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Tl-iis is the thirteenth in a s uries of mimeographed Special Scientific 
Reports , published in limited quantities for t he official use of Federal 
offices and cooper a ting age~cies. ThA reports present the ~ides for ad­
ministrative and l e r,islativt.:l action . In nany instances the data will be 
incorporated in complete scientific publications that will be printed and 
released at a future date . Previous reports in this series are as follows : 

1. Pollution of Coeur d 'Alene Rivfjr and ap.jacent waters by mine vrastes, 
by rn. !d. Ellis . 

2. \'iater purity standards for fresh-water fishes , by M. ii! . Ellis . 

3 . Stream pollution studies in the State of Liississ ippi, by ;.1. Li. Ellis . 

4. Report on Pensacola Dam impoundmcmt of the Grand River with special 
reference to fishery problems in the c ompleted reservoir, by ::I. H. Ellis . 

5. Observations on the life history, occurrence and distribution of the 
redfish para~i t e , 8phyrien lumpi , by 1/illiam IJ . Hnrrington t H. i.4. 
Bearse , and ]'rank E. 1'1rt h .--

6 . The white marlin fi s hery of Ocean City, Uaryland, by $:.vE;>pson 1arle . 

7. Pulp-mill pollution of the Rainy R.ivLJr near Intcrnationtl Falls , Uinn ., 
by B. A. Wes t fal 1 und H. 1' . Jo;ll i s . 

B. A study of the Mississippi River from Chain of Roclrn , St. Louis, Mo., 
to Cairo, Ill., with special r ef er ence: to the propos ed introduction 
of ground garbage into the ri var by the. Ci t;:r of St. Louis, by I.';. H. Ellis . 

9. Pollution studies rof . ffluents fr01!1 th,~ Dicki nson S:ilt rrorlcs, I.Ialden, 
if. Va . , by I.I. 11. Ellis. 

10. An inves tigation i:iJ' f-ish-salva~o problems in r elati on to Shasta Dam, 
by H. A ~ Hans c.'1 O. R. Smi t h , and P. R. Uecdhain. 

• 
11. Pollution sur v ,~~ ,i' t he Cumb erland River in t he v i r::Lnity of Nashville , 

Tenn . , .iutti;ust 193'> ! by H. !{. Ellis and 13. A. r1c~stfall. 

12 . tline-wasto pol l ution of B£ar Butte Creek, Black Hills, South Dakota, 
by M. I.! . Ellis . 



INDUSTRIAL .a.ND ORGANIC POLLU'~I.OIJ 01' ll-! ·~ 3UF:ALO RIVJ..;l\ , ·3UFFALO , 
N ... , YORK:: · 

By 
B. A. ~lestfall , Ph . D. 

Associate Aquatic Physiolo8ist 
United States 3ureau of Fisheries 

INTROJUCTION 

At various times during t.re la"lt ten years uollution catastrophes of 
considerable magnitude affecting aquatic life have been noted in the Niagara 
River in the vicinity of Juffalo, N. Y. (fig . 1) . On liovember 14, 1937, 
large fish died by the . thousands and minnows and finger lings by the mil­
lions resultinr in a lo~ s of hm1dreds of tons of fish (Symons, 1938). 
Two unfortunate recurr~r,ces o:' these mass killiniss of river fish were re­
ported later, namE:ly, Ilcvember 27 and December 18, of the same year . Fol­
lowing these catastrophes dead fish were observed floating in the Niagara 
River for miles dovmstream, some e~n being carried into Canadian waters 
off Toronto, Ont. 

As these three disasters seemed to be traceable directly to pollution 
from the S~ffalo River, the U. S. Commissioner of Fisheries detailed Dr. 
M. M. Ellis, Senior Aquatic PhysiolorYist, U. S. l3ureau of Fisheries to 
Albany, N. Y.J for a conference with Mr . Lithgow Osborne of the State Con­
servation D3partrnen~ , to plan a study, of this particular pollution problem 
at Buffalo, N. Y. 

On Febeuary 19, 1938, Dr . M. l.f. Ellis proceeded from Albany to Buffalo 
where in company vrith Ur . iTillard E. Tillman , District Grune Protector of 
the State of New York, a field survey of the Buffalo River, the Niagara 
River and adjacent wat~rs VTas made . Dr . Ellis and Mr. Tillman listed the 
various effluents 'ilhich vfere being emptied into the River, inspected mos t 
of the plants in vol vod and collected series of sa.11ples which were shipped 
to the U. s. luroau of Fisheries LaJoratoriu~ at Lolumbia, Mo. , for anal yses 
and bioassay tests . ' hilt: in Buffalo , Dr . Ellis and Hr . Tillman vis ited 
the Bird Island Laboratory and obtained much.helpful information from Dr. 
G. E. Symons, Chi1. f CM·mist, '3uffalo Sewe;r- Authority. Subs equ~ntly both 
Mr. Tillman and Dr . Symons sent additional sampl!•S to the Columbia Labor a­
toric:s vrhich, together nith those srunples collected by Dr . Ellis at Buf falo, 
formed the 1Jasis of a prelininacy invcstiftat:i.on of the probl'Jm. 

During the neck of November 25,. 1938, the 1'1rit~r and three assist ants 
operating from a laboratory truck provided with suitable equipmc.nt for 

]/submitted June 11, 1940 . 
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various analyses and the collecti on of sampl es for laboratory tests and 
assays, made a de tailed study. of Buf falo River and v:i.rious wastes which it 
wn.s receiving . In addition to the fL;ld 1·:ork, river waters, muds, and in­
dustrial effluents uerc collcct ... d and preserve d for further ahcmical and 
bioassay analyse s in th~ lal.Jora toric s at Columbia, Uo . 

Inasmuch as uatGr conditions vary gr•mtly with different seasons of 
the year I.fr. G. C. Rau, Assistant Biological Aid,.U . s. Bure au of Fisheries, 
and two assistants r eturned to Buffalo the: folloning sununer during the 
week of June 26, 1939, with a laboratory true!~ and equ:i,pment and collected 
additional s e rie s of samplGs at specific locations for a comparison ·with 
the data obtaine d from tho pr...::vi ous l~ork of' Dr . Ellis and the Hrit(:lr . A 
final check on the condition of Buffalo River was made in early June , 1940. 

All of the se field operations ;;ore greatly facilitated by the coopera­
tion of the NeH York ConservJ.tion Department 1·;hich at times furnished a 
motor boat, as woll as a boatnan and a gam~ protector who were familiar 
with the local problems and t hLr oforc wer~ v~ry helpful in locating and 
collecting tho i.rl'uus trial effluunts . 

1:ETHODS 

Water samples wcr ... collected vrith a standard Fo1..rst modification of 
the Kemme;rer brass wa t ..:r sampl~ :;Jfflu-..nts were collected in Blass­
stoppercd bottles . All s .:i.mplos 1rhich wc..re r eturned to th.:; central labora­
tories for analysc:;s, i. -: . , 1:atLrs, uffluonts and muds wer e carrie d in 
gl a s s - s topper ed bottles or gln.ss -toppad fruit j a rs 11ithout met al c ontacts. 

