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Introduction 

The various substances which are carried dm s oluti on and suspension 
by a stream, collectively determine whether the v1aters of that stream in 
themselves present conditions favorable or unfavorable for fish and other 
aquati c organisms, and if any ina i·.ridual fish i n the stream is affected 
not only directly by these substances, but indirectly t hrough their action 
on other forms of aquatic life which comprise i.'1 a very restricted enrivon
ment t~e food, the enemies, and the competitors of the particular individual. 
The det ermination of the quantities of these substances which should be 
present in water in order to maintain a suitabl e environment for f ishes , 
or which may be tolerated by fishes under f avorable conditions , i s ther efore 
much more involved than the desirnation of standar ds for water for human 
consumption, which concern but a sin-;l e , air-br eathing, nonaquatic animal, 
man. 

Water standar ds f or fishes and other aquatic organisms are not identi
cal with those standar ds ·which nill define water as potable f Qr human beines 
or satisfactory for industrial use . 1at er may be serviceable for many in
dustries and yet not support fis h life , or fish ma~t thrive in Hater which 
would be unsafe f or human consumption due t o the presence of particular bac
t eria such as typhoid, or certain compounds harmful to man, as the western 
11alkalis 11 • The s tatement which is s o often quoted, that the \'tater leaving 
a particular manufacturing es t ablishment or floHing in a given stream, is 
11 good enough to drink", and therefore by infer ence is favorable for fish 
life , is Yti t~out a scientific basis, and must bo r efuted. 

The definition of v.aters as suitabl e or unsuitable for aquatic life is 
complicated still further by the fact that various species of fishes and 
other aquatic animals and even individuals of differ .. nt ages of the same 
species have different degrees of t ol erance to deviations f r om tho ideal 
environment, and to the cwnulative r~ffects of many stream pollutants . Con
sequently the presence , or dVen the s urvival for a tilile, of fishes in waters 
suspected of pollution does not cons titute c;vidcnce that these v·ater s are 
either sat isfactory or saf e f or fishes . 

The probl em is s o compl ex that no one index can be used for the mea
surement of s tream pollution. Various pr oposals have been made that a given 
dissolved oxygen l ovel, a particular r at i o bctueen dissolved oxygen and 
the biochemi cal oxyBen d•-mand, or a certain survival time for minnov1s in 
the sus pect ed •·rater, DC' taken as sati sfact ory· ~rit_ria, particularly for 
l egal purposes , of vrat ..:r purit~r for fish and aquatic organisms . Such stan
dards alone become purc.l y arbitrary and have little r eal value since no single 
standard gives n m asurc of the del et erious ef f ects of all stream pollutions . 
The uso, ther ef or e , of a singl a s tandard has been ver:r justly criticized 
by most writ..irs on str~am pollution. ' 



.. 

In th~ present consideration of ·Hater standards for fish and other 
aquatic animals the dissolved and suspended substances have been divided 
into two gro:tps , namely, (a) those constituting the complex favorable to 
fishes in n.t.ural unpolluted "\ raters, i.e. J tnose substances to which the 
fres~~wate~ fishes are physiologically adap ted, and (b) those substances 
vr!tlct1 are <.1. Ldo3d from tirae to t:µyie to n~tu::-al vrattrs by man and his a~encies , 
and . to l'Ihich ·the i ndivirtual fish must adapt itself. There is , of course , 
some overla::iping between the tv10 P-roups since certain forms of pollution 
me1•el;:r al te1 the amounts o: specific substances normally found in streams , 
as i11 the C'i:l.3e of the add wastes from wire-nail mills , vr'iich effluents 
rais,, the content of acid ions, iron and sulphat' s, all of v-1hich occur in 
s':lall. quantities in most streams, to levels toxfo for aquatiG forms, with 
disastrous res1tlts . 

·The l :i.ni tinf" '1.-'"a.lue::o for the varj ou::: substances in stream waters _, Hi th 
reference to the cffe~t~ on aquatic life, as presented here. have been ob
tained throur,h the correlation of data of three sorts , (a ) the quantities 
o!' t:iese substances found in n<.tural waters where fish were successfully 
maint"lining themsol ves, (b) the '1h,.vsiolo('ical responses of. fishes and other 
aquat·41c an5.o .. als t o vari;itions in the concrmtrations of these substances , 
and (c) the sur-vi Yal of aqwtic forms vrhen exposed to these substances over 
long J..)eriod ~ under confrnlled condit:ions . These data have been drawn from 
the existing li terp.tur8, and from field and laboratory studies by the staff 
of the Colu.~~ia (ltissouri) T'ield Unit of the U. S ~ Bureau of Fisheries during 
the past 4 years , 

In the application of these data and st:indards it must be born in mind 
that individual fis hes and various 9pe_cies of fish have 'different degrees 
of resistance and tolerance ·so th~t some. f.ishes may live under less. favor
able qonditions than thos~ here designated since both tha r,1inimum and maximum 
limits inunediately compatible 1.ith life have been avoided, for t hose limits 
cannot be regarded as desirable or physioldgically.reasonable in determin
int; a suitable environrni..1nt for fish any more than for man. An ·effort has 
been made to present U:>t..!a~le standards of water purity favorable to fish life , 
t'iat is, standard<.> def:Lnb.g vraters in which a. Nix.:?Ci fauna of fresh-water 
fishes of the common 11warm-vmti:r-* types including des i rable centrarchids , 
cyprini<ls, catostomids; anct silurids, as well' as eur.h tolerant forms such 
as carp apd'gar, Hill thrive . 

It mu::: t also be pointed out that these standards of purity must be 
maintained throughout the periods of lm. watr.r , r.iaximtLl!l. t emperature and 
r.iaximum l:iabil:i.t y to pollution, since n deviation in t he amount of any of 
sev~ral substances, dissolved oxygen , acids , or .salts, .t o the critical level 
for only a f ew ~ours .. ma~,. so change cond;rtions in a cons ide ra"IJle portiqn 
of an other\.ise favorable stream, tliat months or years may bo r equired to 
re-establish the former fish fauna ahd nori:ial balance of aquatic s pccios . 
Finally it must be :rem.:!t!lb~rcd that even tho~gh the uatur conditions b u favor
able to fish life thr; productivenGss of any s·tr3am will als o depend upon 
the stream confi~uration, rate· of flow, char:ict.::r of bott om, latt.::r al areas , 
and vurious othe r factors • 
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General Water Conditions Limiting -.aquatic 
Li fe in Inland Streams. 

