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PUµ>-MILL POLLUTION OF THE RAINY RIVER 
NEAR INTE.fillA TI9NAL FALIS, MINNESOTA ~ 

By B. A. \iestfall, Ph, D., hssociate Aquatic PhysioloP,ist 
and 

U. H. Ellis, Ph. D., Senior Aquatic Physiologist 

Introduction 

• 

The P..ffects of pq.lp and paper-mill effluents on river waters in the 
immediate vicinity of inlets carrying such wastes and in those portions 
of the s·tream \there these '1astes are still in high concentrations, that 
is, before extensive dilutions have been effected by the stream, are lmorm 
to be definitely detrimental to fish and other aquatic life (Ellis, 1937-, 
1938). Studies of regions well dmm~tream where these wastes are diluted 
and where fish may be present are of particular importance in determining 
the cumulative effects of diluted wastes, In the investigations of the 
Ra~y River conducted during September 19JB, eVidences of gross pollution 
were for the most part confined to the sector immediately below the pulp 
mills at International Falls, Uinnesota. Since the local citizens vrere 
of the cpl.pion that the pulp mills killed few fish except in the portion 
of th~ river immediately below the mills, but persisted in the belief that 
the· flavor of the fish caught from Rainy River was so changed by pollution 
that few of the ;ish taken frora the stream below the mills were suitable 
f ~r human consumption, particular attention was given to Rainy River between 
International Falls and Baudette, lfinnos ota. . . 1., . 

After vrorking in the Vicinity of International Falls both above 7and 
belovr the trio larBe pulp mills operated by the Ontario and Minnesota Paper 
Mills c'ompany, the work was continued dounstrcam wes t mird along the south 
bank of the Rainy Ri.ve.r. A base station was established at Baudette, Ifinno
sota, and subsequently another base station was located on the shore of the 
we~t arm of Lake of the Woods to t he north of ' rarroad, Hinnosota. 

Largo numbors of lor,s aro floated along Rainy Rivor between Rainy 
Lake and the paper mills at International Falls. This use of the river 

' constitutes a potential hazard to aquatic life s ince the flovr of Rainy River 
is sloued near the international bridge at International Falls and thousands 
of logs accumulate in the back waters thus impounded. The color 
of the v1atcr of Rainy· Rive r just above the mills resembled v:eak coffee and 
was very. similar in appear.ance to waters of streams that drain dense cypress 
swamps. Immediately below the mills the river water had a dull brownish 
color with an opaque cast due to the mixture of various uastes from the trio 
pulp mills, Lar~e quantities of foam floated on the surface of the river 
and a huge load of suspended fibrous material (wood pulp) was be ing carried 
by tho lov1er water layers of the stream. .at Jaudette, 75 miles downstream 
from the mills the color and gener al appearance of the water of Rainy River 
was about the same as that of the water above the mills at International 
Falls, near the outlet of Rainy Lake , 



For the field-investigations a ttuck equipped·with apparatus and re~ 
agents for the c~llection of;water and biolor,ical samples and for water 
analyses was employed. Samples of various types were collected and r eturned 
to the Columbia (Uo.) laborntory··for detailed assays and analyses. 

; ... 
Physical and Chemical Conditions 

. . t • J. 

At the time of the survey in September 1938, the water temper atures 
rangbd between 16° and 17° C ; !rt>m "Rairly River to Lake of the 17oods, incl u
s i vc, and ;\S no peculiar temperature differentials wore noted at any of 
the stations the tmtcr tempcrb:tur<:!s ·may be dismissed with the a',ova stat e
ment. 