The r el ative acidity (pH) of all wat- r s and ,_ffiucnts uas d~t..:irmine:d 
by means of t he.. Bockman glass ek ctrodo . Colorimetric mi.:ithods W#r c used 
only when r apid field d..:t .... rrnina tions on clea r wat .:irs ucr c. to be made.,. and 
then only 11i th fluids standardiz.Jd a gainst th ... glas s t:!l cctrodc . 

Specific conductanc .... was measur-..!d with s tandar d conductance colls in 
a microhummcr circuit. All r eadings wo r e corrcctt...d for t ompnr a turc and 
r educed to 25° Centigrade . 

The analytical procedures followed th•.) standard methods of the Ame rican 
Public H~alth Associa tion ~s far as possible . For many of thu ass ays 
special methods doscrib 1 ~d in currrlnt sci mtific literature or as duveloped 
at the Colwnbia Laboratorit..;S ;,; .::r ... used. 

INIXJ S'i1RIAL EFE U ]NTS T~·iTERII'iG BUF':;'Af.C RIViill 

In the f ollowine page s th1;; various effluents which n e r e be ing pour ... d 
into the Buffalo Rivur during thu s ~vcral field trips to Buffalo River 
area aro consider ed in order, b.;ginning vrith tht.; flume farthest upstr-am 
(fig.2). 
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It has not been deemed n~ce~sary to present and discuss in detail the 
voluminous data r'hich have bcwn o.ccumulatt..c.l in the r.ours-t: of t hese in~sti­
gations both fro;'l t!1e field 1ror:<: and fro.J the l abor atory analyses and 
assays. However, rupresentativ~ data fron spucific analyses of s amplf::!S 
coll~cttd on dates indicated conccr~ing particularly pertinent conditions 
have been summarized in tables 1, 2, and J. 

1. The Socony- Vacuum Oil Conpan{ (Lno. 1858~/ had one large flume 
about 4 f{:let in diameti.:r carrying a Sr.Jara of waste fluid approximn.tcly 
8 to 10 inches deep and emptying into the Buffalo River, a little ov~r a 
quurtcr of a mile below the junction of "'3uf·falo and Cazenovia Cre.:!ks . The 
effluent discharged from this flume carried a large amount of oil and gav8 
off a gaseous, creosot~-liike odor . 7his u~5tti had a pH of 6. J2 (table 1) 
and a spc;: cii'ic conductance of 50? mho x 10 at 25° C. , which values are 
well ·l'fi thin the limits tolerated by fish lif u . 

Bioassays of this ~ffluent r~vealed no lethal eff~cts on goldfish 
subjected ta iO-day- tests in dilutions of either 1 :1, 000 or ·l :100, but in 
1:100 dilutions of this waste fish became sluggis h and dispb.y ~d definite 
loss of equilibrium. Although thu fis h did not die during a 10- day expo­
sure to the 1:100 dilu~ion of the Socony- Vacuum Oil Company cffluLnt, this 
wast'- produced definite changes in the physiolo~ical condition of these 
~ish. Hhcn confined in the effluent mixture (1 :100) th~ fish not only 
showed the disturbances of equilibrium notod above , but devc..lopod marked 
anorexia (lack ·Of appetite) and r,,fused food . Ultimatuly, a continuance 
of this reaction on the part of the fish would r •:?sult in death. i1hcn 
killed .:i. t the •. md of 10 days for autopsy, thes ..;i fish i'Ti.J r t: dt:fini tcly in 
poor condition as r egards s.trcngth, activity, and nutrition, and their fl1 sh 
gave off a disagre~ablc odor of oil, which nould have r endcr \Jd them unfit 
f or human consumption hnd the:t bl,;c.;n food fishes . Tho absorption tiy fish 
of substD.nc .... s causine .:i. di sagrccabl ... oily or phenolic tast~ from oil-pol­
luted waters has bc...:n r uported by v~rious \.orkers and has b ... en conf irmed 
in t ... s ts at the Columbia , Ho., Laboratories of the U. S. Bur ... au of 'F.i.sherit.. s . 

In gcnLral, the mos t stril:ing rtispons~s by tho fish thmnst-lvcs to oil 
pollution arc thos~ enumarat0d above, namely, disturbances of thL cc..ntral 
nervous system and of the, gastro- intestinal tract. Tho effects of the ef ­
fluent from th0 Socony- Vc.cuum Oil Corapany1s plant at Buff alo uere, t her e­
fore, not unusual for oil \rastcs and showed clearly th~ toxic natur'- of 
this particular uas t L.. to fish·-S and othi.> r aquatic organisms . 

In addition to the sp .... cif ic toxic effects just discussed, oil \last es 
produce films on tho surface of the irater ther . by preventing the oxyg0n of 
the nir from entering tho 11a·t.~r; kill out m.areinal. and stream v'-gctation 
LSsential to the production of certain types of fish food; and blanket the 
bottom of the s tream bed eliminating all food for fish~s from that part of 

~/ I.no . = Locality No. 
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the aquatic complex . In the cas e · of 3uffnlo Tiiv•.r, from thu point of en­
trance of the ufflucnt rel~ased by th~ 3ocony-Vacuum Company i'lumL to the 
mouth of t his rive r at its junction with the Niagara Riv..:i r the banks on 
both sides of tho stream were devoid of vegetation, and wer e black and oily 
sever al inches back frora the water . Bottom conditi ons i.'1 that s ector of 
Buffal o River vrnr o such· th.1t no bottom organisms vmru f ound in the bott om 
mud v1hich was bl ack i'Fith an oily sludge. and scomod ent ire ly devoid of liv­
ing pl ants or a nimals . If the Socony-Vacuum Oil Company wer e t he only con­
cern emptying an efi'lutint into Buffalo Riv~r tho pollution from t hat source 
alon~ would probably bo sufficiont to : (1) kill out all fish food in the 
s tream belovr the point of entrance of this waste; (2) produce conditions 
intoler able for young fish, and (3) affect dotrimcntally the general physi~ 
ologicul condition of <my largt.ir fish which might stray into this s tream 
from the Niagara River . 

It must be noted in this conn~ction th~t oil and gr~us~ from the 
num(jr ous s t eamers and other c01nm,.rcial ves sd s cnturing the:: Buffalo Ri vt:..r 
a lso contribute to the oil pollution of the river bottom and m.1r gina l ar La, 
particularly sine ... the rivl:r i s wrJ narrow. Howover, oil pollution of 
t ho Buffalo River from tho boat s navigating this str~am i s of trivial mag­
nitude compared with that trac~able to th~ Socony-Vucuum Oil Company's 
plant. 

2. ~ Gc.m1Jral Chemical Company (Lno. 1859) vm.s di s ch.1rging its W.'.ls tes 
into the rj.v~r through Sdven of e i ght diffcr en:t outlc:.t s , all of which wer e 
sampled ~i.th the assistance of I.fr . C. w. Long, s uperintGndent of the plant . 
According t o company officia ls these s ~vDn outlets dischargGd only cooling 
water from th ... 'V.ll'ious coils of tho .'.lcid towers of tho plant artd contained 
no added ma t er ial ot h!3r thnn a. little s e;;age from the sales offict. t oikts 
and such aci d as raight be spilled accidentally during plant operations . 
For t he purposL of idcmtificntion in connection with this investigation 
the effluent pipr..:s wer e nwnbur cd from 1 (upstream) to' 8 (dmmstrarun) . Th(:) 
third p i pe co.rritJd no cfflu"'nt at this time . 

