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INDUSTRIAL AND ORGANIC POLLUTION OF THZ 3UF:ALO RIVER, SUFFALO,
N Yorkl

By
B. A. Westfall, Ph. D.
Assocciate Aquatic Physiologist
United States 3Bureau of Fisheries

INTRODUCTION

At various times during tke last ten years nollution catastrophes of
considerable magnitude affecting aquatic life have been noted in the Niagara
River in the vicinity of 3uffalo, N. Y. (fig. 1). On lovember 1l, 1937,
large fish died by the thousands and minnows and fingerlings by the mil-
lions resulting in a locs of hundreds of tons of fish (Symons, 1938).

Two unfortunate recurrarces of these mass killings of river fish were re-
ported later, namely, Hcvember 27 and December 18, of the same year. Fol-
lowing these catastrophes dead fish were observed floating in the Niagara
River for miles downstream, some aven being carried into Canadian waters
off Toronto, Ont. P

s these three disasters seemed to be traceable directly to pollution
from the Buffalo Hiver, the U. S. Commissioner of Fisheries detailed Dr.
M. M. Ellis, Senior Aquatic Physiolorist, U. 5. Bureau of Fisheries to
Albany, W. Y., for a conference with Mr. Lithgow Osborne of the State Con-
servation Department, to plan a study of this particular pollution problem
at puffalo, N. Y.

On Febeuary 19, 1938, Dr. M. M. Rllis proceeded from Albany to Buffalo
where in company with IMr. {iillard E., Tillman, District Game Protector of
the State of New York, a field survey of the Buffalo River, the Niagara
River and adjacent waturs was made. Dr. Ellis and Mr. Tillman listed the
various effluents which were being emptied into the River, inspected most
of the plants involvad and collccted series of samples which were shipped
to the U. S. 3urcau of Fisheries Laosoratories at Uolumbia, Mo., for analyses
and bioassay tests. Thile in Buffalo, Dr. Ellis and Iir. Tillman visited
the Bird Island Laboratory and obtained much helpful information from Dr.

G. E. Symons, Chicf Chemist, 3uffalo Sewer Authority. Subsequently both
Yr., Tillman and Dr. Symons sent additional samples to the Columbia Labora-
tories which, together with those samples collected by Dr. Ellis at Buffalo,
formed the basis of a preliminary investigation of the problom.

During the weck of November 25, 1938, the writer and three assistants
operating from a laboratory truck provided with suitable equipment for

s

L/submitted June 11, 1940.



ONTARIO

-3 MILES--~+

LAKE ERIE

NIAGARA RIVER

FORT NIAGARA

NIAGARA FALL S

NIAGARA RIVER

GRAND
ISLAND

SQUAW ISLAND

REGION

NEW YORK

& STRAWBERRY ISLAND

BUFFALO CREEK

CAZENOVIA CREEK

FIGURE 1




various analyses and the cellection of samples for laboratory tests and
assays, made a detailed study of Buifaio Hiver and various wastes which it
was receiving., In addition to the ficld work, river waters, muds, and in-
dustrial effluents wers collected and preserved for further chemical and
bioassay analyses in the lahoratorics at Columbia, lo.

Inasmuch as water conditions vary greatly with different seasons of
the year Mr. G. C. Rau, Assistant Biological Aid,.U. 8. Bureau of Fisheries,
and two assistants rcturnsd to Buffalo the following summer during the
week of June 26, 1939, with a laboratory truck and equipment and collected
additional series of samples at specific loecations for a comparison with
the data obtained from the previous work of Dr. Ellis and the writer. A4
final check on the condition of Buffalo River was made in early June, 1940.

All of these field operations were greatly facilitated by the coopera-
tion of thc New York Conservation Department which at times furnished a
motor boat, as well as a boatman and a gam: protector who were familiar
with the local problems and therefore were vory helpful in locating and
collecting the irhustrial effiuents.

HETHODS

Water samples werc collected with a standard Focrst modification of
the Kemmerer brass water samplers Ifflucnts werce collected in glass~
stoppered bottles. All samples vhich were rotumed to the central labora-
tories for analyscs, i.c., waters, cfflucents and muds were carried in
glass-stoppercd bottles or glass—topped fruit jars irithout metal contacts.

The relative acidity (pH) of all waters and cffluents was determined
by means of the Beckman glass elcctrode. Colorimetric methods were used
only when rapid field detcerminations on clear waters were to be made, and
then only with fluids sitandardizad against the glass eleccirode.

Speeific conductance was measured with stendard conductance cells in
a microhummer circuit. All readings wicre corrected for tomperaturc and
reduced to 25° Centigrade.

The analytical procedures followed the standard methods of the American
Public Health Association 25 far as possible. For many of the assays
special methods described in current sciontific literaturc or as developed
at the Columbia Laboratorics wcrc used.

INDUSTRIAL EFFLUSNTS ENTERING BUFSALC RIVIR

In the following pages the various effluents which were being pourcd
into the Buffalo Rivur during the scveral ficld trips to 3uffalo River
arca arc considered in order, beginning with the flume farthest upstroam
(fig.2).



2 E¥NOIL

BUFFALD INTARL
o cAls

* w72

LAKE ERIE

OLD ERIE CANAL

NG

BUFFALO RIVER REGION
BUFFALO NEW YORK

BUFFALO RIVER

NAT ANILINE GEMCHEM.COD
CHEM. CO. O _ W38

O DONNCR-HANMA
CORE CO.

