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Introduction 

The pollution problems incident to the mining operations in the Coeur 
d 1Alene District are of approximately 50 years standing. The discovery of 
gold by A. J. Pritchard on the North Fork of the Coeur d 1Alene 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 1~lene District 
date back to the :Bunker Hill Strike in 1885. With the development of the 
"Bunker F.ill", the "Morning", the, ttHecla", the 11 Sta.rn. the "Golconda", the 
11 Sunshine 11 and other minine; properties in this region the tonnage of rock 
handled annually rose rapidly and the quantities of mine tailings and mine 
waters noured into the South Fork of the Coeur d 1Alene River (fig. 1) in­
creased accordingly as these operations assumed the proportions of a large 
industr-J. 

The ore deposits in Coeu.r c't'Aleno District (fig. 2) are prinnrily 
sulphidos, chi efly sulphides of l ead and zinc, a~sociated with deposits of 
silver, cadmium , bismuth, araenic, antimony and iron. Tho bulk of tho ore 
now being minod occurs as spha.lorito (zinc sulphide), ma.rmotite (iron-zinc 
sulphid~) and €,1llcna (lend sulphide), through which usually are rather 
intric~tely mixed Vlil.rying amounts of arsenic, antimony, cadmium, cobll.lt 
and silver depending upon tho lodo. 

For the fi~st 30 to 35 years of these operations the ore was concen­
trated by .the 11 stamp-mill and jig-table" process. :By this mothod the orc­
bea.rin.; roe!: is reduced to a ra ther fine powder am then separated by 
gravi ~J and water on the "jig-table". The ji~-table operations, therefore, 
contribute large volumes of wa.ste waters ca.r17ing the pulverized rock to­
gether with s ome particles of tho ore which escape from the grooves on the 
jig-table. This . suspension of powdered rock runs rather high in ma.gncshm, 
manganese, and silica. · 

As the mining qperations became more extensive the etopes were enlarsed 
e.nd mine waters were encountered. These natural waters pass over various 
rocks as wall as the ore deposits in running out of the mines and become a 
pollution hazard, particularly if they flow o'•er iron deposits. The 1:1ino 
water run-off from the mines of the Coeur d'Aleno District aoounts to 
thousands of gallons daily • . 

The mixtures of mine waters and the waters from jig-tables of the oills 
constituted the bulk of the waste entering the South Fork of the Coeur d 1Alano 
River. :Scca.uso the oincs aro located in tho rough, oountainous district near 
Walla.co and Kvllogg, Ids.ho, tho ~ost obvious channel for the disposal of tho 
pulverized was to rock and us ad wa t cr was tho Coeur d 1Aleno River. .During the 
first 30 or 35 years of the active operation of the Coeur d 1Alene District, 
the mine wastes, prinarily the jig-tables wastes as previously noted, were 
turned into the Coeur d'Alene PJ.v-er without r estriction and enomous quanti­
ties of finely-powdered rock were depos i ted in the upper reaches of the South 
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Fork of the Coeur d'Alene River. Because of the nature of the stamp-mill 
and jig-taole process the individual particles of rock, although small, 
were not colloidal in nature and these particles of rock settled rather 
rapidly by their own weight in the upper parts of the stream. Visible pol­
lution of tho main Coeur d'Alene Bivor, that is tho river below tho junc­
tion of the North and South Forks; by the mine wa.stes was therefore not 
evident for ma.re than 8 or 10 miles clownstrea.m during the earlier period 
of these operations. However, as time went on and the mining operations 
increased, the mine wastes, settlings and tailings were carried farther 
down the ms.in Coeur d 1Aleno River to Mission Flat near Cataldo, Idaho, a 
distance of a.bout 20 miles below the mines. Here the river widens slightly 
and a natural sedimentation area was developed. In the region of Cataldo 
and Mission Flat large quantities of mining tailings settled out and the 
deposits in the river channel itself and along its ban.ks where the ,.;astea 
have settled out during high wator are today a.eras in extant. In· fact the 
entire Nission Fla.t of several square miles a.t the time of the investiga.­
tion in 1932 was very largely covered with the tailings and slimes (See 
figures 3 and 4). 

According to various steamboat cai;itains opera.ting boa.ts on the Coeur 
d'Alene lake and the St. Joseuh, St. Maries and Coeur d·'Alene Rivers• the 
Coeur d 1Alene River was forme;,.ly navigable to a point above Mission Flat. 
These steamboat men repeatedly assured the writer that 15 to 20 years ago 
steamboats carrying passengers and tug bOllts moving log rafts regularly 
ascended the Coeur d 1Alene River to the Old Mission and that the channel 
carried from 40 to 50 feet of ~.rater in this pa.rt of the river. The writer's 
own soundings during the month of July 1932. showed only 12 to 15 feet of 
\-10.ter in the ma.in channel in this region. both the channel and ma.in stream 
being obstructed here and there by large bars of mine wastes and tailings. 

