of thelr deta rzlating to the [[ississippi at
ilinncapolis, :iinn., and Batom sougz, La. These onutinors found that the shos-
phorus content decrzascd on its wny to the Gulf of ilexiep., They nlso found
thot nitrato nitrogen wuas sbsent fron the winneapolis sample but occurred in
the Boton Rouge sample, Ammonia nitrogen apnarently occurrsd only in the
Buton douge sample and in smell guasntities. This led Wicbe (1931) to "deter-
mine whot inorgenic constituent of river water may be the fuctor that limits
plankton prpduction and hencs fish yroduction," le concluded that inorganic
nitrogen is apperently not = liniting factor in the waters of the iiississippi
River at Feirport, Iowa, and thuot soluble phosphorus may be at times bocomes
a liniting foctor. VUiebe {1930b) also reportced on the manganese contont of
the ilississippi River witer ot Fairport, Iowa.

Ellis (1937) includes dsta of an eutTophic choracter on the [iississippi
River in a publicontion dealing with th: detoction and m=asurenent of stroam
pollution., The only other work of = chemienl naturz published on the llis-
sissippi River is that of Ellis (1931). Tuis survey extcnded from “Suincy,
Ill., to Point au Sable, ilinn, in IL«ke Popin, and included observations on
oxyzen, pH and carbon dioxids, plankton, bottom conditions, temperaturcs,
particulurly stressing the problem of silting which resulted from slowing
of the river by dams.

Aside from the iaportance of vurious chemic:l factors wnich have been
found to influence the motabolic activity of iniand waters, certuin pnysical
Tactors, other than toaperature, turbidity, sedilwntation, and bottom condi-
tions hove biological significance. For instance the amount and nature of
daylight , and the selective absorption of the wsoter itself, and the selective
action AT particulaete and dissolvzd material, have beaen found to be important
in the regulation of thoe activity of many animnls, in the vision of fish, and
espacially in tho photosynthesis of plants (Clarke 1939). How pronounced this
effcet (1ight bo on ths aquatic life of the liississippi River remeins to be
determined. Ellis (1936) has mzde = valuable contribution in showing that
erosion silt has littlc effect on colored lizht tronsmission, Tuc prosenta-
tion of data on percentage of light of different wave lengths transmitted is
offered in this report as @2 pruliminary tf further study slong thesc lines.

It is hoped that the results of this survey will be of wvalus when cor-
related with dete collected by the cooperating States in relation to fish
population, growth, weizht, size, reproduction, and other factors. Although
the Fuderal and State survays wers conducted indepently thaey covar the same
p:eriod, thus the data sihould be relevent, at leost more so thun with previous
survays.,

The writer desires to express his gratitude to Dr. il. il. Ellis, aquetic
physiologist, in charze later Nualities Loboratories, Fish and Wildlife S»r-
vice, under whose guidance o¢nd supervision this investigation was mnde; to
D. X. lisyer, aquatic biologist, who collaborated in almost all the field and
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laboratory cnalysdes) to Ha L Gunfieid. aupérih%éhﬁent, U. S. Fish-cultursl
Stitivn, at LaCross, Wis., wio muteriolly alded dhe fisld investigution Ly
srranging for the use of a crhibef ahd dther equipment; to Ray C. Ssecle,

in chargs of tne Upper llississippf Wildlife und Fish Refuge, “Jinons, Llinn,
for the loan of an outboard motor for part of ths survey and other ussistance.

Tha writsr clso wishes to inks acknowledjuents to Col. L. B. Feeagin,
Corps of Zu.gincers, St. Louis, 1io., District Engincer, for permission to erntar
Locks 24, 25, oand 26; and to Lt. Col. J. H. Pwil, Corps of Zugineers, Rrock
Islund, Iil. District Engineer, for permission to enter the loeck grounds of
Dems 11 to 22, inclusive, and for the use of United States Cosast Guird patrol
boats lios, 1755 and 1777 for n 24&-hour study of thut section of Lnxe Heokux
udjacent to Keokuk Dum; und to R. Iskisch for psrmission to work in 'md nrow.d
the restricted arez of Keoku: Don,

pEATHOD UF OIVESTIGATION

Ixtent of Survey

A tot:l of 63 major stetions varying from 40 miles to less than 1 mile
npurt were estnbiished in the iF i1 zhannel, ernd 68 substations werc selected
in sloughs, chutes, cross sections, -nd tributaries,

Roeference to figure 3 will sih.ow the extent of this survey, the numbear
of tirmes « particular section of the river wes wvisited, ~nd the dutes the som-
ples wers collected. for instuiee, the hish-wnter period was sanpled from
Hureh 19 to June 28, 1944, the low-woetar sencon from August 11 to September
22, lJ44, and the mid-winter period from Uecuibzr 26 to Decamber 30, 194,
Durings the latter poriod when true winter conditions were encounterwd, holes
werc cut through the ice to culiset the water sumplos., Samples ware ot
colivet:d continuously througnout th:so periods but were tagen at selocted
intzrvuls when river conditions presceunted speeinl tispoets,

This study in addition to routine sumpling «t the mzjor stutions included
the following specicl sumplings: o cross-scctionul suapling of the rivor und
vdjecent watoers between Clovkesville, ilo., end Louisiuno, ilo., ot mile 275,
mile 278, .ud nile 280 (s<c fiurc 4); cross-section at La Gronge, ifo., mile
335,5; ¢ ross-section of L=ke rookuk, ccjzcent to “eokuk Dum, mile 36£.9, ot
which scetion semplsas wers collected zvery six hours for o 24 hour p:iriod cOm-
meneing et 10:00 w.a.; o cross-seciion of Laxa Heokuk between .lont ose, Iow:,
and Neuvoo, Ill., nils 375.0; st tions established &t nile 65:5.0 in Ginoli
and izrpsrs sloughsy cPoss-zsections of Lake Pepin at mile 781.7 ~nd mile
77<.4 {in ecch of these cross-ssctions there werc thres substutions); wnd ot
aiie 76=.5 ut the lower vnd of + x2 Pepin, but :bove the Chippew: Rivar,
where two subsitetions wers .wirt: ined.

rifteen differsnt tributuery rivers were sanpisd at vorious tiios; u list
of these rivers and taeir cpproxiaute point of confluence with the jiississippi
River is given in figure 2.

It might be mentionsd in possin: thot well over 2,000 chemical analyses
were made 4t the Columbie, lio., lcborstories in addition to over 1,700 doter-
minutions completsd in the fiald.
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\lherevar a suniple of watb W8 doilected or observutions maae, thut
placde wes designated as & stution, In most coses smuples were collected from
the muin chunnels of the hississippi #iver or the tributaries, The sampling
of sloughs; chutes, and the Sny fSiver are exceptions,

Ths plan followed in this survey is to use the nones of towns as well
=8 nildnge Jaricers, to designnte the exact location af the stontions, The
markers were easily found by reference to o docuient preparad by U. 3. Bngi-
noers Uffice, Upper ilississippl Volley Vivision, St. Louis, ilo., (1940) und
s publiettion of the U. S. Const Guard (1944),

Cairo, Ill,, nt the mouth of the Ohio River, hus been designuted zoro
mileasa, The number of ailes ipecicuse north tnd south from tais poiut., To
avoiu confusion in noming strtions by the milec; . systen, miles surveyed
south of Cuairo, Ill,, are .iurked with & plus sign before the nileugs figurs/

It must bo remeubered that coistuntly chenging chuennels nescessitote
chang2s in milenge norxers despits the faoct thot soise c«re rather permonently
fixod in conerate. Iliowaver sny othar nothod usad to designate the sxucet
position of » station would also be subject to channel chinges,

In the sampling of slouzhs or sections ncross the river, particular ot-
tontion was paid to selectzd stvtions wherse witer conditions would be expectzd
to be different. Therefore, such data present n physical snd chuinieri pic-
ture of ths types of water avuilabla to the ilississippl River fishes in these
NTRES,

method of Sumpling
Lnter samples

The plississippi diver wus alusys sompled from the channel und =t o level
or one-nulf the depth at that particular point, unless otherwise stuted. Sur-
fuce suuaples were token at = depth of from 1 to 2 feet, while the tira bottonm
water souplo luaplies o secona set of water s:uaiples tuken about 6 il:ches ubeve
the Tloor of the stream. At Lake Fepin a series of such souples wers col-
lectzd ucross the lake,

Botiom sainples

Sanplas of the botiom wers obizined with v foterson dredpge, These were
collcected at overy mnjor stat ol rs well as at any of the substutious. The
charnctor of the botiom, wheother it wis sund, mud or silt, plus any other
paeculiar inclusions wns racorded. Bottom faunn were not studied in dotail
but 2 record was kept of the inscet lurvie, fresh-wuiter auss:ls, znd other
lirge invertebrutes found,

Proservation +«ud Treatnent of Suidplas
o1 p

In this survey, iuterest wus primarily focused on soluble or dissolvad
neterial in the wetor which .iizht be of conscuucnee in infliucnecing the condi-
tions of oquatic lifa. Therefore, silt was not inciudsd in the anolysis,
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The presance of silt and otha detri ‘us would certzinly clter th2 “mounts
of chemical constituents present. Tuble 1 token from Steiger (1914) show nan
unalysis of silt from the Mississippl River c¢bllected at ew Orlesns, It is
evident from this table theat n trus analysis of the spluble cbnatituents of
the river water could not bo ohtsined if 811t wero included.

Glass fruit jars of tho salf-sezling type with gless lids were usad
throughout tha invastigntion to “ransport ths wnt:r samples. Three sunmples
wica collaciad at each stetion, a pint, quert, and ene-half g.llon, The first
w.s preserved with o few drops of zuphuric acid for oiasionia and totnl nitrog:zn
deternminations. The second was preserved with chloroferm :nd was uscd for
oxyean coLswiad determinations, <né the third w.s left unpreserved for the
deternination of pH, speeific condoctunce, carbonntes, biecrvonotos, corbon
aioxide, turbiditiss, and light ponoetration, All of thase determinations woere
coapletad in the field. Anolrses ol the unpraesaerved saaples for trice cle-
nents and negative radicals wero tde at the Yater Quolity ilaborntorias of
t.e U. S, Fish and Jildlife Service, Uolumwbic, ijo.

The only deporture from the procedure mentioned vas in the case of the
a3tciled, cross-section studi=s botween Louisienm, (lo,, and Clariksvilles, lMo.,
shown in tablasg 19-23. Hers four one-hslf gallon samples of water werz col-
lectod at sach stetion and cach was proservad uith 1 milliliter of concentrat-
2 sulphuric acid. Thesc sepmplss wore concentratad to small-volumes ond trunt-
od as discusset under total nitrogsn,

Aclids used to preserva sanrles hiave been found to leach out alenunts as
nanganase, iren, or zine from silt, Therefore, our acid-preservesc samples
werz not ussd for these determinution.

In the uotermination of totol nitrogen the whole sumple was uscd hich
ineludad 1l suspended natéer, This was consicdersd vulid because ell orgunic
mutaricl night be utilized by thoe uquetie orgenisus,

All of the reagents used in the fisld anc ot the home station laboratory
ware of the highest quality ¢nrl nurity. Specisl precautions were token to
pravent contaninntion by foroisn laterial.

Boot and Field Equipment

The field studies from Guttonburg, Iowa, nile 612.5, to Hastings Pool,
:inn, niie 817.5 were complated in the 35-foot 77, S. Fish and ildlifoc Ser-
vice cruiser no, 1230. A "John" boot aquipped with sn outbourd :otor was
held in tow for use in ssecnding the tributories anpd slouss.

An sutonobile truck, egquippec for fiesld work, was usod te complete the
survey fron Guttenburg, Iown, wnile 612,5 to Curuthersville, lio., which is 112
miles bslow Cairo, Ill.

The eguipnent cerried in the field consisted of & vacuun-tube galvanomster
glass clectrode, pH mester,. An apparntus for tne measurenent of specific con-
ductencs wes mode with e steiderd gless cell contiining couted platinum elec—
trodes in = telephoiae circuit with a mierohumnzr snd stundard wvuricbla resis-
tinece units. All detarninstions ef turbiZity and light penetrition werzs mads
with a photeloneter.

«]0-



Table 1.--Anclysid of liissidsippi Silt *

Constituer;t . Percent Constituent Percent
R Yy S O O L R B aleleitlelatmia sta s o areleiniet DR
ALe0R o e o v aleis s JOLSR : Suleipieiaisisiniorn a5 ateleieint O 07
BOo08 S s s ra s 4s ian Cro08sesiesssrans 0,01
3.47
R e trm' 4= v = Te VoOgueevsessnanses 0.02
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Ho0 o e ss s sel 0o 78 O o ualas s s aninsse 05002
ol S ee e s als s v o viorad L= S0 ZHO S o ofolv.e ofw.e sieneepngt 05 0010
08 S el £ 54 1 s s maf 0409 A8p05..susnssssses 0,0004
ZE0n L s priaa e ea) 000 PBOC ey v sseens gl s 0002
GO e e iahie & v wisinayia L.20 Organic matter.... 0.66
100.6229
P0G R e os ss st sanal)slD
e ete =Ll o LeASI0 100 snnms s 051200

100,5029
CIOIIIOOCCICCOOOIUI 0050

3

*tnalyses by G. Stziger of ¢ composite of 235 sanmplzs collact2d by
E. !/. Shaw in the <elts of the ilississipri. (Jour. '/ishiraton Acnd
Sei., Ybl, 4, 1914, p. 59.)
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Botton sumples were obtuinsl with a Peterdon dredge winich was operated
by hand. i/ater for oxygen sahpl 3 wes produredq with = g Hgerst saupler. Ten-
perature was obtainad with a CGntlgr“ue mercury laboPatory thermoneter. Other
glesswure, as calibrated bura%tes, graduated pipettes and volumetric flasks

were carricd in specisl boxed; silhe~wnste tubes gradusted to 100 ml. were
used to determine the percentaéu se.imentation.

PHYSICAL CHARACTWERISTICS OF TiZ 'IATTRS

Temperature

Tempernture obsorvations were nade by Crowing a sunple of wator ut ocny
desireu aepth with & Foerst sampler vund immedictely plocing o therioneter in
f jet of woter excuping from the bottom vialve of sumpler. This procequrs
wes Tound to cceur:ste enouzh Tor purposes cf this survey.