A lar.ge series of· field studies has shovrn that the natural water con
ditions favorable or.unfavorable to fish and other aquatic life can be~ 
ascertained by determininv, r P.peatedly at different times of the ni8ht and 
day and at various seasons of the year the:- (1) dissolved oxygen, (2) p~, 
(3) ionizable salts, (.1.i.) total ·ammonia, and the (;;). suspensoid.s, since 

·these dsterminations not only yield specific data concernin~ particular 
conditions·, but also concernin6 various complexes which vary in even un
polluted streams and vr"l ich are also specific~1lly affected by many forms 
of pollution. 

From determinations made at mo.ny stations where good mixed fis h faunas 
·,.were present it was found that the values from the above determinations for 

favorable waters ·were within rather defini te limits, and that devl ations 
from these limits in our inland streams WPre alm.st alwc>.ys ind·:.cative of 
conditions unfavorable t o aqm·tic lifP.. ~~.<:l se val..1es alone, however, will 
not suffice for the complete dr-finition o:i. ·Hat er f c:1.vorab le for aq·. J ic life. 
The standards of purity from t hese deterr.dnations cover the rno"'e :; .:i ic con
·ditions which must be r.iaintained in any strean and on which conditL1ns of 
specific pollution are superimpose<l. 

(1) Dissolved oxygen:- Fi-om over .5,ooo det ermina,tions of dissolved 
oxygen in. ,W.;tter 5- irom various streams of th~ Mississippi, Mi~~o'..lr .. . TPnnes
see, and Ohi o River Syst,e:1S nnd other streruns flo'<ring i'1to t :ie Gulf cf 
Mexico, made at all hours of the nir:ht and day ny this field un.i t, it was 
found that the mid-SU.'III!JP.r dissol ved oxygen values durin~ ;>eriods when streams 
were lovr and v.ater t emperatures high, wer e cons istently above .5 p .. p.m. 
(parts per million) in t he cl~aner portions of the larg~ rivers· at stations 
where both gc.lI!le fish and r ou11h .fish WP.r e t aken, and above 5 p.p . m·. in the 
r elatively unpollut~d tri~utarirs . Many of these oxy~en determinations 
were above 7 p. p .rn. At the s ame.. time f eu i f any f i sh (for the most part 
only C'lrp and gar ) uer c f ound rrhcr e the diss ol ved oxygen mis baloi7 4 p. p.m. 
A dis solv1d oxygen l evel of S p. p. rn. or above ;ms clearly indicated from 
t he iicld studies as necessary to support a mixed fauna of narm-water fishes 
and tl-io other aquatic animal s upon which fis h depend, during the season 
when th'' oxygen carrying power of the water Vias low and when, because of 
the metabolic ·activity of the f ishes due to the hir,h 1fater temperatures 
(20° to 30° Ci ntrigrade ), the oxygen consumption of t~e individual fish 
was high. Uany observers have pointed out that the motabolism and conse
quent:.r the oxygen consumed by fish and other aquatic animals follows in 
general the van •t Hoff lau with r ef er Gnce t o t emperature so that th..: actual 
amount of oxyeen r emoved from the ;rat er by t he individual fish 1'ill vary 
with tht- t emp-:.r atur ... r . gar dl ess of tho amount of oxygen present until a 
near-lethal point i s r Lached, (Key~s , 1930 ) ; bro¥m trout requiring from 
90 - 200 c . c. of oxyg .. .m pt,) r ki l o of' body 1. ei r,ht pc.r hour, at tumporatures 
.:>et-.een 40 and 200 C. ; go!l.dfish f rom 16 t o 9 C . C. j and et:lS from 9 to 60 c , c. , 
(Gar dinur, King, and Pow.~rs , 1922 ) . As a vory dri f .i.nitc broaking point bL
twcl:.ln a good fish f auna and f f..:i,t or no f i sh uas found in tha fiold studies 
be: trrccn .5 p .p .m. and 4 p. p .m. oi' di ssolved oxygon durirn~ tho summer months , 
these values uar c. compared vtit~ thl:! l ethal dissolw~d oxygen l evel for various 
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fr, sh-wati.:r fishus , Kupzis · (1901) report•.d that th~ cyprinid l;.l-uciscus 
.;;.l7Jhrophj;halmus , (the furopean roach), can li v' for som~ tine in water 
con ... aining 11.1 •. p . m. of dissolved oxy17,cn but that fish of this species died 
from as:'lhyx· 'l whc·n the.: o~rgcn "H'.1S rc.::duced to d.6 or O. 7 p . p .. m. Plehn (1924) 
s t'at .:1d tha':. t~·out live b r~st in uat.;r conta.;ninr, 10 to 11. h p . p . u . . of dis 
solv..;d oxy; . , aJ1d if' 'bht.: HateI b1.. warm th;s ; fish will show some discomfort 
when the.: oxyg~n is r e duci:d to 7 p . p .m. T:1is author also stated that carp 
live \.ell ir 11:ater· conta ining 7_ ;1 . p .m. of dissolved oxyg .. m, but shou r cspir
a~ory difficulties uhen th~ diss olved oxygen is r e ducod to 4 • .J p . p . m. or 
lm1er, al t>iou~h ii' tht. 1.att::r b~ cold carp can livt- for a short time in wa ter 
cont·iining only O~? p . p ,!11 , dissolved oxygen . In order of their OX'JgE::n r c 
quirL.ments Pl, hn (l . c . ) liskd first the sal.monoids antl coregonids , _followed 
by tnt- ~ik...:: carp , t ench, e;oldiish~ ,,ith the eel th~ low'3st of all , Gardiner 
and King (1S~2) g,~v1..; th asphyxia! point for trout as from 1 .1 p . p . m. dis
solv~d oxy·~-..n at G.5°c . to J .4 p .p.m. at 25oc . , and for goldfish as 0 . 56 
p ;p . m. at 1~0c . ~nd 0 . 60 p .p . m. at 27°c . Thompson (1925) sta ted that carp 
and buffalo h:i.v ... bt. .... n found living in uat1.;r ca rrying as low a s 2 . 2 p . p . m. 
of O.h.'Yg,.m . As a rul . h found ~ vari~ty of :fisht..s only ;;hen 4 p . p . m. dis 
s olvL.d oxygt:n wer •. prus nt and tho gr~a.test va.rfot~r of fishes WhLn the 
wate r containing 9 p . -si •• 1. or mar-:.; of dissolv..:d oxyg1m, His · obseriati.on5-
ma.de at Pea:- ia lJia:i rous in surnoe:r b:f' 1923 showed t,h.at .:fi1shea died over nigl;lt 
in u att..r hTvi 1g l es s t 'iun 2 p. p .m. -of dj.ssolv~d oxygen . It is Hc.11 estab
lished for m<!.ny u.nimaJ.\ 1.-nd mru: , ho1ll..Vt.r, that tht= asp~rxial oxygen l~vel, 
the oxygen 1 V<~l Yrhich uill support life if profound compensations be made , 
and the oxycen l eve l at which rcspir~tory and car diovascular compensations 
begin are qt..it . differ ent , and t~1at th-3 latter, that is, the oxygen l evel 
at which respiratory and circulatory compensat ions are initiate d marks the 
law.:;r limit of th . f avorable r .,spirator:r unvironmunt, a lthou3h this oxygtm 
lovel is much hight-r th m the l.::thal or.rren l t-vc l .for t he sumo) s peci es . 
It has been s 1own (~llis, 1919) ttw.t althou"l'loi man li'V~s in an atmosphe r e 
containine 21 pe rcent o:J..7~:-:?n and that thl) collapse point for most human 
beings is nl..ar 6 pe r cent oxy~1.1n, that respiratory comprmsation bt: i ns at 
about 18 pe rcent oxiJgen . Appl:v.ine t his same principle to fis h0s tht:: writer 
has found 'that gol dfish, perch, catfish and oth~r spdcies of frosh-water 
:fishes when maintained in water of con~tant flow, composition and t empera
ture (20 to 25oc . ) sho1• respiratory compensations (in both rate and volume) 
when the dissolved oxygPn is rudl,lced to sli~htly b elow 5 p . p .m. This is 
in accord with the statc..ment of Pll.hn (1924) that carp show r espiratory 
difficulties when th..i dissolved oxygen is reduce d to 4 . 3 p .p .m . ~ and. r,ivos 
physiological background for the differ~ncus in fish f .luna betwctJn waters 
carrying 4 p . p .m. dissolved oXjrgen and those carrying 5 p . p .m. or better , 
as reported from our field studies . ' 

