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I an not going to bore you with a sermon on stream pollution, nor with a maze
of technical detail nor a babel of scientific terms. I will present no statistics,
no grephs, no detailed recounting of experiments, I will merely present my views
on the subject of sewage treatment in relation to fish 1ife, just as I would if
we were sittinr dovm together to talk over this problem of mutual interest,
My rurvose will be to indicate; first, the general failure to approach this
problenm with an open mind; second, the extreme difficulties encountered in determining

the whole, varied ill-effects of sewage on fish 1life; third, the lack of any sound

oxygen content, biclogicael orygen demend or any other single, simple test; fourth,
the beneficial effects of sewage on fish life, in the increase of food orgarisms;

fifth, the dovetailing of fishing, recreational, health and economic interests, as

affected by sewege, treated and untrested,

Few of the problems arising from ocur expanding population and industrielized
life have been tackled with & less open mind than has the problem of stream pollution,
Dven reny of the scientists who heve worked on this prcblen have been unoble to cast

zside personal prejudices and preconceived ideas,
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the difficulty ol arproaching this problem in & truly
inherent corplexity of the effects of sevrage of

under varyin: conditions,

life varies greatly with the seasons. During the

winter, when the weoter is very cold, fish are extrermely resistent to the effects of
polluticrn, usvally surviving unless the dissolved oxygen berceth the ice is entirely

or almost entirely exhaus

ted for some time,

The rapid rise in water terperature in

the sprins brinzs or e criticel rerioed, when fish are susceptible to unfevorstle
cor:ditions, znd often dieos ‘gein in late sumrer and early Tall, when high water
terperatures are siteined, the Iish sroww reduced resisterce to low coxyren end cther
effects of 7o Inless a streem cr leke arproaches the character of ar open
sever, [ish deeths in it are usually conlined to a very few deys in the ycar, when the
weether is very werm cnd the water level low. “Teeks cf irvestigation during the summer
in 2 given stresnm or lelie ma zive little or no evidence as to eny harmful effect of
the corepe on fish 1ife, Theush the nroper cerbingtion of circumctonces me:- sudderly
lead tc conditions incompatible with fish 1ife,
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e alsc varies sreatly with time of deye, Investi-

v trose of repular habits, mar ertirely miss the sertic condition
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which mav exist for parts of a day in & stream. It is not at all infrequent for &

badly sewape=polluted strear tc show not only ssturation

even & marked supersaturetion, running as high as 100 or

especially on sunny efternoons, The same streem is very apt to show & great reduction,

the dissolved oxrzen during
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scnebimes a2 conplete ramoval of
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he night
toward morningz, To cite an instance, I once studied the lower River Raisin telow
donroe, where it is badly nollufted by sanitary and paper-plant sewage. During the

nicht the dissolved oxypgen Decane entirely consumed, anzercobic decomposition set in,

<

hydrogen sulphide was produced and reected with the reduced iron salis in the water

toproduce ferrous sulphide, so thet the water ran foul and black before daylight, Then

the sunlight fell upon the water, causing the slgzae Lo manuflacture oxygen, which

oxzyiized the ferrous sulphide to form white colloidal sulphur, so that the strseam ran
white instead of black,
It is extremely difficult to deber:ine the kind and dezree of harm that sewage may

do to fish life, When the fish are acutuelly killed outright and in quantitr, the harm

is obviouss BPut when the fish are slowly killed off, the deaths may pass unnoticed,
or may be attributed to causes other than pollution, The sewage may chanre conditions

so that the fr
the spavm mey be prevented from haiching, or the development may be mzde abriormel, so

