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(following page 5). Map of Coeur d'Alene Lake and
Coeur d'Alene, St. Joseph and Spokane Rivers

showing principal stations visited.

(following page 13). Map of Coeur d'Alene Lake and

Coeur d'Alene River showing principal stations.

(following page 21). Mission Flats, near cataldo,
Ideho showing timber killed by deposits of mine

slimes on the bank of the Coeur d'Alene BiVer.

(following page 22). Mission Flats, near Catsaldo,
Idaho showing enormous deposits of mine slimes

along the bank of the Coeur d'Alene River.

(following page 32). Coeur d'Alene River just below

Export Mill near Harrison, Idaho.

(following page 35)., Coeur d'Alene Lake looking down

on Beauty Bay,

(following page 42). Cave Lake as seen from Medimont,

Idaho.
(following page 71). Black Rock on Coeur d'aAlene Lake,

(following page 89). Kymograph records showing toxie

action of potassium xanthate.




Figure 10.

Figure 11.

Figure 12.

Figure 13.

(following page 113). Kymograph records showing

toxic action of soluble material Thompson Flat on

turtle heart.

- (following pasge 114). Kymograph records showing toxic

action of lead on intestine of fish.

- (following page 122). Margin of settling basin
for mine wastes. Sullivan Mining and Milling

Company, Ltd. near Kimberley, British Colurbia.

(following page 123). Settling basin for mine slimes
on the Sullivan Mining and Milling Company, Ltd.

Properties near Kimberley, British Columbia.
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Authorization of Present Survey

In view of the reopening of the pollution problem
by residents along the lower part of the Coeur d'aAlene River
during the last few years as a result of the increase in
mine slimes and alleged toxic substances reaching their lands,
the State of Idaho through its legislature, authorized and
financed a éommission to meke a series of investigations of
the pollution problems in the Coeur d'Alene District not only
from & standpoint of property dasmarce and alleged injuries to
stock and land but from all angles affecting the State or its
assets. This commission consists of the Honorable Fred
Babbecock, Attarney General, State of Idaho (as chairman),
Mr. E. O. Cathcart, County Commissioner of Kootenal County,
Idaho (the county including most of the waters and lands damaged
by the mine wastes) and NMr. E. L. Taylor, County Commissioner
of Shoshone County (the county ir which the mines are located).
This commission has reviewed the local aspects of the problem and
has called upon various state and federal bureaus for advisory
aid concerning particular problems. Through Congressman
Burton L. French, of the First Idaho District, the Idsho
Poliution Commission presented a request to the United States
Bureau of Fisheries for an investigation of this particular mine

waste problem as effecting fisheries interests, and tihe present

survey was authorized by Mr. Henry O'Malley, United States

Commissioner of Fisheries,




Extent of Present Survey

Following the authorization of this survey by
Commicssioner 0'Malley the writer at the suggestion of Congress-

man French wrote Commissicrer E. O. Cathcart, Secretary of

the Ideho Pollution Commission, at Harrison, Idaho concerning
our needs and Mr. Cathcart assembled certain specimens and
meterial from time to time for this survey in advance of our
sctual arrival in Idaho. It'was planned to begin the field
work around the first of June but following correspondence with
the Idsho Commission this was found to be impracticable owing
to the high stage of water, and the actual field work was post-
poned until we were notified that conditions were favorable for

field work.

Saturdasy, July 9. Our party of four arrived at

Harrison, Ideho, in the afternoon and were met by Mr, Cathcart
who hed already received our lasboratory equipment and had placed
it in sul tatle quarters for our wark. A boat house with ample
bench space was provided in which our field laboratory was set
up. A small cabin launch large enough to carry all of our party
end the necessary field equipment wes placed at our disposal and
a locel man familiar with the rivers and lakes detailed to run
this launch for us wherever we saw fit. Subsequently this launch
was fitted with suitable tackle for sounding and dredging

operations, and with apparatus for the field chemical work.




The e¢ity of Harrison, Idahc in cooperation with the Idaho

Commission ren a special power line into the boat house pro-
viding electricity needed in our chemical operations.

Sunday, July 10. Our perty worked up the St. Joseph

River to a point beyond St. Maries, Idaho. The entire day was
teken to this field work, the trip being made by launch.
Examination of mep will show that the St. Joseph River and the
Coeur d'Alene River rise very close to each other, both flowing
in a westerly direction and both emptying into Coeur d‘'Alene
Lake., These two rivers are separated from each other by but

& single height of land, in places the divide being little

more than a ridge, and in other places counsisting of high
mountains. On the St. Joseph River no mining operations have
been conducted but this river has been used as a water-way for
the transportation of log booms and the traffic incident to

the logging industry. The seme conditions also obtain on the
Coeur d'Alene River with the addition of the mining activities.
The study of the St. Joseph River, therefore, was made to
establish a normal for streams flowineg into the Coeur d'aslene
ILeke and this river was used as typical of the general conditions
in the Coeur d'Alene River before the introduction of mine waste.

Monday, July 1ll. Work was begun in the Coeur d'Alene

Lake proper in the vicinity of Harrison. The mouth of the

Coeur d'Alene River was examined and a trip up the Coeur d'Alene
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River made for sampling of Anderson Lake, Thompson Leke and
Blue Lake, lateral lakes directly comnected with the Coeur
d'Alene River and at times subject to pollution through the

back-waters from the Coeur d'Alene River,

Tuesday, July 1l2. Work was continued up the Coeur

d*Alene River visiting Cave Lake and iedicine Lake and various
parts of the Coeur d'Alene River as far up stream as Medimont,

Ideho,.

Wednesday, July 13. Work was continued in Coeur

d'Alene Lake particularly that portion between the mouth of

Coeur d'Alene River and Fast Point.

Thursday, July 1l4., Work continued in Coeur d'Alene

Lake particularly that portion in front of Harrison, Idaho
and up the lake to the mouth of St. Joseph River. One paerty
worked on the Thompson leke Flats.

Friday, July 15. Dredgings and soundings were made

across Coeur d'Alene lake from Harrison, Idaho to the mouth
of Spokane River a distence of sore 25 miles. Water and silt
samples were taken and the line of current followed.

Saturday, July 16. Work was carried on in Coeur

d'Alene Lake near Conkling Park, at the mouth of the St. Joseph
River, and up the St. Joseph River in Lake Chatcolet.

Sunday, July 17. Work wes carried up Coeur d‘'Alene

River and into Black Leke and back again.




Monday, July 18, Left Harrison, Idsho early in the

morning by auto with field equipment driving up the Coeur
d'Alene River on the south bank. The extent of mine waste
deposits was observed, samples taken at various intervals particu-
larly at Latour Creek amd at Bradley, Idaho. Arrived at Wallace,
Idaho for the night.

Tuesday, July 19. Worked the Coeur d'Alene River and

tributaries in the vieinity of Kellogg and Wallace, Idaho ob-
taining samples of the water directly after the introduction of
mine weste, and from the various mines and mills.

Wednesday, July 20, Returned by sauto with field equip-

ment down the north bank of the Coeur d'Alene River making
special examinations at Mission Flats in the viecinity of
Cataldo, at Dudley, et Fourth-of-July-Creek, and in Rose Lake.
Returned to Harrison late that night.

Thursday, July 21l. Continued the dredging and chemical

work in lLake Coeur d'Alene,

Friday, July 22, Worked up Coeur d'Alene River, into

Swan Lake and return.

Saturday, July 23. At the request of the Idaho Com-

mission, our party with suitable field equipment left for
British Columbia by auto. The object of this side trip was very
specific. At Kimberley, Eritish Columbia the same type of ore,

processed by the same treatment, is being handled in enormous

quantities and no stream pollution resulting. Due to the




strict rulings of the Dominion Government of Canada and the

Provineial Government of British Columbia against stream pol-
lution the great Sullivan Mines eand Mills of Kimberley, British
Columbia have worked out & suitable and economical method of
disposal for same sort of mine waste as that now polluting the
waters in Coeur d'Alene River in Idaho. It was the request,
therefore, of the Idaho Commission that our party make the same
sort of examinations in the streams into which the Sullivan
Mining Company in British Columbia pours its purified wastes as
taose we were meking in the Coeur d'Alene District amd that we
become familiar with the processes involved in Canadian puri-
fication system so that we could give an intelligent opinion
concerning the efficacy of this method. On this trip we were
accompanied by Mr. E. O. Cathcart who represented the Idaho
Commission. On crossing the border we were shown every courtesy
by the Dominion officials and most cordially welcomed by
the mine officials themselves at Kimberley, Eritish Columbia.
Dur ing the morning of July 23, continued our dredgings
and work on Coeur d'Alene Lake leaving Harrison, Idaho by auto
with field equipment about three in the afternoon, arriving
at Bonners Ferry, Idaho for the nieht, making examinations of

the Pend Oreille River while enroute.

Sunday, July 24. Left Bonners Ferry, Idaho early in

morning and proceeded to Kimberley, Eritish Columbia arriving

there shortly after noon. During the trip up studies were mace
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of the Moyie River, the stream into which the waste waters from

the Sullivan Mines plant at Kimberley flow. Spent the after-

noon of July 24 in company with Mr. Banks of the Kimberley

Mines studying the tailings deposits, at the Kimberley Mill.
Monday, July 25. Devoted the entire day to sampling,

chemical work, and examination of the Sullivan Company's plants
in and about Kimberley, British Columbia, particular attention
being given to t:e method of waste disposal and the character
of effluent leaving the waste besins.

Tuesday, July 26. Left Kimberley early in the momming,

working at St. Marys, British Columbia where the purified waste
from the mines enter the St. Mary's River which in turn flows
into the Moyle River. Following the St. Mary's and Moyie Rivers
back to the United States boundary, we crossed over into Kootenail
River drainage, continued down the Kootenai River to Bonners

Ferry, Idsho and returned to Coeur d'Alene City, Idaho for the

night.
Wednesday, July 27. Our party was joined at Coeur

d'Alene City, Idaho by Mr. F. S. Babbcock, Attorney General, State
of Idaho and chairman of the Idsho Pollution Commission. 1In
company with the Attorney Ceneral and Commissioner Cathcart our
party proceeded by autos down the Spokane River which is the
outlet of Coeur d'Alene Leke, to Post Falls, Idano where an
examination of the river was rede. The object of this part of

the trip was an exemination of the Post Falls Power Dam which




has been placed across the Spokane River by the Washington Light

end Power Company, (a concern supplying the mines of north
Idaho, varicus cities of north Idaho, and Spokene, Washington
District with power and light). It is the contention of some
th.at the erection of Post Falls, Idaho Dam has greatly increased
the extent of the pollution in Coeur d'Alene Lake and the Coeur
d'Alene River, in thaet, the dam has raised the water level

in Coeur d'Alene and St. Joseph Rivers and has caused a backing
up and flooding of certein lands previcusly not inundated.

After visiting the Post Falls, Idaho, Dam, our party continued
acrcss the Idaho-Washington State Line into what is known as the
Green Acres Irrigation Project. This project derives 1its
water from the Spokane River which as previously noted is the
outlet of Coeur d'Alene Lake. The contention has been raised
by some that the finely divided mine slimes now carried by the
Coeur d'Alene River, since the introduction of the floatation
process at the mines in the Kellogg-Wallace District, have worked
across Coeur d'Alene Laeke without settling and that these slimes
are passing out of Coeur d'iAlene Lake and down the Spokane River
across the State line into the State of Washington. In company
with the Attorney Ceneral of the State of Idaho, Commissiorer
Cathcart and the Washington State Water Master for the Green
Acres District our party collected samples from the mein Spokene
River and the principal irrigation ditches, and also samples

of special slimes which had accumulated along the banks of




Spokene River. After completing this work along the Spokane

River, in the State of Washington, our party returned to

Harrison, Idsho.

Thursday, July 28. Final] samples at Harrison, Idaho

and vicinity were taken and material shipped back to the Columbia
laboratory. Our party in company with Commissioner E. O.
Cathcert left Harrison, Idaho at 5:30 p.m. by auto for Seattle,
Tashingtor for a conference with U. S. Army Engineer, Lieutenant-

Colonel Sturdevant.

Friday, July 29. Arrived in Seattle.

Saturday, July 30. In conference in Seattle.

Monday, August 1. Completed work in Seattle and

returned to Spokane.
Tuesday, August 2. Worked in Spokane River near

Spokane.
Wednesdey, sugust 3. Left for east.
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Iocalities of Coeur d'Alene Investigations

July, 1932

Locality
Number

Description of locelity

Cl

c2

C3

C4

Cd

Cé

c7

c8

Cco

Ccl0
Cll

Ccl2

Cl3

Coeur d'Alene Lake; at mouth of St. Joseph River, a
little below Ramsdale, along the log boom.

St. Joseph River; along tie log boom at St. iaries
near Powell Sanders Co. store; depth 4.6 meters.

St. Joseph River; 10 miles above St. Maries and a
little below Rochett Creek at foot of St. Joe
Baldy.

Coeur d'Alene 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.

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

Anderson Inke; near south end; water sparkling,
clear brownish.

Anderson Lake Ditch; half way between lake and Coeur
d'Alene River; water not sparkling, ditch water with
yellow-green cast of the river water.

Thompson Leke &nd ditech.

Blue Leke; about the middle of the lske.

Blue lLeke; in Sagittaria and grass near margin.

Cave Lake; in front of Jchn Snider's boat house at
Medimont, Ideho; water sparkling, clear, brownish,

Cave Lake, deepest place in the lake, three-fourths
miles south of edimont, in a bay with a wall of lava
and basalt rock some ten feet above the lake surface

to the west; depth 6 meters.

Cave Leke; alongside a bed of Nupar, across the lake
from medimont.
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cav

Cc28

Medicine lLake; 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.

Medicine Lake; at mouth of small inlet stream; depth
1 meter.

Coeur d'Alene River; at lower LMedimont Ferry, in
midstresm; depth 12 meters.

Coeur d'Alene River; just inshcore from Andy Botham's
boat house at Harrison, Idaho.

Coeur d'Alene Lake; a.out mid-lake opposite rarmington
Jernding, between tie landiig erd Fast Point; depth 22
and 25 meters.

Coeur d'Alene Lake; mid-lake two miles west from mouth
of Coeur d'Alene River,

Coeur d'Alene Lake; 100 yards off shore at Harrison,
pumping station.

Coeur d'Alene Lake at mouth of St. Joseph River, along-
side the sorting boom on the east side of the river.

Piling at Springston Mill beside Coeur d'Alene River.
Thompson Flat; alongside of Thompson Lake ditch.

Coeur d'Alene River, Jjust below mouth of Thompson Lake
Ditch; depth 17 meters.

Coeur d'Alene Lake; in center of Windy Bay; depth 32
meters.

Coeur d'tAlene Leke, off Balck Rock; depth 39 meters.

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

Coeur d'Alene Lake; along the boom one-half mile above
Blackwell's Mill at the foot of the lake; depth
5 meters.
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C29

Cc30

C31

c3z2
C33
C34

C35

C36

ca7
C37.5

Cc38

Cc39

C40

C4l

Coeur d'Alene Lake; half way between Clackwell's
Mill and Three Mile Point; depth 16 meters.

Coeuwr d'Alene Lake; mid-channel at Niggerhead Point;
depth 4¢ neters.

Coeur d'Alene Lake, mid-cheannel between Echo Bay
and Bellegrove, out from the reef; depth 60 meters.

Coeur d'Alene Lake; near shore at Fast Point.
Lake Chatcolet; off Rocky Point; depth 11l meters.

Lake Chatcolet; across bay from Rocky Point, alongside
a weed bed; depth 2.5 meters.

Lake Chatcolet; at the west end of the lake just
off mouth of Plummer Creek; depth 2 meters.

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

Black Lake; off Foster Point; depth 5 meters.

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

Scuth Fork of Coeur d'Alene River; one-fourth mile atove
Larson, Ideho. Above the mines, river a cold, swift
mountain stream; depth 1 meter.

South Fork of Coeur d'Alene River below Golconda Mill;
depth 0.6 meters. This station is also below Mo ning
Mill and Mullen but as these mills were not in
operation at the time samples were taken (July, 19),
the river was clear,

Placer Creek; just above Wallace, Idaho, a little above
the swimming pool, source of Wallace water supply,
shallow.

South Fork of Coeur d'Alene River; near Wallace, Idaho
just at the bridege east of the County Hospital; depth

8 inches. This is below Wallace and the stream was tur-
bid with mine waste. Considerable floating garbage

was noted a mile upstream from this point.
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Cc4e

C43

C44
C45A
C45B
C46
Cc47
C48
C49
Cc50
C51

Cc52

C33
CS4
€53

C56

c87

co8

South Fork of Coeur d'Alene River; just above the
bridge below which the Sunshine waste flume empties
into the River; depth 7 meters.

South Fork of Coeur d'Alene River; 240 feet below the
mouth of the Sunshine waste flume; depth 6 inches.

Hecla Mill; above Wallace, Idaho.

Hecla Mill; above Wellace, Ideho.

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; Morning, Idaho.

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

South Fork of Coeur d'Alene below Deadmsan and above
Mullen, Idsasho.

