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Introduction

The pollution problems incident to the mining operations in the Coeur
d*Alene District are of approximately 50 years standing. The discovery of
gold by A. J. Pritchard on the Nortlh Fork of the Coeur d'Alene River in 1883
(Stoll, 1932) was responsible for the first rush of miners into this region,
but the extensive mining operations of today in the Coeur d'flene District
date back to the Bunker Hill Strike in 1885. With the development of the
"Bunker Hill", the "Morning", the "Hecla!, the "Star", the "Golconda", the
WSunshine" and other mining properties in this region the tonnage of rock
handled annually rose rapidly and the quantities of mine tailings and mine
waters poured into the South Fork of the Coeur d'Alene River (fig. 1) in-
creased accordingly as thesa opsrations assumed the proportions of a large
industry. :

The ore deposits in Coeur d'Aleno District (fig. 2) are primarily
sulphides, chiefly sulphides of iead and ginc, associated with deposits of
silver, cadmium, bismuth, arsenic, antimony and iron. The bulk of the ore
now being minod occurs as sphaloritoe (zine sulphide), m2rmotite (iron-zinc
sulphide) and galena (lend sulphido), throush which usually are rather
intricately mixed varying amounis of arsenic, antimony, cadmium, cobalt
and silver depending upon the lode.

For the first 30 to 35 years of these operations the ore was concen-
trated by the "stamp-mill and jig~table® process. By this method the ore-
bearing rock is reduced to a rather fine powder and then separated by
gravity and water on the!jig-table". The jig-table operations, therefore,
contribute large volumes of waste waters carrying the pulverigzed rock to-
gether with some particles of the ore which escape from the grooves on the
Jig-table. This suspension of powdered rock runs rather high in magnesium,
menganese, and silice. :

As the mining operations became more extensive the stopes were enlarged
end mine waters were encountered. These natural waters pass over various
rocks as well as the ore deposits in running out of the mines and become a
pollution hazard, particularly if thoy flow over iron deposits. The mine
water run-off from the mines of the Coeur d!'Alene District amounts to
thousands of gallons daily. -

The mixtures of mine waters and the waters from jig—tables of the nills
constituted the bulk of the waste entering the South Fork of the Cocur d'Alene
River. Because the mines arc located in the rough, mountainous district near
Wallaco and Kcllogg, Idaho, the most obvious channel for the disposal of tho
pulverized wasto rock and used weter was the Cocur d'Alenc River. During the
first 30 or 35 years of the active operation of the Coeur d'Alene District,
the mine wastes, primarily the jig-tables wastes as previously noted, were
turned into the Coeur d'Alene Piver without resitriction and enormous gquanii-
ties of finely-powdered rock werc deposited in the upper reaches of the South

1/ Submitted October 1932.
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Fork of the Coeur d'Alene River. Because of the nature of the stamp-mill
and jig-table process the individual particles of rock, although small,
were not colloidal in nature and these particles of rock settled rather
rapidly by their own weight in the upper parts of the stream. Visible pol-
lution of tho main Coeur d'Alene River, that is thoe river below the junc-
tion of the Neorth and South Forks, by the mine wastes wag therefore not
evident for more than 8 or 10 miles downstream durirg the earlier period
of these operations. However, as time went on and the mining operations
increased, the mine wastes, settlince and tailings were carried farther
down the main Cosur d'Alene River to Mission Flat near Cataldo, Idaho, 2
distance of about 20 miles below the mines. Here the river widens slightly
and a navural sedimentation area was developed. In the region of Cataldo
and Mission Flat large quantities of mining ftailings settled out and the
deposits in the river channel itself and 2long its banks where the waztes
have settled out during high water are today acres in extent. In fact the
entire Mission Flat of several square miles at the time of the investiga-
tion in 1932 was very largely covered with the tailirzs and slimes (See
figures 3 and 4).

According to various steamboat captains operating boats on the Coeur
d'Alene Inke and the St. Joseph, St. Maries and Coeur d'Alene Rivers, the
Coeur d'Alene River was formerly navigable to 2 point above Mission Fiat.
These steamboat men repeatedly assured the writer that 15 to 20 years ago
steamboats carrying passengers and tug boats moving log rafis regularly
ascended the Coeur d'Alene River to the 0ld Mission and that the channel
carried from 40 to 50 feet of water in this part of the river. The writer's
own soundings during the montk of July 1932, showed only 12 to 15 feet of
witer in the main channel in this region, both the channel and main stream
being obstructed here and thers by large bars of mine wastes and tailinzs.

The continued operation of the mines in the upper Coeur d'Alene Dis-
trict so loaded the South Fork of the Coeur d'Alene River with mine wastes
that masses of rock powder not only covered the Mission Flats but were
carried down stream beyond Mission Flai and Cataldo (fig. 2) gradually
contaminating the entire Coeur d'Alene River between Mission Flat and its
mouth near Harrison, Idaho.

The amount of mine waste carried by the Coeur d'Alene River at its
junction with Coeur d'Alene Iake was very considerabls even in 1911 as
may be seen from the following statement made by Kemmerer (1923, p. 80)
concerning the conditions which he found when surveying Coeur d'Alene lake
in 1911, "* * * at Harrison it (the Coeur d'Alene Iake) receives the muddy
waters of the Coeur d'Alene River, which drains an immense area, including
the famous Coeur d'Alene mining district. These waters are so laden with
silt that they may be traced far out inte the clear water of the lake'.
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Figure 3, Mission Flat near Cataldo, Idaho, showing timber killed by the deposits
of mine slimes on the bank of thes Coeur d'Alene River. The Coeur d'Alene over-
flows the area in the lmmediate foreground during sach period of high water.

Figure 4. Mission Flat near Cataldo, Idsho, showing enormous deposits of mine
slimes along the bank of the Coeur d'Alene River.
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It is readily recognized that the enormous amounts of finely divided
rock which have been poured into the river in such quantities as to form
bars and shore deposits along the banks of a stream for over 50 milss must
constitute a very definite hzzard to certein forms of aguatic lifo because
of the mass of meterial involved, regardless of the chemical composition
of the rock powder.

As the jig-table method did not recover all of the ore considerable
quantities of lead and zinc ore were lost in the teilings and mine wastes
and were carried by the water with the other rock particles to be deposited
along the course of the Coeur d'Alene River. No effort was made during the
first 26 years of these operations to use certain zinc ores because under
the former method of separation the ores could not be smelted profitably,
Zinc ores, when mined, were also turned into the stream, so that the tail-
ings up to a few years ago were fairly rich in both zinc and lead sulphides.

Daring each period of high water, particularly during the spring run-
off, the Coeur d'Alene River spreads out over the lowlands along ocach bank,
flooding meny acres which are under cultivation. 4£s the mine slimes became
more and more abundant in the lower part of the river, deposits of the rock
powders were left on the flooded land after the recession of the water.

Mine slimes were thus exposed to the action of sun, rain, and air, ané such
disintogration products or compounds &g might be forned by such action could
easily be returned to the stream by rain run-off or during the next period
of high water.

About 23 years ago sult was brought ageinst the mines by the residents
of the lower part of the Coeur d'Alene Valley for alleged damages resulting
to their lands from the deposition of finely divided rock and other mine
wastes upon the land by the Coeur d'Alene River during periods of high water,
which deposit produced serious changes in the condition of the soil. The
complainants also set forth that the mine wastes deposited on their lands by
the river was of a highly toxic nature and that normal vegetation, crops and
hay were killed out and that stock, particularly horses, and to some extent
cattle, dogs and chickens, were killed by the substances left upon the grass
and along the shore of the river after the water receded. They also stated
further that the substances brought down from the mines and deposited by the
river on the lands, produced certain toxic substances when exposed to the
air, for which the stock, particularly the horsee, developed a fondness.
These toxic substances when eaten by stock speedily produced death.

Throughout all of the legal action stress was laid on the formation of
toxic crystalline substances from the mine wastes in the soil and along the
river bank after the recession of the river. These crystalline substances
which developed from the mine wastes were popularly referred to as "lcad".
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Therefore in the lower Coeur d'Alene District the laymen refer to "leaded
water', "leaded hay" and "leaded soil" in connection with soil or vegeta-
tion which has been submerged or otherwvise subjected to the action of the
wator of the Coeur d'Alene River and the suspended mine waste which that
rivor carried. The next point of coatact, thercfore, in connection with
these pollution studies is the so-called "crystalline lead" which develops
in the areas which have been flooded by the polluted waters. The writer
saw large masses of this so-called "lead", and this material forms the
basis of some of the experimental studies presented in this report.

The next phase of this pollution problem developed about 13 years ago
when tho Coeur d'Alene mines installed floatation plants. The floatation
process, one of newer developmeonts in lead and gzine mining, has several
points of contact with tho pollution problem. Tho ore is reduced in ball
mills to a powder so fing that 90 percent or morec of the particles will
readily pass through a 200-mesh screen (200 meshes to an inch) ané a large
portion of the crushed ore-bearing rock will pass through 250- to 500-mesh
screen. At one mine the writer was assured by the chemist in charge, and
shown laboratory proof of the statement, that a considerable percentage of
the particles would pass through a 1,000-mesh screen. The ore-bearing rock
therecfore is reduced to a powder much finer than the powder formerly usecd
on the jig-tables and so fine that whon shalzen in water a considerable
portion becomes a true colloidal suspensicn. The soparation of the ore
from the worthless rock in the floatation process is accomplished by bubbl-
ing and stirring an aqueous suspension of this rocl powder after it is
teken from the ball mills, to which suspensicn several chemicals are addeds
By means of the proper adjustment of thess chemicals the floatation procoss
now makes it poseible to separate intricate niztures of lead and zinc ores
and the reclamation of the orec itself is very much more complete than uader
the former jis-table system of operations. The floatation process, however,
hasg greatly increased the pollution problem in the following ways:

1. Ore of much lower grade can be profitably handled by the floata-
tion process so that the amount of rock powder added to the mine run off
is much greater than under the Jigrtable gystem in which only relatively
high-grade ore could be used.

2+  The rock powder discharged from the floatation mills is very much
finer than that discharged from the jig-tables and is so fine that it does
not readily settle out, being carried much farther by the river currents.,
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3. Although the actval quantitios of ore lost in the mine wastes is
much less from the floatation process, the ore particles which do escape
are much finer than those lost from the jig-tables; consequently the ore
particles from the floatation process are carried much farther by water
currents, and because of the very small size of these floatetion ore parti-
cles they are much more susceptible to chemical change.

4, The floatation process calls for the use of various concentrations
of sodium carbonate, copper sulphate, zinc sulphate, and potassium dichro-
mate and ~lthougsh these substances are in part neutralized or otherwise
removed from the wastes, portions of the chemicels (a very large proportion
of the sodium carbonate) and a portion of their disintegration products,
arc included in the mine wastes, presenting another pollution hazard.

5. The floatation process requires the use of certain "float sub-
stances“. that is substances promoting the bubbling and frothing of the
mixture of pulverized ore-bearing rock and water, and otherwise aiding in
the separation of the minute ore particles. Tar oil, croesilic acid and
potassium xanthate are the "floats" commonly used and although they arc
added in only small quantitiss to the suspension of the rock and ore in
water, these "float' substances are to & large extent carried away with
the vaste water, so that the characteristic odors of the xanthate, croesilic
acid and tar oil are readily detectadle in the mine waste water at some
distance from the flumes pouring this moterial into the river. The toxic
actions of these float substances are discussed in the experimental section
of this report.

With the introduction of floatation process in the Coeur d'Alene Dis-
trict the visible pollution of the streams increased greatly because the
finely-divided rock was carried in suspension much farther than before. The
finely-divided float wastes, which are locally referred to in the mine dis-
trict as "minc slimes" have sprecad down tho cntire length of the Coeur
d'Alene River to its mouth in Coeur d'Alene Ialte near Earrison, Idaho (fig.
1). The water of the Coeur d'Alene River in July 1932 when the mines were
running only part time, was distinetly turbid and had greenish cast due to
the content of suspended slimes, even at the point where the river enters
the Coeur d'Alene Izke. Local residents informed the writer that at times
this same suspension of mine slimes discolored the entire surface of Coeur
d'Alens Iake as far as Coeur d'Alene City, Idaho, approximately 22 miles up
the lalte from the mouth of Coeur d'Alens River. Thess statements were veri-
fied by boat captains who regularly ply on the Cocur d'Alene Iake. The
writer himself observed no such discoloration of the lake water during his
stay on the lake but was assured that thoe lake was clear at the time owing
to thc small output of the mines during the past few months (June and July,
1932). Since the installation of the floatation process in the upper Coeur
d'Alenc District the damage to agriculture ond stock h2s been reported as
serious.
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The mine slimes deposited in the Yower part of the Coeur d'Alene val-
leys constitute an additional pollution hazard ir that the slimes are sub-
sequently returnod to the stream in part by rains and winds, constituting
a rcpolluting of the river by material which it has deposited previously.

In addition, crystalline substances, freely soluble in water, arc formed in
the slimes when they are exposed to the action of air on the low flats after
the recession of the river and the soluble substances also are vashed into
the stream again by each rainstorm.

Pollution Bazards

From the standpoint of fisheries problems the mine wastes from the
Wallace-Kellogg District constitute definite pollution hagzards, as follows:

1. The introduction of larze quantities of very finely divided rock
present pollution hazards of the same general sort as those caused by ero-
sion material or erosion silt elsewhers.

2. The presence of the sulphides of various heavy metals, the soluble
salts of which are toxic, constitutes a pollution hazard in that these sul-
phides in the presence of water and air may change over to other compounds
more dangerous than the sulphides themselves.

3. TFrom the disintegrating rock powder, the orc particles, and the
chemicals introduced in the mining proccss itself, certain other chemical
compounds can be formed which prosent pollution nazards.

4. Tho finely divided material introduced from the floatation plants
is carried in a colloidal suspension long distances downstream and out into
the adjacent lakes, and mry affect the chemical and physical condition of
the water so polluted, to the detriment of plankton and other organisms on
which fish 1life depends.

5, Certain specific substances, possibly of & toxic nature are intro-
duced inte the stream directly as the result of these mining operations.

All of these above contacts were considered in the 1932 survay.
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Figh Fauna of the Coeur dtAlene Basin in 1932

In the course of 2 survey of the Coeur d'Alexns River during the month
of July, 1932, no live fish were found in the Coeur d'Alene River from its
mouth near Harrison to the confluencz of the North and South Forks above
Cataldo, nor in the South Fork from its junction with the Horth Fork to a
point above Wallace, that is, a 50-mile portion of the Coeur d'Alenc River
(the main stroam and the South Forlz) carrying the mine wastes ard mine
slimes was without 2 fish fauna as far as couvld be determined. 3Bass and
perch were found in all of the smell lakes tributary to the Coeur d'Alene
River below Cataldo; trout and suckers in latour Crcek (fig. 2), a tribu-
tary strecanm entering the Coour d'Alenc River near the 0ld lMission; trout
and dacc in Deadman's Croock and other tributaries of the South Fork above
Wallace; and trout, bass, perch, and daco in the St. Josoph River, an un-
polluted strean entoring Coocur d'Alcenc Lako south of Harrison and compara-
ble in many ways with tnc Coour d'Alone Rivor.

Sincc scvoral species of fish occurred regularly in the unpolluted
streams and lalkes of tho rogion and as fish wore takon in strcoms and lakes
tributary to tho Cocur d'Alene River quite near to thoir junctions with tho
river, although always above the backwater from the Coeur d'Alene, the cor-
relation between mine-waste pollution and the digtribution of fish in the
Coeur d'Alene District is evident. Iocal residents stated that at times
figh had beon soen to enter the polluted portion of the Cocur d'Alene River
from tributary strcams, and that decad or dying fish often wero found in tho
Cocur d'Alono Rivor just bolow tho mouths of tributary streams, but that
there was no evidonce that fish entoring that portion of tho Coour d'Aleno
carrying mino wastcs covor survived for any longth of time., This statement
was confirmed cxporinentally by the writer.