In view of the data from all sources .r and particularly from the fi~ld 
and l~boratory studies pres~nted her~ , 5 p.p.m. dissolved oxygen seems the 
lov~est value which may reasonably b~ exp1;;:ctt;:d to maintain a var'ied fish 
fauna of warm-vatcr fishes ±n our inland streams if thG water t empE- rature 
be 20°c . or above . Cold- i•ater flsh('S require e ven a higher dissolved oxygen 
level as vdll be shown in discussion of the oxygen requirements of trout 
to be published elsewhere . 
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Tho dissolvcd-oxy~en. content of an unpolluted stream normally varies 
with at least four major sets of factors, nam0ly, (a) physical conditions 
such as strerun flow, stream fall and temperature w~ich influence the satura
tion of the water with oxygen from the air, (b) ax:~gen produced by aquatic 
plants , (c) oxygen removed by aquatic organisms , both plant and animal, and 
(d ) the oxygen demand of the organic detritus of the stream. Efflum:its pol'!' 
luting streams alter this balanc~ chi~fly through· increasing the oxygen de
~d. Pollutants creating oxygen demand are of two typBs, thosu which add 
quantities of organic matter of c:. putrcJsible nature, among ·-rhich may be men
tioned domestic sewage, packing plant ''rastcs, beet sugar 1·nstL.S, and hide 
vat liquor from tanm .. rs; and those uhich add various rcrl.ucin"' chc.:nicals such 
as the sulphite wastus from pap·~r mills , '1-mstes from r,1inos, carryinr, sul
phides of heavy metals and curtain sp.:?nt dyes from leather works. !/.any of 
thcs L effluents are also harmful in addition to thi;ir oxygen demands because 
of specific toxic effects . The determination of the b iochemical oxygen 
demand of such substances thcrt!fore docs not give. a true !-'.:valuation of the 
pollution hazards , Many specfos of warm-1:atur fishes hmfcvcr uill live 
in wat er h'1ving :i high oxygen demand due to domestic sr wape or incus trial 
waste~ rich in organic materfo.l but v;ithout spec:~.:'ically toxi·.: 3uh :.cmces, 
if tho oxygen level be matntained above 5 p ~p .m. and the aeration be suf
fici~nt to blow off the excess of other gases like carbon dioAide , methane, 

.and s ulphur derivatives . In fact , the tan vat liquor from a tarmcry on 
the up~er Mississippi River , in spite of .:i high OX'Jgen demand uas not only 
t olerated readily, when properly aerated and unmixud with th• chemical W'lstes 
from the f .ct.ory, by v~lrious warl'l-'";mt·:?r fishes but material!:· incr~as._:d the 
production of pb.nkton vrh~n added to river v;atcr . Th..:: b iocht...r.iicul cxyeen 
demands o.f such effluents must br~ take!'l into account, hO"revcr, if these 
substances be poured into streons , in ordr.r to compute t ho di lution rcquir~d 
to pruvcnt this oxy~t.n de!iki.nd from lo\rorinc; the dissol ve d oxyg,m below 5 p .p . m. 
at any time . 

The; oxygen balanc~ of the strumn also may bu affecte d b~r oils r1hich 
exclude oxygQn from tho surfa ce of the str1:;um and prevent proper r oaer ation 
of the vra t er . Oil is r~rely poured into stre ams in such qwnti t i es , how
cvE::r, as to present th~ difffcul ty . Again s e:wage and industria l s l udges 
are oftE.m particularly harmful in reducing the; dissolved oxyp:~n through 
their biochemical o·cygon demands during the winte:r season wht.n ice covers 
the str..,arn surface und interfcr~s with the raorJgt.nation of the nater. 