(L. 23

LEHIGH VALLEY
...... BASINS




Tt has not been deemed nccessary to present and discuss in detail the
voluminous data which have been accumulated in the course of these investi-
gations both from the field work and froa the laboratory analyscs and
assays. However, representative data from specific analyses of samples
collected ot dates indicated concerning particularly pertinent conditions
have been summarized in tables 1, 2, and 3.

1. The Socony-Vacuum 0il Company (Lno. 1858}-/ had one large flume
about lj feet In diameter carrying a stream of waste fluid approximately
8 to 10 inches deep and emptying into the Bufifalo River, a little over a
quarter of a mile below the junction of 3uffalo and Cazenovia Crecks. The
effluent discharged from this flume carricd a large amount of oil and gave
off a gaseous, creosote-like odor. This wagte had a pH of 6.32 (table 1)
~and a specific conductance of 509 mho x 107 at 25° C., which values aras
well within the limits tolerated by fish lifec.

Bioassays of this effluent rvvealed no lethal effects on goldfish
subjected to 10-day-tests in dilutions of wither 1:1,000 or .1:100, but in
1:100 dilutions of this waste fish beccame sluggish and display:d definite
loss of equilibrium. Although the fish did not dic during a 10~day expo-
sure to the 1:100 dilution of the Socony~ Vacuum Oil Company efflucnt, this
wastc produced definite changes in the physiological condition of these
fish. When confined in the effluent mixture (1:100) the fish not only
showed the disturbances of equilibrium noted above,; but developed marked
anorcxia (lack-.of appetite) and rofused food. Ultimatcly, a continuance
of this reaction on the part of the fish would result in death. iihen
killed at the end of 10 days for autopsy, these fish were definitely in
poor condition as regards strength, activity, and nutrition, and their flcish
gave off a disagrecablc odor of 011 which would have rendered them unfit
for human consumption had they becn food fishes. The absorption By fish
of substancis causing a disagrecoblc oily or phenolic taste from oil-pol=-
luted waters has becn reported by various vorkers and has becen confirmed
in t.sts at the Columbiz, Ho., Laboratories of the U. S. Burcau of Fisheries.

In general, the most striking responsus by the fish themsclves to oil
pollution are those snumerated above, namely, disturbances of the central
nervous system and of the gastro-intestinal tract. The effects of the ef-
fluent from the Sccony-vccuum Oil Company's plant at Bufialo were, there-
fore, not unusual for oil wastcs and showed clearly the toxic naturc of
this particular waste to fishes and other aquatic organisms.

In addition to the spceific toxic effects just discussed, oil wastes
produce films on the surface of the iviater thercby preventing the oxygen of
the air from entering the water; kill out marginal and stream vegetation
vssential to the production of certain types of fish foodj and blanket the
bottom of the strecam bed eliminating all food for fishes from that part of
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the agquatic complex. I the casc-of 3uffale Rivar, from the point of en-
trance of the effluent released by the socony~-Vacuum Company flumc to the
mouth of this river at its junction with the Niagara River the banks on
both sides of the stream vwere devoid of vegctation, and were black and oily
several inches back from the water. Botbtom conditions in that sector of
Buffalo River werc such’ that no bottom organisms werc found in the bottom
mud vhich was black with an oily sludgc and scemed entirely devoid of liv-
ing plants or animals. If the Socony=Vacuum 0il Company were the only con-
cern emptying an effluent into Buffalo River the pollution from that source
alone would probably be sufficicnt tos: (1) kill out all fish food in the
stream below the point of entrance of this waste; (2) produce conditions
intolerable for young fish, and (3) affect detrimentally the general physi-
ological condition of any larggr fish which might stray into thls stream
from the Niagara Riwver.

It must be noted in this conncction that oil and grease from the
numerons steamers and other commorcial vesscls entering the Buffalo River
also contribute to the oil pollution of the river bottom and marginal arca,
particularly sincc the river is wvery narrow. Howover, oil pollution of
the Buffale River from the boats navigating this stream is of trivial mag-
nitude compared with that traceable to the Socony-Vacuum 0il Company!'s
plant.

2. The General Chemical Company (Lno. 1859) was discharging its wastes
into the Tivir through scven of cight difforent outlets, all of which were
sampled with the assistance of Ifr. C. W. Long, superintendent of the plant.
According to company officiazls these seven outlets discharged only cooling
water from the various coils of the acid towers of the plant and contained
no added material other than a little sewage from the sales office toilets
and such acid as might be spilled accidentally during plant operations.

For the purposc of identification in conncction with this investigation
the effluent pipus were numbered from 1 (upstrcam) to B (downstrcam). The
third pipe carried no cfflucnt at this time.

Analyses of these samples roevealed an acidity of pH 1.73, 2.93, 3.50,
5.60, and 5.50, for samples L, 5, 6, 7, and B respactively, (tabls 1). All
of these cfflucnts were more acid than pH 6.0 whiclh is ncar the limit of
acidity compatible with favorable conditions for fish life, and samplos L,
5, and 6 were so acid as to be well below the lethal 1imit of acidity for
fresh-water fish 1ife, (circa pH 4.0). The specific conductance in all of
the samples cxcept Ho. 1 was dufinitely greater than that of either Buffalo
Crezk or Cazenovia Cresk and corresponded to the inerease in acidity. Hovw-
ever, only the samples from No. L) and Wo, 5 would be considered exception-
ally high from the standpoint of ionizable salts if the solution into which
the effluent werc discharged were well buffered, ffluent No. L wos by far
the mpst acid (pH 1.73) and had a very high specific conductance 6,980 mho
x 107" at 25° C., either characteristic being sspecially dang;rous to a2quatic
life if the effluent were placed in a poorly buffered strcam like Juffalo
River.