Coeur d'Alene River; under bridge and opposite Dudley,
Idaho (Kootenai County).

Fourth-of-July Creek; opposite Dudley.
Rose Lake; at swimming beach near Rose Lake, Idaho.

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

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

Coeur d'Alene River; at mouth of Swan Lake Ditch, along-
side the sheer boom.

Swan Lake; in the open water of the main lske basin, water
not very clear looks like the water and bottom of the
river; depth 4.5 meters.
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C59 Sullivan Mine, Kimberley, British Columbia.

Cc60 Sullivan Mill, Kimberley, British Columbia, just
& b below the south dam of the settling basin below the
iron sulphide pile,

C60ec Sullivan Mill, Kimberley, British Columbia, waste flume
as it leaves the mill.

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

c62 Corbin Irrigation ditch from Spokane River where the
'fecder' crosses the second road south of the Idsho-
Washington state line, about one-fourth mile east of
"Apple Roasd ",

C63 Flat below the bridge over the Spokane River on the
"Apple Road". This is in Green Acres Irrigation

Project, Washington.

C64 Pocl in Canyon Creek back of water-supply dam above
Burke, Idaho; depth approximately 4 meters.

C65 Conkling Park, Coeur d'Alene Lake.

_lg..




Hazards Presented to Aquatic Life by the
Coeur d'Alene Mining Operations

The pollution problems incident to the mining opera-
tions in the Coeur d'Alene District are of & scant 50 years stand-
ing. The discovery of gold by A. J. Pritchard on tie North 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'aldnd District date
back to the Bunker Hill Strike in 1825. With the development of
the "Bunker Hill", the "Morning", the "Hecla", the "Star", the
"Golconda", the "Sunshine" and other mining properties in this
region the tonnage of rock handled annually rose rapidly and the
gquantities of mine tailings and mine waters poured into the South
Fork of the Coeur d'Alene River increased accordingly as these
operations assumed the proportions of a large industry.

The ore deposits in Coeur d'Alene District are primarily
sulphides, chiefly sulphides of lead amd zinc, associated with
which are deposits of silver, cadmium, bismuth, arsenic,
antimony and iron. The bulk of the ore now being mined occurs
as 'sphalerite (zinc sulphide), marmotite (iron-zinc sulphide) amd
gel ena (lead sulphide), through which usually are rather
intricately mixed varying emounts of arsenic, antimony, cadmium,
cobalt and silver depending upon the lode.

For the first 30 to 35 years of these operations the
ore was concentrated by the "stamp-mill and jig-table" process.

In this method the ore bearing rock is reduced to a rather fine



powder are then separated by gravity and water on the "jig-

table". The jig-table operations therefore, contribute large volumes

of waste waters cerrying the pulverized rock together 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, manganese, and silica,

As the mining operations became more extensive the
stopes were enlerged and mine waters were encountered. These
naturel waters in running out of the mines pass over varicus rocks
eas well as the ore deposits and become a pollution hazard, particu-
lerly if they flow over iron deposits. The mine water run-off re-
moved from the mines of the Coeur d‘'Alene District daily amounts
to thousands of gallons.

The mixtures of mine waters and the waters from jig-
tables of the mills constituted tne bulk of the waste entering
the South Fork of the Coeur d'Alene River during the first 30 to
35 years of these mining operations. Eecause of the location of
these mines, in the rough, mountainous district near Wallece and
Kellogg, Ideho, the most obvious channel for the disposal of this
pulverized waste rock and used waeter was the Coeur d'Alene
River. During the First 30 or 35 years of the active operaticn
of the Coeur d'Alene District, the mine wastes, primarily the
jie-table wastes as previously noted, were turned, therefore, into
the Coeur d'Alene River without restriction and enormous quantities

of finely powdered rock were deposited in the upper reaches of




the South Fork of the Coeur d'Alene River, Because of the

nature of the stamp-mill-jig-table process the individual

particles of rock although small were not colloidel in nature

and these particles of rock settled rether repidly by their own

welght in the upper parts of the stream. Visible pollution

of the main Coeur d'Alene River, that is the river below the

Junetion of the North and South Forks, by the mine wastes was

therefore not evident for more than eight or ten miles down

stream during the earlier period of these operations. However,

es time went on and the mining operaticns increased, the mine

wastes, settlings and tailings were carried farther down the

main Coeur d'Alene River to Missicn Flats near Cataldo, Idaho,

a-distance of some 20 miles below the mines. Here the river widens

slightly and a natural sedimentation area was developed. In

the region of Cataldo and Mission Flats large quantities of mining

tailines settled out and the deposits in the river channel

itself and along its banks where the wastes have settled out dur-

ing high water are todsasy acres in extent. In fact the entire

Mission Flats of severel square miles is now (1932) very largely

covered with these taillings and slimes. (See Figures 3 and 4).
According to various steamboat captains operating

boats on the Coeur d'Alene lLeke and the St. Joseph, St. Maries

amd Coeur d'Alene Rivers, the Coeur d'Alene River was formerly

navigable to & point above Mission Flats. These steamboat men




Pigure 3.

Mission Flat near Cataldo, Idaho showing timber killed by the
deposits of mine slimes on the bank of the Coeur d'Alene River.
The Coeu:r d'Alene overflows the sarea in the immediate foreground
during each period of high water depositing mine slimes well
back frOm the bank of the river as marked in low water.




repeatedly assured the writer that 15 to 20 years ago stepam~
bosts carrying passengers and tug boats moving lbg rafts regu-
larly ascended the Coeur d'Alene River to the 014 Mission and
tlet the channel carried from 40 to 50 feet of water in this
part of the river. The writer's own soundings during the month
of July, 19%2 showed only 12 to 15 feet of water in the main chen-
nel in this region, both the channel and main stream teing ob-
structed here and there by large bars of mine wastes and tailings.

The continued operation of the mines in the upper
Coeur d'Alene District 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 streem beyond Mission
Flats and Cataldo (see map, Figure 2) gradually conteminating
the entire Coeur d'Alene River between Mission Flats 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 Lake was very considerable
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 Lake) receives the muddy waters of the Coeur

d'Alene River, whichk drains an immense area, including the famous

Coeur d'Alene mining district. These waters are so laden with




Pigure 4.

Mission Flet near Cataldo, Idaho showing enormous
.depos its of mine slimes along the bank of
the Coeur d'Alene Riwver.




silt that they may be traced far out into the clear water of

the lake".

It is feadily recognized that the enormous amounts
of finely divided rock whiech 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 miles must constitute a very
definite hazard to certain forms at least of aquatic life be-
cause of the mass of material involved, regardless of the
chemicel composition of the rock powder.

As the jig-teble method did not recover all of the
a e considerable quantities of lead and zinec ore were lost
in these tailings and mine wastes and were carried by the water
with the other rock perticles to be deposited along the course
of the Coeur d'Alene River. No effort was made during the first
25 years of these operations to use certain zine ores because
under the former method of separation these ores }ooulcl not be
profitably smelted, and such ores when mined were also turned
into the stream, so that the tailings up to & few years ago were
fairly rich in both zinc and lead sulphides.

During each high water, particularly during the spring
run-off, the Coeur d'Alene River spreads out over the low. lands
along each bank, flooding many acres which are under cultivation.

As the mine slimes became more and more abundant in the lower

part of the river, deposit_s of these rock powders were left on




the flooded land after the recession of the water. These mine
slimes were thus exposed to the aetion of sun, reain, and air,
and such disintegration products or compounds as might be formed
by sueh action could easily be returned to the stream by rain run-
off or during the next period of high water.

Some 15 years ago suit was brought against the mines
by the residents of the lower part of the Coeur d'Alene Valley for
alleged damages resulting to their lands by 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 chenges in the condition of the soil. These
complaintants also set forth that the rock powder deposited on
their lands by the river, that is the mine wastes, was of a
highly toxic nature and that normal vegetation, crops and hay were
killed out and the the stock particularly horses, and to same
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. These pleintiffs also stated further that the
substances brought down from the mines and deposited by the
river on the lands, produced certain toxic substances when ex-
posed to the air, for which the stock, particularly the horses,
developed & fondness. These toxic substances when eaten by
stock speedily produced death. The complaints may be summarized

as calling for the destruction of valuable agricultural land,

the killirg off of crops, and the poisoning of live stock.




Throughout all of this legal action stress was laid
on the formation of toxie 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 populerly referred to as "lead".
Therefore in the lower Coeur d'Alene District the laymen refer
to "leaded waters", "leaded hay" and "leaded soil" in connection
with soil or vegetation which has been submerged or otherwise
subjected to the action of the water of the Coeur d‘*Alene River
and the suspended mine waste which that river is carrying.
The next point of contact, therefore, 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 experiaental studies
presented in this report (v.i.).

The next phase of this pollution problen developed
some five years ago when the Coeur d'Alene mines installed
floatation plants. The floatation process which is one of newer
developments in leed and zinc mining, has several points of con-
tact with the pollution problem. The ore is reduced in ball
mills to a powder so fine that 90 percent or more of the particles

will readily pass through & 200 mesh screen, that is 200 meshes

to an inch, and a large portion of the cecrush 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 labora-
tory proof of the statement, thet a considerable percent of the
particles would pass through a 1,000 mesh screen. The ore-
bearing rock is therefore reduced to a powder much finer than
the powder formerly used on the jig-tables and so fine that when
shaken in water a considerable portion becomes a true colloidal
suspension. The separation of tle ore from the worthless rock
in the floatation process is accomplished by bubbling and
stirring an aqueous suspension of this rock powder after it
is taken from the ball mills, to which suspension several
chemicals are added. By means of the proper adjustment of these
chemicals the floatation process now makes it possible to separate
intricate mixtures of lead and zinc ores and the reclamation of
the ore itself is very much more complete than under the former
jig-table system of operations. The flostation process, however,
has greatly increased the pollution problem in the following
ways:
(1) Ore of much lower grade can be

profitably handled by the floatation process

so that the amount of rock powder added to the

mine run-off is much greater than under the jig-

table system in which only relatively high

grade ore could be used.




(2) The rock powder discharged from
the floatation milis 1is 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.

(3) Although the actual amounts 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 Jjig-tables; consequently tire ore particles
from the floatation process are carried much
farther by water currents, and because of the
very small size of these floatation ore particles
they are much more susceptible to chemical
ckenge.

(4) The floatation process calls for
the use of various amounts of sodium carbonate,
copper sulphate, zinc sulphate, and potassium
dichromate and although these substances are
in part neutralized or otherwise removed from
the wastes, portions of these chemicals (&
very large proportion of the sodium carbonate)
and a portion of their disintegration products,
are included in the mine wastes, presenting

another pollution hazard.




(5) The floatation process requires
the use of certain "float substances", that is
sutstances promoting the bubbling and frothing
of the mixture of pulverized ore-bearing rock
and water, and otherwise aiding in the separa-
tion of the minute ore particles. Tar oil,
croesilic acid and potassium xanthate are the
"floats" commonly used and although they are
added in only small quantities to the suspension
of the rock and ore in water, these "float" sub-
stances are to a large extent carried away with
the waste water, so that the characteristic
odors of the xanthate, croesilic acid and
tar oll are readily detectable in the mine waste
water at some distance from the flumes pouring this
meterial into the river. The toxic actions of
these float substances are alsoc discussed in the

exper imentsl section.

With the introduction of floatation process in the

Coeur d'Alene District the visible pollution of the streams greatly
increased as the finely divided rock was carried in suspension
much farther then before. The finely divided float wastes,
which are locally referred to in the mine district as "mine

slimes"™ have spread dcwn the entire length of the Coeur d'Alene
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River to its mouth in Coeur d'Alene Lake near Harrison,
Idaho. The water of the Coeur d'Alene River in July, 1632
when the mines were running only part time, was distinctly
turbid and of greenish cast due to these suspended slines,
even at the point where the river enters the Coeur d'Alene
Leke. Local residents informed the writer that at times this
same suspension of mine slimes discolored the entire sur-
face of Coeur d'Alene leke as far as Coeur d'Alene City,
Idaho some 22 miles up the lake from the point at whieh Coeur
d'Alene River enters the Coeur d'Alene lake. These statements
were verified by boat captains who regularly ply on the Coeur
d'Alene Lake. The writer himself observed no such discolora-
tion of the lske water during his stay on the lake but was as-
sured that the lake was clear at the time owing to the small
output of the mines during the past few months (June and
July, 1922). Since the installation of the floatation process
in the upper Coeur d'Alene District the damage to agriculture
and stock has been reported as serious.

These slimes as deposited in the lower part of the
Coeur d'Alene valleys constitute an additional pollution hazard

in that as left on the banks and low lands the slimes are

subsequently returned to the stream in part by rains and winds,

constituting & repolluting of the river by material which it
has deposited. In additicn crystalline substances, freely
soluble in water, are formed in these elimes when they are

exposed to the action of air on the low flats after the re-
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cession of the river, and these soluble substances also are

washed back into the stream by each rain.

From the standpoint of fisheries problems the mine

wastes from the Wallace-Kelloge District constitute definite

pollution hazards which mey be tabulated as follows:

(1) The introduction of large
quantities of very finely divided rock present
pollution hazards of the same general sort
as those presented by erosion material or
erosion silt elsewhere.,

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

(3) From the disintegrating rock
powder, the ore particles, and the chemicals
introduced in the mining process itself,
certain other chemical compounds can be forumed
which present pollution hazards.,

(4) The finely divided material
introduced from the floatation plants is

carried in a colloidal suspension long dis-




tances down stream and out into the adjacent
lakes, and may effect the chemical and physical
condi tion of the water so polluted, to the
detriment of plankton and other organisms on
which fish life depends.

(5) Certain specific substances
of possibly toxic nature are introduced into
the stream directly as the result of these
mining operations.

All of these above contacts have been considered in

the present survey.




Fish Fauna of the Coeur d'Alene Basin, 1632

In the course of a survey of the Coeur d'Alene River
during the month of July, 1932, no live fish of any svecies
were found in the Coeur d'Alene River from its mouth near
Harrison to the confluence of the North and South Forks above
Cataldo, nor in the South Fork from its junection with the
North Fork to a point above Wallace, that is, that portion
of the Coeur d'Alene River (the main stream and the South
Fork) carrying the mine wastes and mine slimes was without a
fish fauna as far es could be determined., This stretch of
river is some 50 miles in length. The same survey found bass
eand perch in all of the small lakes tributary to the Coeur
d'Alene River below Cataldo; trout and suckers in Latour
Creek (see map, Figure 2), a tributary stream entering the
Coeur d'Alene River near the 014 Mission; trout and dace in
Deadmen's Creek and other tributaries of the South Fork
above Wellace; and trout, bass, perch, and dace in the St.
Joseph River, an unpolluted stream entering Coeur d'Alene
Leke south of Harrison and comparable in many ways with the
Coeur d'Alene River,

As several species of fish were found regularly in
the unpolluted streams and lakes of the region and as fish
were taken in streams and lekes tributary to the Coeur d'Alene

River quite close to their junetions with the River, although
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Figure 5.

Coeur d'Alene River just below Export Mill near
Harris on, Idaho, about one mile from the mouth of river.
"The river at this point is deep with little current emnd

distinetly turbid.




always above the backwater from the Coeur d'Alene, the
correlation between mine waste pollution and the distribution
of fish in the Coeur d'Alene District is an evident one. Local
residents stated that at times fish had been seen to enter the
polluted portion of the Coeur d'Alene River from tributary
strcams, and that dead or dying fish were often found in the
Coeur d'Alene River just below the mouths of tributary
streams, but that there was mo evidence that fish entering
that portion of the Coeur d'Alene River carrying mine wastes
ever survived any length of time. nis statement was con-
firmed experimentally by the writer (see page 73).

Perch were reported from certain backwaters in the
Mission Flats area, although no specimens were seen by the
writer, but it is not at all unlikely that small numbers of
fish may be able to liv: at various points along the Coeur
d'Alene River in restricted areas where the fish are protected
by local conditlons, even though no sﬁch areas were found
during this survey. However, the striking observation to be
made from the field studies in the Coeur d'Alene District is
that the 50 miles of the Coeur d'Alene River carrying mine
wastes are essentially without a fish fauna. There is no reason
to believe that this portion of the Coeur d'Alene River possesses
some natural peculiarity which mekes it impossible for fish

to line in these waters as fish are found in the South Fork




above the polluted area and in the unpolluted North Fork.
Twenty years before the mines on the South Fork were opened
the Coeur d'Alene River in the vicinity of Mission Flats
was contributing through its fish to the maintenance of a
tribe of some 300 Indians, for Captain John Mullan, U. S. A.,
(1863, p. 49) who made tie 01d Mission near Cataldo one of
his bases of operations during his surveys of this section of
the country between the years of 1854 and 1862, wrote that
"The Coeur d'Alenes (Indians) number about 300, live at the
Mission, snd along the Coeur d'Alene and St. Joseph Rivers.
They 1live by hunting, fishing and cultivating the soil".
Stoll (1932, p. 4) in describing the Coeur d'Alene country just
prior to the gold strike of 1323 states that "its (Coeur
d'Alene District) rivers teemed with trout". From these and other
references it is certeaein that fish were formerly found in the
Coeur d'Alene River so that inspite of various other factors
which also may have contributed to the eliminstion of the
fish fauna of the polluted portion of the Coeur d'Alene River
the present sterile conditions of that part of the river must
be associated with the mine wastes and mine slimes which have
been poured into that stream.