The continued operation of the mines in the upper Coeur d 1Alene Dis­
trict so loaded the South Fork of the Coeur d 1Alene River with mine w~stes 
that na.sses of rock powder not only covered the Mission Fla.ts but were 
carried down stream beyond Miasion Flat and Cataldo (fig. 2) gradually 
contaminating the entire Coeur d'Alene River between Mission Flat and its 
mouth near Harrison, Ids.ho. • 

The amount of mine waste carried by the Coeur d'Alene River at . its 
junction with Coeur d 1Alene Lake \.;3.S very considerable even in 1911 as 
may be seen from the following sta.t~ment ma.de by Kemmerer (1923. p. 80) 
concerning the conditions which he found when survaying Coeur d 1Alene !e.ke 
in 1911 1 n• * *at Harrison it (the Coeur dlAlene Lake) receives the muddy 
wa te1·s of the Coeur d 1Alene Ri vor, which drains an immense area.. including 
the famous Coeur d 1Alene mining di strict. These wa. ters are so laden \'Ti th 
silt that . t~cy rrs.y bo traced far out into tho clear water of the lake 11 • 
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Figure 3. Mission Flat near Cataldo, Idaho, sbovring timber killed by the deposits 
or mine slimes on the bank of the Coeur d'Alene River. The Coeur d'Alene over­
flows the area in the immediate foreground during each period of high water. 

Figure 4• ldssim Flat near Cataldo, Idaho, showing enormous deposits of mine 
slimes along the bank of the Coeur d'AJ.ene River. 
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It is readily recognized tha.t the enormqus amounts of finely divided 
rock which have been poured into the river in such quantities as to form 
bars and shore deposits along the banks of a stream for over 50 miles must 
constitute a very definite hazard to certain forms of aquatic life because 
of tho mass of material involved. regardless of tho chemical composition 
of the rock pO\'id.er. 

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

~.iring ea.ch period of high water, pa.rticule.rly during the spring run­
off, the Coeur d'Alene River spreads out over tho lowlands along each bank. 
flooding man,y acres which are under cultivation. As tho mine slimes becamo 
more and more abundant in the lower part of the river, deposits of the rock 
powders were left on the flooded land after the recession of tho water. 
Mine slimes were thus expos~d to the action of sun, rain, and air. and such 
disintegration products or compounds as misht be forned by such action could 
easily be returned to the stream by rain run-off or during the next period 
of high water. 

About 23 yea.rs ago suit wa.s brought against the mines by the residents 
of the 101.,er part of the Coeur d 1Alene Valley for alleged damages resulting 
to their lands from. the deposition of finely divided rock and other mine 
wastes upon the land by the Coeur d'Alene River during periods of high \Btor, 
which deposit produced serious changes in the condition of the soil. The 
complainants also set forth that the mine wastes deposited on their lands by 
the river ,.,as of a. highly toxic nature and that norual vegetation, crops and 
bay were killed out and that stock, particularly horses, and to some extont 
cattle, dogs and chickens, were killed by the substances left upon the grass 
and along the saore of the river after the water receded. They also stated 
further that the substances brought down from the mines and deposited by the 
river on the lands•· produced certain toxic subs tanc~s when exposed to the 
air, for which the stock. particularly the hors~s, developed a fondness. 
These toxic substances when eaten by stock speedily produced death. 

Throughout all of the legal action stress was laid on the formation of 
to~..ic crystalline substances from the mine wastes in the soil and along the 
river bank after tho recession of the river. These crystalline substances 
which developed from the mine wastes wore popularly referred to as 11 lcad11 • 
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Therefore in the lower Coeur d'Alene District the laymen refer to 11 leaded 
water", "leaded hayu a.nd "leaded soil". in connection with soil or vegeta­
tion which ba.s been submerged 01· othendse subjected to the action of the 
wator of the Coeur d 1Alene Riva1• and. the suspencled mine t·/8.ste which that 
river carried. 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 lare.;e masses of this zo-called "lead", a.nd this material forms the 
basis of somo of the experimental studies presented. in this report. 