Porch wero roported to occur in cortain backwaters in the Migsion Flats
arca, although no specimens wore seon by the writer. It is not urlikeoly that
snoll numbors of fish may be able to live at various points along the Coour
d'Alone River in restrictod arcas vhore the fish arc protected by local
conditions, cven though no such arcas werce found during this survey. How-
cver, the striking obsorvation made during the ficld studles in the Coour
d'Alerno Distriet is that the 50 nilos of the Coeur d'Alene River carrying
nine wastes are without a fish fauna. There is no reason to believe that
this portion of the Coeur d'Alene River possesses any natural peculiarity
which makes it impossible for fish to live in these waters because figh are
found in the South Fork above tho polluted area and in the unpolluted North
Fork. Twonty years bofore the minos on the South Fork werc opened the Cocur
d'Alenc River in the vicinity of Mission Flats was contributing through its
fish to the maintcnance of a tribe of some 300 Indians, for Captain John
Mullan, U. S. A., (1863, p. 49) who mado tho 01d Mission noar Cataldo ono of
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his bases of operations during his eurveys of this section of theo country
betwoen tho years of 185: and 1862, wrote that "The Coeur d'Alenes (In-
dians) number about 300, live ai the Mission, and along the Coeur d'Alene
and St. Joseph Rivers. They live by hunting, fishing and cultivating the
s0i1", Stoll (1932, ». 4) in describinrg the Coeur d'Alene country just
prior to the gold strike of 1833 stated that "its rivers toocmed with
trovt?. From thesc and other references it is certain that fish formerly
wvere found in the Coeur d'Alcne River so that in spito of various other
factors which also may have contributed to tho olimination of the fish
fauna of the pollutod portion of the Cocur d'Alenc River the prescnt stor-
ile condition of that part of the river must be associated with the mine
wagstes and mine glimes which have been poured into that stream.

o fish were found ir the immediate vicinity of the mouth of the Coeur
d'Alene River, additional cvidence that the nine wastes and mine slinmes arc
at prezcnt in some way dotrimontal to fish or conditions supporting fish
life. KHowover, along the bathing boach ir front of Harrison, and around
the lake to tho mouth of the St. Joseph Rivor many schiools of young porch
voro often soen, as well as hore and thore a fow dace minnows. At Corklin
Park across tho lake from Harrison, and south towards the moutin of the St.
Joseph, many bass were seen ia the shallows near the shore. %t cannot be
denied that there has besn a decline in the trout fishing in Coeur d'dlene
Lake from the days of Captain Mullan (21863, p. 16) who in 1858 described
Coeur d'dAleno Lake as "a noble shaot of water * * ¥ fillod with an abun-
dance of delicious salmon trout". At tho present time, trout rarcly are
caught off Harrison, but mamyr caunscs have contributed to this chango in
tho fish population of this lakec. Yearly all of theso wostorn lakes which
in the ecarly days supported large numbors of trout haveo beon modified by
deforestation, by the cultivation of lend draining into them, and by other
conditions incident to the advance of civilization, so that the chemical
and plhyrsical features of these lakes now present & complex mich less favor-
able to trout than formerly, althouzh thosc same lakes may at present sup-
port both bass and perch. This phase of lake modification has alroady been
pointed out by Xemmeror {1923) for various Idaho lakes. In addition the
suddon temporary changes in lake conditions often greatly disturdb trout,
as for oxample the specific casc of the construction work up the St. Joscph
Rivor by the Milwaukee Railroad in 1911 during which operations so much mud
was sluiced into tho St. Joscph River that the trout werc driven out of tho
upper cond of Cocur d'Alenc Lake (Kemmorer, l.c., p. 83). Changes in the
trout fauna alone of Coeur d'flene Lake therefore can noi be used as sig-
rificant indices of the pollution of that lake by mine wastes from the
Coeur d'Alcne River until various other factors have becn evaluated.



Figure 5. Coeur d'Alene River immediately below Export Hill, near Harrison,
Idaho, about 1 mile from the mouth of the river. At this point the river is
deep, distinctly turbid, and has little current.

Figure 6. Coeur d'Alene, looking down on beauty Bay.
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Localities of the Cocur d!Alcone Investigations

Throughout the present report reference will be made by letters and
numbers to the various specific localities or stations in the Coeur d'Alene
River and adjacent waters where data bearing on the investigation were se-
cureds A list of the localities and a general description of each which
may be interpreted by refercnce to figs. 1 and 2, is as follows:

C1 Coeur d'Alenc Lake; at mouth of St. Josonh River, a littlc bolow
Ramgdale, along the log boom.

C 2 St. Josoph River; along tho log boom at St. Marios near Powoll
Sanders Co. storo; dopth 4.6 metors.

C3 St. Joseph River, 10 milos abovoe St. Marics and a 1littlo below
Rochett Creck at foot of St. Joo Baldy.

C 4 Coeur d'Alenc Lake; in front of Harrison, Idaho, a series of six
stations in a line from 500 feet to one-half mile from Andy Botham's
boat house; depth 3, 6, 9, 12, 15, and 18 meters.

C 5 Coeur d'Alene River; along log boom at Export Mill, near mouth of
the river.

C 6 Anderson Leke; near south ecnd; water sparkling, clear, brownish.

C 7 Anderson Lake Ditch; half way betwoen lalte and Cosur d'Alene River;
water not sparkling, ditch wator with yellow-groen cast of tho river
water.

C 8 Thompson Lake and ditch.

C 9 Blue lLake; about tho middle of tho lako.

C10 Blue lLako; in Sagittaria and grass near margin.

Cll Cave Lako; in front of John Snider's boat housgo at Medimont, Idahoj
wator sparkling, cloar, brownish.

Cl2 Cavo Lake, doopoét placo in the lako, threo-fourths miles south of
Medimont, in a bay with a wall of lava and basalt rock some ten foet
above tho lake surface to tho wost; dopth 6 moters.

Cl3 Cave Lake; alongside a bed of Nupar, across the lake from ledimont.

Cl4 Medicine Lake; deepest place in the lake, east of the center of the
south end of the lake; depth 6 meters; a series of 5 bottom samples
in the immediate vicinity were at depths 4, 3, 2, and 1 meters.

g



Cl5

Cl6

C17

Cl18

c19

C20

c21

C22
€23

C24

€25
C26

c27

Cz8

€29

€30

C3l

€32
€33

C34
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Medicine Lako; at mouth of gmall inlet stream; depth 1 motor.

Coour d'Alenc Rivor; at lower Medirmont Forry, in midstrcam; dopth
12 motors.

Coeur d'Alene River; just inshore from Andy Botham's boat house &t
Harrison, Idako. . :

Coeur d'Alene Lake; about mid-lake opposite Farmington lLanding,
between the landing and East Point; depth 22 and 25 meters.

Coeur d'Alene Lake; mig-lake two miles west from mouth of Coeur
d'Alene River. -

Cocur d'Alene Lake; 100 yards off shorc at Harrison, pumping Station.

Cocur d'Alene Lake at moutﬂ of St. Joseph River, alongsidce the sort-
ing boom on the cast side of theo rivor.

Pilins at Springston Mill bosido Coour d'Aleonc River.
Thompson Flat; alongsido of Thompson Lako Ditch.

Cocur d&'Alenc Rivor, just bolow mouth of Thompson Lake Ditch; dopth
17 noters. ‘

Cocur d'Alcno Lako; in centor of Windy Bay; dopth 32 mectors.
Coour d'Alonc Lake, off Black Rock; dopth 32 metors.

Coeur d'Alene Lake; between Lofts Bay and Bellegrove Bay, opposite
Turner's Bay and Spokane Mountain; depth more than 50 meters.

Coeur d'Alene Lake; aldng the boom one-half mile above Blackwellls
Mill at the foot of the lake; depth 5 moters.

Cocur d'Alenc Lake; halfway betwoen Blackwell's Mill and Threo Mile
Points dopth 18 motoers.

Cocur d'Alenc Lalko; mid-channel at Niggorhead Point; depth 49 meters.

Coour d'Alonc Loke, mid-channol botween Echo Bay and Bellesrove, oub
from tho roof; deopth 60 motcrs.

"Coeur d'Alene lake; near shore at Eagt Point.

Lake Chatcolet; off Rocky Point; depth 11 meters.

Lake Chatcolot; across bay from Rocky Point, alongside a woed bed:
depth 2.5 motors.

10
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C36

C37

C37.5

€38
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Lake Chatcolet; at the west end of the lake just off mouth of Plummer
Crcelc; dopth 2 motors.

St. Joseph River; just above outlet from Lake Chatcolet; depth
6 meters.

Black Lalre; off Foster Point; depth 5 meters.

Bradley, Idaho; just below Buricerhill Mills, on flat 200 yards from
South Fork of Coeur d'Alene River.

South Fork of Coeur d'Alene Hiver; one-fourth mile above larson,

. Idaho. Above the mines, river a cold, swift mountain stream; depth

C39

C40

C41

C42

€43

C45A
C45B
Ca6
Cca7
C48
C49
€50

C51

1 metor.

South Fork of Coour d'Alene River bolow Golconda Mill: depth 0.6
moters. This station is also bolow Morning Mill and Mullan but as
thesc mills wero not in operation at the time samples were taken
(July 19), tho river was clear.

Placer Creck; just above Wallace, Idaho, & littlc above the swimming
pool, source of Wallace water supply, shallow.

South Fork of Cocur d'Alonc River; near Wallace, Idaho just at the
bridge east of the County Hospital; dopth 8 inches. This is below
Wallace and the stream wos turbid with mine wasto. Considorable
floating garbage was notced 2 mile uvpstrcam from this point.

South Fork of Cocur d'Alenc Rivor; just above the dridge below which
the Sunshine waste flumo empties into tho River; dopth 7 inches.

South Fork of Cocur d'Alone River; 240 feet bolow tho mouth of the
Sunshino wastoe flumo; dopth 6 inches.

Hecla Mill; above Wallace, Idaho.

Hecla Mill; above Wallace, Idaho.

Hecla Mill; above Wallace, Idaho.

Canyon Creek: at the dam, above Wallace, Idaho.
Gem Mine; (inactive) on Canyon Creek,

Tiger Mine; (inactive) on Canyon Creek.

Morning Mine Tunnel; Horning,'ldaho.

South Fork of Coeur d'Alene above Deadman, Idasho,.

South Fork of Coeur d'Alene below Deadman and above Mullan, Idaho.

11



C57

C58

C59

Ce0

ad&hb

C60¢c

Cél

C62

C63

Ce4

C65
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Cocur d'Alenc River; under bridge and opposite Dudloy, Idaho
(Xootunai County).
Fourth-of-July Creck; opposite Dudloy.
Rose Lako; at swimming beach noar Roseo Lako, Idaho.

0ld Mission Slough' flows into Coeur d'Alene River at 01d h1531on
near Cataldo, Idaho

Coeur d'Alene River; one-fourth mile above the mouth of the river
and a :ittle below the Export lill, along the log boom; depth
9 meters.

Coour d'Alene River; at mouth of Swan Lake Ditch, alongside the
sheer boom.

Swan Lake; in the open wator of the main lake basih, wator not very
clear looks like the wator and bottom of the river; depth 4.5 moters.

Sullivan Mine, Kimberlsy, British Columbia.

Sullivan Mill, Kimberley, British Columbia, just below the south dam
of the settling basin below the iron sulphide pile.

Sullivan Mill, Kimberley, British Columbia, waste flume as it leaves
the nill.

Little strean carrying settled out run-off from the Sullivan Mill
settling basing bound for St. Mary's River, & point where the strean
crosses the Kimberley-Cranbrook road near the school house west of
St. Marys, British Columbia.

Corbin Irrigation ditch from Spokane River wheore the 'feedor'! crosses
the socond road south of the Idaho-Washington statc line, about ono-
fourth mile cast of "Applc Road",

Flat below tho bridge ovor thb Spokane River on the "Apple Road".
This is in Green Acres Irrigation Project, Washington.

Pool in Canyon Creek, back of water-supply dan above Burke, Idaho;
depth approxinately 4 meters.

Conkling Park, Coeur d'Alene ILake.

12
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Plankton in the Coeur d'Alene River and Adjacent Waters, 1932

The importance of planktonic plants and animals as the basic links
in the food chains of all fishes and other aquatic animals is so well es-
tablished that the abundance and even the survival of fishes in any given
stream or lake is known to be dependent upon the abundance of the proper
species oi plankton organisms.

No phlytoplankton nor zooplanlzton were found in the waters of the main
stream of that portion of the Coeur d'Alene River carrying mine wastes,
that is the Coeur d'Alene River and ithe South Forl: from above Wallace to
the mouth oi the river near Harrison. The backwaters also, as far as ex-
amined, with the single exception of a slough near the 0ld Mission, con-
tained no free-living plankton. In the waters of this slough near the
lower end of Mission Flats a few copepods (less than 500 per cubic meter
of water) were found, but as this slough received spring water and other
unpolluted waters from small lateral streams, its waters were not directly
comparable with those of the polluted river. Above Burke (locality C64)
in Canyon Creek, the untreated waters of which are used for drinking water
in Burke as this stream is an unpolluted tributary of the South Fork, cope-
pods and cladocerans, together with numerous nauplii were found in abundance
(copepeds, 8,000 or more per cubic meter of water) showing that the aquieter
portions of this unpolluted stream were supporting a plankton fauna of at
least average magnitude for such waters.

In contrast to the practically plankton—free condition of the pol-
luted portion of the Coeur d'Alens River are the plankton findines in the
lakes adjacent to the Coeur d'Alene River, and in the St. Joseph River and
Chatcolet Lake. Killarney Lalte was not visited so can not be discussed in
this connection, but from five to the eight remeininz major lakes along the
Coeur d'Alene River betwesen Cataldo and Harrison, good to very good planlk-
ton catches were taken. The zooplankton in these lakes consisted primarily
of coperods both adults and nauplii, and cladocerans, and the phy toplanikton
of diatoms, with some other forms of algae. For comparison the conerod
counts from these five lakes, together with the copepod counts from Coeur
d'Alene Lgke, the St. Joseph River, and Chatcolet Lske have been summarized
in Table 1. The actual numbers of adult copepods per cubic meter of water

in the surface zone, i.ee; between the surfaco and the 2-meter level, are
given.

Using tho copepod counts as indices, Anderson Lake and Black Lake can
be rated as very good, Rosc Lake and Cave Lake as good and Medicine Lake
fair to good, as regards plankton fauna, by comparison with othor western
lakes (sce Kemmerer, 1923). In this connection the plankton tsken at Sta-
tion C7 in the ditch connecting the Coecur d'Alene River with Anderson Lake

13
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Table l.--Copepod count per cubic meter of water, surface to

two meters depth, July, 1932

Adult copepods

Locality Vame of Station per cubic meter

Cé 1 S D o e b g B e P ooy et P P e L e B e 14,400
ca7 10 S T L AR BT = et S et g i T g ol e s ) ot b 5 - 12, 000
C54 ROBGC LBKOe'cas s wsssasssss W M O R S T TS TS . 8,000
C13 T R Ty o e i re s iy Ty D) B S T D) . 6,400
Cla Medicine Laka...;........... ...... o S R o R 2,800
07 Anderson ILake DitCleececeoccaenarensen. ATt ol ol 1,600
C19 Coeur d'Alene Lake, mouth of Coeur dfAlecne River none
c17 " y OE LA Ea s Tl aon e e sis e eters none
C18 " il near Bagt Pointeceevoo.... .o 500
320 n i off Niggerhead Pointesesasss 1,000
c2l it il mouth of St. Joscph BEivera... 1,500
c2 b U0 SO RV O P e cla ale s o 6o s o /s 8 8slelas alnsieie sieiele s o 3, 000
C34 CHE T O /6 b r e e g ey g e e o e el To et TR S, 200
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should be noted. At the ypoint vhere the catch was made the clear water
of Anderson Lake was mixing with turbid greonish vator backed up from tho
Coour d'Alene River, the curront moving from the lako tovard the rivor.
In those mixod waters the copepod count dropped from 14,400 per cubic
meter (4nderson Lake) to 1,600 per cubic meter, and 100 yards downstream
from Station C7, at a point where the water from the lake was completely
mixed with that of the Coeur d'Alene River, no plankion was found.

In the waters of Swan lake, 3lus Lake, and Thompson Lake very fow
plarkton animals worc talicn, and tho total amount of plankton in these
lakes was so small as to be nogligiblo as a sovrece of fish food, in fact
in most of tho tests of the waters of these lales no plankton of any sort
was found during the month of July, 1932.

Following the Coeur d'llene River out into the Coeur d'dAlene Lalke
the absence of plankton of the mouth of the Coour d'Alene River (Station
C19) and along the east shore of the lnito, i.c., in front of Harrison was
conspicuous. HNear East Point in Coour d'Alcne Lalzo small catches of
plankton wero made (coponods, 500 per cubic moter of water) and off Nig-
goerhoad Point fair plankton catchos wore made (copopods 1,000 por cubic
moter). It must boe vointed out, howovor, that off Niggerhoad Point wator
from Wolf Lodge and Beauty Bay mixos vith the water from the south end of
tho lake. The Wolf Lodge section of Coeur d'Alene Lake receives no mine
wastes, and in the vicinity of Beauty Bay there are several arcas of
aguatic vegetation which contribute & considerable amcunt of plankton to
this portion of Coour d'Alene Lako. Al of the plankton catchos talon
from Coeur d'Alcne Lake during July 1932, averazod mach lowor than those
taken by Kemmorer (1923) from this lalte in 1911, Much *ho same distribu-
tion of plankton in the lakes was noted in 1932 as was rccorded by Xom-
morer, who in 1911 romarked that tho plankton counts in the vicinity of
thoe mouth of the Coeur d'Alene River and near Earrisorn wero lowor than
clsowhere in the loke., As has alrecady beon poinitod out, Kemmerer reported
in 1911 that the susvended matter carried by the waters of the Coeur
d'Alene River could be traced well out into the lake.

Hear the mouth of the St. Joseph River at the south end of Coecur
d'Alene Lake the plankton count rose. 3ocauso of the contributions mado
by the wators of the St. Joseph River, tho copepod count at Station C21
was 1,500 per cubic moter and in tho St. Joseph River at Station C2, 3,000
por cubic metecr. Tho waters of Chatcolet Lolke, a trisutary of. tho St.
Joseph River werc rich in plankton, the copepod count running 9,200 per
cubic meter, and associated with thesc copopods werc large numbors of
cladocorans, diatoms and various spcciocs of microalgae.
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The field observations on plankton prescnt definite evidence that the
mine wastos and minc slimos arc detrimontal to plankton organisms. The
polluted portion of the Coour d'Alenc River was esscntially plankton freo
ag woll as Swan, Blue, and Thompson Lalkos, which showed ovidonce of pol-
lution from the Cocur d'Alcone River at the time visitod. The planktton
findings in Andorson Lake, Anderson Lake ditch and the Coocur d'Alene Rivor
at its junction with Andorson Lalzo ditch confirn the gonoral findings in
a specific case, and tho absonce of plankton in Coour d'Alenc Lalto near
the mouth of tho Cocur d'Aleonc Rivor, and off Harrison in a section of
tho lako more or loss pollutod by tho waters of tho Coour d'Alenc River,
is at loast suggostive in this conncection.