In Coeur d'Alene Lake no fish were found in the immediate
vicinity of the mouth of the Coeur d'Alene River, additional
evidence that the mine wastes and mine slimes are at present

in sane way detrimental to fish or conditions supporting fish




life. However, along the bathing beach in front of Harrison,
and around the lake to the mouth of the St. Joseph River many
schools of young perch were often seen, as well as here and
tlere a few dace minnows. At Conklin Park across the Lake from
Harriso, and south toward the mouth of the St. Joseph, many
bass were seen in the shallows close to shore. That there

has been a decline in the trout fishing in Coeur d'Alene Lake
from the days of Captain Mullean (1863, p. 16) who in 1858
described Coeur d'Alene lLeke as "a noble sheet of water ----
filled with an abundance of delicious salmon trout", to the
present time, when trout are rarely caught off Harrison,

can not be denied, but many causes have contributed to this
change in the fish population of this leke. Nearly all of
these western lakes which in the early days supported large
mumbers of trout have been modified by deforestation, by the
cultivation of land draining into them, and by other conditions
incident to the advance of civilization, so that the chemical
and physical features of these lekes now present & complex much
less favorable to trout than formerly, although these same lekes
may at present support both bass and perch. This phase of

lake modification has already been pointed out by Kemmerer
(1¢23) for various Idsho Lekes. In addition the sudden tempo-
rary changes in laske conditions often greatly disturb trout,

as for example the specific case of the construction work

up the St. Joseph River by tie Milwaukee Rallrosd in 1911




Figure 6
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Coeur d'Alene looking down on Beauty




during which operations so mch mud was sluiced into the St.

Joseph River that the trout were driven out of the upper end
of Coeur d'Alene Lake (Kemmerer, l.c., p. 83). Changes in

the trout fauna s«lone of Coeur d'*Alene Leke therefore can

not be used as significent indices of the pollution of that
Lake by mine wastes from the Coeur d'Alene River until various

o ther factors have been evalusted.
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Plenkton and Other Fish Food Found in the
Coeur d'Alene River and Adjacent naters, 1992

A. Plankton

The importance of plankton plants and animals as
the basic links in the food chains of all fishes and other
aquatic animals is so well established that the abundance
end even the survivel cf fishes in any given stream or lake
is known to be dependent upon the abundance of the proper
species of plankton organisms,

No phyto-plankton nor zoo-plankton were found in the
waters of the main stream of that portion of the Coeur d'Alene
River cerrying mine wastes, that is thie Coeur 4'*Alene River
and the South Fork from above Wallace to the mouth of the river
reer Harrison. The backwaters also, as far as examined, with
the single exception of a slough neer the 01ld Mission, contained
no free-livine 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 smell
lateral streams, the waters of this slough 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, copepods




and cledocerans, together with numerous nauplii were found

in abundance (copepods, 8,000 or more per cubic meter of
water ) showing that the quieter portions of this unpolluted
stream were supporting a plankton fauna of at least averege
magnitude for such waters.

In catrast to the practically plankton-free condition
of the polluted portion of the Coeur d'Alene River are the
plarkton findings in the lakes ad jacent to the Coeur d'aAlene
River, and in the St. Joseph River and Chstcolet Lake.
Killarney Lake was mot visited so can not be discussed in
this connection, but from five of the eight remeining mejor
lakes along the Coeur d'Alene River between Cataldo and
Herrison, good to very good plankton catches were taken.

The zoo-plankton in these lakes consisted primarily of
copepods both adults end nauplii, and cladocerans, and the

phyto-plankton of diatoms, with some other forms of algeae,

For compar ison the copepod counts from these five lskes, together

with the copepod counts from Céeur d'Alene Lake, the St. Joseph
River, and Chatcolet Leke heve been summarized in Table 1.
The actual numbers of adult copepods per cubic meter of water
in the surface zone, i.e. between the surface and the two-
meter level, sre given,

Using the copepod counts as indices sanderson Lake and

Black Leke can be rated as very good, Rose Lake and Cave Lake

b




as good and Medicine lLske feir to good, as regards plankton
fauna, by comparison with other western lekes (see Kemmerer,
1923). In this connection the plankton taken at Station C7
in the ditch connecting the Coeur d'Alene River with Anderson
Lake sﬁould be noted. At the point where this catch was

made the clear water of Anderson Lake was mixing with turbid
greenish water backed up from the Coeur d'Alene River, the cur-
rent moving from the lake toward the river. In these mixed
waters the copepod count dropped from 14,400 per cubic meter
(Anderson Lake) to 1,600 per cubic meter, and 100 ysrds down-
stream from Station C7, at & point where the water from the
lake was completely mixed with that of the Coeur dtalene
River, no plankton was found.

In the waters of Swan Lake, Blue Laske, and Thompson
Lake very few plankton enimels were taken, and the total
eamount of plankton in these lakes was so small as to be
negligible as a source of fish food, in fact in most of the
tests of the waters of these lakes no plankton of any sort was
found during the month of July, 1932.

Following the Coeur d'Alene River out into the Coeur
d'Alene Lake the absence of plankton of the mouth of the Coeur
d'Alene River (Station C19) and along the east shore of the
lake, i. €., in front of Harrison was conspicuous. Near

Fast Point in Coeur d'Alene Lake smell catches of plankton




were made (copepods, 500 per cubic meter of water) and off

Niggerhead Point fair plankton catches were made (copepods
1,000 per cubic meter). It must be pointed out, however,
that off Niggerhead Point water from Wolf Lodee and Beauty
Bay mixes with the water from the south end of the lake.
The Wolf lLodge section of Coeur d'Alene lLake receives no
mine wastes, and in the vicinity of Eeauty Bay there are
several areas of aquatic vegetation which contribute a con-
siderable amount of plankton to this portion of Coeur d4'Alene
Lake. All of the plankton catches taken from Coeur d'Alene
Lake during July, 1932 averaged much lower than those taken
by Kemmerer (1923) from this lake in 1911, Much the same
distribution of plankton in the lakes was noted in 1932 as
was recorded by Kemmerer, who in 1911 remaerked that the
plankton counts in the vicinity of the mouth of the Coeur d'Alene
River and near Harrison were lower than elsewhere in the lake.,
As has already been pointed out in the present discussion
(page 22) Kemmerer reported in 1911 that the suspended matter
carried by the waters of the Coeur d'Alene River could be traced
well out into the lake.

Near the mouth of the St. Joseph River at the south end
of Coeur d'Alene Leke the plankton count rose, because of the
contributions made by the waters of the St. Joseph River, the

copepod count at Station C21 being 1,500 per cubic meter and
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in the St. Joseph River at Station C2, 3,000 per cubic meter.
The waters of Chatcolet Lake, a tributary of the St. Joseph
River were rich in plankton, thé copepod count running 9,200
per cubic meter, and associa®=zd with these copepods were large
numbers of cladocerans, diatoms and various species of micro-
alegee.

The field observations on plenkton present definite
evidence that the mine wastes and mine slimes are detrimental
to plankton orgenisms, tie polluted portion of t:e Coeur
d'Alene River being essentiallv plankton free as well as
Swen, Blue, and Thompson lLakes, which at the time visited
showed evidence of pollution from thne Coeur d'Alene River.

‘The plankton findings in the Anderson Lake, Anderson Lske

Ditch amd the Coeur d'Alene River at its junction witi Anderson
Leke Ditch corfirm the general findings in a specific case,

and the absence of plankton in Coeur d'Alene Lake near the
mouth of the Coeur d'Alene River, and off Harrison in a section

of the lake more or less polluted by the waters of the Coeur

d'Alene River, is at least suggestive in this connection.




Table 1

Copepod count per cubic meter of water, surface to two
meters depth, July, 1932

Adtilt copepods

Locality Neme of Station (oSl
cé Anderson Lgke 14,400
c37 Black Lake 12,000
C54 Rose Leake 8,000
C1l3 Cave Lake 6,400
Ccl4 Medicine Leke 2,800
c7 Aﬁderson Lake Ditch 1,600
(AR} Coeur d'Alene Lske, mouth of Coeur d'Alene River none
c17 Lo " * , off Harrison none
cl8 ted w * , near East Point 500
€30 . = * , off Niggerhead Point 1,000
c21 " " " , mouth of St. Joseph River 1,300
ca2 ' St. Joseph River 3,000
C34 Chatcolet Lake 9,200
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B. Bottom faunsa

A second important source of fish food is the bottom
fauna, consisting in most streams and lakes primaerily of insects,
both larvae and adults, together with various species of worms,
mollusca and entomostraca. In the survey of the Coeur d'Alene
Districet bottom samples were obtained by dredging at all of the
principal stations, and these samples subjected to both
biological and chemical examinations.,

The polluted portion of the Coeur d'Alene River, as
previously defined, was found to be practically devoid of bottom
fauna. Only in the immediate vicinity of the mouths of unpolluted
streams joining the Coeur d'Alene River, and not always there,
were any of the forms of aquatic insect larvae commonly repre-
sentative of the bottom fauna in unpolluted streams and lakes, taken
in the bottom samples. Thé few forms collected at such stations
were obviously inhabiting the delta formations 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
Coeur d'Alene River or along its banks,

In and on the mud and debris at the bottoms of Anderson
Leke, Black Lake, 6Gave Lake and Rose Lake many aquatic organisms

of various species were maintaining themselves. 1In Black Lake.




and Anderson Lake midge lervae (Chironomids and related forms)

were particularly abundant in the bottom zone, and in all of the
four lakes named a productive bottom fasuna was flourishing.
Below the aquatic vegetation in these lakes numerous dragon-
fly nymphs (both Zygoptera and Anisoptera), beetle larvae, and
bottom plankton forms were taken. Although a representative
bottom fauna was found in Medicine Lake, fewer individuals were
noted in the samples collected.

The bottom fauna in Swan, Blue and Thompson Lakes 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).

Above Wallece, that is above the polluted portion
of the Coeur d'Alene River, & rich bottom fauna was found
in the South Fork and in its unpolluted tributaries. Large
numbers of caddis-fly larvae (Trichoptera) encrusted the sub-
merged stones in these streams, and stone-fly larvae (Plecoptera)
end may-fly nymphs (Ephemerida) were abundant. uany of the
submerged rocks were covered with mats of the smaller species
of algae, and these mats sheltered a diverse fauna of rotifers,
flat-worms, small insect larvae and protozoa. 4ll types of
bottom aquatic life expected in clear, cold stream water were
found in quantity.

The same general type of bottom fauna in equal abundance

was found in the more rapid parts of the St. Joseph River sbove
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St. Maries. From St. Maries down river to the mouth et the
south end of Coeur d'Alene Lake the caddis-fly larvae became
less abundant but were replasced by midge larvae, dragon-

£f1y nymphs and beetle larvae as the water became deeper and

the current less rapid. A good bottom fauna typical of the
local stream condi tions was found at all stations on the St.
Joseph River. At St. Maries many fresh-water sponges and small
colonies of algae were seen on sunken logs.

The bottom fauna of Chatcolet Leke was characteristic
of lekes with mud floors and with small amounts of dissoclved
oxygen in the lower strata of the lake water (See Table 2, Part VI
of dissolved gases). large numbers of Chironomid larvae and
other aquatic Diptera were collected from the bottom samples
dredged in this leke, and at stations where the aquatic vege-
tation 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 consisted entirely of several species of Diptersa
larvae belonging to those groups which regulerly inhabit
the floors of deep lakes. The total number of individuals
collected after many hauls was however quite small. As various
conditions may increase or reduce the productiveness of the

floor of a large deep lake like Coeur d'Alene, particularly

the amount of available organic matter, too much stress in
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connection with the pollution problem must not be placed

on the small number of anirals found in the bottom zone of the
Coeur d'Alene Leke. This phase of the problem will be dis~-
cussed in the section dealing with the composition of the
bottom muds. Near the piling at the mouth of the Coeur
d'Alene River (Station Cl9) and off the Harrison

Pumping Station (C20) a few Chironomid larvae were taken &t
depths ranging from 5 to 16 meters. Off East 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 larvae were dredged. No bottom animals were recovered
at Stetions C28 and C29, off Coeur d'Alene City toward the out-
let end of Coeur d'Alene Leke. At the time of this survey,
July, 1932, therefore, the bottom fauna of Coeur d'Alene Lake

was poor both in quality amd quantity.
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Physical and Chemical Status of the

Coeur d'Alene River and Ad jecent waters with
Reference to Fisheries Problems, 1932

The biologicel findings which have just been reviewed
demonstrated that the Coceur d'Alene River between Wallace and
Coeur d'Alene Lake, that is the portion of the river carrying
mine wastes, was practically devoid of aquatic animal life,
although fish and the aquatic animals essential to fish life
were thriving in adjacent unpolluted waters in the Coeur d'Alene
Digstrict. With these observations in mind physical and chemical
studies were made covering certain conditions known to affect
fish life and which might be modified by the mine wastes, quite

aside from any specific toxic action of the mine wastes themselves.

A. Dissolved gases and pH.

In Table 2 the individuval data dealing with dissolved
oxygen, carbon dioxid, both fixed and free, and pH, have been
assembled. It is evident from these data that the mine wastes
introduced into Coeur d'Alere Lake have made no appreciable
changes in the waters of that Leke during the past 20 or 21 years
as regards dissolved oxygen and carbon dioxid. The amounts of
dissolved oxygen in the waters of Coeur d'Alene lake during July
1932, check very closely with those reported from Coeur d'Alene
Iske by Kemmerer, (1923) from observations made 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




Table 2. Water temperatures, dissolved gases and pH

Part I. Coeur d'Alene Lake

e

= S
| Carbon dioxid
Loeali ty*¥k* Date Depth in| Temperature PH cc. per liter
meters | degrees C. value oo i
Eree
At mouth of St. Joseph River : July 10 | s* 18:0 6.9 o
- i . AN g | 16.75 - -
Mouth of St. Joseph River - SR 5 18.4 Tl 0.9
o 4 e rom B 12 14,0 6l 0.9
Off Harrison, Idah AN 0 ] S 19.3 - -
o " oo 3 19.0 - e
» " pon 6 2% - e
e . g n 9 14.8 - -
» - pe 12 14.6 - -
" » gt 15 LI - -
i » : » .m 18 11.86 - -
Boat landing, Harrison, Idaho L S 18.5 - 1.6
Off Harrison Pumping Station Py I&'). 8 18,3 7.0 0.5
w w W Foin B 15 13.8 6.7 1.8
Between Famington Landing and East Point Pon 22 113 - -
» s v . - 25 10.6 -- 1.4
Center of Windy Bay P 15 s 18.25 73 0.5
o Lo " B .32 10.25 6.7 1.2
Off Black Rock . S 18:5 - 0.5
» d e v B 39 9.75 6.7 Lo
Between Loffs Bay and Turner Bay R s 19.5 Tl 0.8
» i » L B 50 9.0 6e7 1,1
Half mile up lake from Blackwell's Mill " » s 20.25 743 0.7
" » ™ i B B < 1950 7:1 0.6
Half way between Blackwell's Mill and Three-Mile Point .. ® B 16 12.0 6e7 -
Mid-chamel off Niggerhead Point P S 21.25 7.1 0.6
" o ” g B 49 0.7 6.7 1.2
Between Echo Bay and Bellegrove ron S 19.5 Yl 0.5
o - # e B 60 975 6.7 1.2

*'3 - Surface
** 3 -~ Bottom
*¥* Percent saturation has been corrected for altitude

*¥¥kk por details see locality list.




Teble 2, Continued

Part IF. Coeur d'Alene River below Cataldo, Idaho

Ca : : .
Locality Date Depth in | Temperature ‘PH Scfégzrdiz:ig Dissolved oxygen
meters degrees C. value -
Pree Fixed Parts per | Percent
' million | saturation’
Near Export Mill, Harrison, Idaho July 11| s’ - 6.8 his o T N phi
Anderson Leake Ditch _ ” " S - 71 - - S il ‘ -
Near mouth Thompson Lake Ditch " 14 S 18.5 y P | 1.1 5.9 LRPBOL LY 86477
" v v R ¥R T 18,76 740 1.0 5t 8l 53.84
Lower Medimont Ferry W B 12 18.0 6e9 - ' - s R Y, 698
Mouth of Swan Leke Ditch = 22| B 18.6 7.1 -- -- T L
Opposi te Dudley, Idaho * 20 S - - 1.8 BT : e -
Part ITI+ South Fork of Coeur d'Alene River.
200 feet below mouth of Sunshine Mine Flume, above 8 : 4
Kellogg, Idaho July 19 S 16.5 6.9 1.1 1 11.5 | 53,08
Just above Sunshine Mine Flume, above Kellogg, Idaho " " S 17.0 e 1.8 10.4 - 69,18
2 miles below Wallace, Idesho e S 14.5 75 1.2 12,5 8 1 54.43
Just below Golconda Mill, below Mullan, Idsho o e 0.6 12.5 740 0.5 7.5 77 «04
Above Mullan, Idsho o S - 743 0.6 11.0 -
Above Deadman Creek IR S - 7.2 0.6 869 -
Above Larsen, Ideho L 0.3 9.0 7.1 0e5 55 93476
Placer Creek, Wallace, Idaho el S 13,0 745 0.5 S.6 99,08
Canyon Creek, above Wallace, Ideho e, S - 7.1 0.4 3¢ e
Part IV. Mine Waters
Heecla Mill above Wallace, Idaho July 19 S - 7.5 0.6 5.0 i (2% ORRT R ==
n " " R 8 e 7.5 0.0 220 | -- -
" i . » i = - - 0.7 12.7 : ey e
Cem Mine on Canyon Creek g ¥ S - 6.7 9.9 19.5 : s i
Tiger Mine on Canyon Creek e S - 8.7 14.9 48,6 - -
Morning Mine, Morning, Idaho i S - 75 1.8 34,0 - -—




Part V.