Ana.l yst:!s of th~sa s ampll?s r uvo.:1.l t:.d an .:i.cidity of pH 1..73,' 2. 93, J.5o, 
5.60, and 5.50, f or s ampl es 4, 5, 6, 7., and 8 rcsp:.:i ctivcly, (ta~le 1). All 
of th1::sr.: 1,;fi'luC;;nts Wi.:: r e more acid than pH 6.0 which is nu.:ir tho limit of 
aci dity · compatiol e with f a vorable .conditions .for ;fish life, und srunpl.Js 4, 
5, and 6 wer e so acid us to be Wt.11 belaif the l tJthal limit of acidity for 
frc;sh-wut~r fis h lif.~ , (circa pH 4.0) . The specific conduct.:i.nce· in all of 
the s urnpl cs LXccpt Ho . 1 vms di... finikly greater than thnt of g:ij.thcr Jaffa.lo 
Cre8k or Ca zenovia Creek and corresponded to the increase in acidity. How­
ev1:;r, only the samples from No . 4 and No . 5 would bt: considered excE:ption­
ally high from tho standpoint of ionizablt.3 s alts if the solution_ into which 
the efi'luent weir c discharged m .. r e: vrell buffur cd . -~i'lucmt No . 4 v:us by far 
the mgst ncid (pH 1. 73) and hud a v~ry high specific conductance 6, 980 mho 
x 10- at 25° C., e ither chara cteristic being ~sp~cially druigcrous t o a quatic 
life if tho effluent w~re pl aced in a poorly buffered stream li~e Juffalo 
Riv~r. 
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As can be s.:;cn in tubl1.. 1, tJ fflut-nt No . 4 i'rom this plant carried a 
cons iderable quantity of acid, a.mounting to 41 mil1iequi vdl ents , Y1hich acid 
vrould require much dilution or defi ni fo n•.:utralization bef or 0 it vrould cc.::i.s c 
to be a marked acid haz~rd to aquat i c lif e . 

Bioassny t .::sts of these d 'f l ucnts on gold.fish in H-'!ll-buffcr ad t ap 
wat er showed no l ethal effE::ct in a dilution of 1 :!100 or greater. SU.ch r rJ­
sults suggest that the danger t o fish life in these effluents is easily 
ov~rcornc by simpl e dilution and neutralization of exce3s aci d pr esent. 
Hovrev<:!r, the acid pollution i s a definit l'.l hazard unloss i t :i!s correct ed 
by proper steps . For cxrunpl e , nitric acid (trhi ch i s probab[by the chief 
offender in these effluents , nith s ome .sulphuric ucid) in tap wat8r in suf­
ficient quantity to bring the pH to 4.4 has bt~en shown t o kill t he minnow, 
Leuciscus phoxinus, in a f or·1 hours (Carpenter, 1927). Ellis (1937) has 
shown that most of the min~ral i'lcids kill firs t through cougtrl.ati!on and 
precipitation of mucous on tht:: gills and in mor e acid condd.tions will 
coagulate thE: gill membr anes t hemselves . Sulphuric ,acid i s even more 
toxic thnn nitric acid, as shovm by t he f ..ict that 59 p.p.m. in s oft 11J.ter 
have been found t o kill Ca~assius auratus, in about one hour (Ellis , 1937). 
The of fluents fror:i the G\,;n~rarchemicil Compapy1 s pl :int, ther efore , r eprc­
s~nt a definite haz1rd to fish life und should b~ diluted sufficiently or 
neutralized before they are dischnr g0d into t he riv~r. 

Since pl.:int officials admitted that from timG to ti.mo :.icid -v:as lost 
accidentally through th~se fltuncs and both Dr. Elli~ and the wr±t8r were 
informed thut thGse losses had amount ed to s~veral hundred g.:illons at 
various times during the past, the Lfflucnts from the General Chemical 
Company must be r egardod with concern.as regards thu pollution of Buffalo 
River, until corrective and preventive stops are taken by the. plant . Rclla­
tively small quantities of strong acid can produce lethal conditions in 
a cons iderable portion of a stream lika Dufralo RiVQr, and although these 
conditions may cease to bo da.i1g.:irous to aquctic life after ·a few days or 
even a f ew hours, ns long as they uxist tht..y can r eadily produce a catas­
trophe which thL fish and oth1..r orgo.ni.srns some di.stance dovmstr1.;am cannot 
survive . Besides sudden changes in acidity to e ven ,'.J. sublcthu.l point ~s 
far as the acid itself is conc1..rned, may enhance the action of other detri­
mental conditions and through this synergistic action suddenly kill large 
numbers of fish. 

3. The Nc1tional Aniline .:md Chomicnl Company ('fig. 3) had nine ef­
fluents coming from pipi.3S s et in a concrete ·vrnll along the river bank . 
Tho dye wastes wore all he~vily colored and uere quite hot o.s they cntcrod 
the river, ternperatur~s r.::inging from approxima t el y 50 'to 75° c. (122 to 
167° F.). Thu bank of the rivc...r bclovr th~ dyo works was discolored with 
dye wast e deposits nnd the \'1att.r of the stream had a saffranine r ed shad~ . 
Th~:i effluent entering at a point farthest d01mstrc'1!n hnd an unpleascmt odor 
of rubber and.carbon t~trachloride . S..:unplcs from outlets 1, 7, 8, and 9, 
were very acid as shown by pH rLudings 1 .52, 1 . 89, 2.48, and 2. 59 respec­
tively. The v:.J.stes from the other outlets were ldthin the r ange of relative 
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Figure 3. - The National Aniline and Chemical comian;r• s plant on 
the Buffalo River, Bu:ffaJ.o,, New York • . cne of the industrial 
pl.ante which empty rel.atively large volumes of wastes directJ.y 
into the river through several. outlets. 



a cidity tolerated by fish life . Tho efflui nts 'i;!'lich had a high degree of 
acidity as mentioned above also had a ~ir,h speci ."'ic conductance indicating 
a large amount of ioni zed material, es't)cciglly Nos . 1 und 7, the speci fic

6 conductances of v1hich wor e 20, 800 raho x 10- at 25° c. and li, 860 mho x 10-
at 25° c., re.:ipect.ively. The rer.iaining effluents had specific conductances 
from trro to three times as high =is the Buffalo Creek and Cazenovia Creek 
above the polluted area. Effluunts 1, 7 and 8 had high milliequivalent 
values for contained a ci d, and all of the effluents f r ou this pl ant except 
Nos . 5 and 6 would requir~ marked dilution or neutralization to reduce their 
respective acid hazards alone . 

Bioassny tests on these _ffluents collected November 25 and 26 , 1938, 
·.1hen diluted to 1 :100 showed Hos . 1, 2, 3 , 4, and 5 lethal for the goldfish 
in 10 days. The rest of the effluents collected fror.i this company on those 
dates were not l~thal to goldfish in dilutions of 1 :1, 000 or greater. How­
ever, other studies of these aniline dye t?fflucnts showed great vari ability 
in toxicity, a fact nhich has be en est:iblished fo.r similar efflu~nts from 
othe r aniline dye plants in v· rious parts of the United States , as assayed 
by the U. S. Bureau of Fisheries labOJmtori'es . The figures given, there­
fore, for the November 193 8 s .::.raplings of the Uational Aniline Company 1 s 
effluents have been r 2corded here intentionally as r epresenting minimal 
toxicities of thesc efflu .... nts . 

h. Thu Republic Steel Cornoration h.'.ld three outl~ts for wast~ mate­
rials flowing i nto th..:: Buff.:llo River (fig. 4) . None of thc sampl~s taken 
was lethal to goldfish in dilutions of 1 : 100 or gr<~a tor al though the 
specific conductance of the cfflu •. mts •·ms somewhat highur than t hat of 
Buffalo River at the point uh1.;r._ the wastes ~ntcr the str ... am . 