Bottom Fauna of tho Coour d'Alono River and Adjoacont Wators, 1932

A gocond important source of fish food is the bottom fauna, consist-
ing in most streams and lakes primarily of insects, both larval and adult,
together with various species of worms, Mollusca and Entomostraca. In
the survey of the Coeur d'Alene District bottom samples were obtained by
dredging at all of the principal stations, and these samples were sub-
Jjected to both biological and chemical examinations. :

The pollutod portion of the Coeur d'Alenc Rivor, as previously de-
fined, was found to bo practically dovoid of bottom fauna. Only in the
imnediate vicinity of the mouths of umpolluted strecams joining the Coeur
d'Aleno River, and not always there, werc any of tho forms of aquatic in-
scct larvac commonly ropreosontative of the bottom fauna in unpolluted
streams and lakes, takeon in the bottom samplos. The fow forms collected
at such stotions were obviously inhabiting the delta formetions of these
lateral streams and therefore were not subject to the true river environ-
ment. No bottom animals were found close inshore in the river proper nor
on any of the flats or bars of mine wastes in the Coour d'Alene River or
along its banks,

In and on tho mud and debris at tho bottoms of Andorson Lako, Black
Lake, Cavo Lako and Rosc lLake many aquatic organisms of various species
woro maintaining thomsclves. In Black Leke and Anderson Lakeo midge larvae
(Chironomidae and rolated forms) woro particularly abtundant in the bottom
zone, and in all of theo four lakos namod a productive bottom fauna was
flourishing., Bolow the aquatic vegotation in those lokes numorous dragon-
fly nymphs (both Zygoptora and Anisoptera), boetle larvec, and bottom
plankton forms wore taon. Although o rcprescntative bottom fauna vas

found in Modicine Ioke, fowor individunls woro notod in the samples col-
1oct0do

The bottom fauna in Swan, Blue and Thompson lLakes at the time of this
survey was very meagre, the samples from even the more favorable stations
near aquatic vegetation yielding only a few blood-worms (Chironomus).
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Above Wallace, that is above the polluted portion of the Cosur d'Alene
River, a rich bottom fauna was found in the South ¥ork and in its unpol-
luted tribtutarics. Large mumbers of coddis-fly larvao (Trichoptera) en-
crustod the submergeod stonos in these streams, and stone~-fly larvae
(Plecoptera) and may-fly nymphs (Ephemerida) were abundant. Many of the
submerged rocks were covered with mats of the smaller species of algese,
and thosc mats sheltered a diverse fauna of rotifers, flat-worms, small
insect larvac and Protozoa. All types of bottom aquatic life expocted in
cloar, cold stream water worc found in quantity.

The same general type of bottom fauna in equal abundance was found in
the more rapid parts oi the St. Joseph River above St. Maries. From St.
Haries down river to the mouth at the south end of Coeur d'Alene Lake the
caddis~-fly larvas became less abundant but woerc replaced by midge larvae,
dragon-fly nymphs and beetle larvac as the water became deeper and the cur-
ront less rapid. A good bottom founa typical of tho local stream condi-
tions was found at all stations on the St. Joseoh River. At St. Maries
many frosh-wator sponges and small colonies of algac wore seon on sunken
logs. '

The bottom fauno of Chatcolot Loke was characteristic of laokes with
mud bottoms and with small amounts of dissolved oxygen in the lower strata
of the lako wator (Sce table 2, part VI of dissolved gasos). Large mum-
bors of chironomié larvac and othor aquatic Diptera were collected from
the bottom samples dredged in this lake, and at stations where the aquatic
vegetation was abundant the usual assortment of dragon-fly nymphs, beetle
larvae and annelid worms was collected.

In Coeur d'Alene Lake the bottom fauna taken in the dredgings con-
sigted entirely of seveoral species of Diptera larvac belonging to those
groups which regularly inhabit the floors of deep lakes. The total mumber
of individuals collected after many hauls was however quite small. As
various conditions may increasc or rcduce the productiveness of the floor
of a large deep lake like Coeur d'Alone, particularly the amount of avail-
able organic metter, too mich stross in connection with the pollution prob-
len must not be placed on the small number of animals found in the bottom
zone of the Coeur d'Alene Lake. This phase of the problem will be dis-
cussed in the section dealing with the composition of the bottom mds.
Near the piling at the mouth of the Coeur d'Alene Eiver (Station C19) and
off the Harrison Pumping Station (C20) a few Chironomid larvac were taken
at depths ranging from 5 to 16 meters. Off Bast Point (C32) and near
Black Rock (C26) no living organisms of any sort were found in samples at
15 and 29 meters respectively. At Station C30, near Niggerhead Point from
a depth of 49 meters a few midge larvac wore dredged. No bottom animals
were recovered at Stationsg €28 and C29, off Coeur d'Alone City toward the
outlet end of Coeur d'Alone Lake. At the timo of this survey, July, 1932,
therefore, the bottom fauna of Cocur d'Alenc Lako was poor both in quality
and quantitye.
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Phystcal and Chemical Status of tho Coour d'Alono Rivor and
Adjacent Waters with Reference to Fisheries Problems, 1932

The biological findings which have just been reviewed demonstrated
that the Cocur d'Alenc River betweon Wallace and Coour d'Alono Lake, that
is the portion of the river carrying minc wastes, was practically devoid
of aquatic animal lifo, although fish and tho aquatic animals cssontial to
fish life werc thriving in adjacont unpolluted wators in the Coour d'Alone
District. With these observations in mind physical and chemical studies
were made covering certain conditions known to affoct fish life and which
might bo modified by the mine wastes, quitc aside from any spocific toxic
action of tho mine wasteos thomsolves, '

Dissgolved Gasos and pH

In table 2 tho individual data dealing with dissolved oxygen, carbon
dioxido, both fixod and frec, and pE, have boen assembled. It is evident
fron thoso data that tho minc wastos introduced into Coour d'Alone ILako
have mado no approciable changos in tho wators of that Lake during tho past
20 or 21 years as rogards dissolvod oxygon and carbon dioxide. The amounts
of dissolved oxygeon in tho wntors of Cocur d'Alonc Lako during July 1932,
check vory closely with those roported from Coeur d'Alonc Lale by Kommeror,
(1923) frou observations mado in July and August of 1911 and 1912. Not
only do the actual amounts of dissolved oxygen found by Kemmerer agree very
closely with those found in the present survey during 1932, but the maximum
and minimum values, that is the limits of dissolved oxygen in Cocur d'Alene
Lake were practically the same in 1911 and 1912 as in 1932, the differcnces
being well within the oxpocted variations.

The froc carbon dioxido values reported by thoe Kommoror survey arc
slightly highor than those found in 1932, tho average valuo for froo car-
bon dioxide found in Lako Coour d'Alono during the summecr of 1932 boing
0.905 c.c. por litor, ranging from 0.5 c.c. to 1.5 c.c. por litor, as com-
parcd with valucs varying from 0.5 c.ce to 0.28 ce.ce. por litor roported by
Konmorer (sce p. 115, l.c.)e This difforence in freo carbon dioxide is
quitc small and may not be significant but it is well to point out here
that: the waters of the Coeur d'Alenc River vhoen carrylrg a large amount of
the morc concentrated mine wastes contained little frec carbon dioxide.

The fixod carbon dioxids valuos givon by Kommorer aro very much tho samo

as thoso of the presont survey; his valucs variod from 2.5 ce.cs to 5.1 ce.ce
por litor and thoso oif tho 1932 survoy, from 3.9 c.Cs to 4.9 cecs por litor,
the avorage for 1932 being 4.24 c.c. por litor.
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Figure 7. Cave Lake &s seen from !lcdimont, Tdaho. This is & typical example
of the lateral lakes adjoining the Coeur d'Alene River.

Figure 8. Black Rock on Coeur d'filene Lake. HNote the white lime on the base
of the rock, evidence of the deposit of mine slimes that occurred during periods
of great turbidity and high water,
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Table 2.--Wator temperaturos, dissolved gasss and pH

Part I. Coeur d'Alene Lake
Carben dioiide Dissolved Oxygen
Locality ste |Pepth i? Temperature pH GeCoppETgliter
mmber metersl degreos C. — Parts per| Percent
Free | Fixed | 14171300 |saturation?/
1 |July 10| S 18500 16,9 = - 746 86,46
] AR S 16,75 —— e - Tail 72427
c21 non g 18.4 7.5 0,9 4,9 8y4 96, 62
u s (Epteya 14,0 6.7| 0.9 || 4.2 7,8 81,90
c4 L] 11 S 19, 3 - —— —— 8' 4 98, 67
u noon 3 19,0 o = - 8.4 97.82
1 [ 5 17,8 e o - B3 93.61
i noon 9 14,8 win —— - 7.8 82.32
i * W 12 14,6 = ——e - 8.0 85,27
i T 15 11,7 — — - Ted 73451
f T 18 11.6 - - - 7l 72.98
c17 no13) § 18,5 -1 1,6 | 4.2 .
€20 " o141 S 18.3 7.5| 0.5 4.9 846 g97.07
" Lelll {EBhgls 13,8 6.7 142 4,1 8.0 82.15
018 "o 22 11,1 —r —-— - 8s1 79,51
1 noon 25 10. 6 -! 1,4 4,2 B+5 82,58
€25 e 15185 18.25 21 0,5 4,4 7.5 86, 33
" nou | B 32 10.25 671 142 | 4,3 8.4 81,09
C26 noon S 18,5 = (s W05 420 Yl 88,04
n w on |3 39 9?5t | 6,712 il 452 8.5 81,31
c27 L SR 19.5 7.1 0.5 3.9 7.6 89,15
" ARSI B 50 3.0 6.7] lol 3.9 8.6 80,96
c28 I n S 20025 7'5 0.7 4.0 8-1 96. 97
" BN EL U5 19,0 7.1 0.6 4.1 Be5 99.09
029 nouw | B 16 12.0 Be?| —m - 74 74,02
€30 N R = 2l.26 7.1| 0.6 4.2 Tad 89,57
n T L] 10.7 6.7 | 1le2 4e2 8,0 78426
C31 AL | o 19.5 7¢1| 0.5 4.2 Be4d 98.77
" ot E 860 9,75 67| 1.2 4e2 8.4 80,34

1/ S = Surface, B = Bottom.

2/ Values have been corrected for altitude.
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Part II. Coeur d'Alene River below Cateldo, Idaho
Carbon dioxide 5
Locality oot Depth in|Temperature| g {c.C. per liter Dlssolyeaidpesn
number S meters [degrees C. P : Parts per| Percent
Free | Fixzed | pi1740pn saturation
G5 July 11} S - 5.8 - — -— -
c7 " RiSSY - e b - —— - -
Cc24 4ol 14 |85 18.5 rhalll “akal 5.9 7D 86.77
it " Hi$B 517 18.76 . L 1P, O 5.7 555 53.84
Cls IFC 128812 18.0 ‘16.9 -= - (e 69.72
G557 v 22! 5 18.6 r g | - - 6.8 78.67
C52 haopeledl 1S - --{ 1.8 6.7 - -
Part III. South Fork of Coeur d'Alene River
€43 |Juiy 19| S 1625 6. 95 oW1 L %5 4.7 53.03
Cc4az2 1 LA B 17.0 iy || AkA:! 10.4 6.1 69.18
4l n s 14.5 a1 algesd 1205 5.0 54,43
€39 AT 0.6 12.5 7.0] 0.5 25 7.4 77.04
51 n "is - 75806 TS0 - -
Cc50 " IHES - 7.2/.0.6 8.9 - s
Cca8 L " 0r3 9.0 vl |V (a5 5.5 9.0 93.76
c40 n Wies 13.0 7Dl el0.5 9.6 9.5 99.08
C46 " “g S - 7 L QA B3 - -
. Part IV. Mine Waters
C44 July 19| § - e DO 6 28.6 - -
Ca5a I hals - 7.« 511F 0.0 22.1 - -
Cabb 3 R - -1 0.7 127 - -
ca7 1 s - 6.7| 9.9 19.5 - -—
Ca8 L nHss - 6.7 1¢.9 48.6 - -
C49 " s - il aleds 34.0 - -—
|
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Table 2, —— Continued.

Part V. Lakes adjacent to Coeur d'Alene River

Carbon d10§1de Dissolved oxygen
Locality Date | DePth in| Temperature| .. |C.C- per liter
number meters degrees C.| ¥ Fres | Fixed | Parts per | Percent
million saturation
[

c6 July 11} S - 7.5 - -— - -

c8 CRTE == l6.6 — - - 2
c9 nou S 210 6.5 e - 739 95.12
" non Bisgpd 18.1 6.5 -— - 6.8 77,97

c37 Rt 7 |anS — 7.0 0.5 4,5 77 -
L non B 6 19.0 6.8 135 4,7 3.0 33.66

c58 Peso2fls S 18.3 f—- 1.0 535 - -
n o B 4.5 18.0 — 1%y 5.6 759 88.84
c12 " 12| S 23.0 Tl 0.9 3.8 6.4 80.05
L non B 6 21.0 730 150 4.5 5.0 60.11

c14 non S —— 6.9 - - = =
it now 1 23.25 6.9 - — 7.4 93.45
L "o 2 21.0 6.7 -— - 7.6 91.82
u p 3 19.75 6.7 — - 6.4 76.04
4 L 4 14.0 6adk — - 1.0 10,31
g Nawils |gtBupit 13.75  |6.4 5.7 | 5.0 0.4 3.40
C15 e 1 23.80 |6.7 -- — 7.5 85.06

054 "t 20 S - 7.3 0.4 | a.s - -

C53 L = —— 135 5.6 - -

C55 Hah® oS - 6.9 1.6 63 - -

| ! |
Part VI. St. Joseph River and Chatcolet Lake

cl July 10| S 18.0 6.9 - = )] 7.6 B6.46
c21 N 14 S 18.4 7.1 0.9 4.9 8.4 96.62
i Lf B 12 14.0 6.7 0.9 4,2 7.8 81.90
C36 e 1 2IN75 7e5 i 5.4 ribal 87.04
4 L -l £ 19.25 6.9 1.0 Ba a7 89,35
c2 July 10| S 19.0 7.0 = - 7.9 91,47
i . BENE 17.5 740 —— - il 86.56
c3 gl S 18.0 23 - -— 7.2 82.17
I W TN ey 17.5 6.9 — - 8.0 89.94
€33 Lol S 215 Pel 0.4 4,3 8.3 101.31
i A B 11 13.25 5.4 1.9 4.2 237 28.16
€34 L ] 22.0 7e3 0.2 4,3 8.4 102.91
" o B 2.5 19.8 7.5 0.2 4.4 9.0 105.80
€35 } ®on B 2 2175 7l 155 65 75l 87.04
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The pH values of the waters of Coeur d'Alene Lake at all levels were
fairly close to neutrality in 1932, the reaction in general, however, being
slightly acid as the actual values ranged from 6.7 to 7.3.

Summarizing the dissolved oxygen, carbon dioxideand pH data from Cosur
d'Alene Lake it may be said that the conditions as far as these three vari-
ables are concerned werse satisfactory for fishes, and the various plankton
orgenisms and insects on which fishes depend so largely for food, in July,
1932, and also that as regards dissolved gases the waters of this lake had
essentially the same saturations in 1932 as those reported by the independ-
ent observers 20 and 21 years previously. It may be noted in this connsc-
tion that Kemmerer on page 80 of his report on Coeur d'Alene Lake states

" that, "At the southern end, or head, the lake is fed by the St. Joe River,
and at Harrison, it receives the muddy waters of the Coeur d'Alene River,
which drains an immense area, including the famous Coeur d'Alene mining
digtrict. These waters are so laden with silt that they may be traced far
out into the clear waters of the lake, the bottom of which showed the ef-
fect of the sediment from both rivers. The depth of water gradually in-
creases from the head of the laks to within three miles of the outlet,
where it begins to decrease. The deepest place, 56 meters, is at one of
the narrowest parts of the lake".

From these observetions it is evident that considerable quantities of
mine slimes were being carried well out into the Coeur d'Alene Lake by the
waters of the Coeur d'Alene River even in 1911. As Kemmerer's dissolved
gas data tally very closely with those of the present survey the mine
wastes entering Coeur d'Alene Lake have not created an oxygen demand or
produced any conspicuous change in the carbonate-acid balance of waters of
this lake in the past 20 years.

The dissolved oxygen values for the Coeur d'Alene River between Cataldo
and its mouth near Harrison slso indicate that the mine wastes are not pro-
ducing any marked change in the dissolved oxyzen of these waters. 3Both
fized end free carbon dioxide are higher in the river waters than in the
lake waters but there is nothing unusual about the balance of carbon di-
oxide, dissolved ozygen and pH in the Cosur d'Alene River and were these
the only factors to be considered the waters of this part of the stream
would be reported as suitable for fish and the organisms forming fish food.
The relatively low oxygen reported from Station C24 near the mouth of
Thompeon Lake Ditch is readily explained as due to the current of outbound
lake waters, as it may be seen from sxamination of part V, of table 2, that
the lakeg waters in some cases were very low in dissolved oxygen.