As can be scen in table 1, effluent No. L from this plant carried a
considerable quantity of acid, amounting to L1 milliequivdlents, which acid
would reguire much dilution or definite noutralization before it would cease
to be a marked 2ecid hazzard to aguatic life.

Bioassay tcsts of these ciflucnts on goldfish in well-bufifecred tap
water showed no lethal effect in 2 dilution of 1:100 or greater., Such re-
sults suggest that the danger to fish life in these cffluents is casily
overcome by simple dilution and neutralization of excess 2cid present.
However, the aeid pollution is a definite hazard unless it is corrscted
by proper steps. For cxample, nitric acid (which is probably the chief
of fender in these effluents, with some sulphuric acid) in tap water in suf-
ficient quantity to bring the pH to 4.4 has been shown to kill the minnow,
Leuciscus phoxinus, in a few hours (Carpenter, 1927). Ellis (1937) has
shovm that most of the mincral a2cids kill first through coagulation and
precipitation of mucous on the gills and in more 2cid conditions will
coagulate the gill membranes themselves. Sulphuric acid is even more
toxic than nitric acid, as shown by the fact that 59 p.p.m. in soft wuater
have been found to kill Carassius auratus, in about onc hour (Ellis, 1937).
The effluents from the General Chemical Company's plant,” therefore, reprc-
sent a definite hazard to fish life and should be diluted sufficiently or
neutralized before they are discharged into the river.

Since plant officials admitted that from time to time 2cid was lost
accidentally through these flumes and both Dr. Ellis and the writer were
informed that these Ilosses had amounted to severzl hundred gollons at
various times during the past, the cfflucnts from the General Chemical
Company must be regarded with concern as regards the pollution of Buffalo
River, until corrcctive and preventive steps are taken by the plant. Rela-
tively small quantities of strong acid can produce lcthal conditions in
a considerable portion of a stream like Buffalo River, and although these
conditions may ceasc to be dangerous to aguetic life after -z few days or
even a few hours, as long as they cxist they can readily produce a catas-
trophe which the fish and other organisms some distance dovmstream cannot
survive. Besides sudden changes in acidity to even 2 sublcthzl point as
far as the acid itself is concurned, may cnhance the action of other detri-~
mental conditions and through this synergistic action suddenly kill large
numbers of fish.

3. The National Aniline and Chemical Company (fig. 3) had ninc ef-
fluents coming from pipes set in & concrete wall along the river bank.
The dye wastes were all heavily colorcd and were quite hot as they enterad
the river, temperaturcs ranging from approximately 50 to 759 C. (122 to
167° F.). The bank of the river below the dyc works was discolored with
dye waste deposits and the Watcr of the stream had a saffranine red shade.
The effluent entering at a point farthest downstream had an unpleasant odor
of rubber and. carbon tetrachloride. Samples from outlets 1, 7, 8, and 9,
were very acid as shown by pH readings 1.52, 1.89, 2.48, and 2.59 respec-
tively. The wastes from the other outlets were within the rangs of relative

”



Figure 3. -~ The National Aniline and Chemical Company's plant on
the Buffaloc River, Buffalo, New Yorke One of the industrial
plants which empty relatively large volumes of wastes directly
into the river through several outlets.



acidity tolerated by fish life. The effluents ithich had a high degrese of
acidity as mentioned above also had a high specific conductance indicating
a large amount of ionized material, eésmecciglly Hos. I and 7, the specific
conductances of which were 20,800 mho x 107® at 25° C. and 4,860 mho x 107

at 25° C., respectively. The remaining effluents had specific conductances
from two to three times as high as the Buffalo Creek and Cazenovia Creek
above the polluted area. =fflucnts 1, 7 and 8 had high milliequivalent
values for contained acid, and all of the effluents fron this plant except
Nos. 5 and 6 would require marked dilution or neutralization to reduce their
respective acid hazards alone,

Bioassay tests on these cffluents collected Hovember 25 and 26, 1938,
when diluted to 1:100 showed los. 1, 2, 3, L, and 5 lethal for the goldfish
in 10 days. The rest of the effluents collected from this company on those
 dates were not lethal to goldfish in dilutions of 1:1,000 or greater. How=-
ever, other studies of these aniline dye efflucnts showed great variability
in toxicity, a fact which has been established for similar effluents from
other aniline dye plants in viorious parts of the United States, as assayed
by the U. S. Bureau of Fisheries laboratories. The figures given, there-
fore, for the November 1538 samplings of the Hational Aniline Company!'s
effluents have been rccorded here intentionally as ropresenting minimal
toxicities of these efflucnts.

li. The Republic Stcel Corporation had three outlets for waste mate-
rials flowing into the Buffalo River (fig. L4). Hone of the samples taken
was lethal to goldfish in dilutions of 1:100 or greater although the
specific conductance of the efflucnts was somewhat higher than that of
Buffalo River at the point where the wastes enter the strean.

Although no lethal cffects of the effluents were noticcable at the
time the samples vere collcected nost of the iron salts arc quitc toxie to
fish in small quantitics if present in soft wat.r. Clark and Adams (1913)
found that less than 1 p.p.m. ferric sulfate killed shiners, carp, and
suckers in 12 to 2 hours, whilc 2.9 p.p.m. ferrous sulfatc in distilled
water was lethal to the samc types of fishes in 24 hours or l.ss. However,
Ellis (1937) has shown that the situation is quite differcnt in hard water,
since 100 p.p.l. of ferrous sulfete in such water werc apparcntly not harm-
ful to goldfish in a 9€-hour exposurc, although in strong enough concentra-
tions, 1,000 p.p.m. proved fatal to goldfish in a few hours. (See Lno.
1862 for location of this plant.)