Table 2, Continued

Lakes adjacent to Coeur d'Alene River,

EX

' Carbon dioxid ;
Locality Date: |iDepth in | Temperature pH ce. per liter Dissolved Oxygen
p . met?rs degregs o YL Free Fixed Parts per percent
millicn saturation
Anderson Lake Julyll| S - 75 e - - -
Thompson Lake il bid S - 6.6 - — - -
Blue Lake L " S 21.0 6;5 A v il 7.9 95.12
-4 - " " B 4 18.1 6.9 - - 6.8 7797
Black Lake Ay i gl B - 7.0 045 4.5 P
L » s " " 8 6 19.0 6.8 1.5 4.7 8.0 33,66
“ Swan Leake = 28 S 18.3 - 1.0 D5 - ——
G Ly 5 ®1 B 455 18.0 - 1,0 dumne 7.9 88,84
Cave Lake e T 12 S 23.0 /0 ) 0.9 - 3.8 6.4 (180405
o 4 " 21 B 6 21..0 7.0 1.0 . 4eD 540 60,11
Medicine Leake L » S - 69 e - - -
" " " " 1 £3.25 6.9 - - 7.4 93,45
" i » " A 21,0 6.7 - - et 91.82
" B " » 3 19.78 6.7 e - 6.4 76004
" " . had 4 14000 6.4: A - 1.0 10031
» o " i R S 13.76 6.4 BaT 5.0 0.4 3.40
» » » » 1 23.80 6.7 - - e 95,06
Rose Lake " 20 3 e T 0.4 3.8 - -
Fourth-of-July Creek " " 38 e - 1.5 6.6 - -
0ld Mission Slough » » S o 6.9 1.6 6.3 et —




Table 2.

Continued

Part VI. Ste. Joseph River and Chatcolet Lake
¥ s ; - '
;Sneallty Locality Date Depth in | "Temperature| pH Garpos SO 7e
- number meters degrees C. value -rcc. pax %}ter 5;%?’ _ A e
Free Fixed m i;uxabion ‘
cl Mouth of St. Joseph River -July 10 ) 18,0 6.9 <- Y- 7.6 ' 86:46
cal " 4 " 14 S 18.4 Tal 0.9 4.9 8.4 96;62
" ot o L B 12 14,0 647 0.9 4,2 7.8 81.90
C36 Ste Joseph River just above autlet of Lake v
: Chatcolet ® 16 S 2175 7.5 1.1 D.4 Tk 87,04
» " e e o B 6 19,25 6.9 1.0 15.7 7 89 .35
ca2 St. Joseph River, St. Maries, Idaho July 10 S 19.0 7.0 - - 7.9 91.47
" e i e By O 17.5 7.0 - - 7.7 86.56
Cc3 St. Joseph River, ten miles above St.Maries il S 18,0 7.1 - - 7.2. 82.17
» g » e B 7 17.5 6.9 -- - 8.0 89.94
€33 Chatcolet Lake, off Rocky Point " aff S 21l.5 Tal 0.4 4.3 8.3 101.31
. % r i B.12 13.25 Bed 1.9 4.2 2.7 '28.16
C34 o .4 LA S 22.0 73 0.2 4,3 8.4 102,91
o » » ek B 28 19.8 7.5 0.2 4.4 9.0 105.80 |
C35 Chatcolet Leke, north of Plummer Creek o . S 21.75 Yad 1.1 6.5 7.1 87,04

- ey
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in the present survey during 1932, but the maximum and minimum

values, that is the limits of dissolved oxygen in Coeur d'Alene
Lseke were practically the same in 1911 and 1912 as in 1¢32, the
differences being well within GJhe expected variations.

The free carbon dioxid:-values reported by the Kemmerer
survey are slightly higher than those found in 1932, the average
value for free carbon dioxid found in Lake Coeur d'Alené during
the summer of 1932 being 0,905 cc. per liter, ranging from 0.5
ce., to 1.5 cec. per liter, as compared with values varying from
0.5 cc. to 2.8 cc. per liter reported by Kemnerer (see p. 115,
l.c.). 7This difference in free carbon dioxid is quite small and
may not be significant but it is well to point out here that the
waters of the Coeur d' Alene River when carrying a large amount
of the more concentrated mine wastes contained little free carboa
dioxid. The fixed carbon dioxid values given by Kemmerer are very
muich the same of those of the present survey, his values varying
from 2.5 cc. to 5.1 cc. per liter and those of tne 1932 survey,
from 3.9 cc. to 4.9 cc. per liter, the average for 1932 being 4.24
cc. per liter.

The pH values of the waters of Coeur d'Alene lake at all
levels were fairly close to neutrality in 1vZ2, the reactionin
general, however bveing slightly acid as the sctual values ranged
from 6.7 to 7.3.

Sunmarizing the dissolved oxyren, carbon dioxid and pH

data from Coeur d'Alene Lake it may be said that the conditions &as




far as these three varisbles are concerned were satisfactory

for fishes, anmd the varicus plankton organisms and insects on
which fishes depend so largely for food, in July, 1932, and

al so that as regards dissolved gases the waters of this lake had
essentially the same saturations in 1932 as those reported by
the independent observers 20 and 21 years previous. It may be
noted in this connection that Kemnerer 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 d4'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 into the clear waters of the lake, the bottom of which
showed the effect of the sediment from both rivers. The depth

of water gradually increases from the head of the 1lake to

within three miles of the outlet, where it begins to decresse.
The deepest place, 56 meters, is at once of the narrowest parts
of the lake."

From these observations it is evident that . considerabie
quantities of mine slimes were being carried well out into the
Coeur d'Alene lLake 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 oxyren demeand or produced any conspicuous
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change in the carbonate-acid belance 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 also indicate that
the mine waste- are not producing any marked change in the dis-
solved oxygen of these waters. FEoth fixed and free carbon dioxid
ere higher in the river waters than in the lake waters but there
is nothing unusual about the balance of carbon dioxid, dissolved
cxygen and pH in the Coeur d'Alene River and were these the only
factors to be considered the waters of this part of the stream
wouid be reported as suitable for fish and the organisms forming
fish food, The relatively low oxygen reported from Station C24
near the mouth of Thompson Lake Ditch is readily explained &as
due to the current of outbound laske waters, as it may be seen
from examination of Part V, of Table 2, that the lakes waters
in some cases were very low in dissolved oxygen.

Above Cataldo, that is above the Mission Flats the
South Fork of the Coeur d'Alene River is heavily charged with
mine wastes, & considerable portion of which settles out on the
Mission 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 received the mine wa:ztes were con-

spicuously higher than the fixed carbonates in either the river




below Cataldo or in Coeur d'Alene lake . As the milling

operations in connecetion with the floatation process of ore
separation require the use of considerable quantities of sodium
carbonate and as the powdered waste rock from the mills contains
large amounts of carbonates, both calcium and magnesium, the rise
in fixed carbonates and the slight alkalinity of the waters as
shown by the pH values in this part of the South Fork was to be
expected after the introduction of mine wastes. However, even
after the addition of tie mine wastes to tie river water, neither
the pH values, which ranged from 6.9 to 7.5 in the South Fork,

nor the volumes of fixed carbon dioxid which varied from 5.5 cc.
to 12.5 cc. per liter were unusual or excessive. Unpolluted
river waters frequently have a pll value of from 7.4 to 7.8 and

the fixed carbon dioxid volumes in lakes supporting an abundant
fish fauna are often 20 cc. or more per liter. 4uside from the
samples taken in the immediate 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, C42, and C4l, in Part III, Table 2) the oxygen
percents saturation in this part of the river were reasonably
satisfactory for fish life. Even in the vicinity of these

emptying flumes the oxygen percents saturation only drop to

around 50,




As 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 sepsrate pollution
hazard from the mill and floatation waters, a series of samples
of mine waters (Table 2, Part IV) were tested for pH values, free
carbon dioxid and fixed carbon dioxid. The dissolved oxygen
was not determined in these samples because these waters are
agitated by various pumps and other mecheanical devices, so that
the oxygen figures would not be significant. These analyses showed
the mine waters to be high in fixed carbonates, 12.5 cc. to 48.6
cc. per liter but these values are well within the limits tolerated
by ordinary aquatic life. In no case was the pH value of these
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
defini tely involved in this pollution problem since the waters
of the Coeur d'Alene River during high water on occasion back
up into some of these lekes, and during low water, waters from all
these lakes drain into the Coeur d'Alene River., These lakes
showed nothing unusual as regards pH, free carbon dioxid or fixed
carbon dioxid. In general the surface waters were near neutrality,

or very slightly acid, and the bottom waters in those lakes

having large masses of aquatic vegetation, as was to be 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 dioxid and more fixed carvon diocxid than the surface waters
but no surprising or excessive values were focund.

The dissolved oxygen at the surface and in the upper
layers of each of these lakes adjacent to the Coeur d'Alene River
was high, approaching complete satureation, the percent saturetion
decreasing however toward the bottom of the leke. In Medicine
Leke which was almost filled with large masses of vegetation the
dissolved oxygen dropped to 0.4 rarts per million, wihich value
at that altitude and under the existing conditions of tempersature
and pressure represented & 3.4 percent saturstion. The conditicons
as regards dissolved gases and pH, noted in the several lakes
examined however presented nothing unusual or peculiar, for it
is well known that lakes having considerable quentities of vegeta-
tion along their shores or in their back waters frequently show
an oxygen supersaturation in their surface waters yet have suf-
ficient deconposing organic material at the bottom to produce a
definite oxygen demand which often reduces the available oXygen to
near the zero point. DBottom samples (tc be discussed later)
from these lakes showed quantities of organic debris and as these
laskes were too shallow to present any constant thermoclinal
stratification of waters, the small amounts of dissolved oXxygen

and the large quantities of fixed carbon dicxid found in the



waters near the bottoms of these lakes were sscribed to the

decomposing organic material on the floors of these lakes.
No hazerds in dissolved gases, pH and temperature conditions, to
fish life or to plankton faunsa supporting fish life were noted
in eny of these lskes.

Since the St. Joseph River receives no mine wastes
but supports lumber industries and other activities similar to
those found in the Coeur d'alene River, and since the St. Joseph
River rises in the same general mou.tain group 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. Joseph River with
the Coeur 4 'Alene River seems & valid one, with the pollution
resulting from the mine wastes as the principal point of dif-
ference. The oxygen saturations and the range of pH values of
the waters of the St. Joseph River were essent ially the same as
those of the Coeur d'ilene River and Coeur d'Alene leke. The
fixed carbon dioxid volumes were slightly higher in the St. Joseph
River althcugh the actual differences were probably too small
to be significeant. The maximum of 5.7 cc. per liter from the
St. Joseph River at Station C36 near the mouth of Chatcolet
Lake presents nothing unusual in connection with fisheries
problems.

Chatcolet Lake, a lake tributary to the St. Joseph River

and ad jacent to that river was used for cocimparison with the




lakes adjacent to the Coeur dt'Alene River which have been
previously discussed. Chatcolet Lake contained much aquatic
vegetation and the surface waters were found to be supersaturated
with oxyegen at three stations. This is not an unusual condition
for waters in lakes having vigorous growths of aquatic vegetation
as has been noted repeatedly by limnologists. Owing to
the amount of decomposing vegetation found at the bottom of
this lske it was not surprising that the oxygen was reduced
to 2.7 parts per million at a depth of 11 meters in Chatcolet
Lake. Kemrerer (1923) who visited this leke in 1911 found no
oxygen at the depth of 1l meters, suggesting that conditions
were essentially the same in Chatcolet Lake during the sunmmer
of 1932 as in 1911,

To summar ize all of the data on dissolved gases and
PH values from the waters of tune Coeur d'Alene District, the
statement may be made that the mine wastes have not disturbed
the balance of dissolved gases, carbonates and acids to any critical
degree, except in the immediate vicinity of the flumes emptying
these wastes into the river. Indirectly the mine wastes which
have eliminated to a large extent the aquatic vegetation and
algae from the Coew d'Alene River, may be the cause of the
slightly lower oxygen ssaturation 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 orgenisms on which fish depend directly or indirectly for



their food, in the polluted portion of the Coeur d'Alene River
can not be ascribed to oxygen saturation, carbonate balance

or relative acidity in that part of this river.




B. Specific conductance.

As both the quantities of salts dissolved in natural
waters and the chemicsal nature of these salts may be critical
factors in determining the survivael of aquatic organisms, the
specific conductance of various natural and waste wgters in
the Coeur d'Alene District was measured. The specific conductance
value s which meke possible comparisons of the relative amounts
of "total salts", i.e. electrolytes in solution in these waters,
together with the pH and fixed carbonate readings, have been
assenbled in Table 3. To aid in the interpretation of these
figures similar determinations on mine wastes from British
Columbia and on natural waters from the Mississippi River and
the Gulf of Mexico have been added.

All of the netural 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 ses 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.

These findings are in accord with the well-known fact
that natural surface waters in mountainous areas are usually
"soft"., If Section I of Table 3 be examined, however, it will

be noted that the specific conductance of water from the polluted
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Table 3., Specific conduetance of various waters from Coeur d'Alene Distriet, 1932

I. Natural waters, Coeur d'Alene Distriet

. . .. | Speeifiec ‘ Fixed
: Pepth in PaREL :
Locality “Date mgzersl conduectance sf carbon dioxid
: x 10% at 25%. | e cc. per liter
Tanyon Creek, above Burke July, 19; 1932 - 20,0 7.1 3.3
South Fork, above Deadman 's(:Gulch, above lNullan » i i & Sl.1 7e2 8.9
Coeur d'Alene River at Dudley L 20 i P 100.5 6.9 6.7
Backwater Coeur d'Alene River at mouth of Fourth-of-July Creek i ¥ i 9.7 6.6
Coeur d'Alene River near Harrison o 2% 9 94.3 6.8 .9
Coeur d'Alene leske off Harrison L i " 14 5540 6.9 4,9
Rose Lake , i e -8 " S 56.7 7.3 3. 8
Ids Mine waters and mine waétes, Coeur d'Alene Distriet
Mine water, Tiger Mine, not operating July 19y 1932 i 3 349,0 e/ 48,6
" Gem lMine » " b i " S 491.9 6o 19.5
Waste water, Morning Mine, operating » o v " 174,77 7.5 34,0
Flume run-off, Sunshine Mine, operating s " . g 196.8 6.9 11.5
Waste water, Zine jig-tables, Heela Mine, operating L i " i 255.0 12.7
4 Lead floatation, Hecla Mine, operating « 4 o " 36343 75 2546
" L " ” " " " " " " " 411.4 7.6 22.1
III. Mine wastes, Kimberley, British Columbia
Waste water, Sulliven Mill, operating ' | July 25, 1932 S 1,119.6 = e
k4 " Kimberley Settling Area w28 2 B 1,880.6 - -
v IV.** Other natural waters for comparison

Mississippi River, near Hannibal, Missouri August 30, 1932 S 31945 746 ; 3.3
" " "  Lake Keokuk, Iowa June, 1932 " 300,277 , 27,0
Gulf of Mexico, Pensacola, Florida December 31, 1931 " 47,680.,0 8.1 3441

* - Surface
**¥ - From other investigations for the U, S. Bureau of Fisheries
*%k _ Average of 40 determinations




Coeur d'Alene River at Dudley is approximately two times the
specific conductance of the water from the unpolluted South
Fork above Mullan, and five times the specific conductance of
the water in Canyon Creek above Burke, that is, tie specifiec
conductance of the river water rose 100 percent or more after
the introduction of the mine wastes. Meesurements of samples
from other stations on the river show that this new level of
specific conductance was meintained all the way down stream to
the mouth of the Coeur d'Alene River.