22



102103

Above Cataldo, that is above the }ission Flats the South Fork of the
Coeur d'Alene River is heavily charged with mine wastes, a considerable
portion of which settles out on the Misgsion Flats so that the analyses of
waters of this portion of the river are particularly significant. The
fixed carbonates in the river water after it has recsived the mine wastes
were conspicuously higher than the fixed carbonates in either the river be-
low Cataldo or in Coeur d'Alens Lale. As the milling operations in connec-
tion with the floatation process of ore separation require the use of con-
siderable quantitiss of sodium carbonate and as the powdered waste rock
from the mills contains large amounts of carbonates, both calcium and mag-
nesium, the rise in fixed carbonates and the slight alkalinity of the waters
as shown by the pE values in this part of the South Fork was to be expected
after the introduction of mine wastes. However, even after the addition of
the mine wastes to the river water, neither the pH values, which ranged from
6.9 to 7.5 in the South Fork, nor the volumes of fixed carbon dioxide which
varied from 5.5. c.c. to 12.5 c.c. per liter were unusual or excessive. Un-
polluted river waters frequently have a pH velue of from 7.4 to 7.8 and the
fixed carbon dioxide volumes in lakes supporting an abundant fish fauna are
often 20 c.c. or more per liter. Aside from the samples token in the immed-
iate vicinity of the mine flumes, that is at points where the large volumes
of mine waters and mine slimes have not mixed completely with the waters of
the river (see localities C43, 042, and (41, in part III, table 2) the per-
centage saturation of oxygen in this part of the river were reasonably sat-
isfactory for fish life. HEven in the vicinity of the emptying flumes the
percentage saturation decreased only to about 50.

Since the mine waters, that is, the natural waters leaving the mines
through the drainage or pumping systems pass over exposed bodies of ore and
rock, and constitute a pollution hagard distinct from the mill and floata-
tion waters, a series of samples of mine waters (table 2, part IV) were
tested for pH values, free carbon dioxide and fixed carbon dioxide. The
dissolved oxygen was not determined in these samples because the waters are
agitated by various pumps and otiner mechanical devices, so that the oxygen
values would not be significant. These analyses showed th2 mine waters to
be high in fixed carvonates, 12.5 c.c. to 48.6 c.c. per liter. These values
are well within the limits tolerated by ordinary aquatic life. In no case
was the pE value of the mine waters dangerously acid or alkaline, the range
being pH 6.7 to pH 7.5.

The lakes adjacent to the Coeur d'Alene River are definitely involved

in the pollution problem since the waters of the Cosur d'Alene River during
high water occasionally back up into some of the lakes, and during low water,
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waters from all the lakes drain into tihe Coeur d'Alene River. The lakes
waters showed no unusual values for pH, free carbon dioxide or fixed carbon
dioxide. 1In general the surface waters were near neutrality, or very
slightly acid. The bottom wators in those lakes that had large masses of
aquatic vegetation, as expected, were more acid than the surface waters, the
range being from pH 6.4 to pH 7.3. The bottom samples contained more free
carbon dioxide and more fixed carbon dioxide than the surface waters but no
garprising or exceesive values were found.

The dissolved oxygen at the surface and in the upper layers of each of
the lakes adjacent to the Cosur d!Alene River was high (near complete satu-
ration) but the percentage saturation decreaseé, lLowever, toward the bottom
of the lake. In Medicine Lake vhich was almost filled with large masses of
vegetation the dissolved oxygen dropped to 0.4 parts per million, which
value at that altitude and under the existing conditions of temperature and
pressure represented 3.4 percent saturation. The conditions as regards dis-
solved gases and pE, noted in the several lakes erxamined presented nothing
unusual or peculiar, for it is well known that lakes with considerable quan-
tities of vegetation along their shores or in the back waters frequently are
supersaturated with oxygen in their surface waters yet have sufficient de-
composing organic material at the bottom to produce a definite oxygen demand
which often reduces the available oxygen to near the zero point. Bottom
samples (to be discussed later) frcm the lakes contained quantities of or-
ganic debris. Since the lakes woere too shallow to present any consistent
thermal stratification of waters, the small amounts of dlssolved oxygen and
the large quantities of fixed carbon dioxide found in the waters near the
bottoms of these lakes were ascribed to the decomposing organic material on
the bottoms of the lakes. ¥No hazards to fish life or to nlankton fauna sup-
porting fish life were noted in any of these lakes as a result of the deter-
minations of dissolved oxygen, vd, ond temperature.

The St. Joseph River receives no mine wastes but supports lumber indus-
tries and other activities similar to those found in the Coeur d'Alene River.
Since the St. Joseph River originates in the same general mountain area as
the Coeur d'Alene River and travels a westerly course paralleling that of
the Coeur d'Alene River from which it is separated by only one definite
height of land, a comparison of the St. Josenh River with the Coeur d'Alene
River is valid. The pollution resulting from the mine wastes is the prin-
cipal point of difference. The oxygen saturations and the range of pd
values of the waiters of the S5%. Joseph River were essentially the same as
those of the Coeur d'Alene River and Coeur d'Alene Lake. The fixed carbon
dioxide volumes were slightly higher in the St. Joseph River although the
actual differences were probably too small to be significant. The maximumn
of 5.7 c.c. per liter from the St. Josepa River at Station C36 nesr the
mouth of Chatcolet Lake presents nothing unusual in connection with fish-
eries problems.
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Chatcolet Lake, a lake tributary of the St. Joseph River and adjacent
to that river was used for comparison with the lakes adjacent to the Coeur
d'Alene River vhich have been discussed previously. Chatcolet Lake con-
tained much aqustic vegetation and the surface waters were found to be su~
persaturated with oxygen at three stations, not an unusual condition for
waters in lakes having vigorous growths of aquatic vezetation. Owing to
the amount of decomposing vegetation found on the bottom of this lake it
was not surprising that the oxygen was reduced to 2.7 parts per million at
a depth of 11 meters in Chatcolet lake. Xemmerer (1923) who visited this
lake in 1911 found no oxygen at the depth of 11 meters, suggsesting that
conditions were essentially the same in Chatcolet Lake during the summer
of 1932 as in 19°11.

To summarize 2ll of the data on dissolved gases and pH values from
the waters of the Coeur d'Alene District, the staterent may be made that
the nine wastes have not disturbed the balsnce of dissolved gases, car-
bonztes and acids to any critical degree, except in the immediate vicinity
of the flumes emptying these wastes into the river. The nine wastes which
have eliminated to a large extent the aguatic vegetation and algae from the
Coeur d'Alene River, wnich may be the cause of the slightly lower oxygen
saturation of the waters of the Coeur d'Alene River as compared with the
unpolluted St. Joseph River. However, the absence of a fish fauna and of
the various groups of organisms on which fish depend directly or indirectly
for food. in the polluted portion of the Cosur d'Alene Eiver cannoct be as-
cribed to oxygen saturation, carbonate balance or relative acidity in that
part of the river.

Specific Conductance

Both the quantities of salts dissolvad in naturel waters and the chem-
ical nature of these salts may be critical factors in determining the sur-
vival of aquatic organisms. The specific conductance values of various na-
tural and wvaste waters, which make possible comparisons of the relative
amounts of "totel salts", i.e. electrolytes in solution together with the
pH and fixed carbonate readings, have been assembled in table 3. To aid
in the interpretation of these figures similar determinations on mine wastes
from British Columbis and on natural waters from the Mississippi River and
the Gulf of Mexico have heen added.

All of the natural waters tested by this survey in the Coeur d'Alene
District, both polluted and unpolluted, were found to have very low specific
conductance as compared with sea water or with Mississippi River water, that
is, the relative amounts of dissolved salts in these waters from the Coeur
d'Alene region were small,
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These findings are in accord with the well-known fact that natural
surfaco wators in mountainous arcns vsuslly arc ¥soft". If part I of
table 3 be examined, however, it will be notod that the specific conduct-
ance of water from tho polluteod Cocur d'Alcne River at Dudloy is approxi-
matcly two tiuos the specific conductance of the water from tho unpollutod
South Fork above Mullan, and five times the specific corductance of the
water in Canyon Creek above Burke, that is, the specific conductance of the
river water rose 100 percent or more after tne introduction of the mine
vastos. Measwrements of samples from other stations onr the river show that
this new level of specific conductance was maintained all the way dowm-
stroam to the mouth of the Cocur d'Alene River.

The determinations of svcecific coanductanée point out first that the
mine wastes contain relatively little soluble material and therefore do
not overvhelm tihe river feuna by causing a rise in dissolved salts to a
concentration detrimental to aquatic life becausc of osmotic changes, as
is the casc¢ iu some types of river pollution. The specific conductance
valucs also show, however, that the minc wastes do produce a dofinite risc
of approximately 100 porcent in tho specific conductance of the waters of
the ontire Cocur d'Aleone River below the point at which tho wastos arc in-
troducad into the stream. Although specific conductance is not a straight-
linc function of tho porcentage of total salts in solution, such a risc in
the specific condnctance of the river water indicaies a definite change
either in the total amount of dissolved salts or in the chemical composi-
tion of the salts in solution in the river. The biological significance
of the particular change in salt contont in the Coeur d'Alenc River appar-
antly rests on the toxic naturs of ths salts introduced by the wastes as
is discusscd in the subseguont section on cxporimental tests,

Tha specific conductance of the water from Coocur d'Alene lLake vas ap-
proxinately the same as that of the unpolluted South Fork above dullan and
of Rosc Lake, and shows that the water carried by the Coeur d'Alenc Rivor
was not producing any noticoablo change in the totsl amount of salts dis-
solved in tho waters of Coour d'Alene Lakc during July, 1932. The possible
toxic action of the water of Coecur d'Alene River on organisms in Coeur
d'Alene Lake is discussed in another section.

From a revicw of parts II and III of table 3 it may be seen that all
of the mine wastes and mine waters carricd appreciablo although not exces-
sive quantities of salts in solution. The waters from the mines and mills
in active oporation contained more soluble material than the other mine
wators. Spocific conductance detorminations are presented mercly to show
that soluble materials arc added to the stream with the mine wastos, but
the dilution of those soluble substances in the river water after recoiving
the pine wastes has already been discussod.
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Table 3. Srecific conductance of waters from the Coeur d'Alene District and other sources.
Part I, HNatural waters from the Coeur d'Alene District
‘ Specific e
i Depth conduct- | pH Fixed
Locality | Date in ance X | yalue | S@TPOR
i metersl/ 106 at dioxide
l 250 C. C.C./l.
C46~Canyon Creck, above Burke .......................| 7/19/32 S 20,0 7.1 3.3
C50~-South Fork, above Deadman's Gulch, above Mullan,, {7 /19/32 S his AR 13 L2 8.9
CHe-Coeur dfAlene River at DuALlEY e.ceceveeesceoevens § 7/20/32 S 100.5 6.9 6.7
CH3~Backwater, Coeur d'Alene k., mouth Fourth-of-

July Greek B0 4P P BN PLEIIEIIRTIIIIPITSIRSEOCEOEES ?/20/32 ] 99.? o 6.6
C56-Cocur d'Alene River, near HATTiSonl suees.oeoececees | [/21/32 9 94,3 6.8 5.9
Cl4 -Coeur d'lAlene Luke, 0ff HArrigonl ...eesesscsesees 7/21/32 14 5.0 6.9 4.9
CHU-RO SO FTAKAR T . 5 Vool ix ciar i 8 e o cioteta Bl o omelliT/20/32 S 56.7 T3 3.8

Part II. liine walers and mine wastes, Coeur d'Alene District
C4g-Tiger Mine, mine water (not overating) ..........|7/19/32 S 349.0 6.7 48.6
C47-Gem Mine, mine water (not operating) ............ | 7/19/32 S Ug1.9 6.7 19.5
CUg-dorning Mine, waste water (ooerating) s..e.ee.... | 7/19/32 S 1,174.7 1.5 34.0
C43-Sunshine Mine, fiume run-off (operating) ........ | 7/19/32 S 196.8 6.9 1135
CU5BHecla Mine, waste, zinc jig tables (operating) .. | 7/19/32 S 255.0 — 1257
Cili~Hecla Mine, lead flotation {overating) seeeeveees 7/19/32 s 363.3 1.5 25.6
CYbA-Hecla Mine, lead flotation (oversting) ......... | 7/19/32 S b1,k | 7.6 easl
Part III, Mine wastes, Kimberley, British Columbia
C60C~Sullivan }ill, waste water (operuting) ......... | 7/25/32 S 1,119.6 =S Fes
C61- Kimberley settling area, waste water ........... | 7/26/32 S 1,880.6 S i
Part IV. Other natural watersgj
Mississipvi River, near Hennibal, Missouri .......... | 8/30/32 S 319.5 7.6 3k4.3
Mississippi River, Loke Keoluk, IOWA seeeececrennnnes 6/--/32 S 3]}00 & 1.5 2.0
Gulf of Mexico, Pensacola, Florida ..... A Eal s, IL2)31 )51 S 47,680.0 | 8.1 34,1

l/ 5= Surface,

E/ From other Bureauw of Fisheries investigations,

3/ Average of 40 determinations.
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Bottom and Shore Conrditions

Oric of the nost obvious results of tho pollution of the Coeur d'Alene
River by nine wastes is the blanketing of the bottom of that river, and to
sone oxtont portions of the floor of Cocur d'Aleno Laxe, with onormous
quontitics of very fine rock powder. This rock powdor, which is a mixturo
of the various matrix rocks surrounding the ore veins, together with small
anounts of the ores thensolves, is produced during the milling operatiens by
tho stamp nills and the ball mills. Rolatively insoluble in wator, rock
powdor has beon doposited in such guantities in thc Cocur d'Alene River dur-
ing the past 40 years or more, that the entire bed of that strean is covered
with layers of pulverized rock fron the points where these wastes are poured
into the river to its nouth ncar Harrison. Iuring the course of the 1832
survey botton samples taken at various stations along the Cocur dlilenc
River botwoor Wallace and Harrison showod this doposit of powderecd rock to
bo in general nany feot thiclk,

Bocausc of tho vory small gize of the rock particles corposing the mine
slimes the blanket of rock vowder is norc or loss rmobile, and is constantly
shifting in the strcan bed, forning bars and other termporary doposits which
aro subsequontly cut away by changos in current or durinzg periods of high
wtor. As a result conditions at the bottom of the Coeur d'Alene River are
very unstable because of the constant streans of nmine wastes carrying nore
rock powder which are poured in from the mills.

Leaving out of consideration for the proscnt any possible toxic action
of the components of this rock powder on agustic life, thesoc constantly
shifting masses of pulvorized rock have overitholmed the botton fauna so
conpletely in this rivor, that as proviously noted no botton fauna of any
consequonce was found in tho 50 niles of polluted rivor botween Wallace
and Harrison. The continuous novenent of the rock powder not only pro-
vents any adjustnents on tho part of animals living at the votton or
those which uso the bottonm for spawning grounds, but it also burics any
deposits of organic dobris on which bottom animals would feocd. A condi-
tion comparable to theo acutc crosion disturbances now menacing many natural
waters in deforested areas has been egtablished in the Coeur d'Alene River,
with this differonce, that the silt suppliod by natural crosion elsewhere
is being supplied to the Coeur d'Alene River by the stamp and ball mills.

4 similar case of artificial erosion hag been studied by the writer in
southern Indiana, the contaminating silt which had wiped out the bottom
fauna in those waters being limostonc powder from the limestono cutting
mills. A comparison of tho Indiana situation with that of tho -Coeur d'Aleono
is pertinent. A considorable part of the damage to fish and fishories
intoreosts in tho Cocur d'Alene has rosulted directly or indirectly from

the more mechanical action of the cnormous quantities of powdered rock flumed
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into this stiream. Similar changes in certain Indiana streams have been
produced by the relatively innocuous limestone powder. These statements
are not a denial of the possibility tliat the rock powder from the mines
in the Coeur d'Alene District may also have some toxic properties,

Since the finer particles of rock powder are carvied in a colleidal
suspension it was not surprising to find deposits of rock powder, or mine
slimes (as designated locally) on the floor of Coeur d'Alene Lake. Dredg-
ings from the bottom of this lske showed that the mine slimes brought into
the lake by the Coeur d'Alene River could be recognized both chemically and
microscopically, often macroscopically as well, in the deposits. 4s a re-
sult of an extended series of dredgings in Coeur d'Alene Lake at various
stations from the mouth of the St. Joseph River on the south, up lake to
the outlet to the west of Coeur d'Alene City it may be stated that mine
slimes, that is deposits of the very fine particles of rock powder, could
be detected over practically the entire laske floor. The slimes were easily
recognizable, in fact constituted the major part of the bottom samples from
the mouth of the Coeur d'Alene River to East Point, and off Harrison south
to the vicinity of the Harrison Pumping Station. Farther south toward the
mouth of the 5%. Joseph River mud, sand and logging debris (bits of disinte-
grating barl: and wood) became more and more dominant in the samples, al-
though bands and streaks still indicated deposits of mine slimes. These
gross findings have been verified by laboratory tests.