5. Donner-Hanna Coke Company (Ino. 1B64). This concern had only one
outlet emptying into the Buffalo RKiver. The waste was of a very dark
color, had a disagreceablc odor of creosote and coal gas and was belicved to
be "very poisonous" by the local people in the vicinity of the plant. Hany
coke and gas companics (and possibly this onec at times) discharge pyridinc,
quinolines, creosotes, cyanides (Tupholme, 1933) and various other wastes,
which if in sufficicent quantity will kill fish (Shelford, 1917; Powers,
1917; Demyanenko, 1931). Often these wastes from coke and gas plants, when




Figure 4+ — Outlet carrying effluent No. 1 from the Republic Steel
Company's Buffalo, New York, plant into the Buffalo River,
Several campenies in this area flume their wastes 60 yards or
more into the river.



not present in sufficient quantities to be lsthal to fish, even in very
small quantities produce very undesirable tastes in the flesh of fish which
are thereby unsuiteble for human food. Fish exposed to hizh dilutions of
the Donner-Hanna efflusnts showed inccordination and their flesh developed
a phenolic odor.

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

MISCELLAHECIS POLLUTANTS

1. Buffalo City sewver, which empties into the Bufifalo River opposite
the mouth of the city ship canal, carried a waste fluid typical of unoxi-
dized sewage as to odor, general appearance, and oxygen demand. This sewer,
ope of several emptying into the Buffalo River, contributes a large 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 from 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 sewage; many breakdovn products are de-
leterious to fish and fish food; and diseases are more common in fish inhabit-
ing sewage-polluted waters than among fish in unpolluted streams.

In sewage-polluted strecams ammonia, one of the chief breakdown pro-
ducts of sewage wastes, is a serious hazard to Tish life beine lethal to
goldfish in hard vater at a concentration of only 2.5 p.p.m. (Ellis, 1937).
Even if the breakdown products of organic sevage were not toxic the mechan-
ical effects of the suspensoids which sink to the bottom and blanket it to
the extent of killing out much of the bottom fauna, must be considered.

In addition, sewagc when nixed with oil pollution (as noted under Socony-
Vacuum Company) becomes a very great hazard to aquatic life because the
regular decomposition of the organic material is altered by the admixed oil
and anoxic conditions persist much longer than when the sewage is unmixed
with oil,

2. From various elcvators many wheelbarrow loads of dust, chaff, and
debris frequently werc dumpcd directly into the river. These wastes further
increased the organic load and resultant drain on the dissolved oxygen in
the water.

3. Boats navigating Buffalo River contribute to the amount of waste
in thid river as much organic material was swept or shoveled directly into
the river while these vessels werc being prepared for loading. The constant



activity of boats in this stream creates another hazard which is probably
more severe thar that of direct pollution mentioned avove, that is, the
heavy load of organic material and oily sludge which is on and near the
bottom of the Buffalo River is asitated frequently by the propellors of
the laree boats sp that vater low in oxygen and rich in these vastes and
debris is mixed into the cleaner water near the surface, the resulting
mixture being almost devoid of dissolved oxygen.

4. The old canal at the point where it crosses Ferry Street was
sampled to determine vhether some toxic material night be entering Niagara
River by way of this stream. However, it was found that the »H, the oxygen
(although somevhat low) the fixed carbonates, free carbonates, and specific
conductance were all within normal range for fish life. TInasmuch as the
samples from the canal thus collected were not lethal to goldfish placed
directly in them, it can be concluded that the material entering the Niagara
River from this canal at the time of this investigation was not lethal to
the fish.

5. The Iroguois Gas andCoke Company was discharging no effluents into
Buffalo Creek at the time of these investigations. However, were this plant
to pour its effluent into Buffalo Itiver, the hazards to aquatic life would
be the same as those discussed under Domner-Hanna Coke Company.

RIVER CCNDITIONS

Detailed data representative of river conditions that supnort the fol-
lowing discussion are presented in tables 2 and 3.

The waters of Buffalo Creek at IElk and Seneca Streets about one half
mile above the junction with Cazenovia Creek had 2 pH of 6.6; dissolved
oxygen content of 5.7 p.p.m.; fixed carbonates, 16.05 cc. per liter; fre86
carbonates, 2.48 cc. per liter; and specific corductance of L18 mho x 107
at 25° C. all of which are within the normal range for waters in which good
fish faunae may be found in many unpolluted streams, Buffalo Creck at this
point was about 100 fect wide. The banks were rather black with an oily
incrustation which was hard and seemed to have been deposited there at least
several weeks to months previously. Local peoples reported that this material
had come downstreawn frowd the Iroguois Gas and Coke Company or had backed
uwp the Buffalo River into Buffalo Creek from the Socony-Vacuum Company's
plant (Lno. 1858), .

However, upon investigation a2t the Iroquois Gas and Coke Company, Mr.
W. Graves, assistant superintendent, informed the writer that there was
no effluent entcring Buffalo Creek from the Iroguois Gas and Coke plant
at that time, and that months had elapsed since any effluent had been
poured into Buffalo Creek by the Iroquois Gas and Coke. Besides, there
would be no future pollution of Buffalo Creek by this plant as the Iroquoils
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TAJLE 1, - Physical and chemical characteristics of industrial ef-
November 25, 1938.

fluents entering the Buffalc River.