Althour:h no lethal ef fects of the ufflucnts wer e notic ... abl c a t the 
tirn.- the samples ucru colL .. ct..!d •1ost of the iron sal ts nr c quit ... t oxic to 
fish in sm;:i..11 quantities if prc. st:!nt in soft uat r . Cl ar}c and Adams (1913) 
found that less than 1 p . p . m. ferric sulfate kill ud s hiner s , car p , and 
suck\.!rs in 12· to 24 hours , uhi.l c. 2 . 9 p . p . m. f.Jrrous sulfatL in di stilled 
watLr was lethal to the sun~ typcls of fishes in 24 hours or 1 ss . Howevt:)r, 
Ellis (1937 ) hJ.s shovm that tho situation is qui t ..:i diffor~nt in ha r d wa t er, 
since 100 p .p . Ja. of forrous sulfate in such vra.t~r wer e zi.ppar<...ntl y n ot harm­
ful to goldfish in a 96-hour cxposurL, al though in str ong onough concentra­
tions, 1, 000 p . p .rn. prov .... d fatnl to goldfish in a f ew hours . (Sc1:: Lno . 
1862 for location of this pl ant .) 

5 . Donner- l;{anna Coke Company (Lno . 1864). This concern had only one 
outlet emptying into the BUffalo Ri v. r. Tho , ,astc was of a var</ dark 
color, had a disagrct1ablL odor of creosote nnd coal gas and ~ras b el h .. ved to 
be 11very poisonous11 by the local people in th<.! vi cinit;f of the pl ant. Uuny 
coke and gas compani1...s ( and possibly this one at ~i.mcs ) di s char ge pyridine , 
quinolines, creosotes, cyani dus (Tupholme, 1933) mid various oth~r wastes, 
which if in sufficient quant ity vrill kill f i s h (Shel for d , 1917 ; Pm:ors, 
1917; Demyanenko, 1931) . Of ten these wastes f r on coke and gas pl ants, when 
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not present in sufi icient quantities to be lethal to .fish, even in very 
small quantitie? produce very undesirable tastes in the flesh of fish Trhich 
are thereby unsuitable for human food . Fish exposed to hi,;h dilutions of 
the Donner- Hanna effluents sho;,ed incoordination and their flesh developed 
a plienolic odor . 

Effluents from coke plants have been studied extensively (as noted 
above) and are knmm to be both highly poisonous to aquatic life , at times , 
and also·very variable in composition . Because the effluent from the Donner­
Hanna plant vras found to be typical of coke plants , it should be regarded 
as a potential hazard of great magnitude to fish life . 

lriISCELL1tiffi0US POLLUTANTS 

L i3uffalo C.:ity seHer, v1hich empties into the Buffalo River opposite 
the mouth of the city ship canal, carried a wast:;! fluid typical of unoxi­
dized sewage as to odor, general appearance, and ox:rgen demand. This sewer, 
ope of several emptying into the Buffalo River, contributes a lar e amount 
of organic material to the river thereby increasing the already heavy or­
ganic load carried at this point. Inasmuch as the Buffalo River was carry­
ing sewage f r om about 75, 000 people (Symons , 1938) the well known detrimental 
effects of such volumes of sewage need not be summarized here . The biologi ­
cal oxygen demand is very high for seuage; many breakdavm products are de­
leterious to fish and fish food; and diseases are more conman in fish i nhabit­
ing sewage-polluted uaters than among fish in unpolluted streams . 

In sewage-polluted streams ammonia, one of the chiE:f breakdown pro­
ducts of sewage wastes, is a serious hazard to 'fish lift. beinl" lethal to 
goldfish in hard ;;ater at a concentration of only 2 .. 5 P · P ·~· (Ellis, 1937). 
Even if the breakdown products of organic seuagc were not toxic the mechan­
ical effects of the suspensoids vthich sink to the bottor.i. and blanket it to 
the extent of killi.'1t; out much of the bottom fauna, must be GOnsidered. 
In addition, seTragc vrhen nixed with oil pollution (as noted undor Socony­
Vacuun Company) becomes a vur-y great hazard to aquatic lif because the 
regular decomposition of the organic material is alt~ red by the admixed oil 
and anoxic conditions p8rsist much longt..r than whe:n the sevragc. is unmixed 
with oil. 

2 . From various ul1:...vators many wheelbarrow ·1oads of dust, chaff, and 
debris frequently weru dump1..d directl;i• into the riv:~r . Thl.se wastes further 
increased the organic load and r~sultant drain on th~ dissolved oxygen in 
the water. 

3 . Bo~ts navigating Buffalo Ri vur contribute to the amount of •raste 
in this river as much organic matori~l ;·;as swept or shoveled directly into 
the river while: thes .:: vesst..ls vrer" bt::in~ prQpared for loading. The constant 
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activity of boats in this stream creates another· hazard Hhich is probably 
more severe thar: that of direct pollution mentioned above, that is, the 
heaV.f load of organic materi al and oily s.Lud~e which is on and near the 
bottom of the Buffalo R~_ver is agitated frequently by the propellers of 
the larp;e boats so that 1.ater lovr in oxygen and rich in these 1.aste.s and 
debris is mixed into the clea.'1.er water near the ~urface, the resulting 
mixture being almost devoid of dissolved oxygen . 

L.. The old canal at the point v:here it crosses Ferry Street uas 
sampled tOdeterm:tne uhether some toxic material night be entering Niagara 
River by- Yray ·of this stream . However, it -was found that the y>H , the oxygen 
(although someuhat low) the fixed carbonates, free carbonates , an<l specific 
conductance were all within normal range for fish life . Inasmuch as t!"le 
samples from the canal thus colleC'ted wer e not lethal to goldfish placed 
directly in them, it can be concluded that the material entering the Niagara 
River frorn this canal at the time of this investigation •ms not lethal to 
the fish. 

5. The Iroquois Gas and Coke Co,,any -.ms dischargirig no effluents into 
Buffalo Creek at the time of these investieations . However, Vrere this plant 
to pour its effluent into Buffalo Iti ver, the hazards to aquatic life would 
be the srune as those discussed under Donner- Hanna Coke Company . 

RIVER CCHDITIONS 

Detailed data repre s entative of river conditions that support the fol ­
lowing discussion are presented in t~bles 2 and J . 