From East Point to Niggerhead Point the bottom samples contalned mica
sands and off Black Rock, black sands, as well as the rock powder from the
Coeur d'Mene River. Off Coeur d'Alene City and west toward the outlet of
the lake the bottom was covered with a mixture of sands, clay and some or-
ganic matter, chiefly saw-mill waste, although streaks of slimes were still
detectable (confirmed by laboratory tests).

The dredging work in Coeur d'Alene Lake demonstrated conclusively that
the mine slimes have deposited over the entire floor of the lake from Harri-
son to the outlet west of Coeur d'Alene City (no dredgings were made up
Wolf Lodge Bay), and that from time to time when certain conditions arise
these slimes are being deposited in considerable quantities on certaln parts
of the lake floor, as the streaks of slimes in meny bottom samples testify.
However, various other inorgaenic deposits as mud and sand from the St.
Joseph Rlver, mica sands from Windy Bay and other parts of the west shore,
and black sands from the vicinlty of Black Rock are also contributing to the
filling up of the lake bottom. All of these deposits including the mine
slimes are covering over the small amount of organic debris which could be
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used as food by animals of the bottom fuuna in this lalke. Therefore as the
glime deposits from the Coeur d'iAlene River form only a part of the whole
mass of inorgenic waste which is gradually filling up this lake, the biologi-
cal importance of these mine slimes which are distributed all over the lake
floor lies not so mich in the sctual mass of these slimes but in the toxic
properties of some of the components of these slimes. This phase of the
problen is discussed in the scction on experimental tests.

The mobility of the mine wastes and mine slimes carried by the Coeur
d'Alene River has mede possible the pollution of considerable lateral areas,
guch as the flats and lowliands adjacent to the river, becausc large quanti-
ties of the wastes are swept out onto *he flats during high water, and left
there as the river recedes. The extent and size of these deposits of nine
wastes and mine slimes can be seen in figures 3 and 4. In addition to form-
ing a corstant source of materisl with which the stream can be repolluted
through the action of rain and wind, these exposed masses of mine slimes
present a new hazard to agatic 1ifc because of the chemical nature of
several of the substances comprising these particular mine wastes. The sul-
phides of heavy metals, lead, zinc, iron and others, when exposed to air in
the presence of sunlight and moisture can be changed into sulphates and
various other compounds. Thus a vhole series of new compounds may ve formed,
some of which may affect aquatic life quite differently from the mine wasies
as originally poured into the stream. In this way the masses of so—called
"crystalline lead" or "lead stone" which are found on these flats, after
each period of high water, are formed.

During the present survey the crystalline crust was collected at Mis-
sion Flats, Dudley, near Yedimont, near Blaeck Lake Ditch, and on Thompson
Flats near Harrison, in fact it was found at practically every station on
the Coeur d'Alene River from Cataldo to Harrison. This material varied in
color from pure white to a dirty slate gray or a yellowish brown in various
parts of the szme area. It often formed a crust an eighth of an inch or
more in thickness over areas an acre or more in extent, and was so fimm
that it would support the weight of a man without cracking. Sometimes this
crystailine material, instead of forming a crust over the ground, was mixed
through the top 6 inches or more of the soil or mine wastes on the flat,
forming a partial binder which prevented the soil from crumbling readily.
Broken bits of the impregnated soil sparkled with the crystals of the mate-
rial vhen exposed to sunlight. On the flats which were covered with thisg

crystalline substance no vegetation was growing and the little pools of water
held in the depressions of the flats, contained no animal 1life.. The toxic
action ¢f the crystalline material is discussed in the experimental section.
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Deposits of very fine mine slimes also were found around the shores of
Coeur d'Alene Lgke, for although the heavier particles settled out to a
large extent along the course of the Coeur d'Alene River, much of the mine-
waste material is so fine that it is carried by the river water as a colloi-
dal suspension which does not settle out readily. It is wéll known to local
residents that "clouds" of colloidal slimes drift across the lake moving in
one direction or another, depending upon the volume of wastes coming down
the Coeur d'Alene River and the air and water currents acting on and in the
lake at the time. Tie movements and volume of the colloidal clouds of mine
slimes is attested by the deposits of slimes at Black Bock, where during
high water they are deposited on the black rocks from which Black Rock Point
tekes its name. As the slimes are light in color they were easily photo-
graphed (see figure 8) on the black rock background.

The volume and extent of the deposits of slime along the margins of
Coeur d'Alene Laoke were trivial as compared with the pollution of the flats
along the Coeur d'Alens River, but these findings along the shores of Coeur
d'Alene Laice were significant in that they show that the finer mine slimes
are readily carried across and up the lake. This fact has slready been
brought out in the discussion of the bottom dredgings.

EXPERIMENTAL, TESTS

Since evidence pointing to the toxic action of some substance or sub-
stances in the mine waste complex on agquatic life accumilated during the
field work, several series of experimente were conducted to determine the
toxic action, if any, of the several components and products of the mine
wastess In these studies fish and planikton crustacea were used as test
animals in the survival and toxicity experiments, and fish, frogs, turtles
and fresh-vater mussels in the experiments dealing with specific physio-
logical effects. As the technical data from these experiments are quite
voluminous the various tests have been summarized in this report and the
several waters and materials used discussed in special sections. .

Coear d'Alene River and Lake Waters

Fish.--It is the current belief among the residents elong the polluted
portion of the Coeur d'Alene River that the waters of this part of the river
are toxlc, that is, they contain something derived from the mine wastes of
a rather actively poisonous nature. To test this point as bearing on aquatic
animels survivel experiments using native fish were conducted in the Coeur
d'Alene River at a point about one-quarter of a mile upstream from its
mouth, (C56) and in Coeur d'Alene Lske near Harrison Beach, (C17).
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On July 16, 1932, 20 minncws of 2 spocics, the long~nosed dace, Agosio
mibila (Girard) and the dace minnow, Leuciscus (Richardsonius) balteatus
(Richardson), were obtained from Coeur d'Alene Lake in the vicinity of
Conkling Park, (C65). Both are native in Coeur d'Alene Iake and the Columbia
River System (Jordan and Evermann, 1896, pp. 238 and 311), The individuals
selected averaged about 3 inches in length (Azosia) and 5 inches (Lecuciscus).
As may be noted from the map (figure 2) Conkling Park is on the west shore
of Coeur d!Alene Iake near the south end.

The fish were placed in liveo-buckets at the point of capture and trans-
ported by launch at once to the two test stations, namely up the Cocur
d'Alene River about one-quarter of a mile and off-shore in Cocur d'Alcne
Lako ncar the Harrison Beach. At each station the fish were placed in largoe
woodon live~boxes, the sides of which were mado of motal scrcen. After
being properly scaled and weighted the boxes were lowercd to a depth of
about 3 motors. Each live-box was moored with ropes to provent swinging
and anchored to o piling, about 1 motor above the bottom.

On July 17, after a 24-hour exposure to the water at the test statlon
the boxes were raised and all fish at both stations were alive and ap-~
parently as active as when first placed in the live boxes. The boxes were
returned at oncec to their moorings without taking the fish from the wator,
On July 19, after a 72-hour exposure to the river water, all of the fish
at the Coeur dlAlene River station were dead. Fach inrdividual was covered
with a heavy coating of mcous slime and the gills were choked with micous;
the filaments in some cases werc matted together. All of the fish at the
Cocur d!Alcne lLake station were active and in good condition, Thosc in the
lako serics were returned for another 48 hours, making a total of 120 hours
exposurc to the lake water just off Harrison, without casualties. All of
the fish in the lako series wore active and apparently uninjured at the end
of the tosts These exporiments were discontimied at the end of 120 hours
as their objoct was the dotermination of acute conditions, if thoay oxisted.

The death of all of the fish in the river tests during tho first 72
hours cannot be ascribod to low oxygon, high carbon dioxide, high osmotic
tension or o temperaturc difforontial in the Cocur d'Alenc River water os
shown bty the chemical and physical data, because there werc no deaths in the
series during the first 24 hours. The hoavy secretion of mucous by these
fish during tho next 48 hours points vory definitely to an irritation, either
chemicol or mochanical, or possibly both, since the socrction of mucous is
one of thoe protective roactions of living fish. It is ovident, thereforo,
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that the mine wastes carried by the Coeur d'Alene River in July 1932, were
sufficiently harmful beczuse of mechanical action, chemical toxicity, or
both, to kill native minnows in 72 hours, while controls from the same lot
of fish lived without a casualty under identical conditions of confinement
in the waters of Coeur d'Alene Iake. As the fish in the Coeur d'Alene River
tosts were suspended above the bottom and werc not subjected to strong cur-
ront action, the mechanical irritation produced by the slimes seems the less
probable of the two factors causing the death of these fish. The fact re-
mains, however, that exposure to the Cosur d'Alene River water did kill
these native fish in 72 hours, regardless of the specific nature of the
lethal factor.

Plankton. -- Living plankton crustaceans were exposed to the action of
Coeur d'Alene River water from Dudley, Idaho (C52) and from the station
one~quarter of & mile above the mouth of the river near Earrison, (C56);
of water from Coeur d'Alcno ILoke off Harrison, (C4); and of water from
Canyon Creelk, above Mullan, Idaho, (C46).

For these seriss {and subsequent series in which this form of blolog-
ical assoy was used) wild strains of copepods and cladocerans were obtained
from marshy pools and transferred to battery jars in the laboratory. Vhen
needed for cxperimcntation the animals were concentrated and sorted os to
size by filtoering the wator containing the plankton through bolting cloth
and organdy screcns, carc being taoken to keep the scroens submerged so that
the animols would not be erushed or injured. The animals used, both cla-
docerons and copepods, ranged in general from 500 to 800 micra in length,
and meny copepod nauplii were included among the test animals. Pyrox
Ehrlenmeyer flasks of 50 c.c. capacity were used as containers for the in-
dividunl tosts. Into each flask 25 c.c. of the water to be tested, was
placed, and this water (or solution in some of the other experiments)
acroted by shaking the unstoppered flask vigorously. Trial samplos wore,
anclysed for dissolved oxygen ofter this treatment and approximately com-
pleto saturation was demonstrated. Immediately after aeration one to ten
drops (depending on the series) of the concentrated and graded planikton
animals were added to the water in each flasgk, and the flask immediately
sealed with a cork stopper which previously had been sterilized and dried,
At no time during tho experimont did the test fluid containing the plankton
anirals come in contact with the cork stopper. Control flasks for cach
series, containing the samc number of drops of plankton animals, in 25 c.c.
of glass-distilled water and in 25 c.c. of tap water, were provided. On
an average each flask contained approximately 100 animnls, representing o
oixture of cladocerans, copcpods and copepod naupiii. The flasks containing
the planitton animals were kept in subdued light and at a temperature of
approximately 200 C. during the experimental poriods.
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The results of the experimental oxzposures of plankton to wator fron
the Cocur d'Alene River were striking in view of the absence of any natural
plankton fauna in the polluted portion of this river at the timo of this
survoy, ond considering tho small plankton fauna in tho waters of Coour
d'Alcne Lake near the mouth of the Cocur d'Alene River as reported in 1911
by Kermerer (1923) and as found by the writor during July 1932, All of the
plankton aninnls placod in water fron the Cocur d'Alenc River (Station 056)
were dead in 18 hours or less, and those added to water from the river near
Dudley (Station 052) died in 36 hours or less. As the samples of river
water used in these tests were allowed to settle before using and only the
clear, supernatant water drawn off for the planiton flasks, the death of
the plankton animals when placed in the river water cannot be ascribed to
the suspended matter which the river water was carrying, that is to any
mechanical action of suspended mine slimes. Dissolved gases, particularly
dissolved oxygen, and pH, as causes of death were eliminated by the annlyses
of samples of the water tested and by the chemical and physical data on the
river wator, The conductivity data showed that the water was by no means
bhypertonic and as an additienal check on the osmotic conditions it must be
noted that the controls carried in glass-distilled water lived for 5 deys,
which answers the question of hypotonicity as a factor. The controls car-
ried in tap water (the water added to the stock cultures of plankton was
free from the organic wastos present in the culture jors) were all elive and
activo at the end of 14 dnys whon the exporiments on these samples were com—
pleted, Thus, the physiological condition of the animals at the beginning
of all these tests was good., The conclusion that the Coeur d'Alene River
water contained ealts or other substances in solution during July 1932, vhich
were quite toxic to plankton animals is evident., Mixtures of equal parts
of Coeur d'Alene River water and tap water (as defined above) were also
toxic, killing all plankton placed in such mixtures in 48 hours or less. No
definite explanation of the apparently higher toxicity of the Coeur d'Alens
River water near the mouth as compared with water from the same stream at
Dudley can be given, but the following suggestion is offered. The lower
reacies of the stream near the mouth had received the lcachings from more
flats covered with exposed mine slimes. Since the "erystalline lead" or
"lead rock" produced on these exposed flats was found to be very toxlc to
plankton and because Thompson Flat, only a few miles upstream from Station
066 in the Coeur d'Alene River, was covered at the time these samples were
taken from the Coeur d'Alene River, and large masses of ¥lead rock! were
leaching into the river, it seems probable that the water near the mouth of
the river had received more of the toxic material from the exposed flats.

Plankton placed in water from Canyon Creck above Mullan (046) that is
in water taken from the heed-waters of the South Fork above the mine pollu-
tion were carried through these tests without casualties, which of course
was to be expected since plankton crustacea were living in this water at the
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time it was collected. The Canyon Creck tests, however, are good confirma-
tory controls, showing that the plankton placed in the polluted water from
Harrison and Dudley, died as the result of the lethal properties of the
water and not as a result of the experimental procedure.

Exposures to settled water, that is water froe from suspenscids, taken
from Coeur d'Alene Lake (C4) off Harrison, also killed most of the plankton
animals placed in this water in from 48 to 72 hours, the younger and smaller
animals having the higher mortalitics. In no test with this water wero all
of the animals lilled, and some of the cladocerans and copepods continued
to live in this water throughout the ozperiment (10 days). The average
casualtics ran 80 percont or highor during the first 3 doys of oxposurc to
lake water, Vhen the lake water was diluted with equal parts of tap weter
the mortality of the plankton animals was reduced to about 25 percent, the
deaths occurring during the first 3 days. The toxicity of the Coeur d'Alens
Lake water off Harrison to plankton crustacea was therefore much less than
that of the Joeur d'Alene River water, at stations where it was carrying
mine wastes,

Reviewed collectively, the various series of plankton tests show that
the waters of the polluted portion of the Coeur d'Alene River were guite
toxic to plankton animals during July 1932, and that the toxicity was due
to substanc.c in s-iution, for the waters were texic after the rcmoval of
the suspersoids, Uy scdimentation. The rather khigh toxicity of these waters
is cvident by comririson with the work of Warren (1900) who found that it
required on an avorage 75 hours to kill cladocerans (Daphnia magna) by ox-
posurc to o 1.2 percent sclution of sodium chloride (common salt) at room
temporature (210 C.), and 22 hours by exposure to 2 2 percent solution of
sodium chloride. Althpuzh the comparison is only gross, tho magnitudc of
the toxicity of the Cocur d'Alene River water to plankton crustacca was
similar to that of a 2 to 2.5 porcent sodium chloride solution, although
the speeific conductanco of the river water was only 94.3 K x 106 (tablo 3).
In viow of this toxicity of the Cocur d'Alene River wetor, the abrupt drop
in the plani:ton fauna of the ditches bringing water from the plankton pro-
ducing lalkes into the Cocur d'Alene in the zone wherc the lake waters mix
with those of the polluted river, is easily undorstood. The toxicity of the
Cocur d!Alcne River wator to plankton may alsc account for the small plankion
fauna off Hzrrison in Coeur d'Alenc Lake and the lethal action of this lake
water on a hign percentage of the plankton animals exposed to it, The of-
fect of the no:.nhion of Cocur d'Alenc lalre waters by tho waters of Coeur
d'Alene Rivol, as 1ezarts plankton, will be discussed in the summary after
othor cxperimonial tests heve been prosented. :
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Mine Wastes

The toxic action of the water from the polluted portion of the Coeur
d'Alene River, as demonstrated on fish and plankton crustaceans, could be
produced by the presence of substances in the mine wastes which are specifi-
cally toxic to protoplasm in general; by the introduction through the mine
wastes of sufficient quantities of relatively innocuous compounds which are
toxic to aguatic life when not balanced against proper amounts of certain
. other materials: and by various combinations of the two kinds of toxic

agents acting simultensously. Biological and physiological tests on fish
and other animals have been made, thereforec, using roprosontative components
of the mine wastos and also some of the unaltercd mixtures of mine wastes
(that is, the wastes as collected from the mills and flumes) as checks on
the synergistic and antagonistic actions of the several compounds comprising
these wastes. For convenience in discussion, these experiments have been
grouped under four headings with regard to the source of the matorial testeds

‘In the fish-survival experimonts goldfish, Carassius carassiug L., werc
used, as this fish is superior to ordinary stream fish for many laboratory
tests, particalarly in that it doos not require congtant acration of the
water and is very tolerant of confinement. The use of the goldfish as a
test animal in toxicity experiments is amply justified by previous experi-
mental work (Powers, 1917:; Baudin, 1932). In the more technical physiologi-
cal tests the leopard frog, Rana pipiens Shreber; painted turtle, Chrysemys
picta (Herm.); the channel catfish, lctalurus punctatus (Rafinesqus); the
short-nosed gar, Lepisostesus platostomig Rafinesque; the quillback, Carpiodes
velifer (Hafinesque): the largemouth black bass, Micropterus salmoides
(Tacepede); the washboard mussel, Amblema gigantea (Barnes); the river
micket, Lampsilis carinata (Barnes); the three-ridge, Amblema costatz, Ra-
finesque; and the yellow sand-shell, Lampsilis teres (Rafinesque) were uged
as oxperimental animals.