(2) pH Limits :- The pH (hydrogen- ion conccmtration ) of inla nd streams , 
excepting bndly polluted portions, (:lS s.;en in a review of nearly l Q,000 
readjngs made during the past four years , lies in g<..ner al bet \1ec.n t he val
ues of pH 7 . L. and pH 8. 5 with the extrLJr.ie r:inge (in our data ) of pH 6 . 6 und 
pH 9, 0 in streams for which no specific factor causing tho dt:viation of 
hydro fen- ion conccntr'ltion l'm.s r eadily obs ervable . Swamp vm.tcrs, 1.J og 
streams , and p o..rticularly sYramp lakes, frequ.;ntly shmr an ac idi t y from pH 
6 40 to pH L.. O, yc;t a t the s ame time support a good, mixed; fish fauna . 
In some small western stre ams ·md pools conta ining fishes, examine d by the 
writ r in North Dakota, Uontrma, ~nd New Hcxico, an alkalinit y of pH 9 .. 5 
vms occasionally found in ti al kali districts , 11 or nc~r miner al ·Springs , al
though in such waters small pouciliids and cyprinids rmrG the domin.:mt fis hes . 
Tht:so f ield obse rvations ngr ee , in general, uith the s t at ement made by 
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Shel.ford (1929) that the r::mge of h:rdrOITCm- ion concentration from pH e.5 
to pH 6 . 5 m'l.y be.. ~xp• ctcd in r.iost uncontaminated frcsh-v;atc)r strs ams and 
lakes.; and ·. ri th the obsnrv'l tiohs of Porn .. rs ( 1921. und 1929) ; and Jud· ... y , Fred 
and Wilson [1924). , · 

Experim1 '1tcll t ests havl. demonstrated t hat m~my spt,;;cics of fr~sh-Ymter 
fish ho.ve a· gr t.::.:i.t tolt.r1.nce f o:c v1.ri'1tions in hydrog,•n-ion conc8ntr1.tion 
over n wide r t:1.nge . Crtnser (1930) showe d brook . t r out t o have a volnnt'lry 
tdlerction t o concentr~tions from pH 4 •6 to pH 9 ~ 6 . Brmvn and J~well (1926) 
found cnt fi:;h :...nd perch living in npparen·i:;ly e;ood condition in n bog lakt:: 
at pH 4 .- 4 t o pH 6 4 and. in ~ glacial laku nmir by at pH ·8. 2 to pH 8 . 7 . 
Thl.s J worl-:e r s dcr.io:lstratcd that the fishes from the tYm l .:lkes survivc.d 
truns·fer fron ~ itf1cr l W. 1.. to t hc other . Wiebt; (19Jlb) r eported th..i.t gold
fish survived r ap-id ch:.ng::,s, fro:n pH 7 . 2 to pH 9 . 6 ; l a r gemouth black bass 
·from pH 6 . 1 to pri 9 .5; sntllmouth bla ck b.1ss .f'.rom pH 6 . 6 to pH 9 .-J ; and 
sunfish frou pH 7.2 to 1)H 9 . 6 . Po•.ars (1930) in r..;vievrin~ th~ .problem 
sumnnrized th: • xisting rat.:-" by snyiny t ·hat aquatic or ganisms are able 
to r""ithsta~d .:i "iiidL r<-n~<.. in pf~ . Thi.. writl!r has conf i r med •this stat i...1m=mt 
vrith <T<l!nma r us , Dauhni::;, unioni•.ls und ~lan{.P'in in connection vi th pollu
tion f;osts ' as \1ell us ~·it.h e oldfisJ.i, pbrc ·1, and c-atfish . It mirrht SL , rt 
t-hcr c :"orc t 11ut t h o1l v<lu·, of strc;m ·,rat nr would b of littlu cons .qu'"'nc , 
in pollution s tudies um.1 in dut c r:iinfo r, st·mdJ.r ds of purity for lr.:it or . 
Houc vor tho pH of n:it 11rJ.l vnt ~r i~ d• t er.nined b~r substances in solution, 
p.:1.rticularlv c·1rbon~tc..s :1nd carbon dioxid1. , and v1.r ious s alts and otl-i r 
r:utcri~ls ·.r~ich c ons ti t.'utc a f..tir buffer s~r.:ter. , s o t hat unt~r nor acid 
thnn pH 7. 0 or r'1or~ u k:.linc t ha!l pH B •. ;; r ar .;l~! :i.s f ound i n our inl~nd 
streams , unless t h r b '"' sonc unus ual f ;tctor i n the conplex. Pond v i fa.rs , 
bog 1mters, ~nd l:c.•kc vn tL.rs v:1ry ov...:r .:J. nidur r~ga , but thl. conoil1.:i.tion 
of stream florr, ~eration, nnd buffer suost.mc~s holds t he. hydrorcn- ion con
centr~tion of the l<trg"r ri ,, .rs, the sno.llc.:r strcnms, ..:ind ~v1.;n m:i.ny brooks 
nithin the lioits u...:;,cribcd. In ~oliution studies, t herefore , it h~s beun 
found n.dvis 'tblt.. to viuw with suspicion any stre.:im water h·~vin • a hy drogen
ion concontration outs id«.! of t[\c liipits. ,PH 7 .o o.nC.: pH 8. 5 until it could 
be definitely shmm th:it the deviation, wa s duu to nt1.tural C1.U!31..:S r ather 
than ·pollutio~1 throu~h hu.:ian ;•t;Gncies . E'1oJn rztthl:) r bud).y pol1utf.:d s:trcams 
vrc re usually wi-th~.n those. lirlits o.nd ·uhc.n sufficic.:nt I?V.iteri·i.l had be en 
added to thf1 u:itcrs to produce n hydrogen- ion concontration narc acid than 
pH 7 .o or more alkaline th:m pH 8 . 5, tht:: buffer salts and cLJ.:rbon ... tc systf.ms 
wure definitely disturbed and conditions harr.i.ful to f ishes usually "l1cru 
found . Thu determination of pH thori:forf; is an irnpor:t.:mt u.id in tht.. study 
of polluted ,·:c:i.te::rs in spitL of thi;; r~r;..: of tolcrunce bf fishes to pH 
changes in unpolluted 110.tcrs , OL:cq.usc G~ccssive variation in the hydrogen
ion concentration ±s in'iicativo::: of ha-rmful changes.in t he conplL:x of dis
solved subst.:inc~s normally found in river vmtcrs . 