These determinat ions of specific conductance point
out first thet the mine wastes contain relatively little soluble
material and therefore do not overwhelm the river fauna by
causing a rise in dissolved salts to a concentration detrimental
to aquatic life because of osmotic changes, as is the case in some
types of river pollution. The specific caductance values also
show, however , that the mine wastes do produce & definite rise of
approxinmately 100 percent in the specific conductance of the
waters of the entire Coeur d'Alene River below the point at which
these wastes are introduced into the stream. Although specific
conductance is not a straight line function of the percent of
total salts in solution, such a rise in the specific conductance
of the river water indicates a definite change either in the
total amount of dissolved salts or in the chemical composition

of the salts in solution in the river. The biological significance




of the particular change in salt content in tine Coeur d'Alene

River apparently rests on the toxic nature of the salts intro-
duced by the wastes as is discussed in the section on
experimental tests, (see page 100 et seg.).

The specific conductance of the water from Coeur
d'Alene Lake was approximately the same as that of the unpolluted
South Fork above Mullan and of Rose Lake, and shows thet the
water carried by the Coeur d'Alene River was not producing
any noticeable cheange in the total amount of salts dissolved in
the waters of Coeur d'Alene Lake during July, 1932. The possible
toxic aetion of the water of Coeur d'Alene River or organisms in
Coeur d'Alene Lake is discussed in ano ther section.

From a review of Sections II and IiI in Table 3
it may be seen that all of the mine wastes and mine waters carried
appreciable although not excessive amounts of salts in solution.
As might be expected the waters from the mines and mills in
active operation contained more soluble material than the other
mine waters. These specific conductance determinations are
given merely to show that soluble materials are added to the
stream with the mine wastes, but the dilution of these soluble
sunstances in the river water after receiving the mine wastes

has already been discussed.



C. Bottom and shore conditions.

One of the most obvious results of the pollution of
the Coeur d'Alene River by mine wastes is the blanketing of the
bottom of that river, and to some extent portions of the floor
of Coewr d'Alene Lake, with enormous quantities of very fine
rock powder. This rock powder, which is a mixture of the
various matrix rocks surrounding the ore veins, together with
small amounts of the ores themselves, is produced during the milling
operations by the stamp mills and the tall mills,., BReing
reletively insoluble in water this rock powder has been deposited
in such quantities in the Coeur d'Alene River during the past
30 years or more, that the entire bed of that stream is covered
with layers of pulverized rock from the points where these wastes
are poured into the river to its mouth near Harrison. During
tre course of this survey bottom samples taken at various
.stations along the Coeur d'Alene River between Wellace and
Harrison showed this deposit of powdered rock to be in general
many feet thick.

Because of the very small size of the rock particles
canposing these mine slimes this blanket of rock powder is more
or less mobile, and is constantly shifting in the stream bed,
forming bars and other temporary deposits which are subsequently
cut away by chenges in cuwrent or during periods of high water.

As a8 result conditions at the bottom of the Coeur dtAlene River




are very unsteble and do not come to balance because of the

constant streams of mine westes carrying more rock powder which
are pouwred in from the mills.,
leaving out of consideration for the time any possible

toxic action of the components of this rock powder on aquatic
life, these constantly shifting masses of pulverized fock have
overwhelmed the bottom fauna so comple tely in this river, that

as previously mnoted (see page 43) no bottom fauna of any cou-
sequence was found in the 50 miles of polluted river between Vellace
and Harrison. The continuous movement of the rock powder not
only prevents any ed justments on the part of animals living at
the bottom or those which use the bottom for spawning grounds,
but it also buries any deposits of orgenic debris on which bottom
enimals would feed. A condition comparable to the acute erosion
disturbances now menacing many naturel waters in deforested
areas has been established in the Coeur d'Alene River, with this
difference that the silt supplied by natural ercsion elsewhere
is being supplied to the Coeur d‘'Alene River by the stamp and
ball mills. A similar case of artificial erosion has been
studied by the writer in Southern Indiana, the contininating silt
which had wiped out the bottom fauna in those waters being
limestone powder from the limestone cutting mills. A comparison

of the Indisna situation with that of the Coeur d'Alene is
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pertinent in this, & considerable part of the damege to fish

and fisheries interests in the Coeur d'Alene has resulted

directly or indirectly from the mere mechanical action of

the enormous quantities of powdered rock flumed into this
stream, as similar changes in certain Indiana streams have

been produced by the relatively innocuous limestone powder.,

This statement does not of course preclude the possibility that
the rock powder from the mines in the Coeur d'Alene Distriect
may also have some toxic properties.

As the finer particles of this rock powder are carried
in & colloidal suspension it was not surprising to find deposits
of this rock powder, or mine slimes (as designated locally) on
tle floor of Coeur d'Alene Lake. Dredgings from the bottom
of this lake showed that the mine slimes brought into the lake by
the Coeur d'Alene River could be recognized both chemically
and microscopicelly, often wmacroscopically as well, in the
deposits on the floor of the leske. As a result 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 received by the Coeur d'Alene River in the mine wastes, could

be detected over practically the entire lake floor. These slimes




were easily recognizeble, in fact constituted the major

part of the bottom samples from the mouth of the Coeur d'Alene
River to East Point, and off Harrisom south to the vicinity of the
Harrison Pumping Station. Farther south, that is, toward the

mouth of the St. Joseph River mud, send and logging debris (bits of
disintegrating bark and wood) became more and more dominant

in the samples, although bands and streaks still indicated

deposits of mine slimes. These gross findings have been of

course verified by laboratory tests.

From Fast Point to Niggerhead Point the bottom samples
conteined mica sands and off Black Rock, black sands, as well as
the rock powder from the Coewur d'Alene River. Off Coeur d'Alene
City and west toward the outlet of the lake the bottamn was
covered with a mixture of sands, clay and sane organic matter,
chiefly sew mill waste, although streaks of slimes were still
detectable (confirmed by laboratory tests).

The dredging work in Coeur d'Alene Lake showed con-
clusively that the mine slimes have been deposited over the entire
floor of the lake from Harrison to the outlet west of Coeur
d'Alene City (no drecgings 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 certain
mrts of the lake floor, as the streaks of slimes in many bottom
samples testify. However, various other inorganic deposits as
md and sand from the St. Joseph River, mica sands from Windy

Bay amd other parts of the west shore, and black sands from the
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vicinity 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 used as food by animals of the bottom
fauna in this lake. Thefefore as the sline deposits from the
Coeur d'Alene River form only a part of the whole mass of
inorgenic waste which is graduslly filling up this leke, the
biclogical importance of these mine slimes which are distributed all
over the lake floor lies not so much in the actual mass of these
slimes but in the toxic proverties of some of the components
of these slimes. This phase of the problem is discussed in the
section on experimental tests.

The mobility of the mine wastes and mine slimes
carried by the Coeur d'Alene River has made possible the polluticn
of considerable lateral areas, as the flats and low lands ad jacent
to the river, because lerge quantities of these wastes are swept
out onto the flats during high water, and left there as the river
recedes. The extent and size of these deposits of mine wastes and
mine slines can be seen in Figures 3 and 4, In addition to
forming & constart scurce of materiasl with which the stream can
be repolluted tlhrough the action of rain and wind, these exposed
masses of mine slimes present a new hazard to aquatic life be-

cause of the chemical nature of several of the substances com-




prising these particular mine wastes. The sulphides of heavy
metals, lead, zine, iron snd others, when exposed to air in the
presence of sunlight and moisture can be changed into sulphates
end various other compounds, that is, the small particles of

ore tcgether with various other substances in these mine wastes,
when exposed to the joint aetion of sir, light and moisture

cen produce a whole series of new compounds some of which may
affect aquatic life quite differently from trhe mine wastes as
originally poured into the stream. It is i1 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 this crystalline crust was
collected at Wissicn Flats, Dudley, near Medimont, neaer Black
Lake Ditch, and on Thompscn Flats nesr Harrison, in fact it was
fourd at practically every station on the Coeur d'alene River
from Cateldo to Harrison. This meterisl varied in color from
pure white to a dirty slate gray or a yellowish brown in various
parts of the same area. It often formed a crust an eighth of
en ineh or more in thickness over aress an acre or more in
extent, and was so firm that, wit hout cracking, it would support
the weight of a man. Some times this erystalline material, in-
stead of forming a crust over the grocund, was mixed through the
top six inches or more of the soil or mine wastes on the flat,
forming a partiel binder which prevented the soil from crumbling

readily. Broken bits of the impregnated soil sparkled with the
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crystals of this material when exposed to sunlight. On the

flats which were covered with this erystelline substance no
vegetation was growing and the little pools of water held in
the depressions of these flats, contained no animal life. The
tox.c action of this erystalline materiel is discussed in the
experimental section.

Deposits of very fine mine slimes were also found around
the shore of Coeur d'Alene Leke, for although the heavier
particles settled out along the course of the Coeur d'Alene River,
to a large extent, much of the mine wastes material is so fine
that it is carried by the river water as a colloidsl suspension
which does nct settle cut so readily. It is well known to
local residents that "clouds" of these colloidal slimes drift
across the lake moving in one direction or another, depending upon
the voiume of wastes coming down the Coeur dt'slene River and
the air and water currents acting on and in the lake at the time.
The movements and volume of the colloidal e¢louds of mine slimes
is attested by the deposits of these slimes at EBlack Rock,
witere during high water the slimes are deposited on the black
rocks from which Black Rock Point takes its name. As the slimes
are light in color they are easily photographed (see Figure 8)
on the tlack rock background,

The volume and extent of these shore deposits of slime

along the margins of Coeur d'Alene Lake were trival as compeared
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Figure 8.

Black Rock on Coeur d'Alene Lake. Note the white line
on the base of the rock showing the deposit of slimes

4

left there at high water when the lake was turbid.




with the pollution of the flats along the Coeur d'Alene River,

but these findings along the shores of Coeur d'Alene Lake were
simificant in that they show that the finer mine slimes are
readily carried across and up the lake. This fact has already

been brought out in the discussion of the bottom dredgings.




Experimental Tests

Since evidence pointing toc tie toxic action of some
substance or substances in the mine waste complex on aquatic
life accumuleated during the field work, several series of
experiments were conducted to determine the toxic action, if
any, of the several components and products of the mine wastes.
In these studies fish and plankton crustacea were used as test
animals in the survival and toxicity experiments, and fish,
frogs, turtles and fresh~water mussels in the experiments deaeling
with specific physiological effects. A4As the technical data
from these experiments are quite voluminous the various tests
have been summarized in this report and the several waters amd

materials used discussed in special sections.

4o Coeur d'alene River and Coeur d'Alene lake Waters.

1. Fish.

It is the current telief among the residents along the
polluted portion of the Coeur d'Alene River that the waters of this
part of the river are toxic , that is they contain something
derived from the mine wastes of a rather actively polsonous
nature. To test this point as bearing on aquatic animals
survival 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 Lake near
Harrisor..Beach, (Cl7).

on July lo, l:tv¢2, 20 minnows of two species, the



long-nosed dace, Agosia nubila (Cirard) and the dace minnow,

Leuciscus (Richardsonius) balteatus (Richardson), were obtained

from Coeur d'Alene Leke in the vieinity of Conkling Park,
(C65)., Both of these species are native in Coeur d'Alemne
Lake and the Columbia River system (Jordan and Evermenn, 1896,
pp. 238 and 311), and the individuals selected averaged about
3 inches in length (Agosia) and 5 inches (Leuciscus). As may
be noted from the mep (see Figure 2) Conkling Park is on
the west shore of Coeur d'Alene Lake near the south end.
Placed in live-buckets at the point of capture these
fish were transported by launch at once to the two test stations,
namely up the Coeur d'Alene River about one-quarter of a mile
and off-shore in Coeur d'Alene lake near the Harrison Beach.
At each station the fish were placed in large wooden live-boxes,
the sides of which were made of metal screen and the se boxes
after being properly sealed and weighted were lowered to tihe depth
of about 3 meters. Fach live-box was moored with ropes to

prevent swinging and anchored to a piling, about one meter above

the bottom.

Cn July 17, that 1s after a 24-hour exposure to tie water
at the test station the boxes were raised and all fish at both
stations found alive and apparently as active as when first
pleced in the live boxes. The boxes were returned at once to their

nooring s without taking the fish from the water., 0On July 19,
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after a 72-hour exposure to the river water, all of the fish

at the Coeur d'Alene River station were dead. ZEach individual
was covered with & heavy coating of mucous slime and the
gills were choked with mucous, the filaments being in some
' cases matted together. All of the fish at the Coeur d'Alene
Lake station were active and in good condition. Those in the
lake series were continued amother 48 hours, making a total
of 120 hours exposure to the lake water just off Harrison,
without casualties. All of the fish in the lake series were |
active and apparently uninjured at the end of the test. These
exper iments were discontinued at the end of 120 hours as their
object was the determination of acute conditions, if they
existed.
The death of all of the fish in the river tests during the

first 72 hours can not be ascribed to low oxygen, high

carbon dioxid, high osmotic tension or a temperature differential

in the Coeur d4'Alene River water as shown by the chemical and
physical data, and as borne out by the fact that there were no

deaths in the series during the first 24 hours. Tne heavy secretion
of mucous by these fish during the next 48 hours points very
definitely to an irritation, either chemical or mechanical, or
possibly both, as the secretion of mucous is one of the

protective reactions of living fish., It is evident therefore,

that the mine wastes carried by the Coeur d'Alene River in



July, 1932 were sufficiently harmful because of this mecheanical

action, chemical toxicity, or both, to kill native minnows in

72 howrs, while controls from the same lot of fish lived with-

out a casualty under identical conditions of confinement in

the waters of Coeur d'Alene Leke. As the fish in the Coeur

d'Alene River tests were suspended above the bottom and were

net sub jected to strong current action, the mechanical irritstion
produced by the slimes seems the less probable of the two

fectors causing the death of these fish. The fact remains, however,
that exposure to the Coeur d'Alene River water did kill these

native fish in 72 hours, regardless of the specific nature of

the lethal factor.,
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2. Plankton.

As an additional check on the Coew d'Alene River
water 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 a mile above the mouth of the river
near Harrison, (C56); of water from Coeur d'Alene Lake off
Harrison, (C4); and of water from Canyon Creek, above Mullan,
Idaho, (C46).

For these series (and subsequent series in which this
form of biological assay was used) wild strains of copepods
and cladocerans were obtained from marshy pools and transferred
to battery jars in the laboratory. When needed for experimenta-
tion the =mimals were concentrated and sorted as to size by
filtering the water containing the plankton through bolting
cloth and organdie screens, care being taken to keep the
screéns submerged so that the animals would not be crushed or
injured. In these particular studies the animals used, both
cladocerans and copepods, ranged in general from 500 to 80C
micra in length., DMany copepod nauplii were included among the
test animals. Pyrex Erlenmeyer flasks having a capacity of
50 cc. were used as containers for the individuwal runs. Into
each flask 25 cc., of the water to be tested, was placed, and
this water (or solution in some of the other experiments)
eerated by shaking the unstoppered flask vigorously. Trial
samples were analysed for dissolved oxyren after this treatment

and approximately complete saturation demonstrated. Immediately




efter aeration one to ten drops (depending on the series) of

the concentrated and graded plankton animals were added to the
water in each flask, and the flask immediately sealed with &
cork stopper which previously had been sterilized and dried.
At no time during the experiment did the test fluid containing the
Plankton animals come in contact with the cork stopper. Control
flasks for each series, containing the same number of drops of
plankton animals, in 25 cc., of glass-distilled water and in
25 cc. of tap water, were carried as checks against the
physiological conditions of the plankton animals at the time of
exposure to the test solutions. On an average each flask con-
tained approximately 100 animals, representing a mixture of
cladocera, copepods and copepod nauplii. During the experimental
periods the flasks containing the plankton animals were kept
in subdued light and et a temperature of approximately
20" Centigrade.

The results of the experimental exposures of plankton
to water from the Coeur d'aAlene River were striking in view
of the absence of any natural plankton fauna in the polluted
portion of this river at the time of this survey, and considering
the small plankton fauna in the waters of Coeur d'Alene Lake
neer the mouth of the Coeur d'Alene River as reported in 1911
by Kemmerer (1923) and as found by the writer during July, 1932.

£11 of the plankton animals placed in water from the Coeur d'Alene




River, Station C56, were dead in 18 hours or less, and those

added to water from the river near Dudley, Station €52, 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 plankton flasks, the

death of the plankton animals when placed in the river water

can not be ascribed to the suspended matter which the river

water was carrying, thaet is to any mechanical action of sus-
pended mine slimes. Dissolved gases, particularly dissolved
oXxyeen, and pH, as causes of death were eliminated by the
enalyses of samples of the water tested and by the chemical

and physical data on the river water. The conductivity data
showed that the water was by no neans hypertonic and es en addi-
tional check on tie cormotic conditions it must be noted thet the
controls carried in glass-distilled water lived for five days, which
answers the question of hypotonicity as a factor. The controls
carried in tap water (the water added to tie stock cultures of
plankton being free fron the organic westes present in the culture
jars) werc ell alive end active at the end of 14 davs when

tle experiments cn these samples were completed, so that the
rhysiological conditicn of the animals at the beginning of all
these tests was good. The eonclusion that the Coeur d'Alene

River water contained salts or other substances in sclution during

July, 1952, which were quite toxic to plankton animals is
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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
defirite explanation of the apparently higher toxicity of the
Coeur d'Alene 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 reaches of the stream neer
the mouth had received the leachings from more flats covered with
exposed mine slimes, and as the "erystalline lead" or "lead
rock™ produced on these exposed flats was found to be very
toxic to plenkton and as Thompson Flat, only a few miles upstream
from Station C56 in the Coeur d'Alene River, was covered at
the time these samples were taken from the Coeur d'ilene River,
with large masses of "lead rock"™ which were leaching into the
river, it seems probable that the water near the mouth of the
river had received more of the toxic materiel from the exposed
flats.