The teuperzture of the ilississippi “*iver nuring high wuater in the ronths
of erch and April ranged fron 6.0°0% to 11.5°C. 1In ilay und June the teipe-
ruture rengs wns from 16.0°C. to 27, 3% (table 2}, Although there is yuite
u difzerence in tewpersture betweoen April and June no effort wes nude to
tra2ut the perious ssprrately. They are considered togsther-us high water.
It should be pointed out thrt the »mounts of Cilssolved gaoses us oxy:zeh wnd

¢ roon diloxide would vary considernbly us a result of this te:uperature 7 ria-
tion. (Ses section oun oxygen). Low water tenner;tures rocorced uuxln* tha
nonths of August ond Septemb:r hnd v lesser runge 21, 8%. to 28.5 C (seo
Table 3).

Temperature observations in the nonth of Docauwber, when nost of the river
vius frogen over with £ to 8 inener of ice, wire from zero to 1, 0°Cc. The
rendings abovo zero wers recor i wiers the chuicel wus open (tuble 4)

The teaperasturs of the water in the tributaries studied snowen no grezt
difference from that of the muin s oo, However sloughs und buyous usually
wers 1L to 3 degrees wurier thou the ioin chennel., For instuance the teupera-
ture of lleGrogor lake wus 3,4°C. ni her than the chunnel ut ileGregor, Iowu,
mile 633.8, both being sompled withing an hour,

vherevaer the veloeity of the currant wes diiinishecd for sny groat dis-
tance, the teapersturs was usuully asltored,

The ciffercnce between top =nd boidtem tempsrotuses wis quite uniform and
usutlly the v riution wis iess thnn one deires. However, nt Loake Pepin, mile
774.4, the difference between surface Mo. 9 and battom Ifo. 10 was 1,2°C, The
vuriantion in tenperuture of the river between day cnd nizht cccording to
obserw:tions in Lake “cokuk bstueen 10:00 £.a. and 4:60 - .01, wis 3.000.

Turbidity, Sediment: tion znd Bottom Conditions

The nmoterinl cerried cown & river mzy be in splution, in suspension, or
rolied =lolg thz buda. In the lississippi river, erosion s.lt with some uetri-
tus vus ehiefly responsible for the three factors here uiscussed.,

The first, turbidity, w.s r2corded in parts per million busszed on realings
calculuztzd from 2 previously stuucurdized Fuller's esrth curvae.

£1as



Table 2.--0bserved temperatureg cf liississippi Aiver during High ‘fater,.
(March 19 to Tune 24, 13:4)

EWCTRTUETT L IR R W yr ey

ifiles! Temp, | Temp.
Stotion from (Dntel °¢ ¢ Time
Al i Coiro:1944iti-$a] Alr

LcCroassej lis. 700.4|5/%4] -- —— -
ietregor, Ioua 633.8|6/24) 85,5 29.8 Dalts
Above Dun /10 627.5)6/24f 25,4| 28.8 Dt
Tubujua, Iown 580.116/23| 25,0! 2:.4 oit
Repil iy, I11.* 496.5|6/25| 25,7| 28.4 oIl
Fairport, lown™®* 463,.2|6/25| 2.5} 29.0 oLy
Burlinzton, Iowa 402,816/25) 27.0! 31.0 p.i.
Heoburg, Ill, 29BTE 16 /218 B QNS Falri s
Alton, I11, 203.016/20 25.7| 25.5 ..
St. Louis, lio, 1?2.335/30 16.0 - e
Ft. iindison, Jows 380,0l¢ 25| 27,3 89.0 P.lit.
Hemiltor, ILl. 364,015 | 10,0] — rm.
savson, T11, 349 .8 /5 6.0 4.5 5.0,
Carnton, 1. 342.6]%/5 8,2y -- p.im.
Piiney B Tils 327 114 /¢ 6,01 4.0 D.hite
Saverton, llo. 303.5!: /4 6.5 50 p.i.
Louisirna, ilo. 282.5{ /4 B0 30 DL,
Clarksville, ilo. 274 .B}../4 6.5 330 P.il.
Hambrug, Ill. 258,.08] /4 DDl O o/t it
Grofton, Ill. 217.5 /4 e 3.0 Jedk s
Alteory, Fll. 203.0! [ 8,0] 3.9 peidt
wood univor, I1l. 196.7 -/ 8.1 «.0 a,m.,
St. Louis, Lio. 17L.o§3/19 6.0l 2.0 Paide
Crystul City, .io. 152.013/13{ 6.:0] 2.0 Deily
St. Genzviove, ilo. 124/013/19F 6.0] 2.0 3530,
Chestor, I11. 108.6;3/13] 6.0f 2.0 2 k.
Rockwood, Ill. 100.0:3/24] 11,1 e Pra
Gronl Tewers, Ill. 79,5]5/241 10.8] -~ —
Thebos, Iil. 44.0|3/2¢! 9.0 - —
Columbus, Jy. #81.713/24} 11.5] B.5 -
Hickien, Hy. ~8.0l3/231 B.5] 2.0 oims
‘iptonville, Teen. A7.613/:3] 7.0l 5.0 Nt
Curuthersville, ..o, £12.0 3/853 7.0i 5.0 Pl

Pool 14.76
* River Stage - qui1 10.66

¥%£ Gn=za recding - 15.5



Table 3,--Observed temperstures of ilississippi wiver during low water
(August 11 to 3eptember 11, 1944)

ililzs | Date Temp.| Terpd + Depth
Stations from | 1344 eterf Aidr Dime in
Cairr O 26 fect
% ni, balow
Uininger, ilinn. 817.5 ! 8/17 2:.5 | 27,8} 3:30 p.i.{ -~
5 ni. below
! Locks & Dam no. 2 Bl«.5 | 8/18 @l.81 155 851 &80 n ke
# mll below Hostings, ilinn. | 813,0 | 8/18 23,0 | 22.4[10:30 a.na.! 10
Diamoni Bluff, Vise. 800.0 | 8/18 23,0 19.0 [ 12:50 p.n. ! 10
Red VWing, iiinn. 791.2 1 8/18 23.21 | 2815 3:00 puly | ==
3.8 ., below
Reu Ving, Jinn. 787,.2 | 8/18 2--.2 22.0 53:350 p.ita 7
1.5 i, below
Reuds Lunaing, .iinn. 7¢1.5 | 8/20 24.5 | 25,0 1.45 p.u.| 15
5 wi. S. of ijubasha, iiian, 755.0 | 8/21 23,0 {23:2] B:a0 am, | 8
PeykieE HoL. o Ba J ¢
Caimney Rock, iinn, 739.9 {B/2] 24,6 §20.5; 1:~0 p.na. | 18
ol il ot
Wild's Londing, idinn. 730.0 | 8/22 22,8 {17.5| 8:50 a.u. 8
1.2 i, S. of Lock
ul Dam. #BA 727.3 | 8/22 25.2 116.0| 9:15 a.n. | 9
ilinneopa, iiinn, 721.9 |8/22 25, 2101 10:26 a,m, [+10
Trempealeau, iisc, 155638 /15 27, .0 N1 1265 atm itls
siver Junetion, Minn. 700.4 | 8/15 26 1.2 | 2:00 g.mej 1l
2 uile Islana Light £91.3 {8/14 Hog 2Z.,0 | 8:20 o.a, | 12
St. 7 ul Day iinrker 2,7 |8/13 gu 28,0 7:«5 n.u, | ==
Beley Don o, 9 6:6.8 |E/13 aL a8 n Tr XD Byt |l =
Pr iric su Chien, Vis, 65:0" I1B8/12 | 2 27,5 3:15 p.u. | 7
wcGrezor, Iowa ou3.o [B/12 2T.0 1287.0) 2:25 pa.| 9
Abovc Daa ‘10 v27.5 |8,'12 2.9 |'SE.010:55 3.0, 6
Guttenburg, Iowa 0i5.8 18/11 ae 23,0 § B:30 n.a. | 15
Below Guttonburg bl2.0 !8/11 27, 32.0 7:30 Laide | =~
Dubuyte, Iova 580.% |8/23 - - ——— -
Savapnch, ISl. B37.5 . 8/8% _— —f — —— -—
Hapic city, Ill. =96.5 {B/23 —_ —— e g
Foi port, Iowa =60.2 {8/84 - - —— -
Abov. Iowa River £3:.5 |8/24 —— ey oy ==
I'ew Bostor, Iil. +32,2 |B/24 -— = —_— —
Burlirgtern, Iown 02,8 |8/24¢ = = e -
Ft, . ison, Iown 580.0 |8/25 e = e —_—
Keoxuk, Iowe 36,8 {8/25 — — e e
LaGrange, io. 335.6 {B/25 - - gy —=
Saverton, ..0. 303.5 |8/25 — e e -
Louisinia, Lo, 262.5 |8/z5 - &= e —
Heoburg, Iil. 2c8.0 |9/8 23.5 |25,0 | 11:40 z.u. | 80
Grefton, Ill. 217.5 {8,/8 24,0 }126,0) 2:00 pua. | 1s
Alton, Til, 205.0 (9/9 2345 [21.0| 9:05 u.a. | 22
Wood River, Ill. 196,7 19/4 24,0 25.0113:05 pule | 11
St. Louis, uio. 172.5 [9/9 24,3 |127.0] 3:10 p.oide | —

-]



Tuble Jju~Observed tempsretures of ilississippi River during low wstsr
(August 11 to Saptember 11, 1944)-(Continued)

ililes Duate | Tenp. | Temp. Depth

Stations-Continued from 1944 | lstsr Air Tine in
Coiro 2c £c feat

Crystal City, iio. 152.5 9/10 | 22.0 20,3 { 9:45 a.m. -
St. Gensvieve, iio, 12:,0 9/10 | 23.5 27,5 {11:10 a.m. 8
Chastor, Ill, 108,56 9/10 | 24,8 30.8 | 1:;10 p.a.y =~
Grand Tower, Ill, 79.5 9/10 | 24.8 31.8 | 2:20 pittey -
Thebas, Ill. w: 0 9/11 | 25.0 23:5 1 y:80latn, 7
Columbus, Iy. 21,7 9/11 | 23.5 22.8 | 2:P0 p.m,| -
Hickioan, Ky. 36,0 3/11 | 23,5 22,2 | 3::5 p.m.| --
Tiptonville, Tenn. 87.6 3/11 | 23.5 22,5 | 4:25 p.n.| --
Coruthersville, lio. 118,0 9/11 | 82,5 81:.5.1.6:25.9.m. ] H==

Tzble <,--Observed temporaturas of .lississippi River in nid wintsr
(Docembar 26--Dacenber 29, 1944)

llile Dat= nter | Air Tine Tepth
fron Tenp. | Temp. fret
Cuiro °q Og

«63.2 | Dec. 2B 9.1 -7.4 12:25 p.a.| 6
434,95 | Dec., 2 1.0 — 43180 Pt =--
02,8 | Dec, 27 V.0 —— 8:=5 a.m,] 6
380.0 | Dasc. 27 0.u -— 3120 peas.| 8
375.0 | Dee. 27 0.0 -— 2: 300 petta 9
309 .8 Dec. 29 3.0 - 9:20 a.i.| -~
>i2.0 ;7 Doec, 27 0.9 —— 12:+:0 puil| --
535.6 | Dee, 27 0.0 1.0 12:00 noon} S
327.1 | Dac. 29 0.0 —— 10:45 0.1, 9
303.5 | Deec. 27 3.0 1.0 10:25 a,nq. e
275.0 | Dec. 26 0.0 !-8.0 +120 p.il. 7
258.6 | Dec. 29 0.0 e 2:00 p.n.y 6
1967 Dec. 29 1 lda) —— 5:00 peuds) ==
172.,5 | Dec, 29 0.5 e G:45 pua.) --

=15~




Tho upper.part 6f tho ilississippi River hed turbidity values ranging” -
from iz to .85 p.p..is with nn nver g6 of 50 p,p.n. for the low-untar poriod.
In the lower section of the river from mile 258,6 to mile 196,0 the turbi-
dity rose to an average of 300 p.p..t., but below the liissouri River the tur-
bidity rosa to an averags rending of 1580 p.p.nm, This walue diminished only
sligiitly at Coruthersville, iio., mile 112.0.

The high-water wos on an aversze 40 percent :ore turbid than the low.
The suden risc in turbidity which occurred balow the iLlissouri River rzmnined
at an elovuted level for 50 :miloes, then begrn to dzeline very grndéually.
This wns in =axtrese contrust to the sdimentution dnto for this sume s:ction
of the river beeousz the sedinentution dropped to o level <lmost cqual to
tae volue found above the conflusznes of the iilssouri Mivar, umd rencincd at
his level with only iittle chenpgo,

The percantage of sedimentotion was recorded in a 180 ml, empacity mine-
wnste tube, one hour after collection nf the stmple,

The Upper Mississippi River from mile 250 to mile 812 during the low
wnter poriod earriod very little sediment which would settle~out in one
hour. The nvaraigs value was 0.02 porcent. Ho wever, below the liissouri River
1t mile 150 the srount of such s=diiment inersese” to 0.6 percent. 3Bezyond this
point th2 quuntlty dropped sh rply to 0.06 percent and remzined ot opproxi-
mrtely this lavel to mile 112 which wes the limit of this survay.

The high-wsater of jiareh «nd June curried much moras materinl which set-
tled out in one hour then did the law water., From mile 320 to Jood River,
I11., nile 196.7 {(just above the nouth of the liissouri River) 0.05 percent
of sediment wais recordeu, but boiow the Hissouri River the wmount of sediment
inerzssed to 0.9 percent at mile 150 then droppod shurply to 0.1 percent ot
mile 108, Tha siight increzse balow .aile 100 is thought to huve been coused
by the Heosiasiia River but since this river weos not studied a nositive strte-
nent cznnot bo mnde, The amount of sediment curing the pericu of aign woter
in the iiississippi River south of mils <4« wns on on average 0.03 percent
higher thaon that for the lnw-wrter period,

Thus, it @ay bo said thot the =nount of scliment in the llississippi
Rivzar during high water from 35 to 60 percent higher than during low mter.
The poreontnge of sedimaontrtion obsesrved in 2ijacznt siloughs ond lakes depended
chi:fly on the wvaloeity of the current =nd thzs type botfon. Stronz currents
over silty bottom constantly zept some of th: silt in susponsion. Usually
a slower current allowzd clesrer wotsr. As the velocity of currents w=s not
maasurzd these siztoments snoudlu be repir.ed vs strictly subjective.

The enly tributuries found which excceced the percentuge of silt in the
ilississippi River were tho Illirois River with 0.35 percent if compsrsi with
thot part of the iiississippi ubove the mouth of the llisssuri nnd the !issouri
River which hnd 1.50 percent:ge sedimentntion.