Among tho cfflu0nts which chanf$o the pH of stream u.:Lters and. break 
down tho buff er sJrstcl;1S n.rH the wast us fro1.1 wirc-n.:iil mills, tin plate mills , 
and· othor shcct-mr3tal uorks vrh ·re n.cid washes .:i.rc used ; 1'T1.St ~s from chumicnl 
works , po.rticularJ.y those: rnanufacturin'.; dye ::1ord:.mts; H~stes fro1:: chrone . 
tanning processes; from daily. products conccrnsj ru1d f rom b~tter~r f~ctorias . 
The e ffluent fron unsc.'.l.lcd coal mim;s is also a lo.rr,l.! source -of acid· pollu
tion . 
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(3) Ionizable salts:- Unpolluted natural \'Taters contain in solution 
small quantities of carbonates, chlorides, phosphates and sulphates, 
usually some nitrates and nitrites if organic matter be present, and 
traces of many other salts which vary with the region through which the 
stream flows. The metallic ions represented are largely calcium, mag
nesium, sodiur:i, potassium, iron, and manganese, nith traces of various 
other elements. Owing to the fact that carbon dioxide is supplied to 
stream vrater from so many sources, carbonates are the dominant salts, 
but because of the law solubility of most carbonates and also of most 
phosphates the mineral content of river water never rises very high un
less some particular substance is added to the water which will raise 
the solubllity of these compounds or transform them i nto other more 
soluble compounds. ill of the substances in solution in river water. 
collectively exert osmotic pressure on the aquatic organisms living in 
the water, and many of these compounds ar.e physiologi cally actiw~, so 
that fresh-nater fishes and other animals living in these streams have 
become adapted to the physical a~d physiological ~ctions of tr.is salt 
complex. Sua.11 variations in several of t:..i _se s'.ll ts rnny cause sraa1-l vari
ations in the species composition, partic~,.arly ',;he invertebi:'c..teb: of 
the fauna at any given station but most aquatic •pecies will t olerate 
changes of considerable magnitude in the relati"\' f;l amount s of t hese salts 
present, if the very small maximum which is normally present be not ex
ceeded. For example the fixed carbonates in the upper Tennessee River 
were found to vary from O.~ c.c. to 30 c.c. per litP.r (romput~d as co2 
by vo].wne ) lrithout affecting the general cornposi tion of the a'natic f auna, 
and from O.J c.c. to 55.5 c.c. in Spider Creek, a tribdary of the \,abash 
River. As the specific quantities of most of the substunces comprising 
this salt comnlex are not so import~nt as the total quantity of soluble 
matter pres~nt, and as most o! these subs tances ar e ionizable, m~asure
ments of the specific conductance of a large nwnber of polluted and un
polluted waters wer e.made . Thes e determinations show that the specific 
conductance of these por t ions of inland streans and rivers vrhich were sup
po~ing a good mixed fish fauna in ~eneral lay betv1een 150 and 500 mho x 
10 nt 25°c. vrhen car bon dioxide s upplied the dominant acid. If chlorides 
or sulphates ros e, either fro.n introduction of salt waters .gr mineral 
acids and the specific conductance exceeded 1,000 mho x 10- at 25°c. 
conditions detrimental t o fish, plankton, mollus ca., and many insect larvae 
were p,enerally found . ~pecific condu9t ance ther efore offers a r eady 
method for detect.ion of salt and acid pollutions , as produced by water 
from oil wells, by wastes from indus tries using salts or stronc; acids, 
and by heavy metal pollutants . This method was used very satisfactorily 
in deterr.rl.ning the extent of down stream pollution fro~ lead and zinc 
mines in t!-le Coeur d'Al ene di s trict in Idaho (Ellis, 19h0a). In sum:. 
western streams and irrigation r eservoirs alkaline uat~r (Rio Grru.:g River, 
near Ft . Hancock, Texas, watt.:r pH 7 ~ 8, conduc~ce 4,917 mho x 10 ) was 
found with a conductance above 1 1 000 mho x 10 but such waters \iere sup
porting a very limited fis h fauna, primarily o;f poeciliids and small cyp
rinids (discussed more fully in another publication)·. 
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(4) A'TII.10•1ia.: - Decomposj.ng organi c matter , if nitrogenous iVill liber
ate into st.r-e>a:!ilwater .ammoniUm compounds repr esenting a considerable por
tion of t he total nitro6en . As anu.ioniwn car.pounds present at once both 
a hazard 'd11' to tlie hi gh toxicity of ammonjum carbonate for most aquatic 
animals J c..rd an importan~ source of availa l e nitrogen for the lovrer plants 
in the aqu- 1ic food chain, ammonia determiua tions give~ significant index 
of the bala~ce '.Jetween stre~ pµrification t hrougl-t the conswnption and 
eliminaticn cf t he ammoniti.m c c-npounds formed d1 i=ing the disintegration 
of organic detritus and the arnoµnt of such organic wastes received by the 
st~eam . In natural unpolluted ;:aters organic de tritus consists primarily 
of tte rer.i:?.'i..ns of or ganisms , both plant and animal J ~ring in the stream 
and adjacent wa te.rs and - such organi c matter as n:;ay be broueht into the 
streail by S'J.rface run-off water. In c;eneral in unpolluted waters the amount 
of ar:monia and a~ aonium comoounds (chiefly ammoniwn carbonate) is very 
small) av,,,. agin"' les s than 0 . 1 p . p . m. The Uest Riding Rivers Board (1930) 
found the azmnonia. content of the Rive r \Yharfe, an unpolluted stream, to 
var/ from "'1 ,1) t o 0 ,17 p-:J . m. ; Butcher, Pentelow and l!oodley (1927) stated 
the amuonia c on t ent of the River I tchen normally to be lt!Ss than 0.1 p.p.m. 
with a maxjmwn of 0 . 25 p . p . m. ; Pearsall (1930) found the waters of various 
English 121-: ' S to carr:r less than 0 01 p . p . m. o. Domoralla, Juday and 
Pete1·son (19?.5) t e!"'ort(~d the atIL'Jonia in Lake Uendo t a to vary ::>etween 0.0073 
and O. 76 ? -.p.m. and unt-«>llut.ed port i ons of the Hi sconsin River above Rhine
lander (l.isconsin Stat.e loard of Health, 1927) averaged 0.096 p.p ,m. am
monia. In field s t udies by the Columbia unit s ir.li lar ammonia iralues from 
analysis of unpolluted water.::; were obtaine d, all below 0.9 p.p.m. Polluted 
stre<>.ms pr esent quite <! differ ent picture , for as 11inslow and Phelps (1906) 
have point ed out, fro:n one third t o one half of the total nitrogen of sewage 
Hill be. in the f ern of free ..armionia, largely as ammon~un carbonate , and 
sewage will carry fron 15 to J5 p . p . m. or mars total nitrogen . 1Tiebe 
(193la) re~orted a ma."'C'i.murn of 0 .224 p .p· .• m. ammonia in the Mississippi River 
at Fairport, Iowa. Ellis (19h0b ) found from 0 .36 to 1.16 p .p .m. rw..nionia 
in the rn.s~issippi River at Davenport , Iowa , during lor; water in the month 
9f July 19j4, in portiuns of the river that were not badly polluted and 
1:/hich were supportinG bas s J catfis11 and othe r uarm-water fis hes ; and be
tween . St. Louis and Ca:i:.ro, Illinois , in badlJr pollu-Ced water of the M:i.s-
s'is sippi H.iv8r frQrn 0.24 to 3 . 80 p . p . m. of ammonia, during September 193.5. 
In the hig~y polluted ~lackstone Rive r the i'.fas sachusetts Public Health 
Department (1913) r eported 11. 7 p . p . m. of ammonia . · 