Similarl3r ,; with cel'tain exceptions noted specifically' the dissolved 
oxygen valucs·1rtlich'wero above ·5 p.p.m. (parts per million) and ther efore 
sui'tablc f'or .fish life '(Ellis; 1937) throughout the stretch of river and 
lake be.ti' re en Rainy ·Lake and Lake of the Woods , incl us i vc, may be grdupe d 
;tn g.oneraJ., as 'prcs~hting ·no si3nil'icruit deviations from conditions f avor-
abl"e for fish J;i.fe •. · 

The d~~urb-inatibns bf hych'ogen-ion concentration, specific conductance 
and .carbon dioxide complexes, ·however, rH.!re more significant { t c:i.ble 1). 
:]n Rainy Riv:c.r/ ·one' half niile upstream from the mills at Interna tion11l 
Fnlls:, ·thh hyc:Jr.ogoo-ion concentration (pH)- was definitely on tho acid side 
01t>ne\J,tr-illity,:~t:pH 6.0 {+·0.2)-. ' :This determination characto~izes tne 
.rraters '±n tho :i.mpoundmcnt of Ra'.i:ey RiVC!!t' above tho dam at Int~rnational 

. Falll.s, thcr c·f'GrG , as mor ... acid than average unpollut1,,;d streams supporting 
good, frelsh-,-mtcr fish fauna {pH 6. 7- B. 5) a.s W.'.1.S shmm by Elli s (1937). 
However, s-ihce ·many mountain streams and bog waters containing little in 
the ua:r of soluble salts hay.e hydrogenrion concentrations of approximately 
pH 6.0 and sti ll maintain an abundant stock of certain types or fresh-rrater 
fi.s._hes the sli~htlv acid condition of. the ~aters . of Ra1.hy River above th9 

· mi1ls ·!s not saF,Iiificant in itself~ The specific cogduct~nce of th~ vrators 
ft.om Rainy Rivor <ltiove the mills was only 58. 7 x· lo- mho at 25°c. a.nq. in
dicates tnat this river was carrying a very small lend of ionizable material 
above the mills. · This same ·water contained 1 .12 c . c . of free carbon dioxide 
per l ·i:ter wnicl'l is C'.I1 avt.ra~e value for ncidic str~'ll!lS supporting good fish 
populations. Tho fixed carbond.t cs computed as cnroon dioxide wor e even 
lower than uas expected, approximately 4.08 c.c . per liter, nn~ q c~lcium
catbonntc hardi1oss of 15 p.p.m. determined by the soap nct!'lod 1'irM .. ch cor
robQratcd the other carbonate figures just given, marks · this w~~~r as defi-
nitely •!soft". . 

The above picture is definitely chang~d ono-quartur mile downstrc:im 
from ·the·point of entrance of the pulp-mill effluents into.Rainy River at 
'International Fal1s, Uinnesota {St ation 1754. ) . The hydrogen ... ion -~ .) ., 

. concentration increased from pH 6 . o to ·pH 4. 75, a decree of ~cidity which 
is lethal to mo!:t 'fish, or if survived by them is ·detrimental to tho gills 
and gastro-irttJstinal tract. Tho free carbon dioxide rose f~om 1.12 c.c, 
per liter to 13.9 c.c. p~'l' lit~r, a level defin~tely higher than that found 
in watGrs normally fr<:quented by fish in good condition, and a quantity 
sufficient to produc·e impairment· of scvernl vital. functions (including 
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TABLE l . - Summarized aver~ge values for cPrtain ~~sico-chemical characteristic~ 
of waters at five of tb.e major base stations, Sentember 1938. 

:Hardness 
Locality: 

numb er Loc~ lity 

Temper atur e: 
degrees 

Centigr"de : nH 

: Specific · Free : ffixad 
:oonductange:ca rbon : cai.'.'bou 
:mho x 10- :di oxide :dioxide 

:p arts per:Tannic acid. 
~illion : compound 

1753 

1754 

1755 

1752 

1751 

·• . . . 
Air :water: 

. . 
:Rainy River, International 
:Falls, off ferry landing 
:one-half mile above mills. : 23.0 : 16.4: 6.o: 

:Rainy River~ Int6rnational : : : ~ 

:falls, 100 yards below mill: 23.0 ~ 16.7: 4.8: . .. 
:Rainy River, International : : : 1 

:Falls, li- miles below mill .• : 23.0 : 16.6: 5.6: 
~ .. 
~Rainy River, ll miles east 

. .. 