Plankton placed in water from Canyon Creek above Mullan
(C46) that is in water taken from the head-waters of the South
Fork ebove the mine pollution were carried through these tests
without casualties, which of course was to be expected since
plankton crustecea were living in this water at the time it
wes collected. The Canyon Creek tests, however, are good con-

firmatory controls, showing that the plankton placed in the
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polluted water from Harrison and Dudley, died &as the result

of the lethal properties of the water and not as & result of the
experimental procedure.

Exposures to settled water, that is water free from
suspensoids, taeken from Coeur d'Alene Lake at Station c4,
off Herrison, also killed most of the plaenkton animals placed
in this water in from 48 to 72 hours, the younger and smaller
animals having the higher mortalities. In no test with this
water were all of the animals killed, and some of the cladocerans
and copepods continued to live in this water throughout the
experiment (ten days), but the average cassualties ran 80
percent or higher during the first three days of exposure to
this lake water. When the lake water was diluted with equal
parts of tap water the mortality of the plankton animals was
reduced to s@about 25 percent, the deaths occurring during the
first three days. The toxicity of the Coeur d'Alene Lake water
off Harrison for plankton crustacea was therefore much less thean
that of the Coeur d'Alene River water, at stations where it weas
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 quite toxic to plankton animals during
July, 1¢32, and that the toxicity was due to substances in

solution, for the waters were toxic after the removal of the




suspenscids, by sedimentation. The rather high toxicity of these
waters is evident by compariscon with the work of Warren (19$00)
who found that it required on an average 75 hours to kill

cladocerans (Daphniea magna) by exposure to a 1.2 percent solu-~

tion of sodium chlorid (common salt) at room temperature (21°
Centigrade), and 22 hours by exposure to a two percent solution

of sodium chlorid. Although the comparison can only be a gross

one the magnitude of the toxicity of the Coeur d'aAlene River

water for plankton crustacea was similar to that of a two to

2.5 percent sodium chlorid solution, although the specific
conductance of the river water was only 94.3 (K x 106, see Table 3),
In view of this toxicity of the Coeur d'Alene River water, the
abrupt drop in the plenkton fauna of the ditches bringing

water from the planktam producing lakes into the Coeur d'Alene

in the zone where the lake waters mix with those of the polluted
river, is easily understood (See Anderson Leke Ditch, under
plankton discussion). The toxicity of the Coeur d'Alene River
water for plankton may also account for the smsll plankton

fauna off Harrison in Coeur d'Alene Leke &nd the lethal action

of this lake water on a high percent of the plankton animals
exposed to it. The effect of the ollution of Coeur d'Alene

Leke waters by the waters of Coeur d'Alene River, as regards
plankton, will be discussed in the summary after other experimental

tests have been presented,
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B. Mine Wastes

The toxic action of the water from the polluted porticn
of the Coewr d'alene River, as demonstrated on fish and plankton
crustaceans, could be produced by the presence in the mine wastes
of substances which are specifically toxic to protoplasm in general;
by the introduetion through the mine wastes of sufficient quantities
of relativel: innocuous compounds which are toxic to aquatic life
when not ©balanced against proper amounts of certzin other materisals;
and by verious combinations of the two kinds of toxic agents acting
simultaneously. Biological and physiological tests on fish and
other animels have been made therefore using representative
components of the mine wastes and aslso some of the unaltered
mixtures of mine wastes, (that is, the westes as collected from
the mills and flumes), as checks on the synergistic and antagonistiec
actions of the several compounds comprising these wastes. TFor
convenience in discussion, these experiments have been grouped
under four headings with regard to tne source of the material
tes ted.

In the fish survival experiments goldfish, Carassius
carassius L. were used, as this fish is superior to ordinary stresm
fish for many latoratory tests, particularly in that it does not
require constant aeration of the water and is very tolerant of

confinement. The use of the goldfish as a test animal in toxicity
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experiments is amply justified by previous experimentél work

(Powers, 1917; Baudin, 1922). 1In the more technical physiological

tests the leopard frog, Rana pipiens Shreber; painted turtle,

Chrysemys picta (Herm.); the channel catfisn, Ictalurus punctatus

(Rafinesque); tiie short-nosed gar, Lepisosteus platostomus

Refinesque; the quillback, Carpiodes velifer (Rafinesque); the

large-mouthed black bass, Micropterus selmoides (Lacepede); the

weshboard mussel, amblema gigantea (Barnes); the river mucket,

lampsilis carinata (Barnes); the three-ridge, amblema cos tata,

Rafinesque; and the yellow sand-shell, Lampsilis teres (Rafinesque)

were used as experimental animals.

l. ¥iliing Chemicals

In the floatation process various chemicals are
edded to the aqueous suspension of pulverized ore and rock to
facilitate the separation of the valuable ore perticles from the
waste rock powder. Although the floatation procedures vary
slightly in the different ﬁﬂlls, the chemicals currently used
are the following:

1. Copper sulphate.

2., Sodium dichromate.

Z. Sodium cyanid.

4. Sodium carbonate.

5. Water gas tar.,

6. Coal tar creosote.

7. Cresylic acid (Cresol)

8. Potassium xanthate (ethyldithiocartbonate).
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The first three of these compounds, although known to

be extremely toxic to many forms of aquatic life, can be
eliminated from the preseut pollution problem because the se
salts are broken down during the course of the floatation opera-
tions, and practically all of the copper recovered. No evidences
ol copper polsoning were seen, and the samples of mine slimes
collected in the Coeur d'aAlene River and Coeur d'Alene Leke gave
no tests for copper, confirming the reports of O'Keeffe and
Ziegler (1930) who (p. 2) list copper only as & "trace" in their
samples of inorganic solids from Coeur d'Alene River and Coeur
d'Alene Lake after the insoluble suspensoids had been removed.
Little if any sodium cyanid or sodium dichromete as such leaves
the mill and as 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 & 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 1s reduced to a dilution of plus or
minus 1:1,000. This dilution ratio is not exact, but rather a
gross approximation corputed from various figures suprlied by

some of the mire officisls. As the smount of water varies con-

siderably this ratio is merely given to suggest the generzl order
of magnitude of the sodium carbonate dilution in the flume water,

were all of the sodium carbonate used in the floatation process
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removed unchenged. The carbonate in the flume water it 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 sas 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. GCarrey (1916) has shown that in
general fresh-water fishes can tolerate the common sodium,
potassium, calcium and magnesium salts in properly balanced mixtures
of these salts if the osmotic pressure of the mixture does not
exceed that of fish blood (eirca 0.5 percent sodium chlorid;
0.03 percent potassium chlorid; 0.026 percent calcium chlorid;
end 0.002 megnesium chlorid), 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 salts.
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 tiherefore pollution conditions detrimental to aquatic
animals in the upper reaches of the polluted portion of the
Coeur d'Alene 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.

Tue sodium carbonate used in the floatation process

presents indirectly another Lazard to aguatic animals exposed




to the action of these mine wastes, particularly in those parts

of the stream where mine wastes are not greatly diluted, in that
sodium carbonate combines rather readily with various sulphur
compounds. As the ores handled in the Coeur d'Alene District

are largely sulphids, in the course of different interreactions
between these ores, the water, the dissolved gases in the water
and the sodium carbonate, small quantities of a variety of sulphur
compounds are formed including sulphates, sulphites, soluble
sulphids, sulphur dioxid and even hydrogen sulphid,

Sodium sulphate is not a toxic compound in the usual
sense, and plankton animals lived in a 0.1 percent solution of
sodium sulphate for five days during tests made in this investi-
gation, so that the action of small amounts ¢f 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. Su}phites are quite
toxic to aquatic animals, the sulphite wastes from paper mills
being a conspicuous example, and soluble sulphids, particularly
hydrogen sulphid and sulphur dioxid are extremely toxic not only
to aquatic animals but to many other forms of life, even in very
high dilutions. A dilution of 5:1,000,000 of sulphur dioxid will

kill trout in an hour (Weigelt, 19C3). 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 f1umes
emptying these wastes into the river indicated the presence of
these various sulphate and sulphid compounds in sufficient

quanti ties to be a hazard to both the plankton and fish in the
polluted portion of the South Fork. Laboratory tests on plankton
confirmed these observetions.

Water gas tar, coal tar creosote and Cresylic acid
(chemicels 5, 6, and 7) pharmacologically may be grouped as
aromatics. These substances are all quite toxie to fish in very
small quantities (Shelford, 1917) and tests on plankton crustaceans
made by the writer using Cresol, showed tnat 0,001 percent Cresol
was fatal to these crustaceans in 2 hours. As the odor of these
aromatic substances was readily detectable in mine waste samples
and.in some of the samples of river water taken near the flume
outlets, these aromatics although present in very small quantities
may be factors in the destruction of the plankton fauna in the
river near the mouths of the flumes. 4s these organic compounds
are soon oxidized amd otherwise destroyed in the stream, they
probably are of little consequence in tne present pollution problem
below the Bouth Fork, as the total amount of all three substances

is not large (less than one pound per ton of milled ore, on an

average.

.
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As the potassium xanthate odor (chemical 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 (0.02 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 plankton and fish.

As Nuir and Swezey (1926), working on sugar cane pests in Hawaii
showed that insects and other soil-inhabtiting animals were

readily killed by spraying this compound over the surface of the
ground, it seemed probable that potassium xanthate would prove toxic
to aquatic animals. In the present tests it was found that one part
of potassium xenthate in 12,500 killed all goldfish subjected to
this concentration in 36 hours or less, and that one part in 5,175
was fetal in 5 to 8 hours. 4aAs the xanthate undergoes decompesition
rether rapidly wrhen exposed in dilute solutions one part in

100,000 was not fatel to goldfish unless renewed. If replaced daily
with fresh solution, the toxic sction of potassium xenthate

on goldfish was evident in dilutions as high as 1:10,000,000.

This compound speedily produced en irritation of the alimentary
canal in fish subjected_to xanthate even in very d4dilute solutions.
Long strings of mucous were voided and the poisoned fish showed
difficulty in feedirg or refused food entirely. Physiological
records demonstreted (see TFigure ¢) that this ccmpound affects

the heart, particulsrly the right auricle, causing tie heart

to beat irregularly and finally stop. If only very smeall amounts
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of xanthate were used the heart might continue to beat for a

time but showed signs of permanent damege even after the xanthate
was removed. 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 teken into the alimentary canal,

or when the stomach and intestines were perfused with similar
dilutions a prompt paralysis of these organs resulted. Plankton
crustacea 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 rapidly. If the solutions were renewed
deily to compensate for the loss of the compound by decomposition
dilutions as high as 1:100,000,000 were clearly detriﬁental to
the - plankton crustacea, In the tests in which potassium xanthate
fas added to water containing powdered lead sulphid ore, powdered
zine sulphid ore, or "lead rock" (the crystalline crust material
from Thomspons Flat) no evidences of either synergistic or
antagonistic actions were noted, the toxic properties of the

xan thate apparently being unmodified by the presence of these
other substances.

The experimental work on potassium xanthate demonstrated

that this compound is highly toxic to various aquatic animals
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both vertebrates and invertebrates, and that the introduction
of even very small quantities of this salt into the stream with
mire wastes constitutes & hazard to aquatic animals, except
that this substance in dilute soluticons decomposes rather rapidly
into products much less toxic than the original compound., No
evidences of xanthate action were found in the field work except
in the immediate vicinity of the emptying flumes.

The experiment work on the various milling chemicals
may be sumnarized as showing that these several chemicals with
the exception of sodium carbonate, are quite toxic to aquatic
animaels. However, because of the methods followed in the floatation
process, of the small quantities of these substances used, and of
the chemical nature of the substances themselves or of their
reaction products, these milling chemicals are not responsible
for the pollution of the Coeur d'iAlene River miles down stream,
and constitute only small nollution hazards in tie upper part of
the polluted portions of the South Fork. Both the experimental
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

aguatic animals.,

.,.9 1..



2., Milling Products.

The reduction of the ore-bearing rock to a powder
in the ball mills releases, after the separation of the ore
perticles by the floatation process, enormous quantities of
rock powder, the most bulky of the mine wastes. As this waste
rock powder consists primerily of compounds of calcium, mugnesium,
iron and meanganese for the most part in the carbonate or silicate
forms, both beceause of the particular elements concerned and
because of the relative insclubility of these compounds, these
rock powders would hardly be suspected as the source of the toxic
materisl in the Coeur d'Alene River water., 4actual tests of
this material on plankton and fish showed it to be quite harmless
when free from ore particles, except as it disturbed the salt
balance, pH and osmotic pressure conditions. The field data showed
that once well mixed with the waters of the main stream this
rock powder did not cause any marked rise in conduetivity or
pH. The rock powder did cause a rise in fixed carbonates in
the test water, and the production of & slightly more alkaline
reaction, & combination of chnanges, whnich, in view of the woik
of Wells (1915 a and b) who found that carbormates in general do not
effect fishes detrimentally if the water is acid, and that
slightly alkaline water lecssens the activity of fishes and increeases
the mortality, would be regarded as of an unfavorable order. How-

ever, the actual field tests of the river water after the rock



powder was well mixed with the water of the stream (see Table 3

Part II) showed that elthough there was a rise in fixed carbonates,
the pH values due to the balance of various factors, remained

much the same as in the unpolluted portion of the river or

if anything became slightly more 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

(page 65), of this powder are of course quite another considersation.

3. The Cres.

Because of the well known toxic properties of
many compounds 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 as recovered by the
floatation process was washed thoroughly with clear tap water
to remove any freely soluble substances., The ore was then
washed in ¢5 percent alcohol and violently sgitated so that each
particle would be cleansed of any material soluble in alcohol.
After several extractions with alecohol, the o0ld fluid being
d-canted off each time before fresh alcohol was added, the
alcohol was removed and the ore powder washed through five separate
treatments of glass-distilled water. The water was finally

drained off and the prepasred ore, which will be referred to




herecfter as "washed ore powder", put aside in pyrex vessels.

These washed ore powders consisted essentially of lead sulphid or
zinc sulphid, together with small amounts of other metallic
sulphids which are associated with tiese two ores in the ore-

bearing rock.

a. Lead ore,

To test the action of the natural ore
mmodi fied by exposure or weatherirg single goldfish were
placed in glass battery jars each containing 4 liters of tap water
(water from the same source as that flowing through the large
tank in which these fish were living prior to the experiment]).
This tap water conteined small amounts of calcium carbonate
and magnesium sulphate but no salts of heavy metals (as shown
ty eanalyses of this water made by the Department of Physical
Chemistry, University of Missouri). To each jar 25 grams of
washed lead ore powder was added, and the ore, being quite in-
soluble in water, sank at once forming a thin layer over the
bottom of the jar. Control jars with goldfish but without
lead ore were carried under iderticsl conditions and the dis-
solved oxyeen, carbonates, pH and temperature followed as a
rovtine for all jars of the series, but the water was not
changed during the test., Under these conditions there were no
casualties in eny of the jars of this series during the 31 days

this experiment was maintained. »ll of the fish were fed




fegularly every day and those fish in the jars conteaining the
washed ore tock focd 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 secemed 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 dissolved oxyegen or pH of the sur-
rounding water, although the fixed carbon dioxid rose throughout
the experiment from 20 cc. per liter to 74 cc. at the end.

These ficsh tests browht out two points namely, that the
lead sulphid ore is not immediately toxic to fish and that it is
not transformed into more toxic compounds in sufficient quantities
to produce an immediate toxicity of the water, by the excretory
products of the fish, even when these products are allowed to
sccumulate. These results were expected in view of the fact
that lead sulphid has & 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 such
precipitation was occurking in these experiments as small
masses of sl ightly opaque, flocculent coagulum were seen on

the bottoms of the jars in the lear ore series.




Plankton crustaceans carried in tap water to which the
washed lead ore powder had been added (1 gram to 25 cc. of water -
there is no significance in tlie amount, other than that an
ample excess was provided) died in 48 hours or less, the deaths
ocecurring in the secoind 24-hour period &nd the young dying
earlier than the adults. Control plankton animels in lead-free
tests maintained ﬁnder the same coaditions at the same time were
active and vigorous for 10 davs when they were discontinued.

