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Intreoduc tion

The various substances which are carried @n solution and suspension
by a stream, collectively determine whether the waters of that stream in
themselves present conditions favorable or unfavorable for fish and other
aquatic organisms, and if any individual fish in the stream is affected
not only directly by these substances, but indirectly through their action
on other forms of aquatic life which comprise in a very restricted enrivon-
ment the food, the enemies, and the competitors of the particular individual.
The determination of the quantities of these substances which should be
present in water in order to maintain a suibtable environment for fishes,
or which may be tolerated by fishes under favorable conditions, is therefore
much more involved than the desipnation of standards for water for human
consumption, which concern but a single, air-breathing, nonaquatic animal,
man.

Water standards for fishes and other aquatic organisms are not identi-
cal with those standards which will define water as potable for human beings
or satisfactory for industrial use. uwater may be serviceable for many in-
dustries and yet not support fish 1life, or fish may thrive in water which
would be unsafe for human consumption due to the presence of particular bac-
teria such as typhoid, or certain compounds harmful to man, as the western
"alkalis". The statement which is so often quoted, that the water leaving
a particular manufacturing establishment or flowing in a given stream, is
"zood enough to drink", and therefore by inference is favorable for fish
life, is without a scientific basis, and must be refuted.

The definition of waters as suitable 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 different ages of the same
species have different degrees of tolerance to deviations from the ideal
environment, and to the cumulative cffects of many stream pollutants. Con=-
sequently the presence, or =ven the survival for a time, of fishes in waters
suspected of pollution does not constitute cvidence that these vaters are
either satisfactory or safe for fishes.

The problem is so complex that no one index can be used for the mea-
surement of strecam pollution. Various proposals have been made that a given
dissolved oxygen level, a particular ratio betieen dissolved oxXygen and
the biochemical oxygen dcemand, or a certain survival time for minnows in
the suspected water, oc tzken as satisfactory csriteria, particularly for
legal purposes, of watcir purity for fish and aquatic organisms. Such stan-
dards alone become purcly arbitrary and have littlec real value since no single
standard gives a muasure of the deleterious effocts of all stream pollutions.
The usc, thérefore, of a single standard has becn very justly critiq}zed
by most writirs on stream pollution.
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In the present consideration of water standards for fish and other
aquatic animals the dissolved and suspended substances have been divided
into two groups, namely, (a) those constituting the complex favorable to
fishes in riutural unpclluted waters, i.,e., tnose substances %o which the
fresh-water fishes are physiologically adapted, and (b) those substances
which are andad from time to time to natural waters by man and his azencies,
and. to which the indiwvidual fish must adapt itself. There is, of course,
some overlapping between the two rroups since certain forms of pollution
merely alter the amounts ol specific substances normally found in streams,
as in the case of the acid wastes from wire-nail mills, which effluents
raise the content of acid ions, iron and sulphates, all of which occur in
small quantities in most streamo, to levels toxic 1or aqguatic forms, with
dlsastrous results.

r“hra linitine vaiues for the various substances in stream waters, iith
reference to the effecits on aquatic life, as presented here have been ob-
tained through the correlation of data of three sorts, (a) the quantities
of thess substances found in natural waters where fish were successfully
maintaining themselves, (b) the physiological responses of- fishes and other
aquatic animals to varintions in the concentrations of these substances,
and (c) the survival of aquatic forms when exposed to these substances over
long period: under controlled conditions. These data have been drawn from
. the existing literature, and from field and laboratory studies by the staff
of the Columhia (uissoari) Tield Unit of the U, S. Bureau of Fisheries during
the past l} years.

In the application of these data and standards it must be born in mind
that individual fishes and various species of fish have ditfferent degrees
of resistance and tolerance so that some fishes may live under less favor-
able conditions than those here designated since both the ninimum and maximum
limits immediately compatible with 1ife have been avecided, for those limits
cannot be regarded as desirable or physioldgically reasonable in determin-
ing a suitable environment for fish any more than for man. A4An effort has
been made to present uscvable standards of water purity favorable to fish life,
that is, standards defining waters in which a-mixed fauna of fresh-water
fishes of the common 'warm=-water® types including desirable centrarchids,
cyprinids, catostomids; and silurids, as well as such tolerant forms such
as carp apd gar, will thrive.