The vraters of Buffalo Creek at Elk and Seneca Streets about one half 
mile u.bova the junction with Ca zenovia Creel: had a pH of 6 . 6; dissolved 
oxygen content of 5. 7 p . p .m. ; f ixed carbonates, 16.05 cc . per liter; free6 carbon~tcs, 2. 48 cc . p er liter j and specific conductance of 418 mho x.10-
at 25° C. all of 11hich are within the normal range for uut8rs :1n which good 
fi~h f aunae ma:r be found in many un-pol·luted strear:lS . Buffalo Creek at this 
point was about 100 fee t idde . The banks u.~re rather black with an oily 
incrust"ltion which v1as h<J.rd and seemed to have been deposite d tht:lre at le<l.st 
s everal u ..::eks to months prcviousl, r . Local poopl , reported that this material 
had come dounstrcai.1 froni th€ Iroquois Gas and Coke Company or had backed 
·up the Buff:J.lo Hi vc r i nto Buffalo Creek from the Socon1- Vacuun Company ' s 
plant (Lno. 1858) . 

Howe ver, upon inv~stigation at the Iroquois Gas and Coke Company, Mr . 
W. Gra,,es, assistant superintendent, informed the •rriter that there 1Yas 
no e:ffluent entering Buffalo Cr eek frorn the Iroquois Gas and Coke plant 
at that time , and that months had el.~psed since any efflut:nt had been 
poured into Buffalo Cree k by the I roquois Gas and Coke . Besides , there 
would b~ no futur~ pollution of Buffalo Creek by this plant as the Iroquois 
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TA 1LE 1. - Physic~~l .:!.!ld ch ... micul chnract"ristics uf industriul ef­
fluents cnturing the Buffalo River . Ifov1.:mber 25, 1938 . 

. Specific . 
: Colo:r· 0f . Hilli- Conductanc~ . . 

I.no .: Name of Concern ef fiuent pH equivalents ; r:iho x 10-
of acidi!- at 25° c. . . 

1858 :socony- Vacuum Oil Cc . :Brovmish . . 6 . 32 1.6 509 . 
1859 ;General Chemical Co • . 

Effluent 1 :colorless 7.39 382 
II 2 :Yellowish 7 ,19 516 
II 3 

. . 
11 4 '.Colorless 1. 73 41.0 6, 980 
II 5 :Pale brmm . 2. 93 4. 4 877 

" 6 :rellmd.sh brovm J . 50 4 . 0 646 
II 7 :arownish ) . 62 2. 4 598 

8 
. 

5. ;;1 2. 4 560 11 :Brovinish . 
1862;Republic Steel Co. . .. 

Effluent 1 :Blackish 5.59 . 5. 2 1 , 305 . 
II 2 .Reddish brown : 6 . 69 4.4 1 , 223 . 
II 3 .Blackish brarm 6 .12 5 . 6 946 . . . • 

186o :Nat. Aniline Chem. 
. 

Co • . . . 
1..52 67 . 2 20, 800 Effluent 1 .Purolish black 

II 2 :Blackish • 6 . 70 2. 0 810 . 
11 3 :Pinkish 6 . 00 2. 8 738 
II ti :Pinkish 6.17 2.8 862 

5 
. 

7. 25 II .Br o1·.nish 920 
6 

. 
7.10 II .Brovmish 1 , 000 . 

II 7 .Br mm 1.89 27 . 6 4, 860 
II 8 : Blackish : 2 . 48 ll. 2 2, 090 
11 9 :Reddish- .13rovm: 2. 59 5 . 2 1,404 . . . . . 

1864 :Donner- Hanna Coke Co. ; :il.ackish brown 6.55 2. 9 1, 382 . 
1866; Ci t-Y Selle~~ . 6. 78 0 . 2 727 . . • 
. * u. s. P. H. Standard, 1938. 

-;Hi- For comparison with industrial effluents . 
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G:is and Cok .... Company had ·instalh.d ?. n1.; 11 sewage system uhich connected di.­
r cctly rrith a nuw city s .~wer line: emptying into Niagara Riv1;r. At the tima 
of these inves t igations the Iroquois plant was not running and had been 
shut down for mont hS hence no sampl1..s of effluent m:ire availablt:.. fri;>m that 
concern. 

Mr. G. C. Rau, on Jurie 29, 1939, found much oil on the banks of Buffalo · 
Cr eek and a thin f ilm of oil on the water of this stream. The· contaminations · 
appar <;ntly had baok0d up from tho Socony Vacuum Company as t he '\:.1t er l cvC;l 
in 1uffalo Cruek vros flµ ctuating due to the r.iovcmcnts of la1·1Jc boats in 
Buff~lo Riv ... r, cha.ngt,;s in wind, and variations in the u ·.rter le,,; vcl i n L~ke 
Erie . 

Ca zenovia Creek, 200 yards above its ,junction vri th Buffalo Cre(:k was 
about 50 feet wide . In' this stroam the pH, oxygen, carbon dioxide (free, 
fix1~d ~d half-bound) and spe:cific conductance of th~- water (table 2) llere 
u~ll within the limits.which ordinarily sup~ort fish life. Th.:, 'l:>D.nks of 
t his creek w'-rc oily, hom.Nur, but less so than those of Buffa lo Cre:~k. 

From .the point wher~ Cazenovia Crook flows into Buffalo Creek, Juffalo 
Riv0r proper was studied at str1tA..gic points .::i.bovt? and bolo\; the points at 
which the::: major i ndustrial effluents ent~rE:id this river. 

Buffalo Rive r _is a v-ary slow moving, sluggis h -stronm approx:iJnately 20-25 
f eet in dept~. At th~ time of thos e various inv~stigations i t had a ·strong 
odor of oil and crc9sot 1;: µid a da rk color. Tho banks from nbov'" the Socbny­
Vacuum Oil Company pl unt (Lno. 1858) to the mouth of the river wer e . definit~ly 
oily and the bottom uas covered by a black oily s ludge . No living organisms, 
not even those •1hich live in mildly polluted vmt.:irs , llcr e s c.:en in any o:f the 
mud s~ples dr(;dged from the bottom of Buffalo Rivt::r nor along it.he water edg£ 
at any point in this ar~a. 

The pH of th~ wat ers of 3uffalo River (table 2') varied betv1een 6 •. 4 and 
7.3 r ega rdless of the effluents. The 's p:gific conductance increased <'.].bout 
100 p er :gnt, that is, from 418 mho x 10 at 250 C. at Buffalo Creek .at 838 
mho x 10 at 25? C. a t a point opposite ·the entrance of thG middle .outlet 
of Republic S-t;,ool Comp•my.· However, when the va rious affluents wer e 'tho­
r oughl7 mixed .-rith t he: ri VJ r wa t er the specific conduc·t tl?JCC o:f the stream 
decr casad at the mouth of Bu:ffalo Riv~r to 518 mho x 10-6 a t 250 c. or only 
about 20 p~r cent higher than the \latur above "th13 3ocorw Vacuwn Company• s 
flume . Tho dissolved oxygen a t the surface of the Riv~r varied .be tween 2.9 
p . p.m. a nd 8. 7 p . p . r.i. depending upon the amount of stirring by boats moving 
in the str~am. For cxci.mpl 1.: tho oxygen at Bridge No. 3 was 8;7 p,p.m. but 
at Ohio Strout just a short di s W11ce away 5 lilinut.:;s a.i'ter ·a l a r ge lake 
fr.;i Ghter drawing 19 f eet of wat ur had passed thu dissolved o1<ygen dropped 
to 2. 9 p . p . m. at the surface . These low oxygen r~ndings obtained ~t the 
surfa ce confirmed thu a noxic conditions noted in the botton sampl es ., uhich 
vrer e practically oxygen free . 