: e : : o . Specific

¢ : Coloxr of @ s Filli- . Conductanc
Ino. s Name of Concern : effluent PH , equivalents, mho x 107

s ; : . of acid# . at 25° C.
1858;Sncony—Vacuum 0il Cu.;Brownish ; 5,32 f 1.6 f 509
1859 :General Chemical Co. : ; :

. Effluent 1 .Colorless : T o398 — - 382

Al T 2 Yellowish s findks} e : 516

. " 3 ; ——— : — —_— ; —_—

; " 4 tColorlessi s SN REu 1170 * 6,980

: ] 35 .Pale brown 2.93 L.l 877

; t 6 .Yellowish brorm 3,50 ; 4.0 3 6L6

) i 7 .3rovnish AR5 262 D Ul ‘ 598

g " 8 ,Brovnish : 5.51 ; 2.4 : 560
1862 ;Republic Steel Co. | : j ;

. Effluent 1 ;Blackish 0 Dt o Bl S S 05

: " 2 ,Reddish brown 6.69 . LoL - Albg

: Ul 3| .Blackish brovm  6.12 | - 5.6 j 9k6
1860 ;Nat.Aniline Chem. Gc.i : : i

.+ Effluent 1 ,Purplish black ASCOR N 6702 ° 20,800

: "2 .Blackish i  6.70 . 2.0 ' 810

: " 3 Pinkish TR 000 K 7] i 738

: ! in .Pinkish p Gl ¢ 2.8 ; 862

: L 5 .Brovnish : e 2o - : 920

. " 6 ;Brovmish : eals) e : 1,000

. " 7 .Brown : L i) o Pl > L,860

: " 8 .Blackish : 2VL:BREN] 150 . 2,090

s n 9 .Reddish~-3rown; 2.59 ; 5.2 ° o 1,hok
186h;Donner-Hanna Coke CU.:Lilac.kish brovn; 6.55 2.9 ' 1,382

----- 5 BEE GE : 727

1866 City Severiw¢

% U. S. P. H. Standard, 1938.

s For comparison with industrial effluents.
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Gas and Cokc Company had -installcd 2 new sewiage system which connected di-
rectly with a new city scver line emptying into Niagara River., At the time
of these investigations the Iroquois plant was not running and had been
shut down for months hence no samplius of effluent were available from that
concern.

Mr. G. C. Rau, on Jurne 22, 1939, found much oil on the banks of Buffalo -
Creek and 2 thin film of oil on the water of this stream. The contaminations -
apparently had backed up from the Socony Vacuum Company as the water level

in 3uffalo Cruck vias fluctuating due to the movements of larse boats in
Buffalo River, changes in wind, and variations in the water level in Lake
Erie,

Cazcnovia Creek, 290 yards avove its junction with Buffalo Creck was
about 50 feet wide. In this stream the pH, oxygen, carbon dioxide (free,
fixcd and half-bound) and specific conductance of the water (table 2) were
well within the limits which ordinarily support fish life. Thc hanks of
this creck were oily, howcver, but less so than those of Buffalo Creck.

From the point whers Cazenovia Creck flows into Buffalo Creck, 3uffalo
River proper was studled at strategic points above and below the points at
which the major industrial nfflucnts envered this river.

Buffalo River is a very slow moving, sluggish-stream approximately 20-25
feet in depth. At thce time of these various investigations it had a strong
odor of oil and creosote and a dark color. The banks from above the Socony-
Vacuum Qil Company plant (Lno. 18%8) to the mouth of the river were .definitely
oily and the bottom was covercd by & black oily sludge. Neo living organisms,
not even those which live in nildly polluted waters, were scen in any of the
mud samples dredpged from the bottom of Buffalo River nor dlong the water edge
at any point in this arca.

The pH of the waters of 3uffdalo River (table 2) varicd between 6.4 and
7+3 regardless of the effluents. The'spfgific conductance increcascd about
100 per Egnt, that is, from 418 mho x 107° at 259 C. at Buffalo Creek at 838
mho x 107 at 25° C. at a point opposite the entrance of the middle outlct
of Republic Steel Company.- However, when the various affluents were tho-
roughly mixed with the river water the specific conductance of the stream
decreased at the mouth of Buffalo River to 518 mho x 107° at 250 C. or only
about 20 per cent higher than the water above the Socony Vacuum Company's
flume. The dissolvad oxygen at the surface of the River varied between 2.9
p«p.m. 2nd 8.7 p.p.n. depending upon the amount of stirring by boats moving
in the stream, For examplc the oxygen at Bridse No. 3 was 8.7 p.p.m. but
at Ohio Street just a short distonce away 5 minutss after-a large lake
freighter drawing 19 fect of water had passed the dissolved oxygen dropped
to 2.9 p.p.m. at the surface. These Low oxygen readings obtained at the
surface confirmed the anoxic conditions noted in the bottcm samples, which
were practically oxygen free.