It must also be pointed out that these standards of purity must be
maintained throughout the nperiods of low water, maximum temperature and
naximum liability to pollution, since a deviation in the amount of any of
several substances; dissolved oxygen, 2cids, or salts, to the critical lsvel
for only a few hours may so change conditions in a considerahle portion
of an othemise favorable strcam, that months or years may be required to
re~establish the former fish fauna and normal balance of aguatic species.
Finally it must be remambered that even though the watur conditions be favor-
able to fish life the productivencss of any strzam will also depend upon
the stream configuration, rate: of flow, character of bottom, lateral areas,
and various other factors.



General Water Conditions Limiting Aquatic
Life in Inland Streams.

A larpge series of field studies has shovn that the natural water con-
ditions favorable or unfavorable to fish and other aquatic life can be
ascertained by determining repeatedly at different times of the night and
day and at various seasons of the year the:- (1) dissolved oxygen, (2) pH,
(3) ionizable salts, (!}) total ammonia, and the (5) suspensoids, since
“these determinations not only yield specific data concerning particular
conditions, but also concerning various complexes which vary in even un-
polluted streams and which are also specifically affected by many forms
oif pollution.

From determinations made at many stations where good mixed fish faunas

“were present it was found that the values from the above determinations for
favorable waters were within rather definite limits, and that deviations
from these limits in our inland streams wers almcst always indlcative of
conditions unfavorable to aqustic life. Those values alone, however, will
not suffice for the complete definition oi water ravorable for aguatic life.
The standards of purity from these determinations cover the more Sosic con-
‘ditions which must be miintained in any stream and on which conditions of
specific pollution are superimposed.

(1) Dissolved oxygen:- From over 5,000 determinations of dissolved
oXygen in Waters from various streams of the Mississippi, Missouri, Tennes-
see, and Ohio River Systens and other streams flowing into the Gulf of
Mexico, made at all hours of the night and day by this field unit, it was
found that the mid-sumusr dissolved oxygen values durinj periods when streams
were low and water temperatures high, werc consistently above 5 p.p-m.

(parts per million) in the cleaner portions of the large rivers at stations
where both game fish and roush fish were taken, and above 5 p.p.m: in the
relatively unpolluted tributaries. Many of these oxygen determinations

were above 7 p.p.m. At the same time few if any fish (for the most part
only carp and gar) verc found where the dissolved oxygen was below L p.p.m.
A dissolved oxygen level of 5 p.p.m. or above was clearly indicated from
the {icld studies as necessary to support a mixed fauna of warm-water fishes
and the other aquatic animals upon which fish depend, during the season
when the oxygen carrying power of the water was low and when, because of
the metabolic:activity of the fishes due to the high water temperatures

(20° to 30° Centrigrade), the oxyzen consumption of the individual fish

was high. Many cbservers have pointed out that the metabolism and conse=-
quentlyy the oxygen consumed by fish and other aquatic animals follows in
general the van't Hoff law with refercnce to temperature so that the actual
amount of oxygen removed from the water by the individual fish will vary
with the tempcrature rogardless of the amount of oxygen present until a
near-lethal point is rcached, (Keyes, 1930}; brovn trout requiring from

90 ~ 200 c.c. of oxygen per kilo of body v.eight per hour, at temperatures
vetieen L° and 200 C.; goldfish from 16 to 9 c.c.; and eels from 9 to 60 c.c.,
(Gardiner, King, and Pow.rs, 1922). As a very definite breaking point be-
tween a good fish fauna and few or no fish was found in the field studies
between 5 p.p.m. and 4 p.p.m. of dissolved oxygon during the summer months,
these values werc comparcd with the lethal dissolved oxygen level for various