Milling Chemicals. —=— In the floatation procoss various chomicals ars
added to the aquoous suspension of pulverized ore and rock to facilitate the
separation of the valuable ore particlos from the waste rock powder. Al-
though the floatation procedures vary slightly in the different mills, the
chemicals currently used are the following:

1. Copper sulphate.

2e¢  Sodium dichromate.

3« Sodium cyanids,

4, Sodium carbonate.

5, TWater gas tar,

6. Coal tar creosote.

7. Cresylic acid (Cresol).

8 Potagsium xanthate (ethyldithiocarbonate).
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The first three compounds, although known to be extremely toxic to many
forms of aquatic life, can be eliminated from the present pollution problem
because these salts are broken down during the course of the floatation
operations, and practically all of the copper recovered. No evidences of
copper poisoning were seen, and the samplcs of mine slimes collected in the
Cocur d'Alene River and Cocur d'Alene Lake gave no tests for copper, con—
firming the reports of O'Xcoffo and Ziegler (1930) who listed copper only
as a "trace" in their samples of inorganic solids from Coeur dfAlene River
and Coeur d'Alene Iake after the insoluble suspensoids had been removed.
Little if any sodium cyanide or sodium dichromete as such leaves the mill
and since very small quantities of these two compounds are used in the
floatation work their decomposition products are almost negligible.

The fourth chemical, sodium carbonate is used in quantities ranging
from 3 to 5 pounds per ton of milled ore, and when mixed with the waters of
the floatation plant and the other waste waters from the mines is reduced
to a dilution of plus or mimis 1:1,000. This dilution ratio is not exact,
but rather a gross approximation computed from various figures supplied by
some of the mine officials. As the amount of water varies considerably,
this ratio is given merely to suggest the goneral order of magnitude of the
sodium carbonate dilution in the flume water, were all of the sodium carbon-
ate used in the floatation process removed unchanged. The carbonate in the
flume water is of course diluted still more when this flume water mixes with
the river water. In such dilutions sodium carbonate is not immediately
toxic to the larger aquatic animals (fishes) although sodium carbonate in
dilutions even less than 1:1,000 may affect both fishes and plankton animals
in long exposures (several days to several weeks) if not properly balanced
by small amounts of potassium and calcium salts. Garrey (1916) has shown
that in general fresh-water fishes can tolerate the common sodium, potas—
sium, calcium and magnesium salts in properly balanced mixtures of these
salts if the osmotic pressure of thc mixture does not exceed that of fish
blood_(crica 0.5 percent sodium chloride; 0.03 poercent potassium chloride;
0.026 percent calcium chloride; and 0.002 magnesium chloride, but that any
one of these elements may be quite toxic to fresh-water fish in much higher
dilutions if not properly balanced by the presence of the other selts. The
continued addition of sodium carbonate and other sodium salts to the river
by the mine wastes even if these salts be quite dilute might create there-
fore pollution conditions detrimental to aquatic animals in the upper
reaches of the polluted portion of the Cocur d'Alens River, but this sodium
hazard is probably negligible in view of the calcium and magnesium salts
supplied by the rock powder from the ball mills.
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The sodium carbonate used in the floatation process presents indirectly
another hazard to aquatic animels exposed to the action of these mine wastes,
particularly in those parts of the stream vhere mine wastes are not greatly
diluted, in that sodium carbonate combines rather readily with various sul-
phur compounds. The ores handled in the Cocur d'Alenc District are largely
sulphides and in the course of differont interreactions betwoen these ores,
the water, the dissolved gases in the wator and the sodium carbonate, small
quantities of a variety of sulphur compounds are formed including sulphates,
sulphites, soluble sulphides, sulphur dioxide and even hydrogen sulphide.

Sodium sulphate is not a toxic compound in the usual sense, and plank-
ton animals lived in a 0.1 percent sclution of sodium sulphate for § days
during tests made in this investigation, so that the action of small amounts
of sodium sulphate on aquatic animals is much the same as that of sodium
carbonate in dilute solutions, namely, a disturbance of the normal salt
balance, which may in time produce death. Sulphites arc quite toxic to
aquatic animals, the sulphite wastos from papor mills being a conspicuous
examplo, and soluble sulphides, particularly hydrogon sulphide and sulphur
dloxide arc oxtremely toxic not only to agquatic animals but to many other
forms of life, cven in vory high dilutions. A dilution of 5:1,000,000 of
sulphur dioxidewill kill trout in an hour (Veigelt,.1902), The sulphurous
odor of the wastes from the floatation mills and of water from the Coeur
d'Alene River some distance below the mouths of the flumes empiring these
wastes into the river indicated the presence of these various sulphate and
sulphide compounds in sufficient quantities to be a2 hazard to both the plank-
ton and fish in the polluted portion of the South Fork. Laboratory tests
on plankton confirmed these observations.

Water gas tar, coal tar creosote and cresylic acid (chemicals 5, 6,
and 7) pharmacologically may be grouped asg aromatics. These substances are
all quite toxic to fish in very small quantities (Shelford, 1917) and tests
on plankton crustaceans made by the writer using Cresol, showed that 0,001
percent cresol was fatal to crustaceans in.2 hours. As the odor of the
aromatic substances was readily detectable in mine waste samples and in
some of the samples of river water taken near the flume outlets, aromatics
although present in very small quantitios may be factors in the destruction
of the plankton fauna in the river ncar the mouths of the flumes. Bocauge
those organic compounds are scon oxidized and otherwise destroyed in the
stream, they probably are of little consequence in the present pollution
problem below the South Fork, as the total amount of all three subsgtances
is not large (less than 1 pound per ton of milled ore, on an average).
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As the potassium xanthate odor (chomical 8) was very evident in certain
mine wastes from mills using this compound, even though it had been added to
the floatation suspension in very small quantities (0.C2 pounds per, ton of
milled ore), the toxic action of potassium xanthate alone and in combination
with some of the sulphid ores, was tested on both rlankton and fish. As Muir
and Swezey (1926), working on sugar-cane pests in Hawaii showed that insects
and other soil-inhabiting animals were readily killed by spraying this com-
pound over the surface of the ground, it seemed probable that potassium
xanthate would prove toxic to aguatic animals. Ia the present tests it was
found that one part of potassium xanthate in 12,500 killed all goldfish
subjected to this conceniration in 36 hours or less, and that one part in
3,175 was fatal in 5 to 8 hours, As the xanthate undergoes decomposition
rather rapidly when exposed in dilute solutions 1 part in 100,000 was not
fatal to goldfish unless renewed. If replaced daily with fresh solution, the
toxic action of potassium xanthate on goldfish was evident in dilutions as
high as 1:10,000,000. This compound speedily produced an irritation of the
alimentary canal in fish subjected to xanthate even in very dilute solutions,
Long strings of mucous were voided and the poisoned fish showed difficulty
in feeding or refused food entirely. Fhysiological records demonstrated
(see figure 9) that this compound effects the heart, particularly the right
auricle, causing the heart to beat irregularly and finally stop. If only
very small amounts of xanthate were used the heart might continue to beat for
a time but showed signs of permanent damage even after the xanthate was re-
moved, Frogs, turtles and fishes were so sensitive to this compound that 4
parts in 1,000,000 produced almost immediate stopping of the heart. When
taken -into the alimentary canal, or when the stomach and intestines were
perfused with similar dilutions & prompt paralysis of these organs resulted,
Plankton Orustacea were also very sensitive to minute quantities of potassium
xanthate, 8 parts per 1,000,000 killing all plankton Crustacea tested with
this strength in 5 days or less without renewal of the solution, and stronger
concentrations killed correspondingly more rapidiy. If the solutions were
renewed daily to compensate for the loss of the compound by decomposition,
dilutions as high as 1:100,000,000 were clearly detrimental to the plankton
Crustacea. In the tests in which potassium xanthate was added to water con-
taining powdered lead sulphide ore, powdered zinc sulphide ore, or "lead
rock® (the crystalline crust material from Thompsons Flat) no evidences of
either synergistic or antagonistic actions were noted, the toxic properties
of the xanthate apparently being unmodified by the presence of these other
substances, :

The experimental work on potassium xanthate demonstrated that this com-
pound is highly toxic to various aquatic animals both vertebrates and in-
vertebrates, and that the introduction of even very small quantities of this
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salt into the stream with minec wastes constitutes a hazard to aquatic animals,
excopt that this substance in dilute solutions docomposes rather rapidly

into products much lesg toxic than the original compound. No ovidences of
xanthate action were found in the field work except in the immediate vicinity
of the emptying flumes,

The experiment work on the varicus milling chemicals may be summarized
as showing that these several chemicals with the exception of sodium carbonate,
are quite toxic to aquatic animals. However, because of the methods followed
in the floatation process, the small quantities of these substances used, and
the chemical nature of the substences themselves or of their reaction products,
these milling chemicals are not responsible for the pollution of the Cosur
d'Alene River miles down stream, and constitute only small pollution hazards
in the upper part of the polluted portions of the South Fork. Both the ex-
perinental evidence and the field data particularly on pH and conductivity,
also indicate that sodium carbonate as such is not the immediate cause of the
toxicity of the Coeur d'Alene River water to aquatic animals,

Milling Products. =- The reduction of the ore-bearing rock to a powder
in the ball mills releasss enormous quantities of rock powder, the most bulky
of the mine wastes after the separation of the ore particles by the floatation
process. As this waste rock powder consists primarily of compounds of
calcium, magnesium, iron and manganege for the most part in the carbonate or
silicate forms, both because of the particular clemcnts concerned and because
of the relative insolubility of these compounds, these rock powders would
hardly be suspected as the source of the toxic material in the Coeur d'Alene
River water. Actual tests of this material on plankton and figh showed it
to be quite harmless when free fromore particles, sxcept as it disturbed the
salt balance, pH and osmotic pressure conditions. The field data indicated
that once well mixed with the waters of the main stream this rock powder did
not cause any marked rise in conductivity or pH. The rock powder did cause
a rise in fixed carbonates in the test water, and the production of a slightly
more alkaline reaction. In view of the work of Wells (1915 a and b) who
found that carbonates in general do not effect fishes detrimentally if the
water is acid, and that slightly alkaline water lessens the activity of fishes
and increase the mortality, the above combination of changes would be re-
garded as of an unfavorable order. However, the actual field tests of the
river water after the rock powder was well mixed with the water of the stream
(table 3, part II) showed that although therc was a rise in fixed carbonates,
the pE values due to the balance of various factors, remained much the same
ag in the unpolluted portion of the river or if anything became slightly more
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acid, The rock powder (not ore particles) therefore was not producing any
detrimental chemical changes at the time the river was studied (1932). The
mechanical effects as discussed in a previous section of this paper are of
course quite another consideration.

The Ores. ——- Because of the well-known toxic properties of many com—
pounds of the heavy metals, particularly those of lead, both fish and
plankton were exposed to the action of the lead and zinc ore concentrates,
The finely-powdered ore recovered by the floatation process was washed
thoroughly with clean tap water to remove any freely soluble substancese.
The ore was then washed in 95 percent alcohol and violently aglitated so that
each particle would be cleansed of any material soluble in alcohol, After
several extractions with alcohol, during which the old fluid was decanted
off each time before fresh alcohol was added, the alcohol was removed and
the ore powder washed with five separate changes of glass~distilled water,
The water finally was drained off and the prepared ore, which will be
referred to hereafter :as "washed ore powder", put aside in pyrex vessels.
These washed ore powders consisted essentially of lead sulphide or zinc
sulphide, together with small amounts of other metallic sulphides which are
associated with these two ores in the ore-bearing rock.

Lead ore. =~ To test the action of the natural ore unmodified by ex-
posure or weatherinz single goldfish were placed in glass battery jars each
containing 4 liters of tap water (water from the same source as that flow-
ing through the large tank in which these fish were living prior to the
experiment). This tap water contained small amounts of calecium carbonate
and magnesium sulphate but no salts of heavy metals (as shown by analysee
of this water made by the Department of Physical Chemistry, University of
Missouri). To each jar 25 grams of washed lead ore powder wes added, and
the ore, being quite insoluble in water, sank at onco forming a thin layer
over tho bottom of the jar. Control jars with goldfish but without lead
ore were carried under identical conditions and routine determinations were
made of the dissolved oxygen, carbonates, pE and temperaturc for all jars
of the series, but the water was not changed during the test. Under these
conditions there were no casualties in any of the jars of this series during
the 31 days this experiment was maintained. All of the fish were fed
regularly every day and those fish in the jars containing the washed ore
took food with apparently the same interest as those in the control jars.
At the end of the experiment, therefore, the fish living in the presence’ of
the lead ore seemed to be in quite as good condition as the controls. In
the course of the month during which these animals were under observation
there were no abrupt changes in the dissolvedoxygen or pH of the surround-
ing water, although the fixed carbon dioxiderose throughout the sxperiment
from 20 c.c. per liter to 74 c.c. at the end,.
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These fish tests brought out two points, namely, that the lead sulphide
ore is not immediately toxic to fish and that it is not transformed into
more toxie compounds by the addition of the excretory products of the fish
in sufficient quantities to produce an immediate toxicity of the water,
even when these products are allowed to accumilate. These results were
expected in view of the fact that lead sulphide has a very low solubility
coefficient and that small quantities of many heavy metal salts can be
precipitated as albuminates by mucous slime, It was evident that some
precipitation was occurring in these experiments because small masses of
slightly opaque, flocculent coagulum were seen on the bottoms of the jars
in the lead ore series.

Plankton Crustaceans carried in tap water to which the washed lead ore
powder had been added (1 gram to 25 c.c. of water — there is no signifi-
cance in the amount, other than that an ample excess was provided) died in
48 hours or less, the deaths occurring in the second 24-hour period and the
young dying earlier than the adults. Control plankton animals in lead-free
tevts maintained under the same conditions at the same time were active
and vigorous for 10 days vhen the experiments were discontinued. In these
tests it was not determined whether the plankton animals died from the in-
gestion of tiny particles of the ore powder or as the result of dissolved
lead in the water, It must be pointed out here, however, that although
lead sulphide is very insoluble in distilled water, various other substances
in the water materially increase the solubility of this compound. Kolthoff
(1931) who has recently reviewed the solubilities of sulphides finds that
lead sulphide is soluble in pure distilled water ( conductivity water) only
to the extent of 1079+65 mols per liter, that is spproximately one part in
50,000,000, Also he found that water which is in equilibrium with the
carbon dioxide of the air will dissolve 10-8+62 mols per liter or roughly
one part in 5,000,000, Although this second value is still extremely small
it is nearing the megnitude of toxicity dilution for several known poisons,
Besides, lead sulphide is attacked readily by various body fluids and
digestive juices forming lead compounds much more water-soluble than lead
sulphide. Even in tap water in the prescnce of dissolved oxygen, lead
sulphide is oxidized into lead sulphate which according to Orestano (1931)
has a solubility of 0.,000161 mols per liter or roughly one part in 20,000,
and as will be sghown in a following section one part in 100,000 of lead
acetate is violently toxic to fish stomachs. It is not surprising, there-
fore, that the plankton Crustaceans which do not have an elaborate mucous
protective coat like fishes, died aftor 48 hours exposure to well—aerated
water containing lead sulphide ore powder. Tho factor significant to the
present pollution discussion is the short time in which these plankton
animals were killed by exposure to the ore powder water mixture.
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be 2Zinc ore. —— Fish and plankton series directly comparable in every
detail with weshed lead orc tests oxcept that washed zinc ore powder was
used in place of the washed lead ore powder, were carried simultaneously
with the washed lead ore experiments.

Thirty-one days exposure to washed zinc ore powder in unchanged water
did not produce any casualties among the goldfish so treated. A4ll fisgh in
these experiments were active and vigorous at the end of the tests, and
there was nothing in thelr daily behavior to suggest that the presence of
the zinc ore in the jar was disturbing in the least. One diffcrence was
noted, however, between the load and zinc ore series, namely that littlo if
any of the flocculent coagulum found at the bottom in the jars containing fish
exposed to lead ore, was seen in the jars which held the fish exposed to
the zinc ore. This observation suggests that more mucous was secreted by
the fish exposed to the lead ore and points to a slightly irritating action
of the water in the jars containing lead ore powder.

The plankton crustacea pleced in water to which washed zinc ore had
been added not only did not die in 48 hours (see lead seriss) but were ac-
tive and apparently unaffected by the zinc ore powder at the end of 8 days
when the experiments were discontinued. It was evident, therefore, that
the washed zinc ore powder was at least not immediately toxic to plankton
crustacea.

Mine and Flume Waters. -- Although scveral of the components of the
mine wastes whon tested separately were shown to be very toxic to aquatic
animals, particularly plankton, there is always the possibility that mis-
cellaneous mixtures of such toxic substances may be less toxic than the
individual compounds, as the result of chemical recombination. Samples of
mine waters from six stations (tabdle 2, part IV) flume water from the Sun-
shine Mine, and flume water from the waste flume of the Sullivan Mills,
Kimberly, British Columbia, (C60c) were tested and found to be quite toxic
to planktén, the survivals in these various waters being 48 hours or less.
No evidence of any reduction in toxicity due to the mixing of the various
mine wastes was found.