The next phase of this pollution probla~ developed about 13 yea.rs ngo 
when tho Coour d'Alene mines installed floatation plants. The floatation 
propess, one of newer developmonto in lead nnd zinc mining, ba.n several 
points of .contact with tho pollution problem. The ore is reduced in b~ll 
mills to a powder so finQ that 90 pel'cent or more of the particles will 
readily pass through a 200-mesh screen (200 meshes to a.n inch) and. a large 
portion of the crushed ore-beari~g rock will pass through 250- to 500-mesh 
screen. At one mine the writer was as~urcd by the chemist in charge, and 
shown laboratory proof of the statement, that a considerable percentage of 
the ·particles would pass through a 1,000-meah screen. The ore-bearing rock: 
therefore is reduced to a powdor much finer th~n the powder formerly used 
on the jig-tables a.nd so fine tha,t when sha:-::cn in wa.tor a considerable 
portion becomes a true colloida.l suaponsion. Tho separation of tho ore 
from the worthless rock in the floatation process is accomplished by bubbl­
ing and stirring an aqueous suspension of this rocl: powder after it is 
ta.ken fron the ball nills, to which suspension several cheraicnls are added. 
:By me.ans of the proper adjustment of these che~icals the floatation process 
now makes it possible to sapara·ce intricate nixtures of lead and zinc or os 
and t~e reclana.tion. of the ore itself is very much mor~ complete than u:1dor 
the f omer jig-table system of operations. The floa.tation process, however, 
has greatly increased the pollution problem in the following ways: 

1. Ore of much lower grade can be profitably handled by the floa ta.­
ti on process so th'i.t 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 mills ie very much 
finer than that discharged from the jig-tables and is so fine that it does 
not r eadily settle out, being carried much farther by the river currents. 
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3. Al though the actual qut\nti tios of ore lost in tho mino wastes is 
much less from the floatati0n process, the oro particles which do escape 
are much finer than those lost from the jig-tables; consequently the ore 
particles from the floatation process are carried much farther by water 
currents. and because of the very small size of these floata.tion ore parti­
cles they are much more susceptible to chemical change. 

4. The floatation pr-ocess calls for the use of various concentrations 
of sodium carbonate, copper sulphate, zinc sulphate, and potassium dichro­
ma.te and ~lthough these substances are in pa.rt neutralized or other-wise 
removed from the wastes, portions of the chemicals (a very large proportion 
of the sodium carbonate) and a portion of their disintegration products, 
arc included in the mine wastes, presenting another pollution hazard. 

5. The floatation process requires the use of certain 11 float sub­
stances11, th.'1.t is substance.a promoting the bubbling and frothing of the 
mixture of pulverized. ore-bearing rock and water, and otherwise aiding in 
the separation of the minute ore particles. Tar oil, croesilic acid and 
potassium :xa.nthate arc the llfloa.ts" commonly used and although they arc 
added in only small quantities to the suspension of the rock and ore in 
wa. ter, these 11 floa t 11 substances a.re to a. large extent carried away with 
the v.iaste water, so that ~he characteristic odors of the xa.nthate, croesilic 
acid and tar oil are readily detecta.blo in the mine ~ste water at some 
distance from the flumes pouring this material into the .river. Tho toAic 
actions of these float substances are discussed in the experimental section 
of this report. 

With the introduction of floa.ta.tion process in the Coeur d1Alene Dis­
trict the visible pollution of the streams increased greatly because the 
finely-divided rock was carried in suspension much farther than before. The 
finely-divided float wastes, which are locally referred to in the mine dis­
trict as 11minc slimesn have spread down tho entire length of the Coeur 
d 'Alone River to its mouth in Coeur d 1Alene Lake nea.r Harrison, Idaho (fig. 
1). T'ne water of the Coeur d'Alene River in July 1932 when the mines were 
runninG only part time, was distinctly turbid and had greenish cast due to 
the content of suspended slimes, even at the point where the rivor enters 
the Coeur d'Alene I.a.ke. Local residents informed the writer that at times 
this same suspension of mine slimes discolored the entire surface of Coeur 
d 1Alene L:~ke as far as Coeur d'Alene City, Id.a.ho, approximately 22 miles up 
the lal~e from the mouth of Coeur d'Alene River. These statements were veri­
fied, by boat captains who regularly ply on the Coeur d I Alene LakG. The 
writer himself observed no such discoloration of the lake water during his 
stay on tho lake but was assured that tho lake was clea.r at tho time owing 
to the small output of the mines during the paat few months (June and July, 
1932). Since the installation of the floatation process in the upper Coeur 
d'Alene District the damage to agrieulture nnd stock ha.a been reported as 
serious. 
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The mine slimes ·deposited in the rowar pa.rt of the Coeur d'Alene val­
leys constitute an additional pollution hazard in that the slimes are sub­
sequently rcturnvd to the strea.m 'in part by rains and winds, constituting 
a rcpolluting of the river .by material which it bas dopo sited prfJviously. 
In addition, crystalline substancest freely soluble in wn.tert arc formed in 
the slimes when they are e:iq>osed to the action of air on the low :flats after 
the recession of the river and the soluble substances also are washod into 
the otrea.m a.gain by each rainstorm. 

Pollution Hazards 

F-rom the standpoint of fisheries problems the mine wastes from the 
Walln.ce-ICellogg District constitute definite pollution hazards• as follous: 

1. The introduction of lar;e quantities of very finely divided rock 
present pollution hazards o:f the same general sort as those caused by ero­
sion material or erosion silt elsawhero. 