fresh-water fishes. Kupzis (1991) reported that the cyprinid Leuciscus
crythrophthelmus, (the Burcpean roach), can liv: for som: tine in water
containing 1 n.p.m. of dissolved oxygecn but that fish of this species died
from asnhyxa when the oxygen was reduced to 0.6 or 0.7 p.p.m. Plehn (1924)
statad that trout live best in water containing 10 to 11.)L p.p.n. of dis-—
solved oxyiiii, and if the irater be warm those fish will show some discomfort
when the oxygen is reduced to 7 p.p.m. This author also stated that carp
live well ir water containing 7.5.p.m. of dissolved oxygen, but show rcspir-
atory difficulties when the dissolved oxygen is reduced to 4.3 p.p.m. or
lovier, althouzh ir thu water be cold carp can live for a short time in water
containing only 0.9 p.p.m., dissolved oxygen. In order of their oxygen re-
quircments Plohn (l.c.) listed first the salmonoids and coregonids, .followed
by tne pike, carp, tench, goldiish, with the eel the lowest of all., Gardine
and King (1922) gove th. asphyxial point for trout as from 1,1 p.p.m. dis=
solved oxygen at 6.5°C. to 3.4 p.p.m. at 259C., and for goldfish as 0.56
Pepem. at 119¢. and 0.60 p.p.m. at 27°C. Thompson (1925) stated that carp
and buffalc have becn found living in watur carrying as low as 2.2 pP.p.m.
of oxygen. As a rul: he found « variscty of fishes only when L p.p.m. dis-
solved oxygen wer. presont and the greatest varicty of fishes when the
water containing % p.p.:i. or nore of dissolved oxygen., His observations-
made ot Peoria Nayrows in sumpey of 1923 showed that fishés died over night
in water having less than 2 p.p.m. of dissolvid oxygen. It is well estab~
lished for many animals ind man, however, that the asphyxial oxygen level,
the oxygen l:vel which 17311 support life if profound compensations be made,
and the oxypen level at which respiragtory and cardiovascular compensations
begin are quit. different, and that the latter, that is, the oxygen level
at which respiratory and circulatory compensations are initiated marks the
lower limit of th: favorable rospiratory envircnment, althcuzh this oxygen
level is much highur than the lethal oxyeen level for the same species.,

It has been shoun (dllis, 1919) that althoush man lives in an atmosphere
containing 21 percent oxygen and that the collapse peint for most human
beings is ncar 6 percent oxygen, that respiratory compensation begins at
about 18 percent oxvien. Applying this same principle to fishes the writer
has found that goldfish, perch, catfish and other species of fresh-water
fishes when maintained in water of constant flow, composition and tempera-
ture (20 to 25°C,) show respiratory compensations (in both rate and volume)
when the dissolved oxygen is reduced to slightly bzlow 5 p.p.m. This is

in accord with tha statement of Plehn (192);) that carp show respiratory
difficulties when the dissolved oxygen is reduced to L.3 p.p.m., and gives
physiological background for the differsnces in fish founa between waters
carrying !} p.p.m. dissolved oxygen and those carrying 5 p.p.m. or better,
as reported from our field studies,

ks

In view of the data from all sources, and particularly from the field
and laboratory studics presented here, 5 p.p.m. dissolved oxygen seems the
lowest value which may reasonably be expected to maintain a varied fish
fauna of warm-water fishes in our inland streams if the water temperature
be 20°C. or above. Cold—water fishes require cven a higher dissolved oxygen
level as will be shown in discussion of the oxyger requirements of trout
to be published elsewhere.

il



- The dissolved-oxyzen content of an unpolluted stream normally varies
with at least four major sets of factors, namely, (2) physical conditiens
such as stream flow, stream fall and temperature which influence the satura-
tion of the water with oxygen from the air, (b) oxrgen produced by aguatic
plants, (c) oxygen removed by aquatic organisms, both plant and animal, and
(d) the oxygen demand of the orgunic detritus of the stream. Efflucnts pol=
luting streams alter this balance chiefly through increasing the oxygen de-
mand. Pollutants creating oxygen demand are of two types, thosc which add
quantities of organic matter of a putresible naturc, among rhich may be men-—
tioned domestic sewage, packing plant wastes, beet sugar wastes, and nide
vat liqueor from tamncrs; and those which add varicus reducine cheinicals such
as the sulphite wastes from papsr mills, wastes from nines, carrying sul-
phides of heavy metals and certein spent dyes from leather works. Many of
these effluents are also harmful in addition to their cxygen demands becausc
of specific toxic effects. The determination of the biochemical oxygen
demand of such substances therefore docs not give a true evaluation of the
pollution hazards., lany species of warm=iater fishes however will live
in water having a high oxygen demand duc to domessic scwage or incustrial
wastes rich in organic material but without specifically toxa: subriances,
if the oxygen level be maintained above 5 p.p.m. and the aeration be suf-
ficient to blow off the excess of other gases like carbon dioxide, methane,

-and sulphur derivatives. 1In fact, the tan vat liquor from a tanncry on

the upper Mississippi River, in spite of a high oxygen demand vas not only
tolerated readily, when properly aerated and uninixed with the chemical wastes
from the fictory, by virious warm—watar fishes but materiall:- increascd the
production of plankton when added 4o river woter. The biochemical cxygen
demands of such effluents must be taken into account, hovever, if thesc
substances be pourcd into streams, in order to computs the dilution required
to prevent this oxysen demand from lowering the dissolved oxygen bela? 5 p.p.i.
at any time.