The toxic effe cts of a.'T!lnonium compounds have been the subject of many 
investigatioi1s and aquatic animals have been shovm to he particula.rly sen
sitive to.m.unoni1.1£1 carbonate, the form in which ammonia is found most fre 
quently in inland waters , (Shelford, 1917; Belding, 1928; Steinmann, 1928; 
and HcCay and V:ars, 1931). Thirty parts p er million will kill .some tench, 
trout) and salmon rather ·rapidly" ( .. e igelt , 188.5) and .55 to 71 p . p . m. \1ill 
kill shiners and carp in a f eu minute s to a f ew hours (Clarl: and Adams , 
1913). A r e vie.w of the- literature of ammonia, however, shorrs that some 
observers obtained toxic effe cts with much smalle r quantities . Ellis and 
8hiprnan (193.5) hnve r epeated many of the earlier t ests and extended the 
observations to Daphnia and GarmTu:1.rus as uell as fish, finding that pH is 
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a large fac.tor in regulating the toxicity of ammonia compounds for aquatic 
animals, . the ammonium salts becoming more toxic in more alkaline media, 
which explains the r elatively high toxicity to aquatic organisms of ar.i

monium carbonate as compared v;i th other ammonium compounds. . From experi
ments involvini; .over 11,000 cladocerans, 2,500 gamr.iarids and JOO goldfish, 
curves were dra1m showing that the toxicity of ammonium compounds increases 
200 percent or nore between pH 7,4 and pH B:o. Perch were .found more s en
sitive t o ammonia than gol<;ifish. The lower limit of toxicity (death in 10 
days or l ess depending upon conditions of experiment) l.as found to be near 
2 • .5 p.p.m. of ammonia. Some acclimatization was possible and it is well 
lmorm that individuals of various species of fish may be found in water con
taining 3 to 10 p.p.m. of ammonia. However, the existing literature and 
the data from our experiments indlcate that under average stream conditions 
with a pH value betvreen pH 7 .4 and pH 8 • .5, 2 • .5 p.p.m. of ammonia ;fill ue 
harmful to many individua.1.13 at .l~ast of the common' aquatic spociLs. Ther e
fore , in vfow of the srnall amount of ammonia· found in unpolluted natural 
waters LS p.p.m. of ammonia s eens th~ maximum value:. allowable in standards 
for favorabJ.e 1:ater conditions. 

(5) Suspensoidss- Th~ suspcnsoids, i. u ., p~rticulat~ mattur in sus
pensdion in inland fresh waters cons ists normally of erosion Eilt, cr ganic 
d~tritus (as discussed undor ammonia), and bact oria . Each component of 
this mixture may be ar~atly augmented by man's agencies and quantities of 
powder ed rock, cellulosL pulps, sawdust, semi-solid sewage , and other debris 
added. 

In th~ av~rar,c unpolluted str~am the first threu factors f or merly 
wer~ in balanc~ ov8r a considerable portion of the year and conditions 

· f avorable· t o aquatic life maintained, although now and then the floods 
and other unusual conditions killed off many aquatic animals by 'inundations 
of silt. i!":i.th the advent of civilized man and unrestricted deforestation, 
agriculture and other usLs of the earth ' s surface , the erosion probler.1 
has becorn~ gigantic, and the cff~cts of the loads of erosi on silt carried 
by inland s treams oveI'\rhulming on aquatic life in many places •. The addi
tion of eros ion silt and oth~r suspunsoi ds (disregarding any specific toxic 
action which some suspcmsoid uas t cs hav13 ) effect fisheries directly by cov~r
ing ' th; bottom with a blanket of mat erial \lhich kills out the. bottom fauna 
and therefore grt.oatly r educes the avai lable food, al so by the mechanical 
effects in .clogging gills and r espiratory tubes of aquatic forms, and by 
abrasive injuries to the gills of many fis hes and molluscs. Indirectly but 
none the less eff~ctivoly, er osion silt uffect fisheries by screening out 
the light, by 11laking dovm11 organic vias t e and thus increasinr; th1... 0 .ygcn 
dc.mand at the bottom of the stream, and by r t.otaining many f or ms of _ndus
trial effluun ts, as oils, chemical wast es, and pulps in beds on th1... floor 
of the stream with disastrous r esults t o t hL. bottom fauna. 

From tht: field Hark on unpolluted s trecuas in aI't3as where surface ero
sion •:as not influenced by man and wht.: r (; watt;r conditiohs were otherwise 
favorable i t has been sho~n by Ellis (19J.5b) ~hat the.millionth intensity 
depth (i. e . the lf..vel at Yfhich thL lir,ht on'!;cr:lng the surface of the strerun 
would be r educed to one7millionth of its surface intensity), for clear 
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.. unpallutt:.:d s treajns carrying little or no crQ~ion mat t.;rial; in 50 It1Ei.ters or 
mori;.; and th_at i .n . streams carrying a heavy load of e r osioh silt., .like. .the 
Missouri Riv r the millionth intensity l e vel r.iay be r~duccd to l ess than 
100 mm. Unt il erosion is brought tmd- r contr ol litt l e can be ·dono in' de 
mandin~ a minimum a.mount of s i l t and conscquc.mtly no s tandard has been urged 
·her o , but tl~ta from over 5,ooo de t crijlinations on inland streams shovr that 
the silt l oad of thes e streCllils ought to be r~duccd s o that the milliqnth 
intensity leve l would not be l ess than 5 met er s if conditions even approxi
mating those.. of times past vrhen erosion VTas hel d. in check by forests and 
grasslands a r c to be rr~stored. The de trimental · nature of erosi on s~lt as 
r egards fi s ht.: rie s is dis cussed nore fully by Ellis (1936 )' . . . . 

. Howevc..r, pa r tfoulata matter of a hardness gr eat er than one (mineral
ogical standards), i.e . '\'tastes other than se>1agr and organic matter intro
duced by man into s treams , can be r 0gulatod. Parti culate r:iatter of a hard
ness great~r tha~ one if held in sus pension by curr ent action or otherwise 
will injure the gills nnd ot her delic~tc exposed structures of fishes, 
molluscs a nd insc.C'ts if the particles be l ar ge enough. A large series 
of exp~rim.Jri ts at t he Golurnbi.'.l l abor a tories have der:ionstrated that rock 
powders, bl<st-furnace s l a gs , c inde r part icl es', and even coal washings 
vlill cut anu injure bot~ fis~.gills and t ho mantle and gills of unionid 
mollusc5 i f the particlos be lar gE;lr t han t ho.sq vrh.ich will pass through 
a 1,000-r.ic.sl (to th8 i nch) s creen. In the ac~ual tests the l arger the 
particles, and t ho gr eater t heir hardness and angul arity, tho gr eater the 
possibility of injury to gill structures. These abrasivo injur i es not 
only cut th gills but pr ovide entrance for di seas e organisms. Even ero
sion s ilt which vri ll p'lss through a 1,000-mesh screon produces copious 
flows of i:iucous f r ol!l biv'llve nolluscs and increas es tho s ... crction of slime 
by fish gills if the quantity in suspension be great enough. Besides , 
particl es l ar ger than t~osc r hich vrill pass throue h a 1,000-mesh s cr een 
wi-11 soon s c.. ttlc.. out in t he quiet er portions of str~uns and b lankot t he 
strean floor v1i th a l ayor of rock vrast G ,·rhiqh vrill snothor out the bot tom 
fauna, just as er osion s ilt is doing in so many of our inland s trcans. 
Mines, stamp mills, asb . s tos f actories, limestone saw mills, and blast 
furnaces ar c among the chiof sources of th.is forr.:i of pollution . 

Fron the standpo: nt of .aquatic lifo t~oroforc all particulate natter 
introduced by nan of a hardness of one or great er should be s o finely pul
verized tha t it would pass through a 1;000-mesh s creon, and s hould be so 
diluted that th~ r esultant· turb;!.dity would not r educe the rnillionth inten
sity l evel to l~ss than 5 met ers. Tha quantity should be controlled so 
that the s t r Han could c~rry tha powder avray vrithout b lanketing the bottom 
to the ,depth of mor e thc'.l.ll ·one. quartur p~ ~n inch. 

Particul at e mattc.. r of a hardness l ess than one presents slightly dif
f er ent problems. Sumi-solid s cmagc.. , organic wastes from packing plants 
anq canneries'· the va rious pulp \last~s fr.or:i beot sugar mills and paper 
mills, and s av!dus t and v;ood r e.fuse from· the lumber mills are included here . 
Scn.r~gc , organic HO.Stea and 'cannol"J wast es if diluted enough to neet tho 
oxygen, pH and a mmonia standards as giv9.n,. '\'/ill r ather ·rapidly dis appear 
from the strcrun a nd may contribute nitra t es, nitrites, and phosphates of 
value in the Illilintcnance of the aquatic food chains. However, ample solu
tion must be provided for before thes e lrastes can be r egarded as asse ts 
rather than liabilities. 
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Cellulose pulps of all sorts .:ind sandust should be f!xcluded completely 
from strcans. The decomposition of cellulose is slow under stream condi
tiohs and with this decomposition goes an oxygen demand and certain bacterial 
complications. The absolute exclusion of these pulps, disrugarding their 

· oxygen denands .:ind toxic possibilities is justified by the fact that those 
cellulose wastes line the stream mnrgins and cover the strea.m floor for 
miles belovt the source of pollution, hurboring bacteria, becoming entangled 
with the: gills of smll fishus nnd other aquatic animals, and SJ'lothering 
out v~rious bottom forms valuable for fish food. If othor wastes are also 
introduced the mats of pulp collect these wastes and maintain even greatur 
pollution hazards. 