TARLE 2. — Physical and chemical characteristics of the
Buffalo River, Novemder 25 and 26, 1938

;. Milli~ : Specific

Ino. : Loeality : Dissolved ; pH :equivalents: conductagge
: :  axygen : : of acidi¢ : mho x 10
: MDD e : s e 2 T P DO
1856 ;:3uffalo Creek at Elk and: : : : :
. iSeneca Streets : : : i : ;
: Surface ........%. el 5.7 Wbl 0.l : h1g: -
1857:Cazenovia Creek, 200 yds. z : :
. iabove Jjunction with : 4 4 i
;Buffalo Creek A : 2 g
: SUrface R T 4 Tds 3 -_— : 359
1861 ;:Buffalo River at Abbot : : : :
tRoad Bridge . : s : H
3 UTrTace 8.0 ST a3 —— : 640
$ BRotLON . e el s s s LESSREhan B0 = ;
1863 :Buffalo River opposite : : : :
:Republic Steel Company . : :
: SR e a e oa e 5.6 : 6.6 : 1k : 838
H ElelAreinn nas st oo Goo e et dhy10lY : 2
1865 :Buffalo River at N. Y. : : : :
:Central Bridpe 3 4 4 q
: SN o naea s Dodnnnt 7e 2 ; 6.5 0.8 : 803
5 Bottomessesevoseonrsoanitless than 1.0: 3 :
1B67:3uffalo River at Bridge : ; 4 :
:Number 3. s 3 o B :
: UL TaCe e, 27 g el 3 (e : 726
§ Ot OlMeis s alesvnsesnsatles5s Than 1.0 : A
1868;:Buffalo River at Superioxr : : :
:Elevator Company : H H 2
: S i o o S0 BOo RO L L.2 : 7.0 —— : 578
s Botboflee.eeessesasss:less than 1.0: : 2
1869 :Buffalo River at Ohioc : : :
:Street Bridge s i z :
: SUrTacer e e 2.9 :.6.6 0.8 : 577
3 BOLLOM el e s seleiaieis ov s LESEALNAN RO : 3 - R =

s# U. S. P. H. Standard.
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TABLE 2. (Continued) = Physical and chemical characteristics
of the Buffalo River, June 29, 1939

P 1 : - WIlli- 1 Specific
Ino.’ Locality + Dissolved ¢ pF :equivalents: conductange
$ : oxygen s ¢+ of acid# ¢ mho x 10
{ : : : stiat, 252C:
Tt : g 1 3
- 1870:Buffalo River at : : 3 i
slfichigan Ave. : : : $
3 SUrTACE et /aalele 4 oL 6.6 16,8 1 0.8 : 518
3 Botbom. e sanennessersiliess than 1.0 3 3 :
1871:City Ship Canal near : - : :
:Dakota Elevator Co. : : . q .
: UL LaCE S als = el aleleiols s ot 2.9 317.0 2 -— : L62
. ROt LOm ele ot seiele s = aae Lessathan Wl s 0f: : .
1856 Buifalo Creek at Elk and. : : :
:Seneca Streets : “ . :
: SUTTace e o e raen 5.6 Fdl © - : L1
1857 :Cazencvia Creek,200 yds. : 4 : :
iabove junction with : . H H
:Buffalo Creek i s - ¢
: SUrTaceE S e s selalsle s ioiel® 3.8 ikl - : 354
1861:3uffalo River at Abbot : : :
tRcad Bridge $ s : 1
: SUTTACE e o cnieleie s caine ot LS5 L han b1 00N 5,31 1.4 sBR13357
: BOLLOMe e e e el Lessathan¥1 M ON: 65302 1.6 SER1%077
1867 ;:3uffalo River at Jridge - - - :
oW 3 : : : :
: SUTTACE . o1 leeis sinn'es ols s LESSELhANE1S 0N 60 0.6 3 726
: BOt oM ot e e iele oo els s i LeSShthant e 08 : 6.6 0.3 3 563
1869 :Buffaln River at Ohic @ : : :
sStreet Bridge : $ 3 :
: SULTACE. . v sis'enls s+ s sLe8s hthan 1,0 60k 0.6 y algiefe)l .
: BOL L OM e s e lele rre o1t OSSR LNANFLL OF 16010 : 0 0%3 LRl
1870:Buffalo River at 7 : : :
:llichigan Avenue g : : s
: Surface. . .c.ee e o Lessithan 15 0060 1.0 : 1,221
: BOttOMeessveesesseessless than 1.0 6.3 : 0.8 : 925

* U, S. P. H, Standard.



The carbonates and the specific conductivity of the. water above the
industrial efflucnts were found to be rather low thercby marking this
stream as normally a poorly buffered river. The data’'in table 1, which
show some of the ufflucnts from the General Chemical Company and National
Aniline Dyec Company, to have a higher specific conductance and acidity
than the waters of Buffalo Creek, indicate that the incrcase in conductiv-
ity in Buffalo River is due definitely to the influx of material from those
companies.

As water conditions, aspecially dissolved oxygen and specific conduc-
tance vary markedly with tempcrature, Mr. G. C. Rau and tio assistante
on June 29, 1939, selected strategic points for study of Buffalo River.
Some of the results of this survey appear in table 2, At that time (June,
1939) the pH varied from 5.3 to 7.4 at the surface and from 6.3 to 6.6
near the bottom. As was expected the specific conductznce, which is a
measure of the load of ionized salts, had increased in June over the Novem-
ber readings and the dissolved oxygen content had fallen to less than 1
P.p.m. (actually zcro in most cases), =t 2ll points wherc samples were
taken in the river proper, both surface and bottom.