The bottom conditions of the iiississippi River have been reported on in
detnil from o survey made by Ellis (1931). Tac river bottom has not materially
chonged sinece that time. As only ganerdl bottom chnrasctaristics would be of
importunce in n survey prinarily concsrned with chenieal snnlysis of the
water, only genernl chnracteristics will be montioned hara., (Table 5)
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Tible 5,-==Botton conditiors df liississippi River

lilles from Bottom
Cairo
817,5 Sand and nud
Bld o0 Sand snd mud
813,0 Gravel
800.,0 Sandy
7912 Sandy
787 .2 Sand, with small empty clam shclls
761.5 Sandy
755,40 Gavel and sond
739.9 Sandy
730.0 Sandy
727.3 Sandy
72159 Sandy
715,6 Sandy
700 .= Sundy
691.3 Sand and fine gruvel
648,7 Srud with live shells
646 .8 Sand
834 0 Sanc, with small empty cloi shells
67 .9 Sand, enc empy clala shells
3.0 siud
196,7 Sond, silt
17256 Sund, siit
152,5 Sana
12<4,0 Sand
108.58 Sand and mud
79.5 Sand and mud
44,0 Sand
# 21,7 Sond and mud
# 36,0 Sand
£ 87,6 sand
A12,0 Sand
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The :iississippl Rivar wms foun: to have chisfly n sandy, silt-covered
bottom, The upper purt of tho river =t mils 817 had muc mixed with sand,
Just ubove Lake Pepin # sendy condition persisted for upproximately 22 miles.
Lake Pepin itself had a bottom of mud in which numerous bloodworms were found.
Below L ke Pepin the vottom agiin bectme s:ndy with some silt, 2nd remcined
80 to tho hend of dicks Keokuxk, Here the silt ond mud becume dominnnt factors.
South of Lake Kelxuk very littlc clean sand wus found, llost of it s mixed
with silt and mud. Below the Iilinvuis cond especially bulow the iLlissouri xiver
0 grent desl of silt was present, At mile / 87 sond mile £ 112 {ne botton gr -
guilly becune orue sandy.

The sloughs 2nd bayous studied hod without exception, bottoms of either
sticky raud or silt, The bottom conditions of the tributaries are noted in
tnblas b-11, revealing mud with only a few exceptions, os for instunece the
Iowa fiver.

Percentage of Lisht Transnitted

The percentu4e of light penetration wos measurad with = photelometer
through 5 em. of water which w.s contained in a fuscd glass cell. Corning
gloss filters for the eolors red, yellow, grson, blue, and violet were used.
The wovelosngths us well a8 the percentuge of light transmit-sd for ilississippi
River wuetar ore ziven in figurs 5.

The graphs represent a cowpusite of data from 36 smaples off tho (lissis-
sippi River for each light-filter for thu upper river from mile B17.5 to 580.1
and 19 samples for ench light—-filter for ths lower part of the river, wunely,
11ile 288.6 to mile 112, Thess duta were collected during the lov-witer months
of August rnd Septembsr, 1¥as,

Tha tributaries us well <s the slouchs, and cress-sections showed es-
sentinlly the same order of spectrel transnission as thnt of the River. The
rordinigs wars 1wde in the field immedi-t 1y upon colloction of uater saaples .

Trtsr somples from the llississippi River below the mouth of the ilissouri
Hiver hnd to be diluted with distilled wnter beetuse the nmount of suspended
neterinl prevented a pornal rosding.

Bach filter was standardized to the same light intonsity befors ths read-
ing wos aade. Tho gruphs in figure o show the parcentage of lisght ponetrotion
for the vurious wnve len.sths besec onr waite 1ight ©s bein one hundreil,
Further inspection of the grsphs show thot rew light penstrotes the dsapest

of £l1l1, unuoubtedly dus to saelective sbsorption.

Except for the vivlet component of the spectrum, ilidge Lage studisd by
Birge a2nd Judsy (1v30) shows the szme relutive rates of sbsorption =s the
_iississippi Eiver, both of which ars far from clesr water.

Although it is not the purposce of this report to review all of the lite-
riture pertaining to this subject o few points of interest moy bo mentioned.

According to ZoBell 2nd lleZwap (1935) ultraviolet lizht in lurge nuounts
is injurious to plenkton andé othuer orgunisms. uanning (1938) points ocut that
red light is most 2fTactive for photosynthesis, while +the intensity cnd dura-
tion of light has bien shown to affeet the retivity of fishes sud plankton,
(Hoover und Hubb-rd, 1937; Ccorke, 1Y84; Johnson, 1338).

B
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Table 6.--Phaysical chrracteristice of some tritutsrizs of the .llssissippi

kiver (rwrch to June 1944, hich-weter period)

ST TRIBUTARLES

HIPRC L
iributaries Lete Tur- |sedimen- | «zter | Alr Time .&iple | Bottom
1944 Ltidity | tation temp. |tamp. depth
p.D.ii. (00 min.)| ©cC o feet
koot River S S R 2720500 -—— 5.0 sund
Les Moines River | 4/o A 8.0 |--—-- 1C: 00 &, ..} 4.0 mud
vl catid s THIBUT ARTEE
111linolg River ru/;;:} 29( Cudu 24.4 122,56 TS | € aud
chio river 3/24 g2 iraca .8 |-——- 9:C0 .. | 5.0 aud




Tutle 7.--Chemicel anewlysis of water scaplss from tributaries of the .lississippl
(v« rch to June 1944; high wetar pariod)

b oc Doty TRIBUTASRTCLS

5D . JLond. Prrts per [Fillllon
sadipleicollactaed ith{e) Lis- jCpoon-| 1iC05 cud'cog Totel |bHg PO, |°C1 w0y fCe
&t awouth of % 1C-0 ra | solvadisuwied (i) - .
wiver S Co s
! e

fav) s N L

(ID : ]
RoOt Klver 291.0 ———] —————— 124.C | 3C.C | =-=]|==---11.18 | C.21{C.18|C.7C| S5.4f45.u
Les noines nriver 085.0 £.00] 1C.22] 18.0 |14l.u | ---11.401} 2.44 | C.CO|C.31|0.48|77.3| 73 .0

S TEAN ML ATBUT RTES

¥1linols wlver w30.C 7.00] 1.00| 19.0[04.0 |c.colirecd c.20 [0.17 [c.22l10.6109.1j62.0
uhlo siver 275.G 7'7D| 2Ls C.9! 61l.0 16.0010.00 | 3.49 |G.2G |c.04] 2.8132.0l31.0
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Tuble

-

E-=-Physlce]l cherdcteristics of tributsriss of the iiccissinnl
Aivaer (Lusust tac Septeimer 194«; low-uwuter pariod)

HWOSTIAN TRIBUT RLLS

Par cent
Tributaries Lete § Tur- | sedizen- | Weter | Jlr sStmple
1944 | vicity}! tetlon temp. | tamp. Tine depth cottom

p.D.m. | (oG min.) O L feet :
vernillion wiver | £/18 76 | .02 16:0 { 26.0 | 10:00 @.mi.f 3.0 ud
«hite witer diver| £/21 42 |Tirica 2001178058 1 |F11:15 i w115 ud, sand
root iver Bf14 92 C.02 24.C | 72.0 9+30 &5l | 3.0 s nd
10%& miver a/24 - -—— el e S5 sand
Skunk river y Ea S | R N SEssigl e e = FIER
Les .0ines niver | &/2o -- —— | e e e — 5.0 ~ud
riszouri sdver 9/9 205 il 8 22.7 | ==-- | 11:20 @.m.|12.0 wud,, s11t

2T Al TRIUTA TS

ot Lrolx alvor u/18 27 0.CC 24.0 (22,4 | 11:30 &.4.]|22.0 mud
Chipocua niver &/2C 38 0:CL vl || B A Taapnaifo. sznd
Iranpenlaeu g/lo | 110 |irace TG -OR=20.0 MM 2: 50 piiail 115 mud
pluck siver 8/15 | 72 |Trwce 26.5 |24.0 | 8:10 a.m.| .0 send, mud
La Croscae wiver gflo | 154 0.00 25.24124.0 g:aotalmi|N=s0 ué, sticks
.isconsin aiver 8/12 76 |Trecs 2ERDRIA5LCNIMLG:35 e, G0 .0 1ud, sticks
Tilinois sivar c/e 138  |=~—-- =208 2650 1= 0CEa | o 20 mud
vhio wiver 8/11 | 13v |irece 24.0 |121.9 |11:40 z.m.| 5.0 ud




1uble 9--. cheuleel cntlysis of weter

_;:_;T..lt\li 'IL{I U.LJ -lI-..AJ

% i

caples froa tritut:ries of the ississipdl
niver (..usuct end Leptanber 1944; “Iow-water pariod)

rerts .11llion
Cenple collactaqg Lp. void. DH [T DIS= TUz | CUo* ;] FUg[ CI 004»: T
at aouth of aRo solvad
river > 10-6 )
2% theaBs
ver.iillion 460.0 G20 v.EC .40 §.00] 1.%6 1.08{0.33]5.C0¢ G.00} 67 e
Jhite weter nivery 4C5.C 8.501 6,67 %3.8 |17.50} 0.C0| 1.C08 C.E&{C.21|C.22} 0.COEo6.5
oot nivar 37,0 Bl o.d4 .6 L0001 ©. 7016013510 208 S22 TR CEEo TS
Iouw aiver 921.0 s m ———— | - .09 G.06[G.4C]|7.45]|2G.£CE47 .4
~Kun: .iver 435.0 ———— ———— - C.C8[0.3615.57|27.10159.8
pés .0lnes sdver 4.0.0 e ———— | ——— C.09]0.42]15.67|6C.40] 44
adesouri agvar 451 ,C 7.00]6.46 4,104 0.CO 0.16}0.73}5.26|64.40] 50.5
S DN b
ot Crolxraiver 151.0 G.14(0.74 26.0 G.CO| ireed 1.28]1.0710.1£10.00]{C.00 [23.4
chippses kivar 127.0 Rk i élel 27.0 2.0410.007| 2:18|1.C5|0.21]5 0040= COJILZE
Treapealaeu ddver| 210.0 0.,4014.£C 10.0 5.4010.00] 1.87{1.12{0.00} 0.29[0.C0 }24.4
slaci atlver Roil.G £.00]0.41 1¢.0 300102008 |2 .0LHE. LEHC v 28[105 00| GS GURE2BS 4
Lauinss2 ddiver 252.0 L0015.28 101G 6.C0{0.00 | 0.6L|C.2910C.41] 2.12|1race| 27 .9
»150¢01810 alver ik G L.13)6.20 58 L 0} 4.20|C.00 | 3.42{0.66|0.14] 1.98|ir.c2|26.4
f11linois iuwver 5 Wt g8 1 S 20.0 C.00|'ir=cd 1.£11G.01]G.47|25.34|52.0 {4u.7
Orilo niver 241.0 7.90 |6.02 20.0 G.00irece 1.2810.101G.1610.40|24.2 12055
¥ 4race vug laaicates 1.0 D.p.i. or lacs

*rirace uUg Inuicetes G.ou p.

Mall.e O 1288



1uble 10--thysicel

cheim.ctarietics of gone tributirizs of the ilississipel
alver (Lecsirar 1644; midwi dtar pariod)

MR TRt
csad

Al TARTBUT RIS

Tur- | var cant | wWater | Alr Zaimple
irivutorics vate | bleity | seclsEn~ | temp. | temp. T L capth bottom

10964 nonim. et ion Ug Qe in

LG 1T feet
1owe Aiver iz, 28 | --- -——— 0.0 -~= {1C:10 a..l. 2.0 sund
Siunk. siver 12/2% | -—- ——— C.0 == | 4:0C P.ute e -
Das wninzs ~iver | 12/07 | --- ——— C.0 -—= | 1:4C p.... 4,0 nud

3.0

issourl oliver

12/27

nud, silg

A STURN THRIBLUT: K175

I11invig wdver

1/29

2:49 P

4.0

mud




Table 1l--chagnlcel wiaalysis of ve tepr staplas irom tribtut:riss of the alssiscip
ftiver (Decaaber 1244;

ddwintar pariod)

ni

1

-_J‘-;rl iy ri—“l.Ia‘U'-LA sL_L-.n:t
Parts per aillion
otwple collocted)Sp condl  ph| Dis- Gy con-t HCOz | CUz  [COgq | TOtal|liig (PG4 | °C1 S04 Ca
at mouth of fho solvad | su..2d
rivar x 1679 On
z 25% Heu S il
Toua River 1,510,007, 504 11,712 20.0 164.0 | 0.0C [2.04]c.c2 |6.50]0.06[6.62 (325 ———
SKWL adver 62701 %601 14550 50.0 162.0 | C.CO j2.64|C.C8 |C.76]C.17|4.92 6586 =~-
Les ioinas wiver| 817.C17.83 | 15.C6C 12,0 177,51 0.6C }«.05]1.40 |1.3C}0.10}°7.76{144.T-—~
dissourl aivar — ——— | —=——- 32.C | -——===|} ===== el 7,83 13.4510.22|2G.0C 705 -==—
SETETAIELTERL D
111linois wniver 712.0(5.00 | 9.45 11.0 106.2 [FOG [2ebdo. 00 12.58 1027|2655 07155 28===




Mile 817.5 to 580.1 Mile 258.6 to -112.0

L

13- ;ﬁ | //
20 4
30 -
40 -
50 -
60 -
704 7,
80 -
80 9
100 1 77
110 4
1204
130 -

Per cent Light Transmission

00 Lantern Red #2412. Major transmission 6300 to 7000 AU.
Noviol Shade C #3385. Major transmission 4900 to 5400 AU.
&1 Sextant Green #4010. Major transmission 5100 to 5400 AU.

Bd Dark theatre blue #5030. Major transmission 4000 to 4400 AU.
E3 Violet #5113, Major transmission 3800 to 4300 AU.

] white. 100 per cent transmissaion.

FIGURE 5.--Per cent light trunsmission in the Mississippi River.
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The duta from the chemictl unclyses nre so volwainous thut they huve
bosen swanarized here in the form of grarhs. &lthough tnis risthod does not
show thu actual figures obtuinzd it woes show ¢ general trend of the soluble
eonstituents,

The wvurintion of sults froa sample to sauple uossonetine considorable.,
The rolling over of tiae river =8 described by many writers (Struub, 19=:2)
would be oxpected to insure complote mixing, but this is far from the cuso.,
Density currcuts from tributoeri:zs, sloughs, znd bayous usrz guits evident,
Despite the fact thnt stutions wer: chosen co avoid such density curconts,
cxcept where their particular effact wus to be studisd, nuch varintion still
w s Tound. Snmples collucted n fou hours aport as in the eross-s:ction
studizcs of Loxe “eokuk (tubles 12-~15) end Lake Pepin (tobles 16 a2nd 17) show
t.is. (Figures 6,7, and B).