-

that malformed fish resulit--~we have often noticed a hirh incidence of abrormal or
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Teratolosicel fish in rolluted waters, Or the natural spesming beds me be covered over

o

yecuse ol

* rourishment, For this reasorn or nernsTs

the altered
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chemical czonten® of the waler, sh mey become much dwarfed in polluted waters, Thus
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in the River Reisin I find two or three vear carp below l'onroe to be about the size of

fraction of the weight showvm by the carp

16}

vearling carp above town, and to have only
of their owm age in the unpolluted water. This means 2 loss in total production, which
in the case of valuable fish may well reach serious proportions, even where few fish
ere actually killed.
Certain chemicals, even in minute quantities, have been Imovm “c affect the
taste of fish so as to prevent their sale,
Arother vrobable effect of sewage on fish life invovlves the driving off of the fish,.
¥ish unquestionably show a negative reaction toward water badly polluted with orgenic
wastes, for they swim away from such waterse Thus in the mill-nonds of the River Raisin,
when badly polluted by organic wastes, I have seen thcusands of fish butting egainst the

m

shores in their efforts to escapes Tven if no definite negative reaction causing the
fish to swim directly away is called forth, the fish are likely to become restless,

flitting hither and yone. This may interfere with growth or make the fish an easier prey

e

to

iy

ish-eating birds or predaceous fishe They will likely continue the uneasy movements

until they finally land in unpolluted waters, where they will then settle dovm as
good fish citizens, finding their retreats, feeding grounds, etcs

These nervous movements which mey bring the fish to harm may be incited by exbremely
minute quantities of pollution. In experimenting with the effect of ozone on fish life,
I found that less than 0.1 part of ozone in one million of water was sufficient to kill
smell fishes, but that much smaller guantities, perhaps less than 0.0l peperns, too
little to be recorded by & very delicate chemical test, sufficed to throw the fish into

nervous movements, from which there was no quick recovery. Since such excessively

s at

e

minute cuantities of ozone will produce an obvious effect on fish movements, it
least possible that traces of other chemicals in sewage may cause [ishes to vacate

water_s which will not kill them,

~

A very indirect but nrobably real way in which sewage harmfull#elfects food and

zeme fish is through the increase in coarse fish, such as carp, Such coarse fish
probably tend to decrease the better fish, by eating eggs or fry, by cleaning out the

(el )

shellow weed beds so that the young game fish will be deprived of their normal and
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needed shelter, by competing for food or in sone other manner,
Inother wex in which sewage may affect fish o

Ten to be observed in nolluted waters,

T7e heve already mentioned that sbrorally formed or monstrous Tishes are sometimes
cormonl in nolluted waterse Other disesses are a2lso freouent in polluted waters, These

are ;

e in part due, we mey suppose, to the weekened condition of the fish. Parasitic
& 04 Fading 3

worms may abound, especially the speciss which produce little black cysts on the skin,
Those species of parasites may abound in polluted waters, because they rmst {irst live

in 2 snail before infecting the fish, and snails are often increased by pollution,

Bacterial diseases of fish a aon in nolluted waters, One such disease for

instance, causing the fins to be eaten awsy, was found very prevalent in the heavily

polluted lower River Raisin, Il is guite possible that some pathogenic bacteria

are not very specific as to their hosts, and that they may be actually contridbuted to

s
the stream by the city sewage. Or the sludge despee deposits or the growths of slimy fungl

in the polluted waters mey very well harbor the disease-producing microorganisms, so as

fal

to render easier the infection of new f{ish, (The slimy deposits in fish troughs have

been shovn to uphold e srowth of the bacterium causing e very serious gill disease in
trout.) The bazcteria concerned may even multiply in the slime or sludge,
I could cite other ways in which sews

e may harmfully affect fish 1life indirectly,.
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Eut I have rerhaps gone far enou o show the extreme complexity of the problem, and

1

the difficulty at determining just what harm the pollus®
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on may do to the fish life, Any

.

disturbance in the natural bzlence of
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lakes may

seriously affect the fish 1life, The indirsct effects of sewsge in depleting or eliminat-

ing the fish supply =may well be more imvortant than the direct killing effect,
Sirce it is so hard to determine the way in which pollution harms the fish life,
or the degreec of harm produced, it follows that it is exbremely difficult to 7ix a
<

definite stondard of allowsble pollution. It is the very natural desire of senitery
engineers to have a definifte measure of degree of pollution which may be regarded as
legal, But the grest seasonal and hourly wvariation in dissclved oxygzen cowtent or