The study of efficts of Buffalo River on Nizgara River was made at
various points starting a few hundred yards bclow the outlet of Lake Eriec
(fig. 1). It vas found (table 3) that the relative acidity of Wiagara
River water decraascd gradually from pd 7.6 at a point about 150 yards
south of the city wnter intake in Lake Zrie to pH 6.6, 4 miles above
lliagara Falls. However, just below the Falls which afford markcd acration
to the waters of Niagara River the pH was 7.2. The dissolved oxygen con-
tent decrcased very definitely from 10,2 p.p.m. at Peace Bridge to 5.0hL
P.pP.m. at Westside Forry, and varied little from that point on down and
even below Wiagara Falls. It is quitec probable that this marked decrsase
in dissolved oxygen content of the Niagara River water 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 coming into Niagara River
from Buffalo River. The spcci{%c conductance of Niagara River increased
but slightly from ZhEémho x 10~ at 25° C, at the Lake Erie city water in-
take to 289 mho x 1072 at 25° C, L miles above the Falls. The bottom and
banks of Niagara River were carefully obserwved ond were found to be clean
and rocky throughout the entire arca with herc and therc somc sand and
mud, with the exception of a few hundred yards on the dovnstream side of
the DuPont Rayon Company, 2 miles downstream from the International Bridge.

DISCUSSION

Throughout thcse studies on tho Buffalo River the objectives were
not reviews of previous disasters in the Niagara River but the deturmina-
tion of existing pollution hazards in Buffzlo River which might be expected
to cause a repetition of these catastrophes in the Niagara River and the
accumulation of sufficient data on which reccommendations for preventive
measures could be made. ‘

17



TABLE 3.. — Physical and chemical characteristics
of Lake Erie and Niagara River laters.

: ' :hissolveds: : [illi- ¢ Speciiic
Ino., 3 Locality i oxygen. : pH equivalzﬂs:conductangg

. ! P.P.m. : of acid:# : mho x 10

: . : : : at 25°C.

lovember 25 and 26, 1938

1872: Lake Erie near city ; : : :

: water intake SR O T B T G —— G L
1873 ;: Niagara River at : : : .

¢ Peace Bridge g ok B 49 B e 27250
187h: Niagara River at ; ; : :

: International Bridse T eEL dieE o _— s 264.0
1876: Niagara River at 3 Sy : :

: !Yestside Ferry 1PN 2O BRI 5T SR : 8472 T 0 7250
1878: Niagara River, L miles ; i : :

: above Falls g gy g fels E 0.2 ;. 290.0
1879: Niagara River just : : : :

+ helow Falls 1 e B g —_ :  288.0

June 29, 1939

1971: Lake lirie, Buffalo : : s :

; Harbor, lfichigan : : ; :

: Street Docks 3 DE A gk s e :  281L.0

3 U. 5. P. H. Standard
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The physical characteristics of 3uffalo Fiver as brouzht out both by
the field operations and laboratory analyses of samples collected under
winter and summer conditions, are such that sudden serious pollution of
the Niagara River by the Buffalo River can be expected at any time. Catas-
- trophes similar to those of Hovember and December, 1937, or of even greater
magnitude will recur at irregular intervals in the Niagara River unless
the introduction of wastes into Bufifalo River be stopped.

Buffalo River normally has little current and has a channel in which
the water stands over 20 feet deep. These two features together with the
small surface area of this stream, which is less than 300 feet wide through-
out its 5 miles of tortuous meanderings in an industrial district, not only
make for stagnation but preclude all but a neglipgible reaeration of the
water. It was not surprising therefore in view of the organic wastes which
are given entrance into Buffalo River to find the dissolved oxygen in this
stream almost wanting at all levels during the swmer, and from the 3-foot
level to the bottom during mid-winter.

However, Niagara River would not suffer greatly from the waters of
Buffalo KRiver even though Buffalo River be essentially devoid of dissolved
oxygen and heavily polluted with industrial wastes were it not for another
set of factors. Sudden rains swelling Buffalo Creek and Cazsnovia Creek
can flush out large masses of foul water from+3uffalo River into the liiagara
River, with of course disastrous results to the aquatic fauna of Niagara
River. The magnitude of these disasters will depend upon the particular
composition of the pollution load of Buffalo River at the time.

Similarly fluctuations in the levels of Lake Frie and of the Niagara
River either can back up large masses of iater into Buffalo River or can
draw out huge slugs of polluted watcr from Buffalo Rivir into the Niagara
River with a surprising suddenness. Again, the effects of the sudden with-
drawal of water from Buffalo River into the Wiagara River will dépend upon
the specific pollution loads of Buffalo River at the time.

It has been argued that since fluctuations of water level in both the
Buffalo and Niagara kivers occur at irregular intervals without apparent
catastrophes to the aquatic 1life in MNiagara River that the pollution hazards
of Buffalo River are not serious. The analyses and assays of samples from
various stations in the Buffalo River and of various efflucnts entering this
stream readily explain this apparent discrepancy.

Qur analytical studies of the Juffalo River waters and effluents enter-
ing this stream show conclusively that the existing industrial concerns
discharging wastes into Buffalo River provide at times sufficient quantities
of either the substances themselves (as listed below) or thneir 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 were suddenly moved into the Niagara River. From our
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analyses the following substances have been deternined as occurring in
Buffalo River waters in sufficient quantities at times to be highly toxic
to fish, namely, cyanides; phcnols, cresols, and other tar extractives;
benzol derivatives; hydrozen sulphide, organic sulphides and other sulphur
derivatives; minsral acids; and oil extractives.

: Tt must be pointed out that sll ol the substances just enumerated do

~ not occur in Buffalo River waters at all times in lethal or cven dangerous
concentrations. The various effluents entering Buffalo River wcre very
variable in composition but on occasion any or all of the substances enumer-
ated abov: which can be derived from the effluents now entcring Buffalo
River may recach concentrations in Buffalo River waters lcothal to fish and
other aqudtic life even if the Suffalo Hiver waters were diluted extensively
by Niagara River water.