In these tests it was not determined whether the plenkton
animeals died from the ingestion of tiry 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 sulphid is
very insoluble in distilled water, various other substances in
the water materially increase the solubility of this compound.
Kolthoff (1921) who has recently reviewed the solubilities of
sulphids finds th:t lead sulphid is soluble in pure distilled
water (conductivity water) only to the extent of 10—9'65 mols
per liter, that is approximately one part in 50,000,000 but that
water which is in equilibrium with the carbon dioxid of the sair
will dissolve 10-8'62 mols per liter or roughly one part in

5,000,000, Although this second value ig still extremely small

it is neering the magnitude of toxicity dilution for several
known poisons. LBesides lead sulphid is readily attacked by
various body fluids and digestive juices forming lead compounds

much more water soluble than lead sulphid. Even in tap water

oo
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in the presence of dissolved oxygen, lead sulphid is oxidized into

lead sulphate which according to Orestano (1931) has a solubility
of 0.000161 mols per liter or roughly one pert in 20,000, and

as Will be shown in & following section one part in 100,000

of lead acetate is violently toxic to fish stomachs. It is

not surprising therefore that the plankton crustaceans which do not
have an elaborate mucous protective coat like fishes, died after
48 hours exposure to well-aerated water containineg lead sulphid

ore powder., The factor significant to the present pollution
discussion is the short time in which these plankton animals

were killed by exposure 1t the ore powder water mixture.

b. Zinc Ore.

Fish and plankton series directly com=-
parable in every detail with washed lead ore tests except that
washed zinc ore powder was used in place of the washed lead ore
powder, were carried simulteneously with the washed lead ore
experiment s.

Thirty-one days exposure to washed zinc ore powder
in unchanged water did not produce any casualties among the gold-
fish so treated. All fish in these experiments were active and
vigorous at the end of the tests, and there was nothing in their
daily behavior to surgest that the presence of the zinc ore
in the jar was disturbing in the least. One difference was

noted, however, between the lead and zinc ore series, namely that

e
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little if any of the flocculent coagulum found at the bottom in
the jars contain 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 oré powder.

The plankton crustacea placed in water to which washed
zinc ore had been added not only did not die in 48 houws (sece
lead series) but were active 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

crus tacesa.

4, lilne and Flume Waters.

Al though several of the components of the
mine wastes when tested separately were shown to be very toxie
to aquatic &nimals, particularly plankton, there is always the
possibility that miscellaneous mixtures of such toxic substances
may be less toxiec than the individual compounds, as the result of
chemical recombination. Semples of mine waters from six stations
(see Table 2, Part IV), flume water from the Sunshine iiine,
and flume water from the waste flume of the Sullivan Mills,
Kimberley, British Columbia, (C60c) were tested and found

to be quite toxic to plankton, t he survivals in these various




waters being 48 hours or less. o evidence of any reduction

in toxicity due to the mixing of the various mine wastes was

found.




C. Waste incrustations from banks and flats.

‘eny areas, sore of them acres in extent, along
the banks and flats between Cateldo and the mouth of the Coeur
d *Alene River were covered at the time of this survey (July,
1932) with incrustations of & crystalline material varying
from pure white to dull gray or dirty brown in color. This
material, as has been discussed in the section on bottam and
siore conditions (page 64) was always found on deposits of mine
wastes and mine slimes, or in soil heavily impregnated with these
slimes. Careful investigation in the field left no doubt but
that these incrustations had been produced by the weethering
of the exposed mine wastes which are subject to a variety of
conditions conducive to chemical changes as moisture, light,
heat and oxidation. Some of this crust material was freely soluble
in water and other portions sparingly so, and leachings from these
crusts were being carried into the Coeur d'alene River by every
rain and high water, in addition tihe rather continuous return
to the river of the mine wastes and their porudcts from these
flats and banks by wind and stream action. The gross bulk
of the exposed incrustetions in July, 1¢32 was surprisingly
large emounting 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 mowith, was more or less
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covered with trese incrustations, the total amount of this
crust material along the brnks and flats of tie polluted portion
of the Coeur d'Alene runs into amazing figures. As the values
for the weight of the incrustation per acre were obtained from
the aversasge weights of measured specimens of the crust which could
be lifted en masse from the surface of the mine sline deposits
on the flats, nc account wes taken of the large amounts of this
crus t-forming material which could be seen in the underlying
end nearby soils and which could be readily leached from such
soils by water as was shown by laboratory tests. Such quantities
of almost any substance with even mildly toxic properties would
constitute a pollution hezerd when freely available through the
action of wind, rain and current.

Anelyses of various samples of these incrustations col-
lected during July, 1931 and 1932 have been sumriarized in
Table 4. TFrom this table it may be seen that the items of
primary interest in connection with the present fisheries
prcblem are zinc, lead and sulphetes. Variations in the com-
ponents of these soil crusts, particularly in the iron and water-
soluble fractions, were to be expected as natural correlaries of
the differences in wesathering of the mine slinmes at various
stations up and down 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,
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Table. - 4,

General chemical composition of soil inerustations along the Coeur d'Alene

Biver as shown by analyses of samples from near Harrison, Idaho, from Thompson Flat, and from Bradley,
: .Idaho during July, 1931* and 1932%*,

Jotal zine a8 28 . . . .

"

lead as Pb . . . .

iren aa Pe' . . . .

manganese as ¥n
copper as Cu .

arsenic as As .

$oluble zine as zine sulphate

Other soluble sulphates, eomputed as

" Material freely soluble in

water o .

Soluble chlorids . .

Solubla carbonates .

* 3k

Aralysis from laboratory of the Division of Soils Chemistry
Department of Agriculture.

L

.

.

. L . . - . L 1500 -bo lzgo percent

50,30 »

o s B e @ e e wiblBCHE "

7" "

e« s+ o o s « o o traces in some samples

" ”

0.8

9.0

4.0

"

L

”

e e o+ o o o ees 340 to 39,0 percent

. - 60 to 85 percent of soluble fraction |

a8 Bl e On
« o Small amounts

. o« Small =mounts

and Physica, United States

"

Analyses from 1laboratories of U. S, Bureau of Fisheries, Columbia Field Station, and from
Department of Physical Chemistry, Unitersity of Missouri




indicates that regardless of local conditions, the oxidation

of sulphid ore particles was teking place rather continuously

in these deposits of mine wastes, and also that considerable
amounts of these sulphid ore particles have been lost in the
milling operations and carried down stream in the mine slimes which
formed these deposits on the flats and banks.,

For the experimental s tudies the inerustation material
from Thompson Flat was chosen as typical of the "lead rock™ found
elong the lower:part of the Coeur d'Alene River, and the samples
of white cerystalline crust obtained from the surface of the
piles of mine wastes on the banks of the South Fork near
Bradley, Idaho as typical of the incrmstation material in
the immediate vicinity of the mills,

1. 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 ccnsidered a
representative sample of the inecrustation substances as found on
Thompson Flat during July, 1932. The material just deseribed
when extracted with distilled water yielded a water-soluble
fraction representing 2.3 percent of the total weight. This

soluble fraction consisted of 62 percent zinc sulphate; 30 per-
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cent other soluble sulphates calculated as sodium sulphate

(primarily a mixture of sodium and megnesium sulphates); ap-
proximately 0.05 percent lead calculated as Pb, and 0.32
percent orgenic matter. The remainder of the soluble fraction
was composed chiefly of menganese and iron compounds. The
inso luble freetion carried approximately 3 percent zinec as Zn
and 0,4 percent lead as Pb.

a. Fish survival tests.

Goldfish, as previously described, were

Placed in battery Jjars containing three 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 "cumulative”,

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 with 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 imn-
duced in the course of the first six 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 botiom
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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 oohcentration of 0.18 percent or stronger, of the water
soluble fraction, the mucous secretion began very shortly
after the fish were placed into the mixture and continued
voluminous for 24 hours or more. Within 4 hours after exposure
to these stronger concentratiops was begun, the fish showed
difficulty in swallowing, and were often unable to teke food.

As 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 secreéetion of mucous had stopped and the fish appeared
normal.

Concentrations of the water-soluble fraction, with or
without the insoiuble fraction, of 0.33 percent or stronger
produced even more severe symptoms of the types described, and
were of ten accompanied by sluggishness of movements or almost
stupor inside of five hours. Concentrations up to and ineluding
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
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eble to recover in four days. If the soluble fraction were

renewed daily, the secretion of mucocus and the inability to
swallow continued and the fish died in four to six days.

In other series the individual goldfish were placed
in jars containing three liters of water and 10 grams of the
whole incrustation powdef added. The water-soluble fraction from
this amount of whole powder produced a concentratign of 0.33
' rcent water soluble fraction, a strength causihg immedia te
responses of considerable severity, and the insoluble fraction
weighing some 9.67 grams sank to the bottom of the jars. These
fish passed through the cycle of responses previously described
under the discussion of the immediate responses, and by the end
of the fourth day seemed quite recovered. Between the fourth
and tenth deays the fish were active, ate regularly anml were
eapparently wi thout hold-over effects from the first set of
responses. After the tenth day one by one the fish bécame

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. From the 12th day on the fish beganin,die,
élthough controls carried under identical conditions save for

the presence of the incrustation powder, were healthy and aétive.
The survival time averaged about 20 days in the preéence el
9.67 grams of the insoluble fraction.




At the end of the 91st day the few surviving fish of
this series were transferred to fresh-water for four 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 %1 days succumbed much more readily
to harmful salts than d4id normal control fish without exposure
to the inecrustation powder.

Reviewing all of these tests on goldfish the "ipmediate"
or "acute" responses present a complex of specifiec irritation to
the mucous cells which constitute one of the main defenses of the
fish agaeinst both chemical irritation and bacteria. The actual
responses made by thece fish cen be duplicated by similar dilutions
of zinc sulphate or of several other salts, and as zinc is not a
cumula tive poison, being readily excreted even when ingested in
rather large amounts without leaving any generel toxic effects
(Drinker, Thompson and Marsh, 1¢27) the irritation produced by
the 0.01 to 1.6 percent solutions of the soluble frauction are of
little significance unless the irritation is continued for
some time. In the experirental tests in which but a single
cuentity of the soluble material was placed in trhe jar with
the fish, recovery followed in fo.r days but if tne soluble
material were renewed constantly as it would be in the run-off
from these flats of mine waste the fish would soon succumi to
the chemical irritation just as they did in the daily renewal

tests in the present experimental series,
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The cumulative effects of the incrustation material

from Thompson Flat are more significant perhaps than the

immed iate effects. The appearance of black deposits, which were
chemically identified as lead, in the fins of the fish exposed
to this crust powder points specifically to lead poisoning in
the se fish, as Hammett (1928) has shown that lead is deposited
in regions of active cell division as a dense brownish-black
accumulation, even from dilutions as high sas 10-4, i.e. 0,001
percent. Crowth and ability to regenerate are well established
cnaracteristies of fish fins, espeéially of goldfish, amd 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 insoluble fractions of the incrustation material, in amounts
in excess of 0,001 percent. Lead is known to be a cumulative
polison and the general symptoms of the fish during the second
half of these survival experiments were at least suggestive of
lead poisoning.

It may be pointed out that the amount of lead in the
soluble fraction was quite small and that this lead may ha.e
been precipitated out of solution by the fish mucous in the form
of lead albuminate during the first part of the experiment wien
tle zinc sulphate and other components of the soluble fraction
were producing the irritation resulting in a profuse flow of

mucous. Granting that all of tre lead in the soluble fraction
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has been precipitated down, lead compounds were still present

in the insoluble fraction and the fact remains that lead deposits
appeared in the test fish. This lead may have entered the

bodies of the fish in either of two ways. The term "insoluble"
is only reletive, Even lead sulphid (lead ore) is very slightly
soluble 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
minute quantities of lead may produce cumulative lead poisoning,
1:5,907,000 being sufficient to cause cumulative lead poisoning
in man if the exposure be prolonged. The solvent action of the
water on the lead compounds in the insoluble fraction would maintsein
the saturation level for these lead compounds in the water sur-~
rounding the fish. Part of this lead would be reprecipitated

by the mucous of the fish but water counteining lead would be
swallowed each time the fish fed, for no matter how much lead
wcre precipitated down the solution equilibrium would be main-
tained since the undissolved lead compounds are in excess in
slimes at the bottom of the jar. The éecond and more probable
source of the lead stored by these fish is in the undissolved lead
as lead compounds, in the slimes, that is in the insoluble

fraction. Minot (1¢24) has pointed out that the gastro-intestinsal
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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 (as lead is taken in as dust by air breathing
animels). Small particles of lead compounds even though insoluble
in the general sense of that term, were taken into the alimentary
canal of these goldfish while feeding and supplied a source of
material from which lead eould have been absorbed, leading
ultimately to cumulative lead poisoning. Porritt (l.c.) notes
that it is not essential that the "infinitesimel doses"
of lead be in a soluble form to produce cumulative lead poisoning
when taken into the alimentary cenal, and Magath (1¢31)
reports acute and fatal 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
“lat, that ample lead is present in the inerustation powder to
produce cumulative lead poisoning in fishes if the exposure be
long enough.

It is well to compare the action of the whole incrusta-
tion material with the action of washed lead-ore powder (see
page 94) on fish. In the tests with lead-ore powder goldfish
were kept in jers containing undissolved washed lead-ore
powder (lead sulphid) for &1 days without casualties. The water

in these jars was in solution equilibrium with the lead sulphid,




very minute quantities of which are soluble, and these fish

were also subject to the hezard of the lead particles which
might be swallowed when these goldfish fed. The goldfish in the
inerustation material series, in the presence of actually

much less lead (weight for weight as the lead ore runs roughly
85 percent lead) began dying at the end of the tenth day
although some fish in the series‘continued to live the full

31 days of the test. At least three factors contribute to

these differences: (1) time, (2) tne synergistic action of

the substances other than lead in the incrustation material, and
(3) the presence in the inerustatior materieal of other compounds
of lead besides lead sulphid. The acute reactions of the fish
dur ing the first few days of exposure to the incrustation

powder indicated severe physiological disturbances at the time,
and it is & well established principle in physiological in-
vestigations that previous exposures to detrimental substances
often enhance the toxic sction of subsequent exposures to

other substances of relatively low toxicity. PResides,

varicus substances in the insoluble fraction may have contributed
to the sclution and absorption of the lead after it was taxken
into t = bedy of the fish., Veathering on the flats changes

part at least of the leed sulphid to lead sulphate, and a
variety of other 1l:ad compounds may be formed during the course

of the disintegretion and reccrtinzstion of the ore particles.




in the exposed mine slimes, so that the solution and absorp-
tion possibilities of the lead compounds in the mine slines
after exposure tc weatiuering are quite different from those
of bright, washed lesd ore particles, as these particles lesve

the mill,

The experiments on goldfish, which it must bLe remembered

are more resistant to envirommental vicissitudes than trout

end meny other fishes, demonstrated theat the incrustations

which formed on the exposed masses of mine slimes spread out over the

flats and the benks along the Coeur d'Alene River are highly
toxic tc fish life. Various imrediate resctions tc the
incrustation meterial which were fatal tc the fish if prolonged
by repeated exposure to the freely soluble portion of these
inerustations, were observed, and prolonged exposures to even
very small amounts of the whole incrustation material produced
cunulative poisonings in which leazd storege was one of the mani-
festations. The imnediate effects were apparently caused,
primarily by the soluble zinc saelts, and the cumulative effects
by the cancerted action of the verious components of these

inerustations with lezd as the outstanding toxic agent.

'
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b. Physiclogiceal assays of incrustation material,

As disturbances in swallowing, swimming
end gill movenents, followed by slweishness and even ccma
were observed as imumediste symptoms in fish exposed to the
action of the incrustation material, several rather extensive
series of physioclogical tests were made on fish, frogs, turtles
and fresh-water mussels (see page 84 for list of species used)
to ascertain more specificelly the nature of this immediate toxic
action., These rather technicel experiments mey be summarized
briefly here as showing (see Figures 10 and 11) thet high dilutions
of the soluble fraction of the Thompscn Flats incrustations

(1) produced immediate paralysis of
the stomach and intestines of fishes, frogs and turtles, in
dilutions as high as 1:100,000 and that even higher dilutions
were destructive to peristalsis and the harmonious functioning
of the parts of the alimentery cenal in these animals. The
damage resulting from exposure to this material was very largely
irreversible, that is, there was little or no recovery.

(2) caused immediate disturtances in
the heart beat of fishes, frcgs, turtles and fresh-water mussels
whichk shortly resulted in complete cessation of heart heat,
when dilutions as high as 1:100,000 were used. These cardiac
changes were also attended by permanent alteration of the

physiological activities of tie hesart.
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(3) irduced changes of mueh the

same order of magnitude as those produced by lead poisoning
with lead =eacetate in dilutions of 1:100,000, (see Figure 11).
(Hernack, 1878).

The physiclogical assays collectively substantiate the
findings in the survival experiments that the scluble frasection
wes highly toxic to fishes, froegs, turtles and fresh-wsater
missels if the exposure were lons enough to allow even very
small quantities of this soluble fraction to be absorbed, taken
into the alimentary canal, or otherwise brought to the vital

o Trgans.

c. Plankton tests.