other pollution indices make critical, or extreme

2, or even repressntative determinations,
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hard to obtaine. The effects resulting from the disturtence of the balance of neture
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make it difficul: to estimate whether e given standard level of pollution will be
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The engineers or administrators or legislators who wish to fix a legal standard

limit for pollutiorn usually want to base the limit on dissolved oxygen content. They
come to the fishery workers with the request for information as to the lowest amount of
dissolved oxyren which fishes vrill tolerate without meterial harm. The desire is to
adort a certain legal standard, such as 2 DeDeMe, S DePefe, 4 DeDeMe Or sone other figure.
The limit of 4 pep.e has been particularly mentiored in this state, ¥While we do not
wish to say thot administrative expediency may not require such a limit, we must express
our opinion that any definite limit, of 2, 3, 4 or 5 D.pem., would have to be made
without real scientific foundation., In addition to the difficulties of determining the
low values existing in the stream, or of estimating the manner or degree of harm done by
any degree of pollution, we encounter the difficulties arising from the varied effects of
the different elements in the sewage causing the wollution, especially if the sewage
be untreated,

We certairly can rot give the engineer any definite figure on the smount of disw-
solved oxygen which 1s just sufficient To support fish life, An amount of say 2peDeme

may just kill e riven kind of fish in a reasonable experimentel time (say 36 hours),.

But other fish may not be killed with this treatment; other kinds mar die more quickly,

ct

The killing limit of dissolved oxyzgen varies of course with

he terperature: the higher
the terperature, the more oxyscen is recuired to sustain life, Winter caurht fish are
ver;y resistant to low oxyren, but are especially susceptible when subjected to rapid
termperature increases, 2ither in nature or in the laboratory. Spawning fish are easily

killed, and fish eggs or fry may succomb to dissolved oxyser values well above *those

O
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which ¥ill the adult ©ish,

e
n

Even if we teke fish of & single species at a single are and seeson, we can not

cive the death roint in terms of low dissclved ozycen. Tre amount of oxwvren just

s

sufficient to sustain the fish's life depends also on the other material dissolved in

n]

the wateres The anount of dissolved oxygen necessarv is lmown to increese, if the amount
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of dissolved carbor dioxide is increaced, In some experiments with sugar-plant wastes
we found thet sunfish would live many hours in good "control” water containing only
a fraction of 1 pepeme of dissolved oxygen. But other fish, quive similar, were
quickly ¥killed in dilutions of an organic waste {steffents weste from a sursar plent),
in which the oxygen level was held up to 5 or 6 pepeme by cozpressed aire In some
natural waters fishes may continue to live for considerable periods of time in water
almost devoid of dissolwved oxysen, merely showing their distress by lapning at the
surface. In other circumstances bhey may be killed by organic pellutions when the
oxyren level is moderate, Thus in Iowa it has been found that fish may be killed by
decaving algae, even though the algae not dying are able to hold the oxygen level above
4 pepems (Obviously through the process of oxygen production by the live algae, in the
sunlirzht, in gquentities sufficient to more than take care of the decomposition of the

Eel
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dead alsae). It is possible of course to determine for fisl: of a given species, age,
sex and season, just how little dissolved oxygen is necessary to support life, under
eny given conditions, But these conditions vary tremendously with the stream, the
season and the amount of natural pollution, as well as with the nature and amount of
the pollution substences being discharged into the stream. Since we can not readily
determine the arount of dissolved oxygen just low enough to kill fish in natural waters,
we certainly would find it a very difficult task indeed to determine the less direct,
but perhaps more importent indirect effects on fish life of any given low value of dis-
solved oxygen.