TABLE 2. - Phys ~cal and cher:dcal chardcteristics of the 
Buffalo River, Novem.Jer 25 and 26, 1938 

~ 
~~-.~~~~~~--~~~~·~ :----Hilli- . Specif ic 

Dissolved : pR :equivalents : conduc~ge 
. . 

Lno.: Locality 
ox:r£;en : of acid~~ : mho x 10 
p . p . m. ··· ; • . ·::tt~25°c .. . . ' 

1856 :3u.ffalo Cree'c at Elk and: 
:Seneca Streets 

. . Surface ... . ........ : 

1857:Cazenovia Creek, 200 yds • 
:above junction with 
:Buffalo Creek 

Surface ... . . ........ : . . . 
186l:Buff"alo River at Abbot 

:Road Bridge 

6.6 

:. 

Surface ••.•.••.••••• ; 8.0 7,3 
Bottom .•••••••••.••• :Less than 1. 0: 

: 
1863 :Buffalo River opposite 

:Republic Steel Company 

. . 
Surface ..... : ........ : 5.6 
Bottom •••..• ,. ..••• • • :Less than 1. 0 : 

1865 :Buffalo River at N. Y. 
:Central Bridge 

6. 6 

Surface •.•••••.••••• : 7. 2 6.5 

. . Bottom ••• ••.•••••••• :Less than 1. 0: 

. 1867:3uffalo River at Bridge : 
:Number 3. .. 

Surface . . .... . ...... : 
'8ottom .......... . ... :Less than 

: : 
1868:Buffalo River at Superio~ 

:Elevator Company 

. . 
Surface . . . ... . ....... : 4. 2 
Bottor.1 •• . •• • •••..•.•. :Less than 

1869:Buffalo River at Ohio 
:Street Bridge 

6.4 
1.0; 

. .. . 7. 0 . 
1. 0 : 

. . 

. . . . . . . . 

. . 

. . 
: Surface .. .. ..... . ... : 2 . 9 : . 6.6 · : 

Bottom •••. • ••.••...• : Les s than 1.0 : 

?!- U. S. P. H • StaJ!~rd. 

15 

:· ~ 

. 
o.4 ~B· -.. ~. 

4 . 

359 

640 

1.2 8J8 

0. 8 803 

0 . 7 726 

578 

0 . 8 577 



TABLE 2. (Continued) - Physical and chemical characteristics 
of the Buffalo River, June 29t 1939 

!1 

I I.no •. : Locality .: Dissolved 
oxygen 

r mui- -1 

pF :equivalents : 
: of acid* a 
t 

I I 
; - 1870:Buffalo River at 

:Uichigan Ave. . . . . 
Surface .. ... . . .... •. : 6.6 

~ Bottora • • ••• ••••••• •• :Less than 1 .0 . • 
1871:City Ship Canal near 

:Dakota Elevator Co. 

:6.8 

Surface •• , . •..•••••• : 2. 9 :7.0 
Bottom • •••.••••••• •• :Less than 1. 0 . . . . 

1856:Buffalo Creek at Elk and: 
:Seneca Streets 

Surface .. ......... . . : 
. . . . 

1857:Cazenuvia Creek,200 yds , : 
:above junction with : 
:Buffalo Creek 

Surf ace ~ •.• .. ••..•• . : . . . . 
1861.: :duffalo River at Abbot 

:Road Bridge 

5. 6 

3 . 8 

: 
. • 

Surface ••.•..••••••• :Less 
Bottom . . •...•...•••• :Less 

than 1.0 :5.3 
than 1 . 0 t6 .3 : . • . : 

1867:.Buffalo River at Bridge : 
:No . 3 

. . 
Surface . ...... ... ..... :Less 
Bot torn •••• •••.•••••• :Less 

1869 :Buffaln River at Ohio 
:Street Bridge 

. • 
than 1.0 :6. 4 
than 1.0 ;6.6 

.. 
• 

Surface •..•• • ••• • . • • :Less than 1, 0 :6. 4 
Jottom .. .. _._·•·• ~r·•: Less than 1 .0 :6.h . • 

1870:Buffalo River at 
:IJic!ligan .\venue 

. . . . 
Surface ••. . ••••.•••. :Less than 1. 0 :6.4 
Bottom .. . ... ... .. · •••• :Less than l.O :6.3 . .. 

it- U. S. P. H. Standard. 
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o.8 

1.4 
1.6 

o.6 
O.J 

o.6 
0.3 

1.0 
o.8 

• • . • 

. . 

·• • 

. . . . 

Sped.fi'.c 
conduct~e 
mho x 10 

at 25°c . 

518 

~62 

441 

354 

1, 357 
1,217 

726 
563 

1, 430 
1J297 

1, 221 
925 



The carbonatc..s and the spt.:cific conductivity of the. water above thL 
industrial efflut.nts \ nJr found to be rnthor l ow thc:r..:by mar ki ng this 
s trt.am as normally a poorly buffer ed river . The~ data · in table 1, Yrh'.ich 
s how some of th1.? uf flu .:nts from the General ChLmical Company and National 
Aniline DyL Company, to hdve a high0r specific conductance and acidity 
than the wa t ers of Buffalo Creek, indicate that the .increase in. conductiv­
ity in Buffalo River is duE.: de:finitcly to tht.. influx of mat~rial from thos ; 
comp mies . 

As 1·m.ter c onditions, ::!Specially dissolv;~d oxygc.n and spt~ cific conduc­
t ance va rrJ markedly with temp1..raturc , Hr .. G. C. Rau and two ass i s t antE: . 
on June 29, 1939, selLct...d strat egic points for study of Bufful o River . 
Some of the r esults of this survey cppear in table 2 . At tha t tim~ (June , 
1939 ) t he pH varie d from 5 . 3 to 7 . 4 at the s urface ::md from 6.3 t o 6.6 
near the bottom. As ""3S exp3ct 1..d the specific conduct ance, vhi ch i s a 
measure of the load of ionize;;d salts, ho.d increased in June ov~r th.: Novem­
ber r eadings and th~ dissolv~d oxygen content had f allen to l .ss than 1 
p . p .m. (act ually ZLro in mos t cas~s), <!t all p oints wher e samph s W1' r o 
taken in the ri Vl.:!1' proper, b ot h surf.ice and bot t om. 