:of Baudette. : 23.0 : 16.4~ 6.5~ 

:Lake of :foods • . ;arroad, 3 
:miles from shore. -: 21.8 . .. .. .. 

. .. 

: 
.: .: 

17 .0: 6.9: . . 

at 25°0. :c .c. pe r ·:c . c. p ... r: 
lits r : lit :. r 

59. 7 1.12 4.08 .. . 

CaC03 :parts p er 
million 

15.0 
. . 

h~.o 

112.1 13.90 4.08 .: 43 .0 f2.0 

93.0 ~ 10.20 4.88 22.5 

. . . 
~ . . 

67.6 i.60 ~ 4.98 : 24.o 

131.8 
.. . . . 0.67 

. .. 
l0.75 72.5 

t.2 . 0 

/:3.o 

0. 0 



r P-spiration and h'3<.1rt action) of fishes surviving in such v1ators. The 
specific conductance was approximat8ly doubled ch.anginr, f~om 59.7 to 112.1 
x lo-6 mho at 25Q c. and the calc~um ca:rbonate hardness increased prac
ticaJ.ly threefold, t hat is, .from ;i.~ to 43. .. p. p .. m. Thes~ ~~nangcs arc of 
the type expected t o result from the introduction of pulp•mill wastes and 
are particularly intcrestina ip ;t;.qa:~ ~ooy ~hem: .t.he.·magnitude · o'f · the pollu
tion Yrhich ;·ms produced 'il:t: ·a time when the volume qf thE? p'ulp-mill effluent 
was minimum. 

; 

About 1-1/4 mile~ · dorms:tremn from th~ mills (Station 1755) the specific 
conductD.Ilco fell t.o 93 x lo-6 r.1ho at .. 250 .. c .. , .. the . fixed· c<lrbonatus to 4.88 
c.c. o.( car bon dioXidc "pcr' lftcr._nnd the calcium carbonate hardness to 
22.5 p.p.m., 3S t~~ dilution ·of thqsc efflu~nts proceeded. · Th~ free ~arbon 
dioxide of t hose watL..rs~ howtivcr, i;cmn.inr:d high at a l13vel of 10.2 c.c. 
of free c.:i.roon dioxide per liter with a pH of 5.6. These last .two iteins 
indicatu definite:~~· extensive· organic· pollution· ili" ihat portion of the· 
stream. 

The dnta jus t. prcsont ed ·for sic;tion~·.1754 "cmd 1755, thcit is, the sec
tor of Rainy River ; just belpl·~ t.J:10 .. pul.p mills at-·International Falls, Minne
sota, v1ere collectba :i't' a "tine 'Vlhon, according to tho local mill people, 
the pulp r.iills wer e discharging the 1:iinima;l. amount of waste effluents .. 
Thes e Smilpl1..s wer e· taken at tnn,t time for· the si?ccific purpose. of obtain
ing a measur e of t~c mod~ications in the:ph.,vsico-chli!mical complexes of 
the river vratcr by t he inJ.nir.ial effluent discharge. These data shovr an 
abrupt rise in t hc: load of ~~~~Q~V~d ionizablo raaterinl, in the acidity 
and in the total fre'e · cD.Tb'an dioxidEi' of tho waters of Rainy River after 
p:issing the outlt. td of tne puip mills at the t.im~ .9f .. minimal. flovr of af-
fluents. 1 .. • . •• • • • • • • • • • · • 

I 

Thesu changes in physico-chemical compl~xcs c~nRt~tut~d cond~tions 
unfavorable to lctl'lf~l ~or £tshes· iii a sector extending over ~ miles down
stream from the! openings· of the effluent faumes. The wa t ers 'of Rainy River, 