In addition to the specific toxic substances sthich were found to occur
at times in dangerous guantitics in these verious effluants, the oil pol-
lution of the Buffalo River is a serious hazard not only in itsclf but also
because it enhances the pollution of the River by organic scuages., 0il
binds thesc organic wastes into undesirable sludges and groatly delays the
oxidation of the cnmeshcd organic particles,

Even without the complications attendant on the oil pollution the sewage
poured into Buffalo River is sufficicnt to cause 2 high oxygen demand and
to reduce the dissolved oxygen of this sluggish river to practically zero.

The disastrous effects of slugs of 3uffalo River water on the biota
of the Niagara River vwhen Buffalo River water is suddenly forced out or
drawn into the Nizgara River will depend therefore on the amount of any
or all of the highly toxic substances derived from the cfflucnts themselves,
on the volume of oil sludge, and on the quantity of dissolved oxygén, present
at the time in the Buffalo River water, when it enters the Nizgara River.

Finally there is a biological factor which adds to the variability of
the severity of the pollution catastrophe produced in the Niagara River by
influx of water from the Buffalo River. Owing to a combination of many
conditions suchas food, wind, season, temperaturc, and current flow, fish
move from Lake Fric into the Niagara Hiver or out of the Niagera River into
the lake, that is, there are times vvhen the fish population of the Niagara
River is large .and also times when therc are feir fish in this strcam. 1If a
sufficicnt quantity of Buffalo River water moves into the Niagara River
following a previous back up into Buffalo River, and.if any toxic constituent
. of the cffluents be high at the time, and if the fish population in the
Niagara River be temporarily large, the catastrophe as regards' fish life
will be of major proportions, and the number of fish killed will bhc enormous.
Even slight alterations of any of the varisbles just enumcrated may greatly
lessen the magnitude of the disaster, or it may pass unnoticed.
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RCOHENDAT IONS

Owing to the physical fcaturcs of 3uffalo River enumerated in the
discussion, if the oxisting systems of cffluent und sevage disposal now
practiced by the various industrizl concerns along this stream be contin-
ued recurrvnces of major biological catastrophes in the Niagsra River like
those of 1937, are certain. 3ecause of the geographic position of the
Niagara River, such catazstrophes have an international significance in
that the fish and other aquatic organisms killed by pollution from Buffalo
River can be readily carried, ccross the inturnational boundary into Canadian
waters. It is highly desirable, therefor:, from the standpoint of boundary
relations that these pollution disasters be avoided in the future. The
disagreeable conditions and even health hazards which these disasters bring
to the residents of the City of ‘Buffalo and of the towns along the Niagara
River are all too cvident. There are conscquently numerous justifications
beyond any sentimental interest in fish life, which demand immediatc action
in the case of the Buffalo River pollution situation,

The following recommendations based on large massus of both field
and laboratory data are made;

1, A1) human, domestic and organic scwage should be excloded from
the Buffelo River. With the splendid system of trunk seviers
which the City of Suffalo has, it scems inexcusable that sew-
age should be given access to Buffalo Riwver, particularly in
vicw of the knovn physical characteristies of that stream.
Howcver, in June 1940, both industrial and domestic scwage
were still being pourcd into this River at various points.

2. All oil pollution should bz excluded from the Buffalo River.
The systems of settling basins and baffles in use by the
Socony-Vacuum 0il Company were not adequate to remove all of
the o0il lost by this concern at the time of these investiga-
tions. As cven small quantities of oil present a cumulative
pollution problem in a sluggish stream like the Buffalo River,
because o0il is not readily destroyed on the bottom of such a
strecam, this condition should bu corrected at once. The "elear"

" water from such settling and baffle systems should be well
acrated if it is to be given entrance into the Buffalo River
bucause our bioassay tests demonstrated the presence of various
highly toxic oil .xtractives in the "clear®" water from the
Socony-Vacuum effluents. It would be much bettor as regards
Buffalc River and probably more cconomical to run the Yelearh
water from these oil settling systems intoc the city sewer where
dilution and flow would help dispose of these extractives.
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3. The wastcs from the Gensral Chemical Company should be neutral-
ized to pH 7.L beforc being given cntrance into Buffalo River.
This concern should provide settling basins into which acids
and other chcmicals could be fiumed in the event of accident
or breakdovm. Strong acids and othcr chemicals from this plant
should not be poured into Buffalo River at any time.

L. A1l wastes from the National Aniline Company plant should be
excluded from Suffolo River. Owing to the complex variable
and frequently highly toxic naturc of various wastes from this
plant they present a very scrious hazard to 3uffalo River water
conditions. Aniline viastes are notoriously dangcrous to aquatic
1ife and should be cxcluded not only from Buffalo River but
from all strcams, unless high dilution is accomplished. {nder
existing conditions at Buffalo the wastes from this concern
should be deflected into the sewer system where thesc wastes
would have the benuficial action of both dilution and stream
flow,

5. The industrial wastes from the Republic Steel Company if prop-
erly neutralized to pH 7.4 are not particularly dangerous.

6., The effluents from the Donner-Hanne Coke Company should bz ex-
cluded from Buffalo River and flumed into the sewsr system.
At timcs the wastes from this plant arc highly toxic and much
dilution and azeration will be regquired to reduce thom to levels
tolerated by aquetic life,
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