The oxXygen balance of thé stream also may be affected by oils which
exclude oxypen from the surface of the stream and prevent proper reaeration
of the water. Oil is rarely poured into streams in such quantities, how=-
aver, as to przsent this difficulty. Again sewage and industrial sludges
are often particularly harmful in reducing the dissolved oxyein throuch
their biochemical oxygen demands during the winter season when ice covers
the strcam surface and interfercs with the reoxygenation of the water.

(2) pH Limits:— The pH (hydrogen-ion concentration) of inland streams,
excepting badly polluted portions, as scen in a review of nearly 10,000
readings mide during the past four years, lies in general betwecn the val-
ues of pH 7.4 and pH 8.5 with the extreme range (in our data) of pH 6.6 and
pH 9.0 in streams for which no specific factor causing the deviation of
hydrogen-ion concentration was readily obscrvable. Swamp watcrs, bog
streams, and particularly swamp lakes, frequently show an acidity from pH
6.0 to pH L.0, yet at the same time support a good, mixed, fish fauna.

In some small western streams and pools containing fishes, examined by the
writor in North Dakota, Montana, and New liexico, an alkalinity of pH 9.5

was occasionally found in Malkali districts,! or near mineral springs, al-
though in such waters small poeciliids and cyprinids were the dominunt fishes.
These ficld observations agree, in gencral, with the statement made by



Shelford (1929) that the range of hydrosen-ion concentration from pH 8.5

to pH 6.5 miy be sxpected in most uncontaminated fresh-water strecams and
lakes; and i7ith the observations of Povers (1921 and 1929); and Juday, Fred
and Wllson {192hL).

. Experimental tests have demonstrated that many species of fresh-water
fish have a'great tolerance for varictions in hydrogen-ion concentration
over a wide range. Creaser (1930) showed brook.trout to have a voluntary
toleration to concentretions from pH L:b to pH 9.6. Brown and Jewell (1926)
found catfish ¢nd perch living in apparently good condition in a bog lake
at pH Lsh to pH 6.4 and in a glacial lake nearby at pH 8.2 to pH 8.7.
Theso workers demonstrated that the fishes from the two lakes survived

* transfer from cither lake to the other. Wiebe (1931b) reported that gold=-
fish survived rapid changys, from pH 7.2 to pH 9.5; largemouth black bass
from pH 6.1 to pd 9.5; snallmouth black bass from pH 6.6 to pH 9.3; and
sunfish frou oH 7.2 to pH 9.6. Powers (1930) in reviewing the problem
sumprrized the «xisting datz by saying that aquatic¢ organisms are able

to vithstand a wide rinae in pH. The writer has confirmed this statiment
with (fammarus, Daphniu, unionius and Planaria in conncetion with pollu-
tion tésts, as well as irith goldfish, percn, and catfish. It miczhit sconm
therefore that the ol valuie of streoan water would be of little consuquence
in pollution studies‘and in determining standards of purity for water.
Hoviever the pH of natural water is dotermined by substances in solution,
particularly carbonatcs and carbon dioxide, and various salts and other
materials which constitute a fair bufi»r syster, so that water more acid
than pH 7.0 or more alknline than pH 8.5 rarzly is found in our inland
streams, unless there be some unusual factor in the complex. Pond iatcrs,
bog waters, and lske wabters vary over o wider range, but the comoination
of stream flow, acration, and buffer substances holds the hydrogen~-ion: con-
centration of thn larger rivers, the smaller strenms, and even many brooks
within the limits described. In vollution studies, therefore, it has been
found advisable to view with %usplClOH any stream watur having a hydrogen—
ion concentration outside of the limits pH 7.0 and pH 8.5 until it could
be definitely shown that the dLVldﬁan was duce to natural causes rather
than pollutiecn through human ﬁruncias. Even rather badly polluted streams
vere usually within thosc limits and when sufficient materinl had been
added to the waters to produce a hydrogen-ion concentration more acid than
pH 7.0 or more alkaline than pH 8.5, the buffer salts and carbon.te systems
were definitely disturbed and conditions harmful to fishes usually were
found. The determination of pH thersfore is an important aid in the study
of polluted waters in spite of the range of tolerance bf fishes to pH
changes in unpolluted waters, becausc excessive variation in the hydrogen-
-ion concentration is indicative of harmful changes_in the complex of dis-
solved substances normally found in river waters. .

Among the efiluents which change the pH of strcam waters and. break
down the buffer systems ars the wastes from wire-nail mills, tin plate mills,
and -other shect-metal works where acid washes arc uscdj; wastos from chemical
works, particularly thosc manufacturing dye mordunts; wastes from chrome .
tanning processes; from daily. produc ts concerns; and from battery fictorics.
~The effluent from unscaled coal nminss is also a larpe source -of acid:pollu-
tlon.