\ . . . 
howovcr, had roadju~tod as r ugards total eicidi ty and fre.e ca rbon d;iox_i de 
at B:ludette' !-tinnoso:t.a,, ~.omc .. 75. miles d0\:frt7tream. from the mills (t:O,ble '.I.. ) 
at the tirae of these minimal flows. · . ·· · · 

'f 

' ihen the. outflor1 of the 11.:i.stus from pulp mills incrc.:1.s cd the q.is turb
.:mccs vrcre · obsc.rvn.ble; further tlcy.mstro~.r.i in proportion t o the incr~ased 
volume of ~fflucnt outflovr. At no tir.lc: during t:iµs ··survey were r:iatked d':is
turbunces of the physico•chwmical complexes observeµ at ~udette , ii.1.though 
the Senior author Wa .S infi>l':r.iGd tha.t occasiona1ly Chru-iges in tho color .:ind ~ 
odor of the river, presumably corrt!lntod with the- .sudden introduct~on of 
l arge amounts of pulp-mill Jrastc.s nt Intcrnnt.ional ful.ls, were noted a t 
Baudette. · 

The physico-chemic~l measurements ·415c"1s~ed in .the fo rsgoing paragraphs 
give little information copccrning the organic load carried by the wa t er s 
of Ra.:irzy" River . The s~Vf?.l'n.J. '. ;w1.lstos. anii W'nsh •waters· f"rotn ·pulp. mills· pont ribute 
numerous organic constituents such as tannic acid, t erpenos, pentoso.ns, and 
fUrfural together vdth various org.:mic apd ino,rganic unsaturated compounds. 
Special tests for tarinic ac:i:.d 'llld: phenol s were. made and the oxidation-re
duction curves ploFtcd for thu r uducing,substanccs collectively found in 
these waters. 

,. 
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The average tannic acid findings arc list ed in t able l, namely, about 
4 p.p.m. of t annic acid (total t annic acid and t~nnates) wer e r~covered 
from the impounded vraters of Rainy River just above the mi lls. The tannic 
~cid f ell to +2.0 p.p~rn. after the river received the pulp-mill affluents ; 
o.nd rose a ga iii to +3 .o p.p.m. at Baudette. Waters from Lake of the r:-oods , 
as t ested, ...-rc r u free from trumi c acid. As the tru+nic acid and to.nmitcs 

'" found in thes e ,.,o.ters arc primarily derived from the baik of the logs '1nd 
from certain of the wash wnturs l c3.ving the pulp mills, tho dist ribution 
of tannic acid .:md t ennatcs Ytas as expected. The actual amount of tannic 
acid found , although sufficient to contribute to the nvmody" t as t e and 
odor of these waters, 1·m.s insignificant as a l e thal agent for fishes, 
siiice most fish can survive a concentration of 10 p.p.m. or more of tannic 
acid. 

Phenol was not detectable, that is, was l ess than 0. 001 p. p .r.i.. in the 
wa t er of th~ Rainy River a bove the darn at International Falls, before the 
introduc tion of pulp uastes. Tho no.t ers of L<lku of the "ilooda 3 miles off
shore fror.i 1fnrr oad, I.finnesota, vmr e also free frora phenols. At Interna 
tional Falls : how~vi.;r., in the nat ers just below·; the mills approx imately O.l 
p.p.m. wru:i f ound nt Station 1755, 1-1/4 miles below the mills, but only 
traces 11er c dctcct~d in the waters at Baude tte, 75 miles downstream. These 
quantities ·of ph.molic corJpounds arc trivial as nffccting life of fish 
in this str cruu f or at le:ist 0.4 p.p.m. of phenol is required t o affect 
mos t fish llnd sono species can survive in w:.itcrs carrying 10 p. p ~m. or 
more . Howe;vcr , tpeynn . ~!rn {1931) hn.s shmm that tht~ ficsh of f i sh living 
in Ymt cr s cont'"'..inin~ s mall qu.n.ntities of phenol deve lops a phenolic and 
tarry flavor w!:ich m:lkus t hem undesirabl e for human food. \Tc have confimed 
the obs ervations of Dcmyancnko in the U. 3. Bureau of Fisheri us Labora tory 
at Columbi:i., I.ti.s souri, using very small quantities of phenol. Consequently, 
even tr1c.:?s of phenol in the vrater may have significance in affecting the 
flavor of fis h liying in such vra.ter s . 