Following the procedure used in

previous plankton tests the soluble fraction from the Thompson
Flat incrustations was added to the water in whicech plenkton crustaéea
were living and found to be very toxic,dilutions stronger than
1:1,000 killing all plankton crustacea exposed in less than

five hours and dilutions as high as 1:100,000 proving fatal

in 24 hours or less. Obviously such short survivals did not
offer time for cumulative effects, so the high toxicity

of this soluble fraction to plankton was ascribed to the scluble
sulphates, particularly those of zinc and other heavy metals
present in the soluble fraction of the incrustatior materiel.
This conclusion was verified by simultenecus tests of the

socluble frection, of zinc sulphate, of scdium sulphate and of
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mixtures of zine and sodium sulphates. Pure zinc sulphate weas
found to be almeost as toxiec to the plankton crustacea as the
soluble fraction of the inerustation mesterial, as a dilution

of 1:100,00C of zinc sulphate proved lethal to these aninels

in less than 24 hours and 1:10,0C0,00C was distinctly toxic

in longer exposures. These values are practically the

seme as those for the fatal dilutions of the soluble fraction.
Sodium sulphate on the other hand was tolerated by plankton crustecesa
in concentrations up to 1:1,000 with very few casualties, al-
though a mixture of equal parts of sodium and zinc sulphates in

a dilution of 1:100,00C was almost as toxic as the same dilution
of zine sulphate alone. The high toxicity of the scluble fraction
for plankton seems, trerefore, to be largely due to tine zinc sul=-

phate present in the incrustation material.
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2. Brudley incrustations

AS large masses of incrustations were seen on
tlhie piles of mine wastes along the Coeur d'Alene River near
the mills, a composite sample of incrustation material prepared
like the composite sample from Thompson Flat, was collected
from mine westes along tre river at Bradley. It seemed
desirable to compare these incrustations forming on wastes
near the source of the wastes with the incrustations forming
on mine slimes fifty miles or more down streem at Thompson Flat.

The ccmposite sample from Bredley was of a dirty white

color and carried some 3¢ percent of freely soluble material,
running higher in both leed and zinc tnan the composite semple
from Thompson Flet. From tests on fish and plankton the bredley
incrustations were found to possess tiie same toxic properties
as those displayed by the Thompson Flat material, producing &
profuse flow of mucous, incoordinate movements, slucgishness
and death when fish‘were exposed to concentrations as low as
1:16,000 of the scluble frection. Plankton animals were even more
sensitive to this incrustation powder and dilutions of 1:100,000
and 1:1.30C,000 ct the scluble fraction were usuzlly fatul in
less than 24 hours. On the whole tie Fradley incrustations were

conspicuously more toxic tian those from Thompson Flat.
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Generel Discussion

Reviewing &ll the data, both field and experirental,
it is evident trat as far as fisheries are concerned the mine
wastes poured in the South Fork in the Wallacefkellogg’area have
reduced the fifty odd miles of the South Fork and wmein Coeur
d'alene River from above Wallace to the mouth of the river near
Harrison, to & barren stream practically without fish fauna,
fish food or plankton, and with enormous lateral supplies of
potentially toxic materials which as tihey now stand (1932)
will continue to poison the waters of the Coeur d'Alene River

for a considersble period of time. In addition the stream

bed and banks of the polluted portion of this river are cover:d
with large masses of relatively non-toxic rock powder which
because of their'mechanical and physicel properties have pro-
duced conditions which practically prevent tine maintainance of
«ny sort of a bottom fauna,

The acute pollution conditions in the Coeur d'Alene

River, particul=zrly at its mouth where it flows into Coeur

d'Alene lake, present another fisheries problem, namely one coun-
cerned with the effects of these mine slimes and tcxic sub-
stances which the waters of the Coeur d'alene River are projecting
into Coeur d'4Alene Lake, on the biota of that lake.

In tihe present survey mine slimes were found to be
distributed over the floor of Coeur d'ailene Lake, in varying

amounts from the mouth of the Coeur d'alene River to the outlet
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of the lake west of Coeur d'Alene City. Chemical tests of these
bottom samples showed that they contained small amounts of lesd,
zine and other heavy metals. Soil samples from the flats along
the stream bed of the Spokane River near Green Acres, Washington,
et points where the waters of the river had recently receded

also contained traces of lead, zinc and copper when subjected

to chemical analyses. The evidence, both chemical and micro-
scopical seemed conclusive that the mine slimes 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 Coeur
d'Alene City. In view of these findings in the lake, the analyses
of soil from the river flats near Green Acres, Washington, although
by no meens conclusive, are sugrestive at least that some of the
mine slimes or their products are being carried out of the lake
and down the Spoksne 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 lLake are exposed to clouds of highly dilute mine
»1lime suspensions, and that deposits of these slimes are being
iacorporated in the floor of the lake. The solid matter com~
posing 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 end 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 material in
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suspension and the duration of the clouding of the lake with
these slimes. During July, 1¢%2 the turbidity of the lake was
1itfle if at dll effected by mine slimes beyond East Point, so
that these suspensoids at that time were highly dispersed. It
must be remembered however, on the basis of existing analyses of
these suspensoids that if the mine slime suspension rose to &
concentration of only 50 parts per 1,000,000 there would be
sufficient lead vresent in the lake water to produce cumulstive
lead poisoning according to the findings of Porritt, (1¢3l),
without considering the possibility of lead in solution., Suspen-
sions of mine slimes of this degree of concentration and higher
were found in the Coeur d'Alene River water near Harrison during
July, 1¢32 and have been reported by O'Keeffe and Ziegler (1930)
from the same locality in 1930. The pollution of the water
of Coeur d'Alene Lake, therefore, by these mine slimes will vary
directly with the flowage of the Coeur d'Alene River and the
output of the mines.

The effect of the mine slimes on the bottom fauna of
Coeur d'Alene Lake has dready been di scussed 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 floor of the lake with
layers of inorganic silt.

Sutmarizing the findings in Coeur d'alene Lake during
July, 132 the water conditions dependent upon dissolved gases,

and carboneates were food and apperently had not changed during




the past 20 years, Jjudging from Kemmerer's report (1923) on
conditions in Coeur d'Alene Lake during 1911; tle bottom fauna
was declining; and the plankton catches gave definite 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'Alene River is only one factor, in
the present complex of conditions which are reducing the fishing
in Coeur 4' ilene Lake. The mine slimes do present a potential
hazard which might at any time become serious if the quantities
of mine wastes were increased beyond the volumes seen in July,
1932. The cumulative effects of these slimes on Coeur d'Alene

biota if present conditions are maintained are only speculstive.
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Re commendation

From the viewpoint of fisheries interests one
recommendaticn is obvicus as a result of this survey. However,
anyone feamiliar with the Coeur d'Alene district must recognize
at once that many other interests, some comrerciasl, some of human
hezard, some recreational, are involved in this perticular pol-
lution problem. The following sugrestions are of fered
therefore strictly as remedial to the fisheries problems, and the
bearing of these suggestions on other matters of human welfere
and asactivities must be decided by those to whom the administration
of this district and the waters esre entrusted, although the writer
has not been unmindful of these complications.

Collectively the mine wastes 1in the Coeur d'Alene River
have destroyed the fish fauna and the plants and animals on which
fishes feed, first because the enormous masses of rock powder have
overwhelmed everythine in the stream with shifting deposits of
inorgaenic waste; and second because the weathering mine slime on
the flats and banks produce substances which when leached back
into the stream are highly toxic to plankton and other organisms

which supply the basic food and to the fish themselves. These

conditions in the Coeur d'Alene River not only have made that river
berren, but they are threatening all of the lakes adjacent to

the Coeur d'Alene River, and constitute constant menace to Coeur
d'Alene Lake. There is only one complete solution to this problem
and that is the exclusion of all mine wastes from the Coeur dfilene

River. Even if this is done, 1t will take the river some tine to

-121-



rid itself of the masses of powdered rock in the stream bed and
of the weatlering deposits of mine slimes along its bamks, so
that several years will elapse before a natural fauna will
reestablish itself in the now polluted portion of tiie Coeur
athilene River,

The exclusicn of the mine wastes from this stream in-
mediately brines up tie guesticn of mine waste disposal, if the
mines are not permitted to uce this river., Although this is an
engineering problem rather then & fisheries matter, the writer
visited the Sullivan Mines and Mills at Kirberley, British
Columbia, where a successful disposal system focr mi. e wastes from
thhe same sort of ore as those in the Coeur d'Alene District and
milled by the same methods, has been worked out. As the Dominion
end Provincial laws prohibit the dumping of mill wastes 1into
the naturel waters of Canada (& letter from the Deputy-Attorney
General of the Province of Eritish Columbia refers to paregraph
232 of the Tater ict, as covering this case), a settling system
has been perfected bty the Sullivan Mills which handle an
ore tonnare ccmper ing faveoretly with that of the Coeur d'Alene
District, for all of the mill wastes at Kimberley., The writer was
informed during his visit in Kirberley 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 flunes (see figures 12

and 1%) to a settling basin. These flumes are so placed that the wastes
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Figure 12.

-

Margin of settling basin for mine westes, Sullivaen Mining and
Milling Company, Ltde. near Kimberley, British Columbis. ;he
main settling area can be seen toward the background 1n the
right half of the pictuwe. The wooden flume carrying the waeste
slimes pesses along the left of the picture. The masses of white
material in the foreground having the appearance of snow are
crystals of waste substances forming on the surface of the slimes
recently discharged from the flume.




run into this basin from several points and the deposits form

the dam for the basin holding 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 basin tre now
clear water pesses tc a sccond settling basin, where the process
of settling and filtering is repeated, with the result that the
volume of water is greetly reduced by evaporation and the mine
chemicals wnd other substances in soluticn are very largely des-
troyed before the water leaves the second settling basin.

Althougn the banks of the first settling basin were
heevily frosted witk ircrustations (see figure 12) like those
forming on the mine slimes in the Coeur d'Alene District and
which were found to be quite as toxic as the inerustations at
Bradley, by the time the water left the second settling basin it was
so reduced in volume and so purified thet within a few yerds of
the mouth of the outlet ditch carryine this waste to the St. Marys
River, plenkton, algae, aquatic insects and fish were found in the
St. Marys River.

Various tests of the mine slimes, thne mine weaters and the
purified water after leaving the settling basins were made and the
w oblem of the Kimberley Mills found toc be tne sare as thet of the
Coeur d'Alene Mills, with the settling basin system providine a
practical solution for the waste disposal withcut streem pollution.

As & partial solution to the existing conditions in the

Coeur d'Alene District some of the mine officials have recently




éigure 13.

Another view of the settling basin for mine slimes on the Sulliven
Mining end Milling Company, Ltd. properties near Kimberley, British
Columbis. The main wooden flume for the distribution of these
slimes crosses the background of the picture.




constructed a suction dredge which is to pump out the mine

slimes from the Coeur d'ilene River near Mission Flats ané

deposits these slimes on the lard neerby, which has been acquired
for tihe purpose. This procedure will undoubtedly reduce the amount
of mine slimes carried to tie lower river but as the finer parti-
cles will not settle cut even in Coeur d'alene Lake the pollution
of the lower river willi not be corrected, but merely modified.

0f course, this pumping out of mine slimes will be helpful to some
extent but it will not solve tne pollution problems in the Coeur

d'Alene River for fisheries,
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Summary of 1932 Investigations

l. The polluted portion of the Coeur d'Alene River, that
is the South Fork from & short distance above Wallace, Idaho to
its junction with the North Fork abtove Cataldo, and the main
Coeur d'Alene River from the junction of the forks to its mouth
near Herrison, Ideho was found (July, 1922) to be practically

devecid of fish fauna, bottom faune or plarnkton organisms.

2. The unpolluted small lekes adjacent and tributary
to the Coeur d'alene River between Cataldo and Harrison, were support-
ing normal fish fauna of bsss, sunfish, perch end minnow, to-

ge ther with ample aquatic vzgetation and plankton fauna.

3. Thompson lake and Swen Lake, both rather heavily
polluted by recent backwaters from the Coeur d'alene River were

almost without plankton fauna.

4., The plankton fauna of Coeur d'Alene lLeke as a whole
was rather sparse, and particularly poor at the socuth end. No
plankton were teken off Harrison and at the mouth of the Coeur
d'Alene River; and very few as far up tle lake as East Point.
A comparison of the plankton data obtained by Kemnerer in 1911
with those collected in 1932 showed a decline in the plankton
fauna, but the same general distribution, Kemmerer having noted.

the poor plankton fauna near the mouth of the Coeur d'Alene River.

-125-




5. The bottom fsuna of Coeur d'Alene lLeke was very

meegre, and seemed to be declining.

6. Minnows, dace, bass, and perch were found, and trout

reported, as living in Coeur d'ilene Lake.

7. The decrecse in the numbers of trout living in
Coeur d'Alene Lake during recent years, should not he attributed
to mine westes slone as various other factors have been operative

to ceuse these fish to Lecome less plentiful in this lake.

8. The St. Joseph River and Chatcolet Lake were main-
taining good plankton, bottom insect, and fish fauna. Bsass,

trout, perch, minnows and dsce were all found in thecse weters.

9. No significant differences in dissolved gases, pH,
carbonates, and other factors dependent upon these were found be-
tween the waters of the polluted portion of the Coeuvr d'iAlene
River, and those of tune St. Joseph River or of the unpolluted por-
tions of the South Fork. The specific conductance of the polluted
water was higher than thet of the unpolluted water but did not

indicate an excessive amount of soluble material in the poliuted

wat er,

10. Comwvarisons of the dissolved gases, relative acidity,
and carbonates in Coeur d'Alene Lake during July, 1v%2 with the

enalyses made by Iermerer in this lake in 191l showed the values




reported by both surveys to be essentially the same, indicating
little change in the condition of the leke with regards to these

factors over a period of 20 years,

11, The bottom of the polluted portion of the Coeur
d'ilene River wgs deeply covered with shifting deposits of very
fine powder which not only overwhelmed the botirm fauna but
prevented the development of any bottom consocies of animals

either adult or immature.

12. Along the polluted portion of the Coeur d'slene
River the banks, flats and locw lancs were covered often to =
dep th of several feet with deposits of mine slimes which had been
left there durine high weter and which were continually being
returned to the river by wind, rain =znd currest action, thus

producing a constaunt repoliution of tie piver with the slimes

previously dropped by the river.

13, Depnsits of mine slimes more or less mixed with other
soil components, were dredged from the floor of Coeur d‘'alene
lake at various stations, showing that the mine slimes have spread
rather generally over the bottom of Coeur d'ilene Lake, particularly
in the line of flow between the mouth of the Coeur d'ilene River
aid the outlet of Coeur d'Alene Lake west of Coeur 4 'ilene
City. Thece bottom deposits corntalned lead and zinc in small

amounts, aind soil samples from the banks of tine Spokane River near
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Green scres, Vashington also contained traces of lead, zinc and
copper, surrecting that some of the mine slimes or their products
are not only carried across the lake but out of the leke and

down the Spokane River,

14 . Dace and minnows living in Coeur d'alene Leke near
Conklin, Park, when transferred to live cages in the Cosur d'aAlene
River a short distance above the mouth of the river died in
72 hours while controls under the same conditions of confinement

slowed no ill effects after 120 hours exposure to the lake water

off Harrison,

15, Water from the polluted portion of tiue Coeur d'Alene
River unear Harrison was definitely toxic to plank ton crustace=
killinge all plenkton animals placed in this water ir 18 hours or

less.

16, A1l of the milling chemicals with tne exception
of sodium carbonate were very toxic to both fish and plankton.
The milline c¢iemicals, however, do not present eny particular
pollution hazard except in the immediate vieinity of the ewmptying
flumes as only part of these milling chemicals leave the mill and
the organic derivatives wus potassium xanthate and the cresols are

soon broken down in the stream.



17. The milling products, that is the rock powder
and sodium compounds were relatively non-toxic except as they
disturbted the natural salt balance in the river water, Plankton

animals were fairly sensitive to such changes.

18, The washed sulphid ores of both lead and zinc
were non-toxic to fish in 31 day exposures, but the washed lead

ore was quite toxic to plankton.

19. Mine waters and flume waters were quite toxie to

plankton.

20. Large amounts of incrustations were observed on the
exposed mine slines on the flats along the polliuted 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 covered several acres of surface at any giwen

station. In July, 1l¢32 these iucrustations amounted to 27 tons

per acre on the Thompson Flats.

2l. The incrustations were composed of a soluble
fraction (3 to 40 percent) which wae largely zinc sulphate, and

en insoluble fraction carrying zinc and lead compounds.

2¢. The soluble fruction of these incrustat ions was
highly toxic to fish, frogs, turtles, fresh-water mussels and plenkton

crus tacea.




23, Exposures of 12 to 31 days to high dilutions of these
incrustations were fatal to fish, the animals showing among other
symptoms black depcsits of lead in the fins and elsewhere about

the body, indicative of cumulative lezd 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 the
weathering of the exposed mine slimes on the flats, are threatening

the small lakes along the Coeur d'aAlene River, and also Coeur

d'Alene Lake,

25. There is but one solution for this pollution problem
as far as fisheries are concerned, namely, the exclusion of all

mine wastes from the Coeur d'iAlene River.

26. A practical system for the disposzal of mine wastes

without river pollution, now in operation in British Colurbisa,

is discussed,
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