Stream Pollutants and Aquatic Life 

If the gbneral conditions requisite for aquatic life are to be main
tained in the inland streams, . from the s t.:.mdpoint of fisheries no substance 
which will produce a dt:-viatiOn from the ideal aquatic environment unfavor
able to fish and· those other nqnatic organis1:1s uhich interd~pendently con
·stitute tho particular unit in which man is in-Wrested, should be aun:itted 
to ::i. strcar.1, i.e., n pollution disturbance is s ig~dficant as s oon as con-
ditions becoro unfavorable and lon~; before.. they bccor.ic l ethal. Na~;1.:ral ero
sion, I'linoral springs, and ge:i•sGrs for cxnople; have caused s ome stream pol
lution, but most of the stream pollutants arc traceable to man or man•s agen
cies. 

Collectively stre1r.1 pollutants regardless of the source can be grouped 
into three cl~ss0s, ·namely, (a) those pollutants which dis turb the balance 
of general conditions r equired to r.u1intain aqua.tic life , (b) those which 
have specific toxic action on fish •and other aquntic f orr:is, and (c) those 
which combine bot·h hazards. 

Th..: first group has been discussed in connection 1Tith the 'general con
ditions liniting aquatic life, nnd includes various effluents both munici 
pal antl industrial ·which r uduces the dissolve;.:d oXygcm, alter t ho pH, or 
oth.:rv;ise modify the genc.ral stream conditions, · 

Thi,; s ·~cond nnd third groups mn.y be considor e!d tog~thcr bcc<!.USO of the 
common haz~rd of toxicity to living things. In these groups are the vari
ous metallic poisons, dy~s, organic, and sulphur derivatives, noxious gases 
as chlorine , and cm,1pounds likt.:: cyanids which entLr the streams as by-pro
ducts or wastes from numerous types of industri~l activities. 

Experir.1ents at the Columbia laboratories of the U. S. Bu.r e:•m of Fis h
er i es hD..ve demonstrated that evo::m the lethal limits of oany. of these speci
f i cally toxic substances are V t... ry difficult to define owing to the fact 
t hat slight chu.ngcs in pH, r elative salinity, dissolved oxygen and buffer 
~al ts vrill materially alter tho toxicity of r,mn.y conpounds. Copper sulphate 
f or cxal!lplc was found to be: toxic to nost fish and aquatic animals in wat er 
fron one strorun in a dilution of 1:4,000,000 although in t!'le wo.ter from 
another stream a dilution of 1:1,000,000 1r~s r eadily t ol erated by the samo 
species due to differ8nc~s in the other dissolved salts carried by the tvwo 
s t r .Jams. It is very unv·rise therefore to attempt to s et stundards for these 
t oxic pollutants without giving the details of the conditions to be met , and 
th~s e conditions can only be pres ented in extensive accounts of the actions 
of the specific substances. 
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Ho), t V• r, two st.:ttcmcnts c·m b~ rn.:i.de h~ro cov1.,;ring th .... s~· :toxic pollutants J 

n<in~ly all curnulutivc wastes, th::i.t is those n ot re"l.dily oxidizabl t,; or r u
mov1.ble by the stream as gas .f\ ... ctory w:::.st t.s , should be entir~ly excluded . 
This is p ·wt. .cularly true of '· s tes C1.r rying met allic ions, including · cop
pLr, arsen:a_c lead, zinc, a nd even iron, s:: ic6 th,jSe metals ar e often t cm
poraril,t r ""i ovc:d from str .... am Yrn.t~rs by prc(..ipitntion, only to be.. r edissolved 
il1 quantity at sor,m othor t:ili1,· . Deposits cf was t e <; c 1.rrying heavy r.ietals 
constitute t '-1t..refore pqtan t ia!_ly acute pollution hnzards at all times, es 
peci;.:.lly sinco many metallic s alts are activw pr otoplasr.1ic poisons. Second, 
no subst::mce should be a dl'Jittt.d to a stream until it ha!5 been shovm that tho 
m<...t ri.:i.l in ~uestLn will be not only nontoxic U!1d~r the c onditions and in 
th_ dilutions as o!-'erativ.; il1 the strerun to receive this c..ffluent, but that 
thC: subst<l11ce i:ill not produce unfavqrabl t,; cumulative effects . 

The successful surviva l of fis hes, as of any ot her orgnnisus, calls for 
conditions v,hich i:lr - f · vor.ble, not mer ely s ublc..tha l . 

SUHiwtY 

(1) · ~t nsiv J fiold :md lnbor~itory studies of th\ fresh-w'lt er s treams 
of tht.. Unite:<i St-i.tc:s s !10.r t hat gun~r .. l wat er conditions f~vorablc to, not 
merely s ublc thal for, ui .xcd. f ;".un,:w of gar.ic and f ood fishes of the "war n
wnte rll typus and supportinG organi sms , pr esent n c onplcx defined by: -

(a) 

(b) 

(c ) 

(d) 

(e ) 

Di ssolved ox;f::;en not l uss than 5 p . p . n . 

Ionizabl t. sal t s ag indica t t..d oy a conductivitY: betneen 1.50 
and Soo uho x 10- at 2~° Ccntigr .:idt! ~d in gcner:al not ~x
c t. ~din~ 1,000 raho x 10- -it 250 Centigrade . 

Ar.unonia not exceeding 1.5 p.p. m. 

Su!?pcnsoids of a harcillcss of 1 or great er,. so fin1..ly dividud 
that they .Will p1.ss 'through a 1,000-mJsh (to the inch) s creen ; 
and so dilut~d tha t th~ r~sultant turbidity would not r educG 
the nillionth inten$ity d~pth for light penetration t o l uss 
tlian 5 n et e rs, 

(2) l~xp(;rirnental data arc subuitted supporting these field and Ja bora
t ory findings. 

(3) I f -such f avorable conditions for fishes are to be naint a ined and 
fish-s mid other aquatic org(l.11isns a r - t o be protected against t hu toxic 
actions of nany stre am pollutants, nll pollutants not readily oxidizabl e 
or r~movablo by th~ strco..n should be exclude d, inqludi ng ·particul a rly all 
cellulose pulps, v;nstes ca rrying heavy me t a llic ions and gas f actory efflu
l!nts. 0th r types of w1stcs should b,_ dilutud to concentrations nontoxic 
to the aquatic lif (; of the particular stream. No subs tance should be added 
to stream ildtcrs lihich vrould cause. a devia tion in e.-.;neral condit ions beyond 
the limits outlined nbove . 
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