The findings from the oxid.n.tion-rcducti~n curves obtained in the studies 
of the Yratc..r s :: r o sumr.1nrized be low • . OXidiZ:!bl e m.:i.t cr ial {both organic ::ind 
inorg:mi c r e d.ucine s ubstances) Yras pr:i ctically ne gligible in the unt ... r of 
Lake of t he :Cods , that i s , th~ oxidation-r~duction curves fr om the potas
sium pt.r raangc.n:itc s tudios of these wat ers vrer c a l mos t the same as those 
for qistillcd wat er. The waters of Rainy River <ibove the drun, th:it is, 
in the ir.ipoundraent carrying the floating log booras , shol1ed :1 r educing ac
tion ~qual t o 2.0 p.p.n . of dissolved oxygen. This oxygun dem:md was due 
largely t o th~ organic cxtr~ctives r el eased from fl03. ting logs. Such an 
oxygen dcnand did not effect the oxygen supply' of this rive r wat er to any 
noticeable cxtimt. 

Just below tho entrance of pulp-mill effluents during the poriod of 
minimal effluent f],ovr from the nills the ar.iount of r educing substances 
rose abruptly t o l evels equiv3l ent to raore than 32 p.p .n. of dissolved 
oxygen. It i s not surprising, ther efore , to find the .dissolved oxygen 
in por-tions of the str eam just bel ow the cf fluent out l et s r e duced to zero 
or s cr fously lowt.r cd llh<::n1..vcr these cfflu~nts enter t he s t r ean in quantity. 
~his condition of low dissolved oxyBcn f ollowing the action of the r educing 



substancos cont~ined :L~ t he pulp~l cfi1.uents may be effective for some 
distances downstr~run . Ao point~d out previously, the extent of the zone 
of low diss9l vod oxygen depends upon the int~rrelation of i:JV10 ma jor f ac
t .ors, namely, the s tream flow from H<l it:ly Lake and volume of effluehts from 
tbh mills . Conseq~ently tho figures f or. samples collected at time of roin
imnl effluent flow arc parti culnrJ.:,• significant. in .pointing out the minir.tum 
siZQ of th~ zone affected under nver.age stream fl6'v conditions. 

· . :At a ti.me of minimum floVT of the efflut:!nt the r educ ing s ubstances in 
t~e ·Rainy Rivur tvm miles dovmstream from pulp mills, although these efflu
ents had been diluted in thnt di s truicG, w-e:re still .::quivalent to 20 p.p.m. 
o_f .. dissolvcd oxygen vihich i s a suff~cient oxyge n dem:md to produc~ a serious 
drain on thu diasolveci oxygen of t he river for some distance farther down
stream. 

Bottom ~nd Banks 
) 

Abovu the mills at Interna tional Falls tho banks of Ra iny River were 
c.lean· and Ern.s sy ::i.nd the bottom sa ndy with soma mud. Just below the mills 
a:t :the I t .:.i. "" ct1 bo::-.t landing t her o was a fibrous mass of v1aste pulp 4 to 6 
feet deep on t he b:mks and the high water marks on the trees and bushes 
:i:h. this Vici nity YI.-)r f.l COilSpiCUOUSly indicatod by tho l arge amounts Of pulp 
fi'Qers att ·i.ched t o t hen. Thu bottora of Rainy River at this· station vras 
composed of s of t d.·ir k , f oul-sncl.ling mud cover ed Vlith a furry nass of fibers 
wliicb: Y(.er c .'.lf.;~re;;at d on uvary available stick or stone . Bub'~les of gas 
r9sc •contl.inuously f r ol'l·t hc.: bottom and a very disagr eeabl e odor of dec.:lying 
material p~rn ... ·.t l..d t ho <lir . .A.t St.:i.ti on 1755, about 1-1/4 I:liles below the 
mill'S, prr..c t i cally the srune bot tom and bank condi t i ons existed although 
conditions wer e not so extreme . 