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

3. From the disintegrating rock powdor, the oro particles, and the 
chemicals introduced in the mining process itaolf, certain other chemical 
compounds cn.n be formed which present pollution hazards. 

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

5. Certain specific substances, possibly of a toxic nature aro intro­
duced into the stream directly as the result of these mining operations. 

All of these above contacts \·1ere considered in the 1932 survay. 
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Fish Fauna of the Ooeu.i· d1Alene Basin in 1932 

In the course of a survey of the Coeur d1Ale~e . River during .t~e month 
of July, 1932, no live fish were found in the Coour .d 1Ale:ie River .from its 
mouth near Harrison t o the confluence of tho North and South Forks above 
Cataldo, nor in the South Fork from its junction m. th tho lforth :E:ork to a 
point above Uallaco, that is, a 50-milc portion of tho Coeur d 1Alonc River 
(tho main stream and tho South Forl:) carrying the mine wastes and mine 
slimes was iii thout a fish fau.."18. as fa1· as could be determined. Bass and 
perch wer e found i n all of the small lalces tributarJ ·ta the Coeur d1Alene 
River below Cataldo; trout and suckers in La.tour Creek (fig. 2), a tribu­
tary atrca.n ontoring tho Coeur d1Alono P~vor ~oar t ho Old Bission; trout 
and dace in Doadman1 s Crook and othor tributaries of t ho South fork ubovo 
Walla.co; anii trout, bass, :porch, and ciaco in tho St. Josop.h Rivor, an .un­
poll utod st:rean ontoring Co our d 1 Alo:io Lako south of Harri son a'ld compara­
ble in rna?lj· ~s nith tho CoeU!' d1Alono River. 

Since ~cvoro.l syocios of f ish occurred regularly in tho unpolluted 
strcaJ!ls and lokos of tho r egion and us fish uoro to.ken in strCD.ms and lllkos 
tributur;7 to t ho Coeur d 1Alono Riv-0r quite near t o their junctions \7ith tho 
river, although alr.a;ys above the bacln/ater f rom the Coeur d'Alene, the cor­
relation betv1een mine-waste pollution a~1d the distribution of fish in the 
Coeur d'Alene District io evident. ~ocal residents stated that at times 
fish had boon soon to enter the polluted portion of tho Coeur d1Alone River 
from tributary streams, and tll.a.t dead or dying fish often ucro fou.~d in tho 
Coeur d 11'.leno River just bolou tho L1ouths of tributary stroa:.1s, but that 
thoro was no evidence that fish ontoring tr.at . portion of tho Coour d1Alono 
co.rr~ing mine tro.stc s ovor survived for a:ny length of time. This statement 
lro.s confirmed cxporinontally ~· tho '1ri tor. 

Porch· noro reported to occur in certain backr.ators in tho Mission Flats 
area, although no spocitions wore see?! b;i· tho '.7ritor. !t is not ur.likoly that 
sno.11 numbers of fish m~i be able to live at various points along th~ Coour 
d 1Alono River in restricted areas nhcrc the fish a.ro protected by loco.l 
conditions, ovon though no such arons \'Vero found during this curvoy. Ho'\7-
ovor, t he striking observo.t i on rode during tho field studios in the Coeur 
d'Alene nistrict is t ha..t tho 50 oiles of tho Coeur · d1Alene River carrying 
mine uastes are without a fish fauna. There is no reason to believe that 
this portion of the Coeur d 1Alene River possesses a!zy' natural peculiarity 
nhich malces it inpossible for fish to live in these uaters because fish are 
found i n t he South Fork above tho polluted area and in the unpolluted lforth 
Fork. Tr.onty years boforo tho ainos on tho South Fork t10ro opened tho Coeur 
d'Alene River in tho vicinity of Mission Flats na.s contributing through its 
fish to the maintenanco of a tribe of some 300 Indians, for Captain John 
Mullan, U. S. A., (1863, p. 49) '17ho na.do tho Old Mission near Cataldo ono of 
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his basos of operations during hi s ~urv~s of t h is section of tho country 
bctuoon tho years of 185:1: a."1.d 1862, uroto t hat 11 The Coeur d 1Alenes (In­
dians) nuraber about 300 1 live at the Missio:-l, and along the Coeur d 1Alene 
and St. Joseph Rivers. They live b~- l1untillb, fishing and cultivating the 
soil11 • Stoll (1932, P• 4) in describing the Coeur d' • .i\.lene count~r just 
prior to the gold strike of 1883 stated that 11 its rivers tooned 't7ith 
trout 11 • Fron these a:i.d othor referoncos it is certain tha t fish forraorly 
'1oro found in tho Coeur d 1