Tha s tudy of uff, .... cts of ifilff alo RiVt.:r on Ni<~gar1 liivcr was made .:i.·t 
v.:ir ious points startin~ a 'feu hundre d yards below the outlet of Laku Eric 
(fig . 1) . I t uas f ound ( tabl u 3) that th1.. r~lativo acidity of Ni agar a 
River nater dccnas ... d ~radually from p:l 7 .6 a t :... point about 150 yards 
south of the city 1!1.tt;.lr intakL in Luk·~ J ri!J t o pH 6.6, 4 miles c.bovc 
ITiagara Falls . H01•:dvt..r, just bL:!lo;r the F:ills lrhich afford mark d aerat i on 
to the \·:aturs of IJiagartl ilivor tho pH uas 7 . 2. The dissolved oxygen con­
tent decre:ased very dufinitcl:r from 10. 2 p . p .m. a t P~ace Bridg.J to 5 . 04 
p . p . m. at iicstside F~rry, ~nd varied little f r om that point on d01vn ~nd 
even belou i~iagara Falls . It is quite probabl e t hat this marked decr ea.:se 
in dissolVLd oxygen content of the Niagara River w1t er to approximately 
50 per cent of that above the mouth of Buffalo River is due to the enor­
mous quantity of organic and industrial wastes c oning in-to N:iag:ira River 
from Buffalo River. ThL spcci~c conductance of Ni~g~ra River incrLascd 
but slightly from 24~mho x 10 a t 25° C. a t the L"lkc_Erie city water in­
t:ikc to 289 mho x 10 a t 25° c. 4 mile s above the Falls . Tho bottom and 
banks of Niaga ra River were. c3.refully observed c.nd uer c f ound to be clean 
and rocktj throughout the entire: area with here: and ther e some sand and 
mud, Yrith the exception of a f ow hundre d yards on thd dovmstreil!ll side of 
the DuPont Ra~ron Company, 2 miles dorvnstrcam from the Inturnationn.l Brid~c;; . 

" 
DISCU~SION 

Throughout thcsu s tudies on th- Buff'llo RivGr t he obj ectives vrore 
not r eviews of previous disas t drS i n th~ Niagar a Riv~r but the dct 1..r mina­
tion of ~xi.sting pollution hazards in 3uffalo Riv~r n hi ch might be expected 
to cause a r epetition of th...:se cat::i.strophvs in the I~iaguru River <:.nd the 
accumulation of sufficient data on vrhich rccm:1mend'1tions for prLvant ive 
measures could be made . 
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TA3LE 3 . - Physical and chemical cha.cactcristics 
of Lake Erie and Niagara River l:aters . 

·~ .ili.lsolv-.d. . 
Lno.: Locality oxygen pH 

p .p-. rn. 

lfovember 25 and 26, 1938 

. • 
1872 : Lake Erie near city 

water intake . • 
1873 : Niagara River at 

Peace Bridge . . 
1874: N'iaeara River at 

International Brid~e . . 
1876 : Niagara. River at 

.~ lestside Ferry . . 
1878 : Niagara River, 4 miles 

above Falls . . 
1879: Niagara River just 

below Falls 

1971: Lake Erie, Buffalo 
Harbor, I.tichigan 
Street ·Docks 

-$~ U. S. P. H. Standard 

! 

: 

. • 

. • . • 

: . • 

: 

June 

. . 

9. 7 

10. 2 

9. 4 

5.o 

6. 4 

5. 7 

29, 1919 

5.8 

18 

7.6 

7. 6 

7. 2 

6. 8 

6.6 

7. 2 . . 

7 .• 1 

: 

!lilli- Specific 
equivalents : conductan~ 
of acid·:~ : mho x 10 

at 25°c . 

241.0 

: 272 .0 

264. 0 

0.2 272 . 0 

0. 2 290 .0 

: 
, . . 288 ~0 . . 

281. 0 



The physical c't.aracteristics of 1uffalo F!iver as or"u...,.ht out both by 
the field operations and laboratorf analyses of srunples collected under 
winter and summer conditions, are such that sudde1 serious pollution of 
t he Niagara River by the Buffalo River 9an be expected at any time. Catas ­
trophes similar to them~ of Ifovemb~ r and December, 1937, or of even r;reater 
magnitude vrill recur at irree.1lar in t.ervals in t he ,i..;iagara River unless 
the introduction of wastes into Buffalo River be stopped. 

Buffalo River normally has little current and has a channel in which 
the water s tands over 20 feet deep. These tuo features toi:i;ether with the 
small surface area of this stream, 'Hhich is l~ss t "lan JOO feet uide throur;h­
out its 5 miles of tort~ous meanderinBs in an induJtrial district , not only 
make for stagnation but preclude all but a neglir,ible reaeration of the 
water. It was not surprising therefore in view of the organic v1astes 11hich 
are given entrance into Buffalo RivP.r to find the dissolved oxygen in this 
stream almost wan tine at ail levels during the summer, and from the 3-f oot 
level to the bottom during mid-winter. 

However, Niagara River would not suffer greatly from the waters of 
Buffalo Idver even though Buffalo River be e;:JSentially devoid of dissolved 
oxygen and heavily polluted irith industrial wastes were it not for another 
set of factors. Sudden rains S\relling Buffalo Creek and Cazenovia Creek 
can flush out large masses of foul water from Buffalo River into the lJiagara 
River, i:itl-i of course disas'.trous results to the aquatic fauna of Niagara 
River . The magnitude of these disasters •rill depend upon the particular 
composition of the pollution load of Buffalo River at the time. 

Similarly fluctuations in the l evels of Lake Erie and of the IUagara 
River either can back up large masses of ·rater into Buffalo River or can 
draw out huge slugs of polluted Hatr r from Buffalo Riv r into the Iviagara 
River with a surprising suddennes s . Again, t he effects of the sudden ;dth­
drawal of uater from Buffalo River i nto the Niagara Ri'\er uill depend upon 
the specific poilution loads of Buf falo Riv~r at th~ time . 

It has been argued that sine .... fluctuations of irater level in both the 
Buffalo and Niagara hivers occur at irregular inkrvals without apoarent 
catastrophes to the aquatic life i n ~!ia0ara Hiv ~r that the pollution hazards 
of Buffalo River arc not serious . The analyses and assays of samples from 
various stations in the Buffalo River and of various effluLnts ent~ring this 
stream readily explain this appar ent discrt?pancy. 

Our analytical studies of the Juffalo Rivc.r waters and effluents enter­
ing this stream show conclusively t hat the existing indust r ial concerns 
discharging wastes into ~uffalo Riv~r provid~ at tir.les sufficient quantities 
of either the substances themsulves (as listed below) or their precursors, 
to produce concentrations of these compounds in Buffalo River which would 
kill readily large quantities of fish and other aquatic life if slugs of 
Buffalo River water wer e suddenly mov._d into the Niagara River . From our 

19 



analy•;es the follouini; 5ubst'lnc._s l-1J.v been cletC;rnined .:is occurring in 
Buffalo River waters in sufficient quantities at times to be highly toxic 
to fish, namely, cyanides; phenols, cresols, and other tar extractives; 
benzol derivativ •s; hydro~en sulphide, orranic sulphides and other sulphur 
derivatives; mineral acids; and oil .... xtructives . 

It must' be pointed out that ~ll o ~ the subwtances just enumerated do 
not occur in Buffalo River w.:i.ters a.t all timus in lt.thal or even d~gerous 
conccn trations. The various cf flu..:nts entering Buffalo Ri V<:)r •:ere very 
vari~ble in composition but on occasion any or ~ll of the substances onumer­
a ted abov . which can be deri vcd from the effluents now entr..ring Buffalo 
River may r~ach concentrations in '3uffalo River ,·raters lethal to fish and 
oth~r aquJ:tic 11.fc even if the '9uffalo River mit ... rs ·were diluted cxtensiv~ly 
by Niag<J.ra Riv r water ;. 

In addition to the spJcific toxic substanc~s ;.rhich rrcr c found to occur 
at tim9s in dangerous quantities in th1..se v:rious efflut nts, the oil pol­
lution of the Buffalo Hivl.r is a serious hazard not only in itself !Jllt also 
b ecal,lSe it enhances the pollution of the Hiv .... r by organic s c.f a.gas, Oil 
binds thes e organic nast ... s into undesirn.blc. sludges and gr .Jatly delays tha 
oxidation of the cnmcshc.d organic purticlm; . 