Y



(3) Ionizable salts:- Unpolluted natural waters 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, sodium, potassium, iron, and manganese, with traces of various
other elements. Owing to the fact that carbon dioxide is supplied to
stream water from so many sources, carbonates are the dominant saltis,
but because of the low 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 solubility of these compounds or transform them into other more
soluble compounds. A&ll of the substances in solution in river water.
collectively exert osmobtic pressure on the aquatic organisms living in
the water, and many of these compounds are physiologically active, so
that fresh-wiater fishes and other animals living in these streams have
become adapted to the physical and physiological zctions of this salt
complex. Onall variations in several of thzse salts may cause small vari-
ations in the species composition, particularly ithe invertebrites, of
the fauna at any given station but most aquatic rpecies will tolerate
changes of considerable magnitude in the relative amounts of these 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 0.4 c.c. to 30 c.c. per liter (computed as €O,
by volume) without affecting the general composition of the ansuatic fauna,
and from C.3 c.c¢. to 55.5 c.c. in Spider Creek, a tributary of the labash
River. As the specific quantities of most of the substances comprising
this salt comblex are not so important ds the total quantity of soluble
matter prescnt, and as most of these substances are ionizable, mcasure-
ments of the specific conductance of a large number of polluted and un-
polluted waters were .made, These determinations show that the specific
ccn*uctance of these portions of inland streams and rivers which were sup-

_ging a good mixed fish fauna in general lay between 150 and 500 mho x

at 25°C. vhen carbon dioxide supplied the dominant acid. If chlorides

or sulphates rose, either from introduction of salt waters gr mineral
acids and the specific conductance exceeded 1,000 mho x 1070 at 25°C.
conditions detrimental to fish, plankton, mollusca, and many insect larvae
were penerally found. opecific conductance therefore offsrs a ready
method for detection of salt and acid pollutions, as produced by water
from oil wells, by wastes from industries using salts or strong acids,
and by heavy metal pollutants. This method was used very satlafactorlly
in determining the extent of down stream pollution froa lead and zinc
mines in the Coeur d'dlene district in Idaho (Ellis, 1940a). In sone
western streams and irrigation reserveirs alkaline water (Rio Grar Hg River,
near Ft. Hancock, Texas, water pH 7.8, conduc_gnce 4,917 mho x 10 was
found with a conductance above 1,000 mho x 107" out such waters weru sup-
porting a very limited fish fauna, primarily of poeciliids and small cyp-
rinids (discussed more fully in another publication).

.



(h) AﬂmOﬁia-— Decomposing organic matter, if nitrogenous will liber-
ate into siream water .ammonium compounds representing a considerable por-
tion of the total nitrogen. As amronium corpounds present at once both
a hazard dup to the high toxicity of ammonium carbonate for most aquatic
animale, ard an importan’ source of availa le nitrogen for the lower plants
in the aquniic food chain, ammonia deteérminations give a significant index
of the balance betieen strean purification through the consumption and
eliminaticn of the ammonium compounds formed during the disintegration
of organic detritus and the amount. of such organic wastes received by the
stream. In natural unpoliuted waters organic detritus consists primarily
of tre remzins of organisms, both plant and animal, dying in the stream
and adjacent waters and-such organic matter as mayv be broupht into the

stream by surface run-off water. In general in unpolluted waters the amount
of armonia and aroniun compounds (chiefly ammonium carbonate) is very
small, aveaginy less than 0.1 p.p.m. The lest Riding Rivers Board (1930)
found the ammoniz content of the River Wharfe, an unpolluted stream, to
vary from 0.0 to 0.17 p.p.m.; Butcher, Pentelow and Woodley (1927) stated
the amrionia content of the River Iichen normally to be less than 0.1 p.p.m.
with a maximum of 0.25 p.p.m.; Pearsall (1930) found the waters of various
English lakes to carry less than 0.0l p,p.m. O. Domogalla, Juday and
Peteirson (1925) renorted the ammonia in Lake lendota to vary between 0.0073
and 0.76 p.p.m. and unpolluted portions of the iiisconsin River above Rhine-
lander (L1sconsin State Joard of Health, 1927) averaged 0.096 p.p.m. am-
monia. In field studies by the Columbia unit similar ammonia values fron
analysis of unpolluted waters were obtained, all below 0.9 p.p.m. Polluted
streams present quite z different pictute, for as Viinslow and Phelps (1906)
have pointed out, from one third to one half of the total nitrogen of sewage
will be in the form of free.amnonia, largely as ammonium carbonate, and
sewage will carry from 15 to 35 p.p.m. or more total nitrogen. Wiebe
(1931a) renorted a maximum of 0.22) p.p.m. ammonia in the Mississippi River
at Fairport, Towa. Ellis (1940b) found from 0.36 to 1.16 p.p.m. ammonia
' in the Liississippi River at Davenport, Towa, during low water in the month
of July 193k, in portiuns of the river that were not badly polluted and
which were supporting bass, catfish and other warm-water fishes; and be-
tween St. Louis and Cairo, Illinois, in badly pollufed water of the HMis-
sissippi River from 0.2l to 3.80 p.p.m. of ammonia, during September 1935.
In the highly pollutved slackstone River the ifassachusetts Public Health
Department (1913) reported 11.7 p.p.m. of ammdnia.