In some states, the atterpt has been made to deternine a low oxyren vaelue allowabel
for polluted waters, using bilological oxygen demand in conjunction with dissolved
oxycen. The provosed value hes been called the "fish zero", or better the oxygen
reserve, Ihis is obtained by subbracting the BO® . De from the De¢ 0o If the result
is over 340 penems, the condition is termed satisfactoryy if under 3,0 DeDeMe, Un=-
satislfactory., This rmethod has the advantere over the simple dissolved oxygen standard, in
that it makes it less important to be on the ground when the DeDe 1s at its lowest point,

The BeDeDe tells after a fashion what ma; be expected to happen to the D.0, under un-

i T . X .
fevorable conditions. But it does not follow thet 2 stream with an orygen reserve of
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under 3e0 pe.pem, is unfit for fish lifes The water may carry a BeOeDe higher
than its De0e (thus giving a negative value of oxygen reserve), vet be rather healthy
for fish, if the stream is frequently well aerated by flowing over riffles or dams,

Other states, as New York, have frankly recognized the extreme difficulty of fixing
a legal limit to pollution on a chemicel basis. NNew York has been using instead the
"minnovw test", to determine if there has been a vioclation of the lew prohibiting the
discharge of substances injurious to fish life, 1In these tests, it is determined
whether minnows confined in a live box in the water die, The difficulties in this
test are perhaps as great as in the chemical tests, Anyone who has tried to keep
minnows alive in live-boxes, knows how difficult it is to do so, even in unpolluted
streams. Then different species of minnows vary greatly in their resistance, Further=
more, whether or not the minnow will die in the test will certainly depend on how and
where caught, how long and in what manner treated while being transported for the test,
and on how great a differente exists between the native and polluted stream, in respect
to temperature, chemical content, etcs Also, the pollution may injuriously affect the
fish in other ways thean by causing death; or it may be difficult to make the "minnow
test" at the right time and place,

So far as I can see, no simple test for the lower limit of allowable pollution
mey be fixed, on any good scientific basise

Any estimetion of the effect of nollution on fish life is complicated by the fact
that most sewage, especially sanitary sewage, is at least potentially beneficial to
fish 1ife, This is a pcint which is seldom even mentioned. It would be recarded as a
heresy by the anti-pollufion crusader., It is a lirht on the subject against which even
supposedly scientific investigators have blinded themselveso, It may be that recognizing
the benefits of sewage to fish life would weaken the case of those striving to control
pollutione. But I feel that stating a partiel case, hiding half of the problem, is
merely & form of deception that can work no good in the long run, for the truth will
come out eventually. Furtheruore, as we shall presently see, recognizing the ad-

ventages of sewage to fish life strengthens the case for thopough-going sewage treatment,
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The beneficiel effects of seware on ish 1ife lie in its fertilizine aualities.
o o -

Sanitary sewa
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e is very rich in nitrogen, and hes a considerable content of phosphorus,

1

potassinm and other fertilizing elenentse. Aquatic crops cen be increased Jjust as land

rlants cen he, by the addition of these elements to the nutritive mediume Numerous
laboretory experiments have shown that the addition of nitretes and phosphates stimulate
the aguatic growthse. It is becominy the standard practice in fish culbture to fertilize
the rearing ponds with nitrogen-rich meals, such as sov-bean meal, with phosphate
fertilizers and with sheep menure., Since sanitary sewage carries very similasr substanrces,
it is clear that it is capable of increasing fish production also, through the in
crease in the plants and then of the small animals on which the fish feeds The ac=-
cumilated experience of the centuries in Oriental fish culture hss demonstrated the ef-
fect of sanitary sewage on fish productione Over there it is the custom to place the
privies over the innumerable little fish ponds, so as to fertilize the ponds directly,
The reason why a Seandinavian lake produces an unusually high fish production in pcunds
per acre per year was found to lie in the fact that the small wvillage on the lake dis-

charges its sewage into the lake, The fact that Leke Erie hes over the years yielded

approxzinmately a: much poundage of fish as all the other Great Lekes combined may well

be due in pert to the fertilizing of this lake by the large human population which surrcunds

its ALfter the sanitary sewage of Chicago was diverted into the Illinois River, a
merked increase in the commercial fish yield of the river was recorded,.