Even without the complications attcndc'.lrlt on thL oil pollution thu sewage 
poured into Bu.ffa l o Rivc:.r is sufficfont to c.:iuse a hi gh oxygen demand and 
to r educe tho dissolv~d oxyg~n of this sluggish river to practically zero. 

'!!he disastrous effects of s ltir1s of 3uffalo River water on tho biot~ 
oi' th8 Niagar a River Hhen Buffal o Rive r vmt er is suddenly forced out or 
drmm into the Niagara Rive r will dt::pcnd thcr t.iforc on the amount of any 
or all of the highly toxic substances dcrivGd from the effluents themselves, 
on tho· volume of oil sludge , and on the quantity of dissolved oxygbn, present 
at the time in tha Buff<llo River wat er, · ~,hen it ont .... rs the Niagara River. 

Fina:I.ly ther e is a biological f actor which adds to the variability of 
the s Gvcrity of the pollution ca~astrophe produced in th0 Niagara- River by 
influx of wat er from the 3u.f f nl o Ri vcr. O\lin~ to a combination of many 
conditions such as f ood, wind , season, t emperature , and current flo-.1, fish 
move from Lake Eric into t he Niagar a H.ivl.r or out of the Niagara River into 
the l ake , tha t is, thcfrc nr e t imes ·,:hun the fish population of the Niagar a 
Riv(.)r ·i s l <J.rge 4_nd also times when ther e a r c f cu fish in this str~am. If a 
sufficient quantity of Duf f .:i.l o Riv0r Hat er movc~s into the Niagara Riv<.:r 
f ollor:ing a previous bt>..ck up· int9 Buffal o River, and if any toxic constitutJnt 
of the efflue nt s be high at the time , and if th~ fis h population in the 
Niagar~ River b~· tcm~orarily l a r ge , t h- cat~strophc ~s r~gards· fish life 
will be of ma,jor pr oportions, a nd the number of fish killed \';ill ~c enormous . 
Even slight alter ations of any of t he V2-ri.'lbl.os just onurncrakd .may greatly 
l esson the magnitude of the disaster, or i ·l; may pass unno:ticcd. 
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Owing t o the physical foaturt.s of 3uffalo Riv1..r enumerated in the 
discussion, if the .xisting systems of effluent ~nd scmaec disposal now 
practiced by t~e various indust r ial concerns along this stream be contin-
ued r ccurrunc c..s of :mt .. jor biological catastrophes in the Niag::lra Ri vor like 
those of 1937 , art certain . 3l!causc of the geographic position of the 
Niagara Ri Vt..r, such cat.:~strophes have an international significanco in 
that the fish and other aquatic organisms killed by pollution from Buffal o 
River can be re ,1dily carried, c::.cross thl.'J inturnational boundary i nto Cunudian 
wat ers . It i s highly des irclblt.. , therefor.~, fron the s·tandpoint of boundcu-.r 
r elations that these pollution disasters bo avoided in the: future . The 
disagreeable conditions and even health hazards which thGse disas t ers bring 
t o the residents of the City of Buffalo and of th€: towns along t he Niagara 
River are all t oo evident . Th~ro arb consequently numerous just ifications 
beyond any s entimental inter~st in fish life, which demand i.mrnedi at1.. action 
in the caso of the Bufful o River pollution situation. 

The f ollmTing r t.Jcor.wcndations bas-.:d on large masses of both fiold 
tllld laboratory data ar e made : 

1. All humun, domest.ic and organic s1..w1.go should be excluded from 
the Buffo.l o River . lfit h thu spl .... ndid system of trunk: sewers 
whi ch the City of iluffalo has,, it s r.ums inf.;XCU!;.:iblt:.:: t hat sew­
agL s hould be given acc~ss to Buffalo River, p~~ticularly in 
vi1..w of th~ known physical chu.r.:i.ctcris tics of tho.t strnam. 
Houc.ver, in June 1940, both industrial and domustic s t...vrage 
> • ..ir l. still buing pour ... d into this Rivt...r nt vur ious points . 

2. All oil pollution should b ~ excluded f rom thr. Buffalo Ri vl r . 
Th~ syst~ms of settling basins and baffles in use by tht... 
Socony-Vacuum Oil Company w ... r e not adequat ..: t o rr.rnov~ all of 
the oil los t by this conct rn ~t t~~ tim~ of th~se invustiga­
tions. As ~V8n small quantiti~s of oil pr~sent a cumulative 
pollution problum in a slugbish str~run lik~ tht Buffalo River, 
because oil is not r~ndily dcstroyud on the bottom of such a 
stream, this condition should bt.. correctc.d at once . Thu 11clc.:ir 11 

w:i.tcr from such s ettling and b·tfflu systt.ms should b~ well 
aer at ed if it is to be given untrnnce into the Buffalo River 
bucuuse our bioassuy t ests demonstrated thc ,prcscncc of various 
hiehly t oxic oil .xtracti vcs in the 11ci...~ar1• wat er from the 
Socony~Vacuum effluents . It 1rould be much bettor as regards 
Buffalo River and probably more economical t o run thL. 11cleur tt 
w::iter from th\i:SC; oil s ettling systems into th~ city sewt:?r wher e. 
dilution and flmv r ould hulp disoose of thase • xtractives . 
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J . The w;..ist ,..s from thu '} .n.Jr.'.!l Chcnir:.l Compan:,~ s:iould be neutral­
ized t o pH 7. 4 bi;;f or " being gi v"'n ... ntra11cc into Buffalo Ri vcr. 
This concern should pr ovide settling basins into nhich acids 
o.nd other chemicals could b~ flumed in the "vent of accident 
or brcukdmm. Strong acids and oth"'r chomicals from this plant 
should not be poured into Buffalo River at 'lllY time . 

4. All l'las t es from the N:J.tional Aniline Company plant should be 
excluded from :auffal o RivLr. 0Hing to tho compl ex variable 
and frequently highly t oxic nature of various w::is t cs from this 
plruit they present a very stJrious hazard to 1uffalo River water 
conditions . Aniline v:~st~s are notoriously dangerous t o aquatic 
lifo and should be excluded not only from i3uffnlo River but 
from all strua'IJS , unless high dilution is accomplishod . Under 
existing conditions at Buffalo the wastes from this concern 
should be deflected into the s ewer system where these t1astes 
would have the ben~ficial action of both dilution and stream 
flovt. 

5. The industrial i.m.stos fron the Republic St1..;~l Company if prop­
erly neutra.liz1Jd t o pH 7.4 are not p::irticularly dangerous . 

6. Th~ effluents from the Donner- Hanna Coke Company should be ex­
cluded fron Buffalo River and flumed into the sm·.rc:r system. 
At tirm .. s the unstes from this plant ar c highly t oxic and much 
dilution and acra tion uill be r c:quircd t o r ... ducc th~m to levels 
tol~rat~d by ~qu~tic life . 

A CKH O .. :Li!:I'Gl f;::l~TS 
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his cooper ation in th~ field studi~s ; to Dr . G. E. Symons , of the Buffalo 
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