By thl.. time the rive r r-~ched Stati on 1752, near Baudettq, the bottom 
.:lnd bank seemed r easonnbly fr~e of fibr ous mnt erial or other debris sugges
tive of pulp-mill pollution. Local r~sidents and fi s hermen along the Rainy 

. Rive r st~tcd thnt nt various tir.J.cs during t ho year aict apparently without 
warning l nr ge ,:w.i,sses .. of decomposing pulp h-'.:Lving the appcarn.ncc of "coming 
up from the bottomu mc>ve;d down tho rivur past Baudet t e. This i s precisely 
what can be uxpccted in view of t 'he disposi t i on of t he pulp-fi ber masses 
dn the bottom of Rainy Rive r in the sect or be l ow Internatio.ml Fnlls. 

Pulp that escapes from pulp a nd fib ur mills is one of the gre:itcst 
pollution hnzards ~ Most concerns find i t uneconomical to waste pulp because 
it can be s .J.lvaged easily frora t he vr~ste vmt or s by t he; use of proper screens. 1 

If allovrod to ·escape as it is at the Internati onal Falls mills, m1ste pulp 
blankt::ts th~ bottom of tho riv1.;r and kills important' food organisms; pulp 
fouled~1ith mud hnrbors a vnrioty of noxious bact eria; the slowly decompos-
ing pulp creat es a high oxygen .demand which .depl et es .the wntar of oxygen 
necessary for t he proper maintenance of fish a nd qther organiSL1S. The de
co~posing pulp·also liberates l ar.ge quantities of carbon dioxide and other 
harmful gases. .n.t times the co:nbinc d. action of thes e gas bubbles and the 
river ·curront detach~s large tt:l.Sses of the f oul mat erial so that the river 
may be polluted t empor arily f or many miles below the actual pulp deposits. 
This type of t emporary pollution has boen seen r epeatedly by the writers 
in various streams throughout the country particul1rly in ?!a.inc and 17isconsin 
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whera pulp-fiber mills \'fore operating. The:rofora , <:.lthough the depos its 
of waste pulp in the Rainy Riv'"'r region were found for the most part on 
the bottom or banks of the sector extending ~ f .• w· miles dovmstrc nm fror.i 
International Rills; ·these srunc mo.ssos of poliutcd und decomposing pulp 
ris our field studius in this region derqonstrc.te, t~ become de tached a t 
any tine and pollute tho Rainy River throughout its length below Intornn
tional Ftllls end m.'.ly be carried out at tim~s oven into the east arm of 
the LD.kc -of the Wooqs. 

Toxicity of Efiluents 

Th~ :i.r,unodi~te toxic~ty to fish of the various wastes l eaving pulp mills 
.and the OX'/gcn dcr.Ic;nds ~f such wastes have been studied repoatcd~y so tha t 
the findings need not be reviewed hore (Ellis, 1938). It is important, 
bov1evt.>r, to point ou·t that some pulp-oi.11 wasti.:s may have an oxygen ·demand 
of 8,000 p p.n. of dissolved oxygen or grcatt.r. Depending upon tne kind 
of wood used, tho .:ir.iount of -w.:i.sh vrater added and other variabl(., f actors 
in the plo.nt oper .:.tiqns, the oxygen de~d Qf wastes from the sru:ie plant 
111ay be vcr :.' 10.n at i!imes. The cfflu~nts from the mills at Intorna.tional 
Falls were no cxc _ption to thase ,general s tatemcnts. 