This increased yield of the Illinois River, however, did not !o0ld up. Cradually
a thick septic sludge was deposited near the head of the sanitary csnal, meking that
end of the system unsuited to fish life, As the sludge accumulated it advanced dovme-
stream, vear by year lengtheninz the virtually fishless section of the stream and
shicrtening the lovwer zortion of incressed fish production, This vrocess had continued
until a few vears ago, so that only a fer of the lowermost miles of the stream remained
a high production. Iow,
as Chicago is installing sewage trectrent, the zone of fish wpoduction is sredually

progressing unstresm, as the sludge is beinr removed faster then it accuruletes,
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It is the accumulation of sludge which is one of the most baneful effects of un-
treated sewages The septic bottom putrifies under conditions of anaerobic decomposition,
producing substences toxiec to fish life and obnoxious to men. The formation fo sludge
in the great rivers is eccelerated Ty erosion end silting, The fine soil particles
rick up the scwege particles ty adhesion, end carry them dovm to form & slovly de=-
composing sludgy mud of high organic contente This zuffocates the useful bottonm life,
and in decomposiry mekes the overlying water less fit for figh 1ife, or for humsn use 2nd
enjoyment,

Incorplete treatment of sewage is a poor icealese It is at best an zlleviztive and
not & cure, The meke-chift of merely ponding sewage rich in orgenic westes is par=-
ticularly unsatisfactory, Anserobie decomposition will set in, producing a locel nuisance a
and at times discherging en effluent into the stream vhick may be more toxic than the
original rew sewape, Then accidents cccur, 2An innocert muskrat may bore his tunnel
through the retaining dike. o little Dutch hoy teing handy to plug the hole, the whole
contents of the retiening pond mey be discharged into the stream. The flood of toxic
waters then rushes dovnstream, cleening out the whole streem of its fish lifee This
is net mere theorye. It has happened a number of times in our own state., TFor irnstance,
once in 1921, the dike of the retaining vond of the sugar plant at St. Lonis broke out,
resulting ir the wiping out muach of the fish fauna of the Pine River,

The utility of through sewage treatment is now obvious. It produces no noxicus

sludge depositse The oxidized wastes virtually eliminate oxyren loss in the stresn,

3 )

the ercess accumulstion of carbon dioxide sxd other products of saerobic decorposie-

part of the nitrozen, phosphorus, potassium erd other degirsble fertilizirg elorzents

zre retained in the effluent of the trestment plent. And the nitrogen and phosphorus are

added in the oxidized and sclutle form of nitretes ard phosphetes, which are directly

utilizable by the water plents, These in turn support the enimel 1ife on which the

wey, the young fish will fird weeds in which to seek shelter and the mirute organisms on

v b

which trey grow, and the larger fish will fird the larger food virich they prefer, The
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treated szwepe Is thus turned into cressed Dish rroducticn,

The therouzh trectirent of sewape alsc eliminctes the unsiphtly solids which, {lecetirg
by, disgust tThe stresrm=side visitor. It the rutrifying sludge, with its
obnoxicus eppesrence snd odor. The water retlens its oxyrer, sc that the crgeric maftter
remeiring is disinte;rated bty anserobic decomposition, thus avoiding the production of

1)
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the unsaturated compounds, like hydroren sulphice, e 5¢

genic bacterie are sufliciently destroyed to relke the weters safe

swingeing and much more sotisfectory for city water supplye.

obroxious,

The petho-

Thus the interests of better fishirgs are dovetalled with other recreaticnal in-
terests, snd with property values, Summer cottages will spring up along

streans away from the cities, and in and neer the cities

be aveileble for better homess A corparisor of the home-site velues

Cedar just sbove East Lan
the elimination of pollution has a real dollar valuc,
But rerheaps even mcre irmrortent then the incres

from compnlete sewage treatment, are the

strecm=sicde perk In o city cen serve mankind more sipgnifi

cretely than a mere increasse in momnetari wealth, Our streined and
eed recreetion in inereasing srount, VYhere csa i

along a beautiful strean, chosen trysting plece of the young, faver

arvist? fnd 1if goed fishing be in order, mey not the enjoyment of th

1sing end slong the Grend below Lensing will

sed economic values

increased recrectional values.

indus

the purified

the streem sice property will

along the Red
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suffice to show that

which result

A Tesutiful

cantly even thourh less cone

trialized people

m men enjoy & day more pleasently than

e subject of the

e day be perfect?
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