Wagte Incrmistations from Banks and Flats

Many areas, some of them acree in extent, along the banks and flats
between Cataldo and the mouth of the Coeur d'Alene River were covered at the
time of this survey (July. 1932) with incrustations of a crystalline material
varying from pure white to dull gray or dirty brown in color. This material,
as has been discussed in the section on bottom and shore conditions was al-
ways found on deposits of mine wastes and mine slimes, or in soil heavily
impregnated with these slimes. Careful investigation in the field left no
doudbt but that these incrustations had been produced by the weathering of
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the exposed mino wastes which are subjocted to a variety of conditions con-
ducive to chemical changes as moisture, light, heat' and oxidation. Some of
this crust meterial was freely soluble in water and other portions sparingly
30, and leachings from these crusts were, being carried into the Cosur
d'Alens River by every rain and high water, in addition the rather contimu-
ous return to the river of the mine wastes and their products from these
flats and banks by wind and stream action. The gross bulk of the exposed
incrustations in July 1932, was surprisingly large amounting to the enormous
weight of 27 to 28 tons per acre of surface incrusted. Since areas of these
incrustations acres in extent were observed, particularly at Thompson Flat
and near Dudley and as practically every exposed mass of mine slime deposits
along the river from Cataldo to the mouth, was more or less covered with
these incrustations, the total amount of this crust material along the banks
and flats of the polluted portion of the Coeur d'Alene runs into amazing
figures. As the values for the weights of measured specimens of the crust
which could be lifted en magse from the surface of the mine slime deposits
en the flats, no account was taken of the large amounts of this crust-form-
ing material which could be seen in the underlying and nearby soils and
which could be rcadily leached from such soils by water as was shown by
labvoratory tests. Such quantities of almost any substance with even mildly
toxic properties would constitute & pollution hazard whon froely available
through the action of wind, rain and curront.

Analyses of various samples of these incrustations collected during
July. 1931 and 1932 have besn summarized in table 4. From this table it may
be seen that the items of primary interest in comnection with the present
figheries problem are zinec, lead and sulphates. Variations in the components
of these goil crusts, particularly in the iron and water-soluble fractions,
were to be expected as natural correlaries of the differences in weathering
of the mine glimes at various stations up and dovm the Coeur d'Alene River.
However, in these incrustations the regular occurrence of zinc, lead, and
sulphates in quantities large enough to be of biological significance, indi--
cates that regardless of loca2l conditions, the oxidation of sulphide ore
particles was taking place rather contimucusly in these deposits of mine
wastes, and also that considerable amounts of these sulphide ore particles
hsve been lost in the milling operations and carried downstream in the mine
slimes which formed deposits on the flats and banks.

For the experimental studies the incrustation material from Thompson
¥lat was chosen as typical of the "lead rock" found along the lower part of
the Coeur d'Alene River, and the samples of white crystalline crust obtained
from the surface of the piles pf mine wastes on the banks of the South Fork
near Bradley, Idaho ag typical of the incrustation material in the immediate
vicinity of the mills.
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Pable 4, —— General chemical composition of soil inerusiasion: along the Coeur d'Alene
River as shown by an~lyses of samples from near Harrison, Idajo, from Thompsorn Flat, and from Bradley,
Idaho during July 19311/ and 19322/.
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Thompson Flat "lead rock" crust. -- Several pounds of the soil crusts
were collected from different locations on Thompson Flat and all of the
material obtained dried, ground to a fine powder and thoroughly mixed. This
process gave what was considered a representative sample of the incrustation
substances ag found on Thompson Flat during July 1932. The material just
described when extracted with distilled water yielded a water-soluble frac-
tion representing 3.3 percent of the total weight. This soluble fraction
consisted of 62 percent zinc sulphate; 30 percent other soluble sulphates
calculated as sodium sulphate (primarily a mixture of sodium and megnesium
sulphates); approximately 0.05 percent lead calculated as Pb, and 0.32 per-
cent organic matter. The remainder of the soluble fraction was composed
chiefly of manganese and iron compounds. The ingsolublé fraction carried ap-
proximately 3 percent zinc as Zn and 0.4 percent lead as Pb.

a. Fish survival tests. -- Goldfish, as previously described, were
placed in battery jars containing 3 liters of water to which definite
amounts of either the water-soluble fraction or of the entire crust samples
were added, The results obtained from these exposures can be divided very
definitely into "immediate" and "cumlative".

The immediate effects were apparently produced by the water-soluble
fraction for the responses varied according to the amount of water-soluble
fraction present, whether it were used alone or accompanied by the insoluble
fraction. If the soluble fraction were present in concentrations of 0.0l
percent or stronger a profuse secretion of mucous by the fish was induced
in the course of the first 6 hours or less depending upon the concentration
of the soluble fraction used. This heavy secretion of mucous continued for
about 24 hours at which time conspicuous masses of flocculent coagulum were
found at the bottom of the jar. By the end of the fourth day of exposure :
to these high dilutions (water was not changed and no, material added during

this time) the mucous secretion had ceased and the fish seemed quite normal
again. .

If sufficient quantities of ' the whole incrustation powder or of the
water-soluble fraction alone were used to give a .concentration of 0.18 per-
cent or stronger, of the water-soluble fraction, the .micous secretion bezan
very shortly after the fish were placed into the mixture and contimed to be
voluminous for 24 hours or more. Within 4 hours after exposure to these
stronger concentrations was begun, the fish showed difficulty in swallowing,
and were often unable to take food. 4s in the case of the higher dilutions,
these immediate symptoms cleared up during the third day and by the end of

the fourth day the secretion of mucous had stopped and the fish appeared
normeal.
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Concentrations of the water-soluble fraction, with or without the in-
soluble fraction, -of 0.33 percent or stronger produced even more severe
symptoms of the types described, and were often accompanied by sluggishness
of movements or almost stupor inside of five hours. Concentrations up to
and including 1.6 percent of soluble fraction were tested, and if the soluble
substance were not renewed, that is, if but a single quantity of the soluble
fraction were placed in the water, the fish were able to recover in four
days. If the soluble fraction were renewed daily, the secretion of mucous
and the inability to swallow contimued and the fish died in 4 to 6 days.

In other series the individual goldfish were placed in jars containing
3 liters of water and 10 grams of the whole incrustation powder added. The
water-soluble fraction from this amount of whole powder produced a concen-
tration of 0,33 percent water-soluble fraction, & strength causing immedi-
ate responses of considerable severity, and the insoluble fraction weighing
some 9.67 grams sank to the bottom of the jar. These fish passed through
the cycle of responses previously described under the discussion of the im-
mediate responses, and by the end of the fourth day seemed quite. recovered.
Between the fourth and tenth days the fish were active, ate regulerly and
were apparently without hold-over effects from the first set of responses.
After the tenth day one by one the fish became less active and in the fins,
around the nares and particularly in the region of any small injury as a
tear in a fin, black deposits began to appear. On and after the twelfth day
the fish began to die, although controls carried under identical conditions
save for the presence of the incrustation powder, were healthy and active.
The survival time averaged about 20 deys in the presence of 9.67 grams of
the insoluble fraction.

At the end of the thirty-firet day the few surviving fish of this series
were transferred to fresh water for 4 days and then subjected to the action
of various detrimental salts. Without exception the fish which had been
exposed to action of the insoluble fraction for 31 days succumbed much more
readily to harmful salts than did normal control fish without exposure to
the incrustation powder.

Reviewing all of these tests on goldfish the "immediate" or "acute®
responses present a complex of specific irritation to the mucous cells which
constitute one of the main defenses of the fish against both chemical irri-
tation and bacteria. The actual responses made by these fish can be dupli-
cated by similar dilutions of zinc sulphate or of several other salts, and
as zinc is not a cumulative poison, being readily excreted even when in-
gested in rather large smounts without leaving any general toxic effects
(Drinker, Thompson and Marsh, 1927) the irritation produced by the 0.01 to
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1.6 percent solutions of the soluble fraction are of little significance un-
less the irritation is continued for some time. In the experimental tests
in which but a single quantity of the soluble material was placed in the jar
with the fish, recovery followed in 4 days but if the solublc material were
renewed constantly as it would be in the run-off from these flats of mine
waste the fish would soon succumb to the chemicel irritation just as they
did in the daily renewal tests in the present experimental series.

The cumulative effects of the incrustation materisl from Thompson Flat
are more significant perhaps than the immediate effects. The appearance of
black deposits, which were chemically identified &s lead, in the fins of
the fish exposed to thls crust powder points specially to lead poisoning in
these fish, as Hammett (1928) has shown that lead is deposited in regions
of active cell division as a dense brownish-black accumilation, even from
dilutions as high as 10"4. i.e. 0.001 percent. Growth and abllity to re-
generate are well established characteristics of fish fins, especially of
goldfish, and the deposits of lead in the fins of these particular goldfish
are not surprising in view of the presence of lead in both the soluble and
inscluble fractions of the incrustation material, in concentrations exceed-
ing 0.001 percent. Lead is known to be a cumulative poison and the general
symptoms of the fish during the second half of these survival experiments
were at least suggestive of lead poisoning.

It mey be pointed out that the amount of lead in the soluble fraction
was quite small and that this lead may have been precipitated out of solu-
tion by the fish micous in the form of lead albuminate during the first part
of the experiment when the zinc sulphate and other components of the soluble
fraction were producing the irritation resulting in a profuse flow of mucous.
Granting that all of the lead in the soluble fraction had been precipitated,
lead compounds were still present in the insoluble fraction and the fact re-
mains that lead deposits appeared in the test fish. This lead may have en-
tered the bodies of the fish in either of two ways. The term "insoluble" is
only relative. Even lead sulphide (lead ore) is very slightly scluble in
water and lead sulphate, the form in which at least part of the lead occurs
in the insoluble fraction of these incrustations, is soluble in water to
the extent of 1:20,000, as has been pointed out in a previous section. This
quantity is very small, but as Porritt (1931) has demonstrated, very mimte
quantities of lead may produce cumulative lead poisoning, 1:5,8G7,000 being
sufficient to ceuse cumilative lead poisoning in man if the exposure be pro-
longed. The solvent action of the water on the lead compounds in the insol-
uble fraction would maintain the saturation level for these lead compounds
in the water surrounding the figh. Part of this lead would be reprecipitated
by the mucous of the fish but water containing lead would be swallowed each
time the figh fed, for no matter how much lead were precipitated down the
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solution equilibrium would be maintained since the undissolved lead com-
pounds are in excess in slimes at the bottom of the jar. The second and
more probable source of the leed stored by these fish is the undissolved
lead as lead compounds, in the slimes, that is in the insoluble fraction.
Minot (1924) has pointed out that the gastro-intestinal tract is the
principal portal of entry for lead into the bodies of living animals and
this is particularly true of fish, which have no lungs (lead is tsken in as
dust by air-breasthing animals). Small particles of lead compounds even
though insoluble in the general sense of that term, were taken into the
alimentary canal of the goldfish during feeding activities end supplied a
source of material from which lead could have been absorbed, leading ulti-
mately to cumulative lead poisoning, Porritt (1. c.) noted that it is not
essential that the "infinitesimal doses" of lead be in a soluble form to
produce cumilative lead poisoning when taken into the alimentary canal, and
Magath (1931) reported acute and fetal lead poisoning in wild ducks which
have swallowed shot picked up in the course of feeding. It is evident in
view of the existing literature on lead poisoning and the analyses of the
incrustation material from Thompson Flat, that ample lead is present in the

incrustation powder to produce cumulative lead poisoning in fishes if the
exposure be long enough.

It is well to compare the action of the whole incrustation material
with the action of washed lead-ore powder on fish. In the tests with lead-
ore powder goldfish were kept in jars containing undissolved washed lead-ore
powder (lead sulphide) for 31 days without casualties. The water in these
jars was in solution equilibrium with the lead sulphide, very mimte quanti-
ties of which are soluble, and these fish were also subject to the hazard
of the lead particles which might be swallowed when these goldfish fed.

The goldfish in the incrustation material series, in the presense of actually
much less lead (weight for weight, since the lead ore runs roughly 85 per-
cent lead) began dying at the end of the tenth day although some fish in the
series contimued to live the full 31 days of the test. At least three fac-
tors contribute to these differences: (1) time, (2) the synergistic action
of the substances other than lead in the incrustation material, and (3) the
presence in the incrustation material of other compounds of lead besldes
lead sulphide, The acute reactions of the fish during the first few days of
exposure to the incrustation powder indicated severe physiological disturb-
ances at the time, and it is a well established principle in physiological
investigations that previous exposures to detrimental substances often en-
hance the toxic action of subsequent exposures to other substances of rela-
tively low toxicity. Besides, various substances in the insoluble fraction
may have contributed to the solution and absorption of the lead after it was
teken into the body of the fish. Weathering on the flats changes part at
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least of the lead sulphide to lead sulphate, and a variety of other lead com-
pounds may be formed during the course of the disintegration and recombina-
tion of the ore particles in the exposed mine slimes, so that the solution
and absorption possibilities of the lead compounds in the mine slimes after
exposure to weathering are quite different from those of bright, washed lead
ore particles, as these particles leave the mill.

The experiments on goldfish, which it must be remembered are more re-
sistant to enviromnmental vicissitudes than trout and many other fishes, dem-
onstrated that the incrustations which form on the exposed masses of mine
slimes spread out over the flats and the banks along the Coeur d'Alene River
are highly toxic to fish 1ife. Various immediate reactions to the incrusta-
tion material which were fatal to the fish if prolonged by repeated exposure
to the freely soluble portion of these incrustations, were observed, and pro-
longed exposures to even very small amounts of the whole incrustation mate-
rial produced cumulative poisonings in which lead storage was one of the man-
ifestations., The immediate effects were apparently caused, primarily by the
soluble zinc salts, and the cumilative effects by the concerted action of

the various components of these incrustations with lead as the outstanding
toxic agent.

b. Physiological assays of incrustation material. -- Disturbances in
swallowing, swimming and gill movements, followed by sluggishness and even
coma were observed as immediate symptoms in fish exposed to the action of
the incrustation material, hence several rather extensive series of physio-
logical tests were made on fish, frogs, turtles and fresh-water mussels to
escertain more specifically the nature of this immediate toxic action. These
rather technical experiments may be summarized briefly here &s showlng (figs.
10 and 11) that high dilutions of the soluble fraction of the Thompson Flat
incrustations had a three-fold effect: (1) They produced immediate paralysis
of the stomach and intestines of fishes, frogs and turtles, in dilutions as
high as 1:1100,000 and that even higher dilutions were destructive to peris-
telsis and the harmonious functioning of the parts of the alimentary canal
in these animals. The damage resulting from exposure to this materlal was
very largely irreversible, that is, there was 1ittle or no recovery.

(2) They caused immediate disturbances in the heart beat of fishes, frogs,
turtles and fresh-water mussels which shortly resulted in complete cessa-
tion of heart beat, when dilutions as high as 1:100,000 were used. These
cardiac changes were also attended by permanent alteration of the physio-
logicel activities of the heart. (3) The material of the incrustations
induced changes of much the same order of megnitude as those produced by
lead poisoning with lead acetate in dilutions of 1:100,000, (see fig. 11).
(Harnack, 1878).
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Figure 10
Toxic action of soluble material from Thompson Flat (Locality C23) on turtle heart 1nm situ.

Top graph, ventricle

Middle graph, right asuriecle

Bottom graph, left auriecle

Bottom line, time in 30 second intervals

Solution applied by internal perfusion in normal Ringerts solutiom
First perfusion with 1 to 1,000 concentration. (1-50 dilution of 5%).
Second perfusion with 1 to 10,000 concentration, {1-500 dilution of 5%).
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Figure 11— Toxic action of lsad in the form of lead acetate on small intestine of the Quillbeek, Carpiodes velifer.
Internal perfusion through living intestine in tact. Perfuwsion 1 to 100, 000 lead,
Time intervals, fiye ssconds; large bresks, om minutse,
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The physiological assays collectively substantiated the findings in the
survival experiments that the soluble fraction was highly toxic to fishes,
frogs, turtles and fresh-water mussels if thes exposure were Jong enocuzgh to
allow even very small quesntities of this soluble fraction %o be absorbed,
taken into the alimentary canal, or otherwise brought to the vital orgens.

c. Plankton tests. -- Following the procedure used in previous nlank-
ton tests the soluble fraction from the Thompson Flat incrustations was added
to the water in which plankton crustacea were living and found to be very
toxie, dilutions stronger than 1:1,000 killing all plankton crustacea ex-
posed in less than five hours and dilutions as hkigh as 1:100,000 proving
fatal in 24 hours or less. Obviously such short survivels did not offer time
for cumulative effects, so the high toxicity of this soluble fraction to
plankton was ascribed to the soluble sulphates, particularly those of zinc
and other heavy metals present in the soluble fraction of the incrustation
material. This conclusion was verified by simul taneous tests of the soluble
fraction, of zinc sulphate, of sodium sulphate and of mixtures of zinc and
sodium sulphates. Pure zinc sulphate was found to be almost as toxic to
the planlktton crustacea as the soluble fraction of the incrustation material,
as a dilution of 1:100,000 of zinc sulphate proved lethal to these animals
in less than 24 hours and 1:10,000,000 was distinctly toxic in longer ex-
posures. These values are practically the same as those for the fatal
dilutions of the soluble fraction. Sodium sulphate on the other hand vas
tolerated by plankton crustacea in concentrations up to 1:1,000 with very
few casuvalties, although a mixture of equal parts of sodium and zinc sul-
phates in a dilution of 1:100,000 was almost as toxic as the same dilution
of zinc sulphate alone. The high toxicity of the soluble fraction %o
plankton seems therefore to be largely due to the zinc sulphate present
in the incrustation material.