. . 
Tests in the ~'.".!bor·ltorie~ of the U. S. Burco.u of Fisheries at C-Olur.ibia, 

llissouri, h:1v s ·101·m that var.ious pulp-mill wastes mu.st be diluted approxi
mately 1:1000 if the toxicity of the wastes is to be ru~uccd so that tho 
major dnnger of :i.r:lr.1odi1.t c dor.th to fish uxposed to thJsc vtastcs is to be 
avoided. However, udditional tests demonstrnt1J that dilutions as great 
as 1:100,000 may be h~rr.lful. · The ~ffluonts froo the Int~ rnational Falls 
mills should be dilute.id thcr .... fore not less th:m 1:1000 if the h:lz::ird of 
immediate l ethali.ty is· to be uvoidad. · This statement does not r.iean that 
all danger would be ::i.vcrted, h0\·1c:vcr ,. oven by thc.t dilution. 

· Aclmowlc...dgemont 

The 'l'll'iturs wish to 'uckncmlcdgc the t t.Jchnical and clc.rical help gen
erously given by 1k1ssrs. i;r. Carl R~u, Hillard Road, and Uiss !i'lry HcCona.thy, 
all r.teI:lbers of the tcchnica.l stoff of the Colunbia, llissouri, field unit, 
U. s. Bureau of Fisheries, in the nnalytical assay and composition work 
necess.:l.ry in the. prt.paration of this report .• 

SUU!MRY 

From the field studies of the pulp-mill pollution in· the sector of 
Rainy River. b~low In;tcrnational Falls and from the supplcmntary analyses 
made at the Columbia (Ho.) laboratories of the U. S. BUroJau of Fisheries 
the follov.·ing stater.ient can be made: 

1. The waters of Rainy River upstream from International Falls, l!innc
sota; that is, above the pulp nil.ls, are very soft, VCr'J poorly buffcr od, 
slightly acid waters and therefore very susceptible to cher.iical pollution. 

1 



2. At International Ftlls typical pulp-mill pollution was found 
in the Rainy River:, resulting from the introduction of the effluents from 
the r.1ills of tho Ontario and I!innesota plants. 

3. The pollution of the Ra:iny River vms of raajor proportions; that 
is, the physico-chemical balances of the strc:un wcr~ definitely disturbed 
to a point dangerous to fish and other aquatic life in a sector from 2 to 
5 miles in extent dmvnstre am from the mills at the time of fuinimal efflu
ent discharge . This s ector in which tho physico-chemical. conditions of 
the waturs wore disturbed extended proportionally farther dmvnstreum when 
larger quantities of effluent V!ere being dischc.'l.rged. 

4. Pulp-fiber pollution vras cxtcnsi vc nnd seve re in n sector of 
Rainy: River extending ~ to 5 r,1iles downstre:un from International Falls, 
Ui:nnesota. Th-.. decomposing waste pulp in this sector also constituted 
a s erious potential pollution hazard to the entire Rainy River from Inter
national Fa:µs to tho Lake of the -1oods. 

5. The undesirable flavor of the flesh of fish living in the lov;er 
sectors of the Rainy~ River below the mills a t International Falls is due 
to a coobinni;ion of f actors. I4ost important is the absorption of unpleas
antly fla"l.·orcd substances both from the liquid effiuents of the pulp mills 
and fror:i t~_c d<...co lpos:!.tion products of the disintegrating waste pulp fiber. 
The poor flnvor of the fish in this river is thcr.cforc di~cctly traceable 
to ~he pulp-r:tlll pollution. 

Rcconmend::.tions 
. 

1. The effluents of the pulp mills nt International F'l.lls should be 
diluted at lo.:i.st 1:1000 by using largro" quantities of flushing W1.t er dravm 
from the iopoundncnt above the plant. 

2. Proper screens should be inst~llcd to exclude as completely ns 
possible all pulp fiber froM the Rainy River. 
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