The toxic affects of ammonium compounds have been the subject of many
investigations and aguatic animals have been shown to be particularly sen-
sitive to ammonium carbonate, the form in which ammenia is found most fre-
quently in inland waters, (Shelford, 1917; Belding, 1928; Steinmann, 1928;
and ifcCay and Vars, 1931) Thirty parts per million will kill some tench,
trout, and salmon rather rapidly (.eigelt, 1885) and 55 to 77 p.p.m, will
kill shiners and carp in a few minutes to a few hours (Clark and Adams,
1913). A review of the- literature of ammonia, however, shairs that some
observers obtained toxic effects with much smaller quantities. Ellis and
Chipman (1935) have repcated many of the earlicr tests and extended the
observations to Daphnia and Gammarus as well as fish, finding that pH is



a large factor in regulating the toxicity of ammonia compounds for aquatic
animals,- the ammonium salts becoming more toxic in more alkaline modia,
which explains the relatively high toxicity to aquatic organisms of am-
monium carbonate as compared with other ammonium compounds. . From experi-
ments involving over 11,000 cladocerans, 2,500 gammarids and 300 goldfish,
curves were drawn showing that the toxicity of ammonium compounds increases
200 percent or more between pH 7.4 and pH 8.,0. Perch werc found morec sen-
sitive to ammonia than goldfish. The lower limit of toxicity (death in 10
days or less depending upon conditions of experiment) was found to be near
2.5 p.p.m., of ammonia. Some acclimatization was possible and it is well
knovm that individuals of wvarious 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 indicate that under average stream conditions
with a pH value between pH 7.L and pH 8.5, 2.5 p.p.m. of ammonia will be
harmful to many individuals at least of the corumon’ aquatic specics. There-
fore, in view of the small amount of ammonia found in unpolluted natural
waters 1.5 p.p.m. of ammonia seens the maximum value allowable in standards
for favorable vater conditions.

(5) Suspensoidsi- The suspensoids, i.c., perticulate matter in sus-
penston in inland fresh waters consists normally of erosion £ilt, crganic
detritus (as discussed under ammonia), and bacturia. Each component of
this mixture may be greatly augmented by man's agencies and quantitiss of
powdered rock, cellulose pulps, sawdust, scmi-solid sewage, and other debris
added.

In the average unpolluted stream the first three factors formerly
were in balance over a considerable portion of the year and conditions
* favorable to aquatic life maintained, although now and then the floods
and other unusual conditions killed off many aquatic animals by inundations
of silt. 1Hith the advent of civilized man and unrestricted deforestation,
agriculture and other uses of the sarth!s surface, the erosion problen
has becomg gigantic, and the effects of the loads of erosion silt carried
by inland streams overvhelming on aquatic life in many places. - The addi-
tion ef erosion silt and othor suspunsoids (disregarding any specific toxic
action which some suspensoid vwastes have) effect fisheries directly by cover-
ing the bottom with a blanket of material which kills out thc bottom fauna
and therefore greatly reduces the available food, also by the mechanical
effects in.clogging gills and respiratory tubes of aquatic forms, and by
abrasive injutries to the gills of many fishes and molluscs. Indirectly but
none the less effectively, erosion silt effect fisheries by screening out
the light, by "laking down® organic waste and thus increasing thce o.ygen
demand at the bottom of the stream, and by retaining many forms of _ndus-
trial effluents, as oils, chemical wastes, and pulps in beds on thc floor
of the strecam w1th disastrous results to thu bottom fauna.