Bradley incrustations. -- As large masses of incrustations werc socon on
the piles of mine wastes along the Coeur d'Alene River near the mills, 2 com-
posite sample of incrustation material prepared similar to the composite
sample from Thompson Flat, was collected from mine wastes along the river 2%
Bradley. It scemed desirable to compare these incrustations forming on wastes
near their source with the incrustations forming on mine slimes 50 miles or
more dovnstream at Thompson Flat.

The composite sample from Bradley was of a dirty white color and carried
about 39 percent freely soluble material, and ran higher in both lead and
zinc content than the composite sample from Thompson Flat. From tests on
fish and plankton the Bradley incrustations were found fo possess the same
toxic properties as those displayed by the Thompson Flat material, procducing
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a profuse flowv of mucous, incoordinate movements, sluggishness and death
when fishwere exposed to concentrations as low as 1:16,000 of the soluble
fraction, Plankton animals wbre even more sensitive to this incrustation
powder and dilutions of 1:100,000 and 1:1,000,000 of the soluble fraction
were usually fatal in less than 24 hours. On the whole the Bradley incrus-
tations were conspicuously more toxic than those from Thompson Flat.

General Discussion

Reviewing all the data, both field and experimental it is evident that
so far as fisheries are concerned the mine wastes poured in the South Fork
in the Wallace-Kellogg area have reduced the approximately 50 miles of the
South Fork and main Coeur d'Alene River from above Wallace to the mouth of
the river near Harrison, to a barren stream practically without fish fauma,
fish food or plankton, and with enormous lateral supplies of potentially
toxic materials., The accumulated wastes as they now stand (1932) will con-
tinve to poison the waters of the Coeur d'Alene River for a considerable pe-
riod of time., In addition, the stream bed and banks of the polluted portion
of this river are covered with large masses of relatively non-toxic rock
powders which because of their mochanical and physical properties have pro-
ducod conditions which practically prevent the maintainance of any sort of
e bottom fauna,

The acute pollution conditions in the. Coeur d'Alene River, particularly
at its mouth where it flows into Coeur d'Alene Lake, present another fish-
eries problem, namely one concerned with the effacts of those mine slimes and
toxic substances which the waters of tho Cocur d'Alene River are projecting
into Coeur d'Alene Lake, on the biota of that lake.

In the present survey mine slimes were found to be distributed over the
floor of Coeur d'Alene Lake, in varying amounts from the mouth of the Coeur
d'Alene River to the outlet of the lake west of Coeur d'Alene City. Chemical
tests 'of thosc bottom samples showed that they contained small amounts of
lead, zinc and other heavy motals. Soil samples from the flats along the
stream bed of the Spokane River near Green Acres, Washington, at points vhere
the waters of the river had recently receded also contained traces of lead,
zine and copper when subjected to chomical analyses. The ovidence, both
chemical and microscopical seemed conclusive that the mine slimos more or
less mixed with various soil elements as sands and clays, have spread over
most of the floor of the lake in the path of flow between the mouth of the
Coeur d'Alene River and the outlet west of Coeour d'Alens City. In view of
these findings in the lake, the analyses of soil from the river flats near
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Green Acres, Washington, although by no means conclusive, are suggestive at
least that some of the mine slimes or their products are being carried out
of the lako and down the Spokane River. However, the data from the bottom
samples, and from slime deposits along the shore of Coeur d'Alene Lake, as
at Black Rock, indicate that at times large areas of Coeur d'Alene Lake are
exposed to clouds of highly dilute mine slime suspensions, and that deposits
of these slimes arc being incorporated in the floor of the lake. The solid
matter composing the clouds of mine slimes carries according to the analyses
given by O'Keeffe and Ziegler (1930, p. 2) from 0.25 to 0,45 percent lead as
Pb and from 1.7 to 2.3 percent zinc as Zn. The biological hazards resulting
from these clouds of mine slimes in the lake water depend largely upon the
amount of materianl in suspension and the duration of the clouding of the
lake with these slimes. During July 1932, the turbidity of the lake was
little if at all affected by mine slimes beyond East Point, so that these
suspensoids at that time were highly dispersed. It must be remembered, how-
sver, on the basis of existing analyses of these suspensoids that if the
mine-slime suspension rose to a concentration of only 50 parts per 1,000,000
there would be sufficient lead present in the lake water to produce cumula-
tive lead poisoning according to the findings of Porritt (1931) without con-
sidering the possibility of lead in solution. Suspensions of mine slimes of
this degree of concentration and higher were found in the Cosur d'Alene
River water near Harrison during July 1932, and have been reported by O'Keeffe
and Ziegler (1920) from the same locality in 1930. The pollution of the
water of Coeur d'Alene Lake, therefore, by these mine slimes will vary di-
rectly with the flowage of the Coour d'Alene River and the output of the
mines,

The effect of the mine slimes on the bottom fauna of Coeur d'Alene Lake
was discussed in the section on bottom conditions, and from the findings in
those studies it can be stated that the slime deposits form only a portion of
the material which is covering the bottom of the lake with layers of inorganic
Siltn

Summarizing the findings in Coeur d'Alene Lzke during July 1932, the
water conditions dependent upon dissolved gases and carbonates wers good and
apparently had not changed during the past 20 years, judging from Kemmerer's
report (1923) on conditions in Coeur d'Alcne Lake durdng 1911; tho bottom
fauna was declining; and the plankton catches gave definitce evidence of the
detrimental effects of the water from the Coeur d'Alene River as far out in
the lake as Fast Point. In the main the pollution from the Coeur d'Alens
River is only one factor, in the present complex of conditions which are re-
ducing the fishing in Cosur d'Alenc Lake. The mine slimes do presont = po-
tential hazard which might at any time become serious if the gquantities of
mine wastes were increased beyond the volumes seen in July, 1932, The cumu-
lative effects of these slimes on Coeur d'Alene biota if present conditions
are maintained ars only speculative.
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Recormmendation

From the viewpoint of fisheries one recommendation is obvious as a
result of this survey. However, anyone familiar with the Cosur d'Alene
District must recognize at once that many other interests, some commercial,
some of human hazard, some recreational, are involved in this particular
pollution problem. The following suggestions are offered therefore strictly
as remedial to the fisheries problems, and the bearing of these suggestions
on other matters of human welfare and activities must be decided by those
to whom the administration of this district and the waters are entrusted,
although the writer has not been unmindful of these complications.

Collectively the mine wastes in the Cosur d'Alene River have destroyed
the fish faura and the plants and animals on vhich fishes feed, first be-
cause the enormous masses of rock powder have overwhelmed éverything in the
stream with shifting deposits of inorganic waste; and second because the
weathering mine slime on the flats and banks nroduce substances which when
leeched back into the stream are highly toxic to plankton and other organ-
isms which supply the basis food and to the fish themselves. These condi-
tions in the Coeur d'Alene River not only have made that river barren, but
they are threatening all of the lakes adjecent to the Coeur dlAlene River,and com-
stitute constant menace to Coeur d'Alens Lake. There is only one complete
solution to this problem ashd that is the exclusion of all mine wastes from
the Coeur d'Alene River. Even if this is done, it will take the river some
time to rid itself of the nasses of powdered rock in the stream bed and of
the weathering deposits of mine slimes along its banks, so that several
years will elapse before a natural fauna will reestablish itself in the now
polluted portioh of the Coeur 4'Alenc River.

The exclusion of the mine wastes from this stream immediately brings
up the question of mine waste disposal if the mines sre not permitted to
use this river. Although this is an engineering problen rather than a
fisheries matter, the writer visited the Sullivan Mines and Mills at Kim-
berly, British Columbia, where a successful disposal system for mine wastes
from the same sort of ore as those in the Cosur d'Alene District and milled
by the same methods, has been worked out. As the Dominion and Provincial
laws prohibit the dumping of mill wastes into the natural waters of Canada
(e letter from the Deputy Attorney-General of the Province of British Co-
lumbia refers to paragraph 332 of the Water.Act, as covering this case), a
settling system has been perfected by the Sullivan Mills which handle an
ore tonnage comparing favorably with that of the Coeur d'Alene District,
for all of the mill wastes at Kimberley. The writer was informed during
his visit in Kimberley that the original cost of this settling system was
not prohibitive and that the up-keep was nominal.

The mine wastes are conveyed by wooden flumes {see figs. 12 and 13) to

a settling basin. These flumes are so placed that the wastes run into this
basin from several points and the deposits form the dam for the basin holding
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back the waste waters until the rock powder has settled out and forcing the
waste waters to filter back through the deposits. From the first settling
bagin the now clear water passes to a second settling basin, where the pro-
cess of settling and filtering is repeated, with the result that the volume
of water is greatly reduced by evaporation and the mine chemicals and other
substances in soclution are very largely destroyed before the water leaves
the second settling basin.

Although the banks of the first settling basin were hsavily frosted
with incrustations (fig. 12) like those forming on the mine slimes in the
Coeur d'Alene District and which were found to be nuite as toxic as the in-
crustations at 3radley, by the time the water lef:i the second settling
basin it was so reduced in volume and so purified that within a few yards
of the mouth of the outlet ditch carrying this waste to the St. Marys River,
plarckton, slgae, aquatic insects and fish were found in the St. Marys River.

Various tests of the mine slimes, the mine waters and the purified
water after leaving the settling basins were made and the problem of the
Kimberley mills found to be the same as that of the Coesur d'Alene Mills,
with the settling basin system providing a practical solution for the waste
disposal without stream pollution. A suction dredge has been constructed
wiich is to pump out the mine -slimes from the Coeur d'Alens River near Mis-
sion Flats and deposit these slimes on the land nearby, which has been ac-
quired for the purpose. This procedure will undoubtedly reduce the amount
of mine slimes carried to the lower river but as the finer particles will
not settle out even in Coeur d'Alesne Lake {the pollution of the lower river
will not be corrected, but merely modified. Of course, this pumping out of
mine slimes will be helpful to some extent but it will not solve the pollu-
tion problems in the Coeur d'Alene River for fisheries.

Summary of 1932 Investigations

1. The polluted portion of the Coeur d'Alene River, that is the South
Fork from a2 short distance above Wallace, Idaho to its junction with the
North Fork above Cataldo, and the main Coeur d'Alene River from the junc-
tion of the forks to its mouth near Farrison, Idaho was found {July, 1932)
to be practically devoid of fish fauna, bottom fauna or plankton organisms.

2. The unpolluted small lakes adjacent and tributary to the Coeur

- d'Alene River between Cataldo and Harrison, were supporting normal fish
fauna of bass, sunfigh, perch and minnows, together with ample aquatic veg-
etation and plankton fauna.

3. Thompson Lake and Swan Laks, both rather heavily polluted by re-
cent backwaters from the Coeur d'Alene River were almost without plankton
fauna.

4. The plankton fauna of Coeur d'Alene Lake as a whole was rather

sparse, and particularly poor at the south end. No plankton were taken
off Harrison and at the mouth of the Coeur d'Alene River: and very few as
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far up the lake as Bast Point. A comparison of the plankton data obtained
by Kemmerer in 1911 with those collected in 1932 showed a decline in the
plankton fauna, but the same general distribution, Kemmerer having noted
the poor plankiton fauna near the mouth of the Coeur d'Alene River.

5. The bottom fauna of Coeur d'Alene Lake was very meagre, and seemed
to be declining.

6. Minnows, dace, bass; and perch were found, and trout reported, as
living in Coeur d'Alens Lake.

7. The decrease in the numbers of trout living in Coeur d'Alene Lake
during recent years, should not be attributed to mine wastes alone as va-
rious other factors have been operative to cause these fish to become less
plentiful in this lake.

8. The 5t. Joseph River and Chatcolet Lake were maintaining good plank-
ton, bottom insect, and fish faunmse. Bass, trout, perch, minnows and dace
were all found in these waters.

9. No significant differences in dissolved gases, pH, carbonates, and
other factors dependent upon these were found between the waters of the
polluted portion of the Coesur d'Alene River, and those of the St. Joseph
River or of the unpolluted portions of the South Fork. The specific con-
ductance of the polluted water was higher than that of the unpolluted water
but did not indicate an excessive amount of scluble material in the polluted
water.

10. Comparisons of the dissolved gases, relative acidity, and carbon-
ates in Coeur d'Alene Lake during July, 1932 with the analyses made by Kem-
merer in this lake in 1911 showed the velues reported by both surveys to be
essentially the same, indicating little change in the condition of the lake
with regards to these factors over a period of 20 years.

11. The bottom of the polluted portion of the Coeur d'Alene River was
deeply covered with shifting deposits of very fine rock powder which not
only overwhelmed the bottom fauna but prevented the development of any bot-
tom consocies of animals either adult or immature.

12. Along the polluted portion of the Coeur d'Alene River the banks,
flats and lowlands were covered often to a depth of several feet with de-
posits of mine slimes which had been left there during high water and which
were continually being returned to the river by wind, rain and current ac-
tion, thus producing a constant repollution of the river with the slimes
previously dropped by the river.

13. Deposits of mine slimes more or less mixed with other soil com-

ponents, were dredged from the floor of Coeur d'Alene Lake at various sta-
tions, showing that the mine slimes have spread rather generally over the
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Figure 12. Margin of settling basin for mine wastes, Sullivan Mining
and Milling Company, Ltd., Kimberley, B. C. The main ssttling area

is in the background of the right half of the picture, Ths wooden
flume carrying the waste slimee passes along the left side of the
picture. The masses of white material in the foreground are crystals
of w-ste substances formed en the surface of recently discharged slimes.

!

Figure 13, Another view of the settling basin fer mine slimes on the
Sullivan Mining and Milling Company, Ltd. properties. The main
wooden flume for the distribution of these slimes is in the bsckground,
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bottom of Coeur d'Alene Lake, particdylarly in the line of flow between the
mouth of the Coeur d'Alene River and the outlet of Coeur d'Alene Lake west
of Coeur d'Alene City. These bottom deposits contained lead and zinc in
small amounts, and soil samples from the banks of the Spokane River near
Green Acres, Washington also contained traces of lead, zinc and copper,
suggesting that some of the mine slimes or their products are not only car-
ried across the lake but out of the lake and down the Spokane River.

14. Dace and minnows living in Coeur d'Alene Lake near Conklin Park,
wheh transferred to live cages in the Coeur d'Alene River a short distance
above the mouth of the river died in 72 hours while controls under the same
conditions of confinement showed no ill effects after 120 hours exposure to
the lake water off Harrison.

15. WVWater from the polluted portion of the Coeur d'Alene River near
Harrison was definitely toxic to plankton crustacea killing all plankton
enimals placed in this water in 18 hours or less.

156. All of the milling chemicals with the exception of sodium carbon-
ate were very toxic to both fish and plankton. The milling chemicals,
however, do not present any particular pollution hazard except in the im-
mediate vicinity of the emptying flumes as only part of the milling chemi-
cals leave the mill and the organic derivatives as potassium xanthate and

the cresols are soon broken down in the stream.

17. The milling producté. that is the rock powder and sodium compounds
were relatively non-toxic except as they disturbed the natural salt balance
in the river water. Plankton animals were fairly sensitive to such changes.

18. The washed sulphide ores of both lead and zinc were non-toxic to
fish in 31 day exposures, but the washed lead ore was gquite toxic to plank-
ton.

19. Mine waters and flume waters were quite toxic to plankton.

20. Large amounts of incrustations were observed on the exposed mine
slimes on the flats along the p-lluted portion of the river and in soils
more or less impregnated with mine slimes. The incrustations formed hard
coatings over the soil in many places and often coversd several acres of
surface at any given station. In July, 1932 these soil incrustations
amounted to 27 tons per acre on the Thompson Flat.
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21. The incrustations were composed of a soluble fraction (3 to 40
percent) which was largely zinc sulphate, and an insoluble fraction carry-
ing zinc and lead compounds. :

22. The soluble fraction of these incrustations was highly toxic to
fish, frogs, turtles, fresh-water mussels and plankton crustacea.

23. ZExposures of 12 to 31 days to high dilutions of these incrusta-
tions were fatal to fish, the animals showing among other symptons black
deposits of lead in the fins and elsewhere about the body, indicative of
gumulative lead poisoning.

24. The acute pollution conditions existing in the Coeur d'Alene
River as resulting from the enormous deposits of rock powder and from the
toxic substances produced by thie weathering of the exposed mine slimes on
the flats, are threatening the small lakes 2long the Coeur d'Alene River,
and alsgo Cocur d'Alene Lake.

25. There is but one solution for this pollution problem as far as
fisheries are concerned, namely, the exclusion of 2ll mine wastes from the
Coeur d!Alene River.

26. A prectical system for the disposal of mine wastes without river
pollution, now in operation in British Columbia, is discussed.
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