A11 of the analytienl data prasented in the following section of this
paper are exprassed in ports per willion, excupt conductivity which is ziven
us mho x 109 st 25°C.; =nd hvdrogen-ion concentrntion which is exzprassed a8
pH.

Dissolved 0Oxygen

Dissolved oxyigen was deteruins. by two uwifferent ii2thods, thoso of:
Rideel and Stewurt (1901) anc Winkler (188B), About 80 psrcunt of the leter-
ninstions wers made by the Rideul-Stewart method. The tuo methods were often
used in parasllel and it was found that the rideal-Stewart method ususlly gave
a ew tenths .f a part per million lower, dissolved-oxygen then the Winkler
methos.

The liississippi River has & distinct seascnal oxygen pulse (fisure9).
In midinter, when the river vas frozen over with 4- & inches of ice, oxygen
ranged from 12,40 p.p..1. to 14.95 p.p.in. The “ow-water period of August
and Septeiher had & range of from 3,00 to 7.10 p.p.m. of dissolved oxyzen
while the h. gh-water period rangzed from 4,30 to 11.50 pip.nm.

The tributeries, in general, has the same oxygen content as the .lis-
sissipp «iver for the three periods except the Illinois River which contained
oniy 1.50 p.p.m. of dissolved oaygen on June 21 and 2,08 p.p.i. on Septeiber
3, 1344, This river was also couparatively low in oxygen content in midwinter,
being 14, O percent lower than the average vulue for the sume period in the
#ississippi River (tables 6,7,8,9,1.0, and 11,

The dissolved oxygen in the lississippi River tends tn increase slightly
downstream at least during tie low-water period. The upper part of the river
frgm nile B17,5 to mile 620.0 has an aversge value of 4£.70 p.p.m., while the
average value in the lower section, from mile 330 to mile 112, is 5.40 p.p.m.
The opposite szems to bs truc during the high water period, that is, the oxygen
content appears tH decrease downstream,

This decre.se in dissolved oxygan during hizh water sy be due to the
increased amount of debris, organic matter, and silt present in the river,
at least this correlates with our total nitrogen va.ues obtained for this
same period (figure 11). ;
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FIGURE 6.— Stations across the Mississippi River adjacent to
Keokuk Dem which were sampled every six hours for 24 hours.



Table 12.--Cross-section sampiing of feokuj Lake adjacent to
Keoxui dam (Samples collected every six hours for a 24-hour
period, June 27 and 28, 1944)

PHYSICAL CHARACTZRISTICS

10:00 a,in. Cross Section

' [
Stations| ‘tur-~ i Per cent | Weter | Air Depth |Sample
Sae bldlty sedimen- | temp. | temp. fast depth
fig. 6 | p pull ‘ta‘tiDn OG DG
: (60 rain)
i , i
IR0 0.04 27.0 31.0 21.0 10.0
2. | 8% 0.07 ! 26.5 | 31.0| 180 9.0
3, 1110 0.10 | 25.6 | 31.0 | 1=.0 7.0
4, ! 930 Q05 (iN2sss i 51.0 8] G501 M50
4:00 p.m. Cross Szctin
1, | 9% ; 0.04 | 2.5 , L0} 3.0 | 10,0
2. | 945 OF105 B Lot ole i miR 0 i 18.0 ; 9.0
= 1190 | 0.10 ' 26,0 | 51.0 | 14.0 | 7.0
a. | Towo! o7 | 22 im0l 3s.0 i 18.0
10:00 p.n. Cross Section
1. | 1o20 0.05 | 27.8 : 28.5 | 21.0 10.0
2, | 2100 0.20 | 20.0 | 28.5| 18.0 | 9.0
3. | 1840 0.12 | 26.0 | 28.5 | 14.90 %0
2, 1210 0.10 | 28.0 | 28.5 ! 36.0 18.0
4:00 a.m. Cress Section
1. | 180 ! 0.04 26.0 1 25.5 | 21.0 | 10.0
2. "1 1800 l 0.4 | 2.2 | 25,5 | 18.0 | 3.0
3. 800 | 0.13 | 25,0 | 25.5 | 12.0 7.0
4, | 1820 | o.08 | 25.0 ! 23,51 6. 18.0
Note:-The bottom was rostly sllt mixed with some sand at all

four stations.



Table 13.--Chemical anelys.s of water samples collected in
isokuk adjacent to seokux Dam {Samples collected every six
for a 24-hous period)

10:00 a.m. Section

Lake
hours

|
. | Sp.cond, Parts per miliion
Station ! nho x PH Dis— 1 5
s10.Tig'6 1 1076 ay solved | 0.C. |HCOg PO, | C1 | ca
l 2520 oxygen
}
1, . 286,5 17,45 3.94 | 21,5|95.3 Gagal| fing e
2, f 290,0 [7.75{ .94 | 26.0|91,Y CyZa e |REs
3, | 285,0 |[7.75 { 4,44 | 24.8|87.5 0 28| 0.9| --
4, i 273,0 !7.75 | 4,3 ! 24,0|91.0 €.28 | 1.4(36.2
4:;00 p.m. Section
i | 282,0 7,64 | 4,50 |27,0|92.2 E 0.25  L.bi --
2. | 77,0 [7.64 | 4,23 |25.2189.5 | 0.24 | 1.2§ ~—-
3. | 276.0 |7.66 | 4.30 |41.2{89.5 0.26 1.3| ==
do |_267.0 |7.64 | 4,36 | 26.0}87.6 , 0.24 11.0134,1
:00 p.n. Section
e | 277, 7.0 | .00 ' 33,5 1 89.0 | 0.24 [1.01 —
2. i e75.0 7.8 a5 ' 41,8 | 8.4 0.24 {1.2] —
3, ! 269.0 |[7.75 | 3.45 ! 30,3] 8,4 I 0,25 { 0.7 -
4, i 269.0 I7.75 | 3,92 | 33,5 ]B8.4 i 0,23 {0.9]33.3
4:00 a.,m. Section
1. | 282.0 W72 | 4,44 | 26.0 ; 89.0 i 0.3 ]o.v =
a: 265.0 {7.75 | 4.28 |41.7|85.8 080 1.8 00—
3. | 262.0 '7.75 | 4.23 |52,5] 83,3 ! 0.21 !1.0 -
4, , 267.0 |7.75 {4.62 |30.8'84.0 ; 0.22 11,0133.1
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Table 14.--Physical cheracteristics of lississippi Rlver (St:itions estublishead across the
river betwsan nontrose, Loks, wid hauvoo, Ill., June 26, 1944)

MILS 375.0

| | '
Stations “Tur- rParcentage| water; alr Star | Sampl e
sae | blaity |.sedimmon-1 t3np. | tanp.i Time  depthi depth pottom
fiz..7 p.p.. tation. - O¢ ap faat] fo2
(8G min.)

st pank Q35 0511 20 - NNa6 L O ETHT 6.0 3.0 silt, inud
1ild channzl 745 C.07 24,3 | 26.0 do 24.0 | 12.0 | -=-=-=-==~~
Uvar sand ber c7C .10 24.6 1.26.0 GO 1220 6.0 saind
~2St bank 101C G.06 20:00126:0 4o 18.C 4.0 inud




Table 10.--Cheadcal analysis of sanplas of water colloctot wcross the .iississippl dver
betwaon nontrose, Ioww, and wauvoo, Ill. (Jwic 26, 1944)

VILS 370.0

op. conda Fethg bl omillion
Stations | mho  |pu | Y 0. C. [LCO, [CUy | CO, ITctsl {ivix [P0, | C1 {SO, | Ca
s¢e  fx 1076 e B ()

Flga 7 Tk 25%¢

Last bank 301 |7.66{5.17 [26.C | 96.0 (0.CClirace | 2.16 [C.15] 0.9€ | 1.7C | 0.00{32 .6
rdd chunnell 291 {7.£915.38 |20.0 | E9.0 [0.0C| do 5.14 | 0.26 | GC.77 |1.7C | 0.00{34.6
Sund bar 209 I7.8312.82 |27.0 | €1.5 {0.00| co C.62 | C.17 | C.7€ [1.40C | 0.CC [34.6
.ot bunk | 500 17.8915.17 |34.2 |100.0 10.060| co 4.12 10.1810.28 {2.00 | 5.80[34.5

note:-Land. r noted for gooc fishing for carp enc c¢: tfish.
iron, =ite, Tlugrics, menginsse aNd copper «ar3 aot aatect=a by
A trace of €O i1ncicetad 1.0 p.nii. Oor lass.

i2tliods usad.
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T:ble 16.--Physiczl Chiructeristics of Luxe pepin (ifugust 20, 1944)

rile 781.7
|
Stitlon Tur- | Percentage jwater | sir tDenth ; Sainple
oSe tiqityy sedimen- |temnp. |temp. Time in Denth Bottom
fig. 8 P.P.ifi. tation O a3t in
(o0 min.) feat
L.Surface | la2 Trace 25:0 ¢ 26D 181455 a.m. 12 3.0
2.bottoi 713 0.05 25.0 [ 200118 E:Boj e, 1€ 15.0C mud contsr inins tloodworns
S.suriace | 115 Trice 2522 My ZE DY RS L ORI TN 2 TR 55 2 O
4.pottom 113 Truce st I L lages] |1 e ike] s 21 210 mud
vesurface El 0.0C Powte 200010 950 2. 24 5.0
b.bottom 103 0.00 Bl e 2L O S B BOE L VS D4y 24..0 Sud conte 1ning Eloodworis
rile 774.4
7.surfucz 74 C.CC 24.0 Wi L0 e e ARl iall| S9rs 5.0
g.botton 100 (S 63 1 R4.0 128.7 110:35 a. _7 27.0 |.ud contiining tlooGwormms
g.surisce 70 G.GC 24,2 | 22857 116:40 woa. | S0 3.0
1G.bottom 160 005 5.0 ARSI MID Aol ey | 50 30.0 L Y L
11.surtuce 7¢ 0.0C Boet 22 78110 L0 a5 58 3.0
12.vottom 70 irute 209 AH22TRIFL0: D0 1E T 59 0.0 L - 4
wdle 7o4d.0
1@. o6 1racs 4.7 | 24.5 'l&:lc pid. S 4.0 l'coz*r'se greval
14, 45 Tracs 20.6 1 74,0 '18:40 poi. | lo 7.0 Zmell shellssilescnes




Teble 17,--Chenical analysis of water samMples collected in Lake Pepin
(Aupust 20, 1944)
iiile 781,7
I1Sp.cond, Perts per miilion
Stations mho x Dis-— T g
~ (see 1070 at | )\ | solved ) 0.C, | ECO; | GOy | ISy | PO, | C1 ; S0, Ca
Tigure 8) 2570, oXygen [ l t
L Surfuce | 277,0 | 8.00| 5.03 | - | 74.2 |2,76] —- — L= R
2 Bottom | 280.0 | 8,02| 4.18 | -~ 1 73,7 |2.761 - e et B s
3 Surface | 276.0 | 8.10! 3.14 ,25.5|77.8 |2,77l0.28 | 0.36{1,00 |0.00 | 38.0
# Bottom | 268.0 | B.06! 3.84 | — | 70.5 | 2,76! —- el R EE
5 Surface | 264,0 | 8,20i 5.20 | -- {70.9 |3.60] = | -~ |- | — | -
6 Bottom } 276.0 | 8.14| 2,77 | -- {72,5 | 2,04i — e 1 o
lille 774.4
7 surfece | 502,0 | B.20] 5.47 | — {80.6 |4.20f ~= | = - | — | -
B Buttohl i 312. 8-1:—) 3-25 H o elcs I :5.60 m— hpactcsd = i krshest : e
9 Surface | 270,0 | 8.18! 5,20 |25.5|77.8 |2.77|0.31 | 9.33{1.25 . 0.J0 | 33.5
10 Bettom | 277.0 | 8.18} 4.12 , - | 73.8 l 2,76} -- — - - -
11 Surface | 270.0 | 8.18] 5.80 | -~ { 75,0 | 2.76] -- — e |
12 Bottom | 271.0 | s.18] 4.61 ! — | 73.3 {2.76] —- s e A
Iiile 764.4
15 Surfsce | 319.0 | 8.22| 5.26 |=27.0|89,2 |3.60{0.31 | 0,32 2,50 |0.00 {48.2
14 Surface | 323,0 | 8,12} 3,47 | -~ |84,9 '2,76} — Sy e e 1 e
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xxxMid winter
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Miles of River

Hi¢h water
Dissolved oxygen in the Mississippi River.

———L0ow water



The oxygen content of {He wHter in slouphs and woouded aress in aidwinter
when covered with 4 to 6 inches 6f i¢s was parallel with that found in the
main channel of the ilississippi rRivedfy

Oxygen Consuiied

The oxyzen consumed was deter.iined by the perianganate nethod (American
Public tlealth, 1936). The 10x uethod was used entirely.

During the period of high waler, oxygen-consw.ied velues in the main
channel of the llississippi ‘iver ranged from 7.80 p.p.n. to 43,0 p,p.n. with
an aversge around25 p.p.m. The udper section from mile 280 to mile 600 had
less varistion and averaged about 22.0 p.p.i. That section iiLiediately bLe-

low the iiissouri River had higher values than any other part of the river
having an average of 34 p.p.a. (fisure 10).

Results obtained in the low-water period indicated that a greater amount
of oxidizable material was present at mile 800 and progressively decreased
to nile 170, the aversge oxygen-~consuued value being 22.p.p.mi, From mile
170 vhich is in the viecinity of St. Louis, iio., to mile # 112 Caruthersville,
iio., the average velue increasad to 35.0 p,p.oi.

The midwinter studies, although unot as extensive as the low- and high-
water studiss indicate & ranze of from 23.0 p.p.m. to 20 p.p.nm, vith an ave-
rage of about 34 p.p.m. oxyger conswied.

The tributaries are particularly interesting. Reference to table 7 will
show that Root *iver during the pariod of high water had a value of 13£,0
P.rodie 0x¥gen consuied while thet for the Ohio River wus exceptionally low,
beits only O, p.p..i. It should be noted that these values are the extreues
and that both occurred during the seai:: period, Furthermore, Root River was
exceptionally low in oxidizabls meteriesl during the low-water periocd. To
explain these differences would reguire much uwore samplini and more detailed
study of the tributaries.

The data on oxygen consuaption ere very difficult to interpret because
of the extremsly wide varistion from saipls to sauaple. However a few gene-
rel stateaents seem warranted,

The section of +the Hississipni diver below the mouth of the ifissouri
Rivar definitely has en increase in metter oxidizablé by permangonatoe, Tae
winter studizs ipdieate much highar oxygen-consumcd vaeluces than cither the
low-or high-water studics covoring the same section uf the river betwsen
mile 450 and mile 200. Thure ulso scems tu Lo more oxidizable metcrial in
tie upper part of the river arovund mile 800 than there is at mile 300.

Totel igdtrogun

The dateraination of totul nitrogen in the Clarksville cross-section
samplos was done by Kjeldshl iiethod us described by feters and Ven Slyke
(1932) . When small volumes of water were employed ths micro-method of Hoch
and :cileskin (1824) was smployed. Samples which ware preserved in the fizld
with concentrated sulphuric acid, wers used without exception (figurc 4 and
tablcs 18-23) for total nitrocen dsturminations.

-7
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Throughout the period of hizh watwf tot4l nitrogen inoroases steadily
as one proceads dowhatream| (fizire 11): Tho iddividual samples for this pe-
riod rangzd from 0:34 pipini to d.76 bipin, th2 averags beinz about 4,50 p.p.n.

In direct contrast to tie high~water values, the low-water figures indi-
cate a dacline in total nitrogen as one proczeds down the river, the range
being from 0.70 p.p.n. to 3.10 n.i:..l. with sn average of 1.70 p.p.m,

The nidwinter wvelues tend to increuass somewhat in the lower portion of
the river, The actusl determinations rangs from 0.0 p.p.ii. to 1.25 p.p.m.
with an averag= of 0.8 p.p.m., this being about half of the value found for
the low water pariond.

The tributaries show no correlation with the ilississippi es to totul
nitrogon., The iissouri River hed & nigh walue of 7,83 p.p..l. for the nid-
wintzr pericd &s contrastad with the lcwer wvalue of 2.05 p.p.n. during low
water. Th2 Jows and Skunk Rivers in the winter were guite low, but with valu.
of 0.08 p.p.rn. vhile the low-watcr period had velues of 1.65 p.p.m. and
1.40 p.p.n., raspectively,

The determinations of totsl nitrogen for the cross-section studies of
the ilississippi Aiver betusen Clarv¥sville, ilo., and Louisians, iio,, ws2ra run
on four liturs of weter concentrnted %o armnll volumes, These results indicate
thet impoundod waters such as Swan Lake, Spring Lake, and barrow pit, which
are usually flooded by ths Hississippi #i.er ocach spring, have siightly higher
total nitrogen values than the mein chennsl, (Tsbles 18, 19, 20, 21,22, and
23). It was interesting to notez that water collected behind a series of
islands and amoung desd trees hed valuss slightly higher than those of tha
main channal,

Amwnis
Anmonia wns detormined by direct nesslerization as desciyibad by the
Amsricon Puhlic H22lth Associ»tion (1936), except thnt Nessler's reagent was

mnde up cccording to Koch and *cieckin (1524), Another varintion was the use
of a photelometer instead of lessler's tubes, to determine the amount of color
decva2loped., Abspglute values wer: thsn rend from e previously steondardizad curve,

The wmaonin values for wississippi fiver samples (figure 12) during the
period of high water ranged from .05 p.p.m. to 0.52 p.p.m., the avaruze being
sbout 0.20 p.p.ii. The lerzest anount of awtonis wvas found below citiss where
row sewage was enptizd into the river.

Valuss of mipioniz for the low-wszter period appes=rod to be divided into
three distinct soctiors. The sections from mile B17.5 to mile 580.0 hed nigh
vzlues ranging from 0.18 p.p.m. tn 1.5 p.p.m. with en averags of 0.60 p.p.i.
That from nile 580 to mile 170 (St. Louis, iio., arez) ranged from zero to
0.1 p.p.ii. with an averagz of 0.06 p.p.m. Bolow St. Louis, ilo., the nmount
of ammonis in the river incroszsed slightly to mn avereze of 0.12 p.p.m.

The amount of amaonia in the ilississippi River in udidwinter aver gad
riuch higher than during either the high- or low-umter pariods for that section
of the river where these determinstions overiap. The values roneozd from 0.05
p.p.i, to 1.14 p.p.i., with most of the rusdings around 0.4 p.p.u.

L



Tuble 16.--Fhysical choracteristice of the rdssissippl Rivar and :djacent waters

HILE 275
rer-
Ctations ate Tur- |centuge |Water | Alr Tine Depth sottom
bidityi sed- (tenp. | Tamp, in
p.p.m.| imen- | Cc O¢ feet
rtatlon* b
1 LNy Sept. 19 290 G.CD 25.0 | B7:5 HeB0ipeie]. 58 'mud, =11t s59d
11 vurrow it | sept. 20 9r C.02 12,8 |24.0 9:40 =s.n. 2.0 {mua, sticks,lecvsas
ILIL chuss do 1D Trace |j22.2 {24.0 9:00 a.m.} 21.0 | sand with siit
1v  1sland ao 490 Ireced a2 ie s 2108 1020 &y 2.0 stiff mud
V i15lend , Géo wlo Trace 22,5 SlEPRLD 10:40 2.1 4.0 | stiff mud
V1 Chunnel dao 370 TTacEe N B G0 IR 11:00 a.m. | 29.0 |sand covered silt
vIi c<Chananel do 37c Trece (24.00 | 205.0 11215 ganis | o158 | mud, marfladleryease
Viii w00ds co 185 Tragpatlessls L a0ta 1:05 p.as| 3.0 |mud, sticks
1A Islund do 275 Eracesmi ALl a 210 1:40 p.a. | 5.0 |mug,
A lslend do _27C Tiace s 2D [1518.0 Z:008 paitty &L 0N imud
Al islund Lo 27E Lol sk B I 4 2:20 p.o. | 4.0 |aud
VII Channel Lize, 26 - —— ¢.0 {-£.0 4:40 p.a.j 1.9 ] aud
vill Woods ¢o -— ——— C.0 J=£.0 5100 p.1alt 8.0 aud
45 - Islufgs K¢ e e 0.0 [-&.C 3:15 p.i.)l 4.C ! nud

*Sadiventetion racoracea ¢ ftar one2 hour.



=T %=

Table 19.--Chemical analysis of water samples Tram the Mississippi River, including sloughs and
and lakes flooded in periods of high water (September 1944)

MILE 275

5p. Cond. . : _ Parts pTr million ‘ - ‘

Stations mho_6 pH | in HCO; | GO, | COp |Total|lNHy ( n | Zn (F | Cu |' Ve [PO, fracty | o

x 10 peaPela (N :

25°¢ R:S f

Y
I SNY 662  {7.821H.62 115.00.00| 5.50{1.54 |1.30{1.30{0.00{0.00{0.00]1.80;0.72 {103.20| 55.9
II  BARROw PIT 337  |7.35/C.52 96,0'0.00{15,00{3.25 [2.08/1.70{0.00[0.00{0.00{3.80|5.90| 0.0 39.4
III  CHUTE 354 17,90 15,52 80.5{0.00]| 1.70{1.09 {0.75/0.00}0.00|0.00}0.30{1.20{Q.53] 1.5437.4
IV ISLAID £90  18.0015.05 8%.0/0.00}! 1.70]1.25 {0.77]/0.00/0.00]0.00{0.00|1.15]0.53 | 1.44¢57.7
v ISL&ND 289 18.11]5.54 84,5|0.00; 1.70/1.23 !p.82{0.00{0,00{0,00/0,00|1.16{0.5%] 0.38:36.8
VI  GHANNEL 541  |B.25{5.63 85.0'0.00 1.7011.13 {0.95/0.05]{0.00[0.00{0.00{0.95{0.52] =2.60| 39.%
VII  CHANNAL 326  |B.£5]5,61 84.0'0.00 £.70'1.98 |0.25]0,03]0.00(0.00|0.00]|1.21}0.48{ &.18 38.0
VIII 00DS 562  |8.00(7.25 95.0{%.40{ 0.02{1.42 [0.37/0.15|0.00|0.00}0.00|0.70{0.34]| 2.2 43.6
IX  ISLAND 363  [8.24(5.68 95 010.60| 0.00|1.22 |0.42]|0.25!0.00{0.00{0.00{0.61{0.34] 0.66] 40.4
X ISLAND 363  [8.56]7.12 92.0}2.00! 0.00{1.57 ]0.57]/0.2610.00{0,00!0.00[0.75{0.41] 3.46 443
X ISLAND 364  |B.516.45 i 92.0'0.80, 0.00:1.18 {0,35|0.15]0.00!0.00[0.00!0.75{0.34{ 1.16| s4.6

R;S.~ oxyzen method of Hideal and Stewart.
Iron, manganese, zine, fluoride and copper were determined on acidified samples.

e
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Table 20.--Physicsl charccteristics of the Mississippi adver and adjaceTt woters

MILE 278

: =
Tur- rar- fteri Alr Dzpth
otutions Lute | bidityjcentaca (taiip.ltenp. Time in Bottom
B.n s segT NSO G i
en-
ti.tion*
all Chute |oept. 2} 490 |irece [Ro.2 (ol.C 2:10 p.n.116.0 |sand
ALIl Island do 030 - |Truce @ 129.00 810 2:20 p.oa.) 3.5 pmud, contulning .eyily Inrvis
AlV  tsland Go 497 |Truce {23.7 31.0C 2Bl puns| 9.0 o
AV Channel ao 998 |Trace [24.0 (51.0 w00 Ple{20.C tsend
AV1 Channel| G0 410 {Iruce [2o.o !ul.o 3:13 p.h.j2C.0 | GO

wote:-waaple collactaed & the depth unless deuth wet lets than 3 I:et.
*Sealientation raeorast one hour aftz2r collaction of stuple.
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Table Z1.--Chemical anelysis of samples of water from the ilississipoi River and adjacent waters
(September, 1944)

MILE 278
Tl
Sp.condl| pH 05 HCO:5 €y, COZ Total|NHz | Hn §j 2n | F Cu | Te P04 Cl |Ca
Stations mho _ in (MY FAf

x 107° p.D.o.

2 259¢. R.S5.
XiI CHURE 236 8,40 6,00 |86.510.00]|1.70]1.87 j0.63;0.0710.00j0.00|0.00|1.65]0.05}0.28159.2
XIIT ISIAND 335 8.341 6.25 |66.0{0.00;1.70}1.287 }0.67:0.15[0.00}0.00{D.00{1.68{0.5710.38}41.8
IV ISLIAWD 336 8.20| 4.15 {84.0!0.00{2.40]{1.20 {0.89{0.15{0.0010.00{0.00;1.5810.540.66}40.5
XV CHANEEL| 340 8,10} 5.10 !84.5]0.00{1.70t1.15 {u.55{0.15| * {0.00f * 11.31}0.52 z.lalsg.s
XVI CdHANNZL] 544 i8.21] 6.28,185.0;0.00}2.601 1.11 {0.6510.20'0,0010.00{0.00{1.42]0.5010.76;98.5
Iron and mangunese determined on acidified samples. Tctal nitrogen, *zinc~0.0125 p.p.m., and *

Copper-0.027 p.p.m., determined by acidified samples concentrat.d from four liters of wuater.

R.S.-Method of Rideal and Stewart.



Table Z2.--Physical characteristics of tne ilississippi River and adjacent waters

MILE 280
| i
Per-
Stations Date Tur- }centage|l.ater] Air Depth Bottom
bidity] sed- |temp.|temp, Time in
p.p.m.} imen- ! ©c o0 feet
tfution® !
XVII BARROw PIT |Sept. 21 605 Trace 52,0 | 28.5 | 11i%0 sum, . 0.7 mud, sticks, leaves
AVIII CHUTE do 195 | 0.04 !25.8 [25.5! 11:45 a.m.| 15.0| sand
ZIX  ISLAD do 275 | Trace 123.9 |25.6] 12:00 noon| .0/ mud, containing mayfly larvae
XX CIANNEL DO 8 Trace }23.3 (25,6 12:%20 p.m. | 17.0| sand
I CHAN. IEL a2 64 Trace ;25.6 [Z3.g{ 12:35 p.m. | €1.0] sand
poay TREES U 435 PTrace (28.0 |25.6 | 12:55 p.m. 15,0 mud, sti:ks, leaves
FXIII 37RING L. {Sept. 19} 585 Trace 12645 |41.0; 2:00 p.m. 5.5 mud, sand
LIV SLAN L. Sept. 82§ 385 Trace [23.0 (£1.0f 3:15 p.m. 3,0l mud, sticks, léaves
Vv SNY do 335 Trace (22.2 |£1.0} 1:00 p.m. | 18.0} hard-packed mud
XXVI 1903 40 510 Trace |23.0 [21.0| 2:30 p.m.] £.0[mud, leaves
BREAK
ZKIXII SPRING L. [Dec. 289 | ——a mmmme | Ze0 === 12:45 p.m. 9.0| mud
XV SNY Dot By, cm T | 2.0 | ----112:30 p.m.| 2.0 hard mud

Iote:-Sample aollectud +; the depth unless depth was less than 3 feet.
*5edimentation recorded one hour after collection of sample.



(Y Xy

Table £3.--Chemical analysis of samples of water from the HMississippi Hiver and adjacent waters
(September 1944 )

VILE 280

L]

]

Sp.Cond, i pParts per million

Stations miio pH | 02 [1°05 1003 [ CUp |TotaliNH, | Mo | Zn | F | Cu | Fe [P0, [CL |Ca

x 10-6 R.S. :

@ 2590
XVII SPRING LAKE| 212 {s.21)4.72! 55.5{0.00| 1.70{1.66 !0.83 |0.75/0.00|0.00{0.00{2.10{0.50 | 0.00|24.4
XVIII THE SiY 582  |8.10{6.64] 95.5[0.00' 5.50|1.14 i0.96/0.70]/0.00{0.00{0.00|1.55!0.06 | 65.60|47.2
ZIKX  Siwall LEKE 297 {7.77|6.26} 63.5/0.00] 1.70{1.84 '0.840.80| * 10.00;0,0011.500.55 | $.86{50.4
7X 1903 BRuiK 468 {7.65|6.80[114.0/0.00] 8.80|1.04 ]0.96(1.9510.00{0.00{0.00{1.95!0.33 0.70!46.8
XTI seRHOW PIT| %<5  |7.50(2.45] 95.0}0.00{10.50{0.67 0,50 1.20 0.03, ),00{0.00|1.20[1.25 | 0.96{<1.9
11T CHUTE u%6  |7.40/[3.651 8%,0[0.00| 1.70|1.17 0.46{1.52|0.00{0.00}0.00;1.52{0.52 | 0.08|36.8
DIII  ISLAKD 359 |6.05|5.40! 856.0{0.00] 1.70|1.55 l0.5212.00]0.00{0.00{0.00{2.00}0.62 | 2.1238.0
XLV ISLAND 356  |8.20{6/u5} 85.0{0.00| 1.70'1.08 {0.50[1.40/0.00{0.00|0.00]1.40{0.55 | 1.14}28.5
XV CHAMNEL 3:8  l£.14]5.35| 83.0{0.00; 1.70!1.16 {0.60(1.35{0.00{0.00| * |1.35]0.46 | 1.92!38.1
ZXVT  TRLES 351  l8.20,7.55 85.0]0.00} 1.70!1.56 0.73[1.7010.00}0.00{0.00{1.70;0.55 | .50i38.9

Iron and munganesc determined from acidified samples.
Total nitrogen, *zinc-p.465 p.p.m., *copper-0.027 p.p.m., determined from acidified samples concentrated

from four liturs of watur.
R.S,--Method of *ideal and Stewart.
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FIGURE 11.— Total Nitropen (N) in the Mississippl River.
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FIGURE 12.— Ammonia (NHz) in the Mississippl River



Though tho tributnrizs of the Misklsgippl (tubls 7-9-11) have virisble
onounts of anonia, cortein generd lizations ctn bo wmdo. The rivers entering
the Mississippi from the west have less snmonis than those from the enst,
This may be due to higher industranlization along the rivers bn the eastern
side of the River, The Illinois ond ilissouri rivers showed a definite in-
crensa in the amount of amionis in midwinter .

The amounts of ammonia found in the samples collected at the cross-
sectional arcas studiss between Clarksville, llo., ond Louisizna, lo., (tebles
18, 19, 20, 21, 22, and 23) are slightly lower on the .lissouri, than on the
Tliinois side.

The barrow pit shows a high value of tommonia, This is probably due to
decnying wvegetation, Sinee the woter hers was nostly stugnnnt this is not
surprising,

Phosphatos

Phosphntes were deterninsd by Denizes (1920) uet: od, using stannous
chloride ns n reducing agent to d:volop the blue phos-phoiolybdous ncid,
Fresh amionium-molydate reagent wes ncde whenever the zero conecentrution did
not check, The method wns adapted for uss with o photelenstoer ond the col-
culations were made by preparing 1 curvz from stundard solutions ef phosphnrtc.

Exaiinztion of figure 13 shows that the -uaount of phosphite in the Ilis-
sissipui River veries with the scusons, During Decembar thsz phosphate ranged
from 0.03 p,o.m. t0 V.20 p.p,il, With nn sverngs value of 0.13 p.p.aid. Al-
though the water stege in the river in Decoaber was about the smime us during
the low-water peried of August tnd September, the phosphate content for this
latter period ranged frgm 0.20 to 0.40 p.p.:i. and sveraged 0.31 p.p.n. Tne
phospnhte content of the river during high witer ranged from 0.20 p.p.m. to
3,30 p.p.r. ond averaged 0,25 p.p.il,

Tho tributarias wvnried in the same manner as the liississippi Rivar for
the threec seusons, that is, thoey hod high phospshte during lov-water, low
phosphute in midwinter, with intcrmediate voluss for the high—wmiter pariod.
The phosphote content, in general, wues nuch higher in the tributaries than
in the mtin river. TheTrempculsau diver, for instance, conttinad 0,55 p.p.m.,
tie Iliinois «ivar, 0.47 p.p.ii., fnnd the Des lioines River 0.2 p.p. .. during
the low-wuter period.

Basido the tributaries #s sourcas of phosphute for tne .lississippi River
such bodiss of wuter »s the buroow pit which wis iuncludsd in tho ceross-—-section
study at mile 2875, contuined 35.30 p.p.n. This would wlso be 4 good sourcs
5T phosphuates.

It uns of particuler intsrest to finé that ileGregor Loke hed a phosphete
content of 0.:0 p.p.ri. whiloc the chonnel of the llississippi “‘iver at !lleGregor,
Iowa, nile €35.8, contninzd only 0.32 p.p.n. #lthough this difference is not
grent, it inodicates thnt onz would expect to find more phosphate 1in sloughs
and lnkss thean in the inin chnnnel (%nblas 24 =nd 20}).

~48-
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FIGURE 13.— Phosphates (PO4) in the Mississippl River.



lable 24.--rhysical churzcteristics of mcGresor iuaxe, wschGresor, Iowa, August 12, 1644

TUr= 1 2eor e3nt
stution bidity | sadiuzn- | Uater| .ir vake | Szmple
£.0.i, | tation. tanp. | taap. Tine w3vth | depth ¢ Lottom
(60 win ) ¢ O faatl||ifoar

74 ——— 09 26,00 2 L0060 e 6.0 5.0 |black nmud

st shiore of lzke ;
75 irace 290 iR6. 00 slelilo Dl BaU 4,0 oo},

cventaer of lake
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£o.--uvilzulcdl enalysis of szuplas of water collected &t neGregor Like, nicGragor Ioua,
AUZUst 12, 1944

Lp. cond,| pH | Dis- | O 1CUy | CUg [LUg liotel it 170, (€1 BO, | Ce

otations A0 so0lvad (Con-
XBIORC Us |suned |
b ¢ 250¢ |
= !

=5t shors of lake 291.0 £.701] .68 |---- 184.5111.4C{C.00 ~== |—==j--= == ‘=== |-=--
Center of L ke 295.C g.091 7.90 119.C {8l.5| 9.0Gi0..0 3.5C |—--- 0.43!2.35 --{38.8

nota: Zinc, iron, fluoride, mengenas2, &nd copp2r war2 not dstactzd hy :etnqu usad.

—



Chlorides

The Volhurd iethod for the detcrmination of chlorides ns described by
Xolthoff snd “andell (1938), with- Calfwell's modificatisn, was employed.

Chlorides enter the ilississip;i River, in part at least froa humun con-
tanination, but lorgely from the western tributaries. Excludings the Illinois
River which was always high in chlorides, about 69 percent of ell the chloride
from the tributuries come from the western side, nnd only 80 percent comes
from tho eustern.

The Illinois River was found to contoin more chloride thun any of the
othor rivers studiod, During the period of low woter it carricd 20.3 p.p..d.
chloride, during higher woter 16.6 p.p.:t. cnd in the .alawinter 20,3 p.p.iu.
All of thess voluos arz about cbout twice &s high us those for an, of the
other tributarias for the sz.ie periods (tebles 6, 7, ., 9, 10, and 11).

The chlorides in tho iiississippi River accwaulate dewn stream (see figure
14}, In the uppsr rivar from mils 400 te mile 817 the amcunt of chloride
during the low-water period ronged frem zero to 4.0 p.p.m. ond avsraged 2.2
P.p.., while in the lower section it ronged from 2.8 to 7.0 p.p.i., with on
aver.ge of 4,8 s.p.m, for the sums period.

Chloride values for the high-wut2r period were the lowest, rznging from
zero to 3.1 p.p.ail. apd oversging l.9 p.p.i.

The nidwinter period showud v surprising incresse in the snounts of
chloride, thesc ranging from 0.79 p._..m., at Fairport, Iowa, nile 463.2 to
18,5 p.p.n. at St, Louis, iio,, mile 172; tho average was 7.0 p.D.id.

Tho Sny River which was included in the Clorksville-Louisiana, ilo.,
cress—~-scction studies hud an excenptionnlly high chloride content @f 103.2
p.p.f, This howover mey hove been resulted from sewage,

nvidence of e density current of cilorides along the west bank of the
lississippi River appears in the LaGrangs {(figure 15, tables 26 and 27) cross-
szetion, nile 335.6 whare tho chlorides werz 2.0 p.p.n. as compurad to the
east bank of 1.7 p.p.. This suix density current appears at the ilontrose-
licuvoo scetion, mile 376.

Sulfates
The volwactric bensidine method of Sehrozder (1933) was uscd for the
quantitative deterainotion of sulfates.

The sulfates cater the ilississippei Riscr in part, as a result of indus-
triciizoation and hwacn contamination, but a jreat dezl of the sulfatz comes
lorgely from the western tributeries, priici.olly from the Des lloines and
iissouri fivers which flow through gypsum bsds., However, the Jllinois and
Ohio Rivers on thu sustern side of the ilississippi elso contribute.

During the low-vmter period of Au~ust and September, sufates were not
Tound in the upper port of the river north of :ile 340, but south of this
point ineresszd repidly until a pesi of 51.1 p.p.m. wus rzached ot mile -:4£.0,
(rigura 18),

-y
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FIGURE 14.— Chlorides (C1l”) in the Mississippi River,
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Tabla 26.--Fhysicel ch:grectacistics of iilssiziinpl advar ¢t steticns 2ctirlishaed across the
river et le Grunge, tio., Juie lo, 1944

‘A.LL.'.J oD -ﬁ

'arcentese Sample
Stutions bate Tur- sadison— | oaatar | Lir Lzanth
bidity | tutilion tanp. ltaap. Tiis in ~ottom
& p.%.. (60 amin.) oc L fzet
(i.’l
SNET BINK Juinz 15| 740 C.16 22.0 124.C 16300 e ailis |t 6.0 aud, sticks
Sitluveals, SUREACL Go 1080 G.Co 1 1.4 124.0 LA GEETn % S0 13108
Ciusanit s, CORTER @ | 1C8C C.0J % 21.4 lsa.0 | 10:30 &.4.110.0 | mud
o b B o 1,40 0=4.0 ! 20,8 |24.0 1040 a.u.| 4.0 wd




fauble 27.~-Chauical wnalysis of wayer ssiaples colleactea across the adssissinhl nivaer at
Le Gronge, 0., Jung 13, 1944

VIS 330.6

rerts par adllion

op. vond. " Dis- Uxy- HCUB 005 'CO, iotol Lx‘ ;o% CImiNCa i304

iho solvag | 2n 5 i

X 1676 s con- i

¢ 259¢ - sunad ’ }
AT 011 06G6.0 8.01 |5.€0 | R0.oC|160.C{C.0011ricy C.4810.17i{0.25]1.70 34.Gi33.5
ihialil, JULRLW.CE | 6C0.0 C.00 {0.8C |[19..01156.C:10.00; do |0.48:!C.17{0.24{1.70134.0:28.8

Cirgunail, CoT. {6C&.0 7.0 1 €.40 |26.00}156.0{C.0C; do |0.4£{0.19;C.15{1.7C 54.0i
food D K 612.0 7.50 18.50 | 26.001138.0:0,00f 00 | 0.54{C.1910.19,2.06i{54.0j~=~~

ilron, zinc, flouride, aanginase and coppar «2r2 not datecizd by wztiods usad.

Tracez of Cus indicitze 1.0 p.p.m. or lass.



Tho iiissouri «ivaer, which contnined 6244 pu.pla. of sulfats, s primari-
ly responsible for this rapid indramse. South of the Chio *iver (mile 0.0),
howevar, the sulphates in the liississippi Hiver declined rapidly. This may
be due to dilution by the Chio River which was comparsztively low in sulphotes
(2442 p.p.n.) ot this time of the yesr.

The high-woter period howsver presents an entirely different picture.
At this time, the iiississippi “‘iver scems to get .i0st of its sulphate from
the Des :ioines and Illinois Rivers while the kiissouri River ceuntributes rsla-
tively little,

. In midwinter the Liississippi was vrimarily affected by the Des iioines
“ivor, which contained 114.1 p.p.m, sulphante., The Iown and Skuuk Rivers dur-
ing this sams period contsined 52.5 p.p.n. &and 65.6 p.p.m., respectivaely.

A study of sloughs, bayous, =nd uators sdjocent to the llississippi indi-
cate thot these places contributed very little sulphate to the river,

Thus from the foremoling review ff datue 1t may be seid that nost of the
sulpia.te ions enter the :lississippi River from the tributuries.

The particular effesct of :ach tributory depends largely upon the secson
of the wveor and its volunm= of =ter os well s the stuze of the ilississippi
fiver.,

Calegium

C:lciwn has long been considered 2s an importunt constituent in fishing
waters, snd was so strossed at one time that the clossification of waters was
bused chiefly upon the quantity of eacleium present.

Czlecium in the ilississippi River woter is usually in the form of carbo-
nute or biezrbgnote. The similarity of Tfigures 17 and 20 especislly for the
high w2ter piriod shows thoet most @f the ealeiwn wis combiled os bicarbonates.

In the ilississippi River tho cealeium content during the high-weter
period runged fram 24 to 5= p.p.n. The lorgest zmount qf calcium, avaraging
4D p.p.il. wis found hotwesn milo 070 and nmile 250, Above znd below thase two
points the enlcium content wus slightly lpuer with nn avarace nf 35 p.p.ii.
for thz soction north of mile 370 and 32 p.p.n. for the scetion south of nile
250.

The low-wnter period had enleiuwt vilues thet were more uniform than those
for ths high wntor period. The rings was 33 to 49 p.p.nl. with an avarage of
<0 p.p.n. A tendeney for caleciun to accwiulnte in the lower strean during
the low-water period is evident from date plotted in figure 17.

Ths culeiu n content of the westera tributeries during low-water averaged
53 p.p.n.; with the excoption of the Illinois River which hnd a value of 45.7
P.p.li., thz enstern tributarics, averrgad 24 p.p.n.

The Sny “'iver, section nile 275, hud a v-lue of 59 p.p.n. e culcium
content of witer in a series of islunds us 2t section nile 275 was slightly
higher than in tae ain chonnel of the river,

57 =
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FIGURE 16.— Sulphates (SO'Z) in the Miasissippl River.
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The lower end of Lake Pecpin lind ah 1npfawe i1H the nmodnt of c-leium of
10 p.p.r., us compared to the uppsr shd. However mors stntions would have
to be sampled before any sighificance could be attached to this finding.

Carbonates

The :iississippi River during the low water period containsd carbonates
that ranged from 1.2 p.p.m. to 4.9 p.p.m. haviny an aversze of 3.4 p.p.m.
(Figure 18). This condition chenyzed completely ot mile 150, where carbonntes
alriost disappeared,

The high-water and midwinter periods wers conspiéuous by the complete
absence of carbonates south of mile 360,

This sams condition alsc existed in the tributaries, »oth the westarn
and eastern tributaries were devoid 0of carbonates. The Illinois and Chis
Rivers did not contain any cerboneizss during the lew-water period but the othz
tributaries contained carbanates vurying in amount from 17,3 p.p.m. in the
White Yater fRiver to 2.04 p.p.m. in the Chippawa River (table 9}.

The éarbonate contents of the sloupghs wera slightly higher than in the
iMississippi channeol. For exanple, Harper's Slough gontainad 6.0 p.p.m., whils
ths river contuinsd only 4.2 p.p..i. (figure 19 and tnbles 28 and 29),.

Tho cross-section studies at mile 275 raveasled that certzin wooded areos
coveraed with water anu water n or island groups contmsined more carbonite than
the main channsl of the ilississippl River,

Bicarbonates

The method of Seyler as described by “emmerar, Bovard, and Boorman (1923)
and the Americnrn Public Hoalth Association (1936) wms us=2d in the determina-
tion of bicarbonates, carbomnot:s, r~nd carbon lioxidae,

The bicarbonates in the ilississippi tiver ars present chiafly as cal-
cium biearbonate, A eomparison of figurss 17 and 20 on the celcium end bi-
carbonate content of the river snous that both have ths some genernl outline,

The zmount of bicarbonztes in thie lilssissippi Aiver during low water was
quite uniform. The vslues runged from 64 tap 87 p.p.i. wvith an aveorage of 79
P.p.le  They were gansrally highor in thet part of the rivor north of nile
186 than in the szsction below mile 196. ‘This differcnce szems to be cuused
by the ilissouri aiver.

The high-w:ter peried hnd o rornge of from 51 p.p.:i. to 112 p.p.m.; this
latter velus was found below thz Illinois River, which hod 2 .oderately high
bicurbonate content of 89.= p,p.il

A similsr reduction in bicorboncte ions occurred below the ilissouri River
during this period as in the low-water period.

The midwintsr» survzy indicsted an inerzosz2 in thz omount of biearbonnte

a8 compared to tha low-und high-woater surveys. The renge in midwinter was
from 110 to 135 p.p.n., with =n averngs of 115 p.p.n. Ths presence of lorgar
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Table 28.-~FPhysicul characteristics of water collected from sloughs adjacent

channel {August 13, 1944)

MILE 655.0

to the [lississippi Riwver

Tur- |{Pcrecentage | kater | Air Sample
Stations bicity | scdimen- | tgmp. tgmp, Time dopth Bottom
P.D.M. tation C in
foet
Capoli slough 62 0.08 25,8 | 24.0 | 8:50 a.m. 9.0 |mud, cupty shells-
Head of island 151 9z 0.09 26.2 |[24.0 | 9:00 a.m. £.0 imud
licst of Cfooked slough 97 0.09 26.0 | 24,0 | 10:15 a.m. 4.0 ymud
Harpers slough 85 0.07 26.8 | 24,0 ! D0(30 a.m. 1.0 {mud
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Table 29.--Cnoaical anelysis of watar saaplés collactzaa from sloughs
ztjacont to the Missisoippi aiver channel (sugust 13, 1944)

MILZ 653.0

ZP. COMG,
Statlions ho o 4 Dis- | L0z |CO» |CO
= o)
x 106 solvad = &
¢ 259 05

capoll slourh 287.C EL,200 T Se20 | 86,7 300 11000
2ad of island 151 283.0 51501 5.2 heGi? [4.20°110200
west of crookad slouzh 222.0 B.dai] 15284 | €250 15,608 GRG0
herpars slouch ZE5l) 8.20.1 9.6 |861.5]6.C0 !0.00
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ciounts of bicarbonate in nidwinter wodld indiente o better buffering power
of the river ngeinst ~dids or nlkalisy

The westerh tributsries exc:eded the eastern tributeries, in bicarbonste
content (table 9). The White River iater was compuratively high with 135,8
pspudi of bicerbonute. The Oaio River contained the lowest mmount, the value
beinz 30.Y p.p.ii. wWhich occurreu during the low-water period.

Sloughs and bayous showed little difference in bicurbounute content from
that found in the 1ain channel of the liississippi #iver.

The Sny River ¢nd = small impoundment (tuble 23) which is roached by
flocd woters of the ilississippl both hed a bicerboncte contont slightly higher
tann most of the Ilississippi *‘iver.

Carbon Dioxide

The nethod used for the determinotion of carbon dioxide wi:is sensitive
to 1.0 p.p.m. The word "troce" is given vhere the amount of curben dioxide
sppa2irea to be less,

The .lississippi River contrined very little carbon dioxide during the
low-woter period. There wes no curbon dicxzide found in the river north of
nile 612.5. However, that section scuth of mile 270 contuinsd u truce.
During the high-water periocd the amount of curbon dioxide i the iower scctiowu
thut is, south of nmile 364 wus on nn cveraze 1,0 p.p.u.

In midwinter the values of curbon dioxide in the mmin channel rose to
an 2verage of 1.5 p.p.m, and the increase cpoesred to be genersul, Samples
coliacted from the Jowa, Skuni, Dss lloines, .!issouri, and Illinvis Rivers all
s ow2d .mbre than 2.0 p.p.m. carbon dior xide aos compured to those repressnting
low-anad high-water periods, which showed no ecurbon dioxide or only 2tracse,

Carbon dioxicde in the brrrow pit und the 1903 breck-through wis rother
high, being 15.0 =n¢ 8.8 p.p.1., raspectively. In the month of Septenber,
the Sny River contained 3.5 p.p.m. at scetion nile 275 znd 5.3 p.p.m. 2t sec-
tion mile 280.

The sloughs zud buyous connect:d with the ilississi,zi niver had upproxi-
nmately the same curbon dioxidz content ss thtet found in the muin chunnel,

Hydroiun-ion Concunvrotion

Hydrogen-ion reasurements were made with n gluss —lsetrode pH meter.
All the pH readings were ands in the field within ¢ short time =fter col-
lecting the water samplss.

The ilississippi *‘iver bocomes progres:ively more ncid downstreem, (figure
21). The average pH reading in the lower section (mile 150 to milas £ 112)
wns found to be 7,90, wherens in the upper section it wns B8.20.

At the time of the high-woter survey the nvernge pH wns slightly lower
then it wes curing eithor the low-wat:r or the midwinter periods. The mid-
wiiter sunples were wmore alk:line th:in those tuken <uring low-or high-water
pariods, Tnis cifference in pH .oy be correlutec with the a.ount of bicur-

—56—



pH

9.0 A1

8.0 -

6.0

T avvers
,4‘ IpPe .
2O vy

- 800 700 600 500 400 300 200 100 O 4100 4200
Miles of River

———Low water —— High water xxx Mid winter

FIGURE 2 .-- Hydropgen ion concentration (pH)
in the Mississippi River.



bonate present (figure 20). Thare duem to ba nmore bidarbonnte iohis in mic-
winter which would ‘ive n grentor byffering power o thu whter.

Tonizable Stlts (Specific Conductance)

The amounts of salts in solution was determined by con apparatus alrady
describad under boat and field equipment. Fpr conveniesnce, the dnta are ex-
pressed us specific conductince in mho x 106 at 25%.

The emount of ionizable salts in the ilississippi River increased steadi-
ly downstrezm in each of the three periods (figurc 22). This increuse was
purticulurly noticeable during low water. The upper section of thu river dux
ing thet pericd had a specific conductance between 200 snd 350 mho x 1076 at
25°C as compnred to the lower saction (below mile 200) which had o spicific
concuctonce from 380 to 410 mho. .

The specific-conductoance deota for the high-water period varisd considerc-
bly, from 140 to 470 mho. The grsctest incrzase wis found to be below tri-
butarias espegially ths Iows, Des Lloines, Illinois, and ilissour riwvers,

The eff:zct of the lilssouri River is particularly cvident during the mid-
winter period when the spegific conductivity rises from 380 mhe just z.oovs
its confluence with ths ilississippi River to 75Q mho about 50 .:ilss bzlow,
The sanples of nidwinter genorclly had a specific concuctivity that wos
highzr than for thosc of eithor thz low-or high-water periods, ths avarage
valus being <50 mno

Deta on specific-conductonee measurements of the tributaries agree with
stntements made praviously, th=t the western tributariss heve a higher ssalt
contant than the eastern Hributarizs execept those of the Illinois River
(teblz 8). Thna avera:x value for the western tributarics wns found to be 372
mho and for the eastern tributaries (ineluding the Illinois Rivar) was 247 mho.

That thers is density current of ioniznble sults nlong the wast barnk
of th: ilississippi River is cvident., Cross-saection studies nt “alrsngs, Ho.,
(teble 26) ond st ilontrose, Ioua, (table 1z) showed that such a“density cur-
rent could be detected., The slousns which were sumpied nt nile ¢b3.0 sbhowed
no Gifference in conduectivity swasurencnt fros those found in the ilississippi
River.

Howsver, the Sny “tiver, which was ort of thoe scetions <t mile 280
and mile 275, hnd 2 speeific couuuct nes o7 880 mho. Locnl resiients raportad
that until rcesntly the Sny River wus con cxeelisnt fishing site for crappie
but withing the past two ysars the catch was rataer poor. It would have boen
interasting to study correlation of this chznge with chenical data,

Trace Zlemzants

Tha roles of various trace slements in the physiological processes of
aquatic animsls anc plants ore in most cescs still far from cleer, However,
iron is known to be an sssentisl conpenernt of haeraglobin in the vertebrzte
enimuls, end iron, manzenese, and cosper incividuslly hsve b:sn found in
respiratory piza:ats of inverizbroiss. Zinc hos racently besi pluesd in the
essentinl list of trace clencits r:gquirsd iu nutrition of higher verizbratos
and may therafore pluy a simiZzr pert in the nutrition of sguntic arinmels.
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The su-:gestion hus been nade that ibon besides its fuwietion in hasmo-
#£lobin, probably acts ns s cztaslyst in fre fofmation of chiorophyl and may
ba involved also in respirstory getivity. .uunganase may, under certain con-
Gitions, ect as a pertial substitute for ironm, Iron hes further been found
t0 be importdnt in thot it combines with phosphatss, being thus precipitated
andé removed,

Consequently, iron, manganess, gopper, and zinc were determined for a
considerable pronortion of the pamplss of water studied ip this survey,.

Iron

The determination of iron wms cerried out nccording to the method des-
eribad by Theroux, Eldridse, nrd udnlman, (1943).

The presence of ferric iron in solution in the ilississippi River (ex-
cluding silt) wes nlmost nsgligible. In Lake Pepin only = tracs of iron
wes found during the low-wotar pariod. The lower section of the river, that
is, south of the Liissouri nivsr contuined slightly more iron but there
=180 it could only be reported s a troce, the method used being only re-
liable to 0.1 D.p.:s.

Tha tributaries did not contuin iron in excess of 0.1 p.p..l, ot «ny seda-
son studied in this survey.

The presence of iron in the cross-sections at mile 275, mile 272, tund
mile 280 should be explained. All of the samples collected in these sections
ware preserved with 1.0 ml, of concentrnted sulphuric acid, being intonded
primerily for total nitregen detarmirntions, but in our usual routinz of cnao-
lysis traee elements were also determined, It was then discovzred thet ths
@cid used to preserve the somple had lsached out these elzments from the
silt., Acid-praserved samples which contained no silt woere not altorsd. A2l
othor determinntions for tranoce slemonts were complsasted on sanples which ware
not preserved in any w:y.

iitnzenese

ilangenese was determined, using a method cdescribad by woltoff and Sandsll
(1938), ilanganese wa2s absent in the main chainel of the liississippi River;
some, however, was found in tho western tributarios. These wers: Iows River,
0.22 p.p.m.; Skunk Rivor, 0.17 p.p.n.; Des iluinss fivor 0,10 »n.p.m. and Root
River, 0,05 p.p.m, in high wonter., No !wongcnass was found in any of' ths sast-
ern tributaries,

The prusence of nangoness in the svnn”@v collscted at seetion, mile 275,
mile 278, snd nile 280 should boe regorded witl. ressrvotions because the
sanples were acidified.

Copper

The method used to dsternine COtQ r wcs that of Snell (2938), which has
8 reported sensitivity to 0,01 p.p.m. By oncenirscion of sampies this sen-
sitivity was extonded. Ko samples studic. from any portion of the ilissi-
ssippil Rivor or its tributcriss contaired copper in sixcess of 0.0078 p.p.n.,
4 proportiun found during high woetar at mile 172.5, St, Louis, ifo, It may
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be stated, fhereroqe, thot the copper content of the Ilississipii River water
wes very small (Snell snd Shall, 1936).

Zinc

Zine determinations ware acde according to Sandall's method (1944).
Zinc was detactad in the liississippi River below St. Louis at mile 172.5
during high water: The amount found was 0.0075 p.p.m. Zine wes also found
immedintely below Burlington, Iowa, the v:'us being 0.0009 p.p.n.

The following tributaries contained zine: Skunk fiver, 0.03 p.p...;
Chippaws River, 0.03 p.p.i.; Illinois Siver, 0.024 p.p.1, during low untar
enié 0,04 p.p.n, during high water,

Fluorins

The rmsthod used to detarmine fluorides wns published by Sanchis (1934).
They werc not detectad in the moin choannel of the Mississippl fiver. The
tributaries which ceonteined flucrides were all on the western side with the
usunl exception of Illinois Rivor, Skunk River hed thz highest value found
which w=s 0,1+ p.p.ni. The Town and Des lloinss Rivers each hnd 0.043 p.p.n.

POLIUTION

From a eriticnl raview of all of the physicnl nnd chamicnl de%: collected
during this survey of the Liississippi River, the existingz puliutions, thet
is, the sume of all polluting offluents now entering the iiississippi River
in thes sector studied, are not creating conditions seriously unfavorcble to
fish snd other aquetic 1lifs, except in loczol zreas below particuler plants
or cities. The prosence of specific areas of pollution near industrianlized
sections cz2nnot be discounted but as a result of the larze volume of water
in the .iississippil River and the carrying powsr of this stre:ua, the immediate-
ly aongerous effects of thesa pollutents cre restricted largely to portions:
of tha rivsr a few iiles below the entrace of purticulur effluents. However,
the cumuintive effects of thuse collective pollutions nust be considared as
slowly duteriorsting the gonerul quality of the ilississippi diver water for
production of fish and other aquatic orgenisnms. ‘

Many sm2ll, os woell =s some lorge, communities locatzd on th: rivor still
usec it as a convenilent menns Tor the dispossel of sewnge., Although znch of-
fénse seams small opd bicomes insiznifiesnt o fow miles from its source, the
tot:il efiect producad must boe considercd,

Even though the voluns of wrter is larze enoush nnd the dilution is
graat anoush to render ithase pollut nts hrrmless to the presant fish fauna
of the ilississippi River, one must rerwnbar that each snall -wount of mo-
terial narrows tha sufety msrgin of the river,

It hus bsen shown in pravious surveys, 71s wz2ll us in the present one,
th2t the oxygon conternt in the upper section of the ilississippi fiver during
the low woter poriod was balow thet found in ilenl fishing water. However,
this low oxyzen condition may result from the gross zffact of 211 tha material

which erters the strean ond moy not be cuesed by any individuszl pollutant.

ilogt noturnl bodies of woter hawve s cortoin buffer vnlua, nnd when this
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is destroyed by pollutents, the plant and animel life, essential to normal
stream balence, quickly die, Thus, in the liississippi Riv:r, the water be-
comes more acid downstream, This acidity expressed in pH has an average
value of 8.20 at mile 700 and 5H 7.80 at mile 100. Regardless of the causes
of this change, one must concede that the river at mile 100 would resquire
less acid to reach a point letnal toc fish thsa at .iile 700,

Another fact .1y be given regurding t.e salinityx of the .iississippi
River. A linit ususlly eccepted as tolerable by wmost fishes should not ex-
ceed 1,000 mha x 16~6 et 250 &, In the ilississippi River from mile 500 to
mile 800 the mhos average 280 1vhile the section belqQw mile 300 averages <10
mha, Thus, the concentration of ionizable salts in the lower section would
only have to be slightly more than doubled to reach a condition intolsrable
to fish, while the ionizable salts in the upper section would have %0 be
more than tripled to reach the sume condition. The values mentioned abave
for the llississippi River are not considered harmful at pres=nt., However,
an increase in industrislization in the post-war years may further narrow
the margin of safety on which the riv:r dspends in keeping its natural balance

As the water quality of a stream changes from time to time, it is necer
sary to re-exanine the stream occassionally to re-evaluests its condition,.

The .ilssissippi River was not in & critieasl condition &t the time ef
this survey. Considering the river froman over-all point of view, it may be
concluded that the upper secticn ¢f the river, that is, the section above mile
420, maintained a more favorable position with respect to fish prgduction
than the section below mile 420, Cemparing the water gquality of ths liissi-
ssippi River with waters producinz good fish fauna, it would be rated as good

DISCUS5ION A'D COIFCLUSION

Study at three different seesons of the year showed that tha cherniical
constituents of the ilississippi River arc by no means constant. XNot only b
ware seasonal variations obvious but daily esna hourly changes wers constantly
taking place. ‘

Probably one of the most striking veriations as e result of seasonal
changses was in the dissolvad oxygzan content. The midwinter period, which was
studied when most of the river was covered with seversl inches of ice, had
an 9xyg-n conteut 8 tices greatur than thet found during the low-water pariod.

Th: midwinter period also had s groater amount of ionizablo salts, This
incrz2asa in oclectrolyt:es was puartly due to the increase in sulfutes, chlorides
bicarbonates, and ammoniz, Tho increase in bicarbonetes apnd ammcnias reflects
on the hydrogen-~ionh content of the water; thus the alkelinity wms found  te
ba greator dquring this period.

Tha midwinter period did not show an increase in all of the constituents
determined; the phosphates, for instance, were considerably lowsr, Iowavar,
the decrsasc in metabolic activity of plankton during this pariod, for which
this element has boun demonstratod to be szesntiasl (77izbe, 1930a, and others)
probably did not suffer much from this reduction,
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Sensonnl rise in tho wntor level in the llississippi Riwver, ofter periods
of thow ond rnin is prrticularly evident from suorch and June, The flood
wvators bring with them silt ol detritus ~-nd cause murkad chrnges ir the
chemienl compostion of ths watzr,

Durinz thase periods of high wmter the totnl nitrosen content of the
tiississippi River incressed to seven time the low-wstoer ond midwinter vnlues,
but the chlorides, cnrbonntss, snd sulfates in turn <ecreused to a point
wnich was below the low-water =nd midsinter periods, In most enscs the high
wnter produced £ reduction of alectrolytes in the .lississippi River,

Following the poriod of high water comes thnat of least change in physi-
cel environmen al conditions, The low-wnter period wns charncterizoc by
higher phosphate and esrbonrts values but o low sulfate and dissolvad oxyazen
contant.

The tributaries of tha ilississippi River are primarily responsible for
many of the echemienl and physicnl chnnges which trke plnce. The western tri-
butnries bring into the llississippi mors electrolytos than sare contributaed
by the castern straams.

Tha smount and kind of mutarirl depends upon jeoloizienl surroundings,
ago, soil, nnd vegetation cover of the droinzqe, The iiissouri nnd Das .luines
Hivyars, for exsmple, were high in sulfetes and chlorides, the Root, Vermil-
lion, end ihite Iater rivers contrined much bicurbonete, wherc:s the Towa,
Sgcunk, and Des :joines rivers contnined some ming-nese. All uf the tributsris:
cont-inad more or less of & mujority of tha constituents reportad in this
panper,

A study of cross-sactions, sloughs, bayous, and wrisrs adjacent to the
main channel revealed that the coemicnl charncteristice were different on
whether theso arsas were intinntoly connectad with the rivor or isoloted and
only rzschad in psriods of high wnter,

The barrow pit and 1903 break-throngh, just such bodies of wat:r, were
chrractarized by high hicarbonates and phosphatas,

fie barrow pit wes also high in totsl nitrogen, amionis, and ecrrbon
dioxide, but very low in oxygen contont. The Sny River wes unusuclly high
in chlorid:s,

Tho physical factors ruported in this paper wars originally ussumed to
be of a sacondary importance, but ths incre:scd sattontion recently giwven to
the study of light ponetration =nd its considzrstion cs o criticul fuetor
expacinlly in shyto-glankton production, hus shown that eeologictl und limno-
logical studies of pleonkton should bo correlateu with the light-transmission
date 2s well 4s tho. chomical twnd physicel charnctoristies of thz water.,

Tha full significnnee of thase nnelyticzl findiness cnn only bs known when

they ars corrolnted with the biologiesl and ecologicnl datn which other units
af this cooperetive survey have collectad, 1
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SILIIARY

The physical and chemical data here reported, presented study of thz
Uppor iississippi fiver from 2 milzs above Lock and Dam MNo. 2 in tha Hastings
Pool, iiinne., to caruthersville, uo., during the year 194. ,

1. The mean oxygen contcnt of the River during tho period of low-water
was 5.0 p.p.ii.; in high water evoragedé 7.6 p.p.nt.; and in midwinter, 15.6 p.p.

2. Oxygssn-consumed valuss during the paeriod of high water ranged fronm
7.8 to 49 p.p.m., with an evorags of 25 p.p.l. The uppar section of the rivor
from mile 280 to mile 600 averaged 22 p.p.m. During low-uater the averags
was 22 p.p.m. frop mile 170 +to mile 800, whilc that below ths [lissouri River
wes 36 p.p.mn. In ilidwinter tnz avaeroeo was 34 p.p.Mm.

3. To%el nitroszon valucs wera low in midwinter, avoraging less than
1.0 p.p.ae The low-water aversge wies 1,7 p.n.m,, while that of hizh woter
averzzod 5.5 p.n.m. :

4+, The ammonia volues from mile 590 to mils 817 avera ad 0,59 p.p,m.
while the lowsr scction south of mile 590 nveraged 0.05 p.p,m. for the low-
water period; high-woter values aversged 0.2 p.p..a.; and in mpidwinter ths
aversle was 0.4 p-p.f.

5. Phosphute content wus low in midwinter, hizh in low water and intsr-
mediaste during the high-woter psriod,

6, Chlorides tanded to accwiul-ta downstream. They were low during the
high-waeter period, high ih midwinter, and intermediate during the low-uwnter
periecd,

7. Sulfates were high in nidwinter. During the low-water psriod thay
viere nbsent from mile 350 to 817 but incrocsed stoandily below the !lissouri
Rivar. During hizh woter the sulfatss had an intermedinte volue from nile
200 to mile 600 but fell below the low-wnter vrlue south of nile 220,

8. OCalcium for both hizh on® low woter avaraged 40 p.o.4., with consi-
cersble voriation during hizh wnter,

9. Carbonates .uring low-wotsr nveraged 3.+ p.p.m., but vere absant
acecoriing to the high-woter cné nidwinter survays.

10. Curbpn Ziexide wes usuully less then 1.0 p.z.ri. Hizghar values were
fouru in waters ndjucent to tna iiississi_ ;i River.

11. The :iississippi fiver becona mors acic downstream, ilidwinter wvalues
were nigher thon those of eithur low-cr high-wetor seriods,

12, Tomizak%le salts weroe .ore domincnt during midwintsr opd lenst so in
the high-water period.

13. Biearbonrtes were highorst in aidvinter,

li, The porcsntzge of sedinentrtion ineresscd wuring high woter,
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151 The westarn tributarics of the ilississippi fiver geuerally contiined
1mor: salts than did the eastern tributaries,

16. Sloughs nnd bayous intimstely conunoctad with the ilississippi fivar
hcd the saime cnemicol chasractoristics os those of the main’channel.

BISLIOGRAPHY

American Public Heelth Associntion, 1936. Standurd ilethods for the esemina-
tion of water and sewsge. IRd. 8, 309 pp. How York.

Dirge, E. A, ond C. Juday. 1930, Solur rediotion and inluandg losss. Trans.
/is., Lcad. Sei,, Report 2, vol, 25, ppn. 285, iodison, .iscoznsin,

Chambers, J. 1910. The llissizsinpi fiver nnd its wonderful volley; twenty-
saven hundred and seventy-five miles from source to sea. 308 np, G.
P. Putnan's Sons. 4ew York and London,

Clarke, F. . 1808. The data of Goochemistry. U. S. Geologicenl Survay Bul-
letin, Yo. 330, 716 3. ‘mshington.

Clurkes, F. U, 192¢, The datn of Geochemistry. U. S, Geologienl Survey Bul-
lotin, ¥o. 770, Ed. 5, 841 p. Washington.

Clarke, G. L. 1934, TFactors uffocting the vertiesl distribution of cope;oucs.
Ecological rionugruphs, wol. 4, pp. 930,

Clarke, G. L, 1839, Utilizetion of solur cnergzy by aquati¢ orgunisms, <£rob-
lens of Laie Biology. The Science Press, 142 pp. Lancestar, Pennsylva-
nia,

Coker, R. O. 1929. Keokul Dam and the Fisheries of the Upper ilississippi
River., Bull, of the Bureou of Fisheriss, vol, 45, pp. 87-139. 3Burenu
of Fisheries Docuizent 1063. ‘lashington.

Doniges, G. 1920. Reaction dc coloration Extramement s2nsible des phosphates
2t des arsentintas. S2os upplicntions, Comptes Rendus de 1l'zceadenmic des
Sciences. Toue 171, pp. BUE-804. Paris.

21lis, il. 1le 1931. & survey uf conditions =ffecting fisheries in the Upper
tilssissippi diver., U. S. Dept. Comuerce, Bursuu of Fisheriss, Fishery
Circulur Wo. 5, pp. 1-18. ushington,

£1lis, i, li. 1936, Zrosion silt ~s a factor in aguetic environuents., IScolo-
gy, vol. 17, Ho. 1, pp. 29-42.

Bliis, ii. il 1937. Detection nnd neocsuroment of strezm pollution., Bull. of
Bureru of Fisheries, wvol, 48, Bulletin 22, np. 365-437, ‘Ishington.

Galtsoff, P2. S. 192:. Limnologiesl observations in the Upper ilississingi,

1921. Bull.of the Burenu of Fisheries, vol. 39, 1823-24, pp. 3+7-138.
Burenu of Fisneries Docuwient No. 958. iicshington.

Hoover, E. E. ond H. E, Hubbard, 1937. Ilodification of the sexunl cycle in

75—



‘trout by control of light. GCopeias, No. 4 pp. 206-210,

Johnson, /. H. 1938, The effuct of lizht or tha vertieanl movements of Aenrtie
clnusi {Giesbrecht). Bicl. Bull,., vol. 75, np. 106-118.

demnsrer, G., J. F. Bovard oncd ¥, R. Boornan. 1923, Horthwastern lokes of
the United Stutes: Biolozien nnd chemicsl studies with reference to
possibilities in production of fish. Bull. U, S. 3urecu of Fisheries,
vol., 3%, 1923-24, pp. 51-140. Vashington.

foch, F. C. and T. L. Hecleekin, 1924, A :ew direct nesslerizotion micro
Kjeldehl method ond n modificction of the Messlor-folin razgznt for am-
nenin, Jour. Amer. Chem. Soc., vol. 46, p. 2066.

Kothoff, I. !I. anéd E. B, Sandell. 1938, Textbook of Tuantitative Inorganie
Anelyisis, 45% 3p. iincli;llan Co. Now York,

iirnning, V. 1, 1938, Photsynthosis., Jour. Physicnl Chem,, vol, %2, »n. E15.

licHerzuz, J. S. nnd A, if. Peter., 19281. The removal of minersl plant-fooéd
by natural dreinagze woter. Kentueky figricultural Experimant Station.
Bull. No. 237,

Poters, J. P, and D. D. Van Siyze, 1932, Queontitative Clinicel Cheaistry.
iiethods, Vol, 2, 516 yp, Tae Williums anc Wilkins Qo., Brltimore.

Rowson, D, 8. 1939, Sone physical and chemieal factors in tho metsbolism
of lekes. Probloms of L-ke Biology, 142 np. The Science Press, Lan-—
cister, Pznnsylvonia,

Ridonl, S. ond G. G. Stewart, 1901, The datzrminntion of <issolved oxygen
in waters in the prosance of nitrites ¢nd of orgnnic matter. Annlyst,
vol, 26, »p. 141-148, B

Sanchis, J. lI. 1934, Detor:in~tion of fluorides in nntuzsl waters. Indus-
tri~l and BEnginzering Chemistry, Analytical Edition, vol. 6, np. 134-135.

StnGell, E, B. 19<4. Colorimetric Determinntion of Trace kietals. =87 pp.
Interscisnee Publishers, Inc., Now York,

Schroeder, V. C. 1933. Dirset titrntion for sulfate, Industrisl Enginesr-
ing Chemistry, s#nalytienl Edition, wvol. 5, su. 6, 03,

Snell, F. D. and C, T, Saecll., 1936. Colorimetric ilothods of Annlysis. Ed.
2, vol. 1, 766 pp. D. Van Nostruné Co., Inec, Hew York.

Steigor, G. 1914. The relntive abundnnce of seversl metollic elements.
Jour, 'Imshington Aen. Seicnee, vol. %, pp 59-62.

Strzub, L. G. 19422, Liechsnies of rivors. Physies of the Earth, IX. Hydrology
12 pp. iicGraw-Hill Book, Inc. MNow York.

Theroux, F. R. £nd E. ¥, Eldrid;:, and U, L, Ifollmann. 1923, Laboretory
tiznuzl for Chemie=l and Boeterial fAnulysis of Tjatsr and Scewege. 24. 3,
27= po. iieGrow-Hill Book %Yo, Now Yoric and Lomilon,

I o