From the field vork on unpolluted streans in arvas where surface ero-
sion was not influenced by man and where water conditionhs were otherwise
favorable it has been shown by Ellis (1935b) that the millionth intensity
depth (i.e. the level at which thu light cntering the surface of the stream
would be reduced to one-millionth of its surface intensity), for clear
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-unpalluted atreams carrying little or no chBion material, in 50 neters or
morc and that in streams carrying a heavy load of erosioh silt, like. the
Missouri Riv.r the millionth intcnsity level may be rcduced to less than
100 rm. Until erosion is brought under control little can be ‘done in de-
manding a minimim amount of silt and conscguently no standard has been urged
"here, but data from over 5,000 determinations on inland streams show that
the silt load of thesc streams ought to be rcduced so that the millionth
intensity level would not be less than 5 meters if conditions even approxi-
mating thosc of times past when crosion was held in check by forests and
grasslands arc to be restored. The detrimental nature of erosion silt as
regards fisheries is discussed nors fully by Ellis (1936)3

. Howevcr, particulabe matter of a hardness greater than one (mineral-
ogical standards), i.c. vwastes other than sawage and organic matter intro~
duced by man into streams, can be regulated. Particulate matter of a hard-
ness greater than' one if held in suspension by current action or otherwise
will injure the gills and other delicate exposed structures of fishes,
molluscs and inscets if the particles be large enough. A large series
of expcriments at the Columbia laboratories have demonstrated that rock
powders, blast-furnace slags, cinder particles, and even coal washings
will cut anc injure both fish.gills and the mantle and gills of unionid
molluscs if the particles be larger than those which will pass through
a 1,000-mcsh (to the inch) screen. In the actual tests the larger the
particles, and the grcatcr their hardness and angularity, the greater the
possibility of injury to gill structures. These abrasive injuries not
only cut th. gills but provide entrance for discasc organisms. Even ero-~
sion silt which will pass through a 1,000-mesh screen produccs copious
flows of mucous from bivalve molluses and increases the scerction of slime
by fish gills if the quantity in suspension be great cnough. Bosides,
particles larger than those vhich will pass through a 1,000-mesh screen
widl soon scttle out in the quieter portions of streams and blanket the
strecan floor with a laycr of rock wastc which will smother out the bottom
fauna, just as erosion silt is doing in so many of our inland streams.
Mines, stamp mills, asbustos factorics, limestone saw mills, and blast
furnaces are among the chicf sources of this form of pollution.,

Fron the standpoint of .aquatic life thercfore all particulate matter
introduced by man of a hardness of one or greater should be so finely pul-
verized that it would pass through a 1,000-mesh screen, and should be so
diluted that the resultant turbidity would not reduce the nillionth inten-—
sity level to less than 5 meters. The quantity should be controlled so
that the stream could carry the powder away without blanketing the bottom
to the depth of more than one. quarter of an inch.

Particulate matter of a2 hardness less than one présents slightly dif-
ferent problems. Semi-solid scwage, organic wastes from packing plants
and canneries, the various pulp wastes from bect sugatr mills and paper
mills, and sawdust and wood refuse from the lumber mills are included here.
Sevage, organic wastes and cannery wastes if diluted enough to meet tha
oxygen, pH and armonia standards as given, will rather -rapidly disappear
from the stream and may contribute nitrates, nitrites, and phosphates of
value in the maintenance of the aquatic food chains, However, ample solu-
tion must bec provided for before these wastes can be regarded as assets
rather than liabilitics.
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Cellulosc pulps of all sorts and sawdust should be excluded completely
from streams. The decomposition of cellulose is slow under stream condi-
tiohs and with this decomposition goes an oxygen demand and certain bacterial
complications. The absolute cxclusion of these pulps, disregarding their

" oxygen demands and toxic possibilities is justified by the fact that these
cellulose wastes line the stream margins and cover the stream floor for
miles below the source of pollution, harboring bacteria, becoming cntangled
with thc gills of small fishes and other aquatic animals, and smothering
out various bottom forms valuable for fish food. If other wastes are also
introduced the mats of pulp collect these wastes and maintain even greater
pollution hazards. .

Stream Pollutants and Aquatic Life

If the general conditions reguisite for aquatic life are to be main-
tained in the inland streams, -from the standpoint of fisheries no substance
which will produce a deviation from the ideal aquatic environment unfavor-
able to fish and those other cguatic organisis vhich interdependently con-
'stitute the particular unit in which man is interssted, should be aanitted
to a strean, i.e., a pollution disturbance is significant as soon as con-
ditions become unfavorablc and long beforc they bocome lethal, Notural ero—
sion, mincral springs, and geysers for example, have caused some stream pol-
lution, but most of the stream pollutants are traccable to man or man's agen-—
(Bl

Collectively stream pollutants regardless of the source can be grouped
into three classcs, namely, (a) those pollutants which disturb the balance
of general conditions roquired to maintain aquatic 1ife, (b) those which
have specific toxic action on fish and ether aquatiec forms, and (c) those
which combine both hazards.

The first group has been discussed in connection with the ‘general con=
ditions limiting aquatic life, and includes various effluents both munici-
pal and industrial which rcoduces the dissolved oxygen, alter the pH, or
otherwise modify the gencral stream conditions, )

~ The sccond and third groups may be considored together becouse of the
common hzzard of toxiecity to living things. TIn these groups are the vari-
ous metallic poisons, dyes, organic, and sulphur derivatives, noxious gascs
as chlorine, and compounds like cyanids which enter the streams as by-pro-
ducts or wastes from numerocus types of industrinl activities,

Experinents at the Columbia laboratories of the U. S, Burcau of Fish-
eries have demonstrated that even the lethal limits of many. of these speci-
fiecally toxic substances arc very difficult to define owing to the fact
that slight changes in pH, relative salinity, dissolved oxygen and buffer
salts vill materially alter the toxicity of nany compounds. Copper sulphate
for cxample was found to be toxic to most fish and aquatic animals in water
from onc stream in a dilution of 1:44,000,000 although in the water from
another stream a dilution of 1:1,000,000 wus readily tolerated by the same
species due to differences in the other dissolved salts carried by the two
strecams. It is very unwise thercfore to attempt to sct standards for these
toxic pollutants without giving the details of the conditions to be met, and
these conditions can only be presented in extensive accounts of the actions
of the specific substances.
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However, two statcments can be made herc covering these toxic pollutants,
nanely all cumulative wastes, that is those not readily oxidizable or re-
novable by the stream as gos factory wastes, should be entirely excluded.
This is part cularly truc of waostes carrying metallic ions, including cop=-
pir, arsenac lead, zinc, and even iron, since those metals are often tcn-
porarily .rcicved from stream waturs by precipitation, only to be redissolved
in quantity at some other timc. Deposits cf wastes carrying heavy netals
constitute tiwrefore potentiaily acute pollution hazards at all times, es-
pecizlly since many metallic salts are active protoplasmic poisons. Second,
no substance should be admitted to a strecam until it has been shown that the
metorial in guestion will be not only nontoxic under the conditions and in
the dilutions as opperative in the stream to receive this effluent, but that
the substance will not produce unfavorable cumulative effects,

The successful survival of fishes, as of any other organisms, calls for
conditions which zrc fivorable, not merely sublethal,

SUHMIARY

(1) ° Extonsive field and laborutory studies of the fresh-water streams
of the Uniteca States show thal gencral water conditions favorable to, not
merely sublethal for, nixed founae of geme and food fishes of the '"warn-
water!! typus and supporting organisms, present a complex defined by: -

(a) Dissolved oxvcen not less than 5 p.p.ris
(b) pH rang: between 7.0 and B.5.

{c) Tonizable salts as indicated by a conductivity between 150
and 500 mho x 107° at 220 Centigrade cnd in geheral not ex-
ceeding 1,000 mho x 1070 nt 250 Centigrade.

(d) Ammonia not excceding 1.5 p.D.im

(e) Suspensoids of z hardness of 1 or greater, so fincly divided
that they will pass through a 1,000-mcesh (to the inch) screen;
and so diluted that the resultant turbidity would not reducs )
the nillionth intensity depth for light penetration to luss
tHan 5 neters.

(2) Bxperimental data arc submitted supporting thesc field and 1a bora-
tory findings.

(3) If such favorable conditions for fishes are to be maintained and
fish:s and other aquatic organisms ar- to be protected against the toxic
actions of many strdam pollutants, all pollutants not readily oxidizable
or removablc by the strecan should be excluded, including ‘particularly all
cellulose pulps, wastes carrying hecavy metallic ions and gas factory efflu-
cnts, Other typos of wastes should be diluted to concentrations nontoxic
to the aquatic life of the particular stream. No substance should be added
to stream waters which would causc a deviation in general conditions beyond
the limits outlined above.,

12
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Explanatory ilote

This is thé second in a series of mimeographed Special Scientific
Reports, published in limited quantities for the cfficial use of Federal
offices and cooperating agencies. The previous report in this series
is as follows: e

1. Pollution of Coeur d'alene River and edjacent waters by
mine wastves, by M. M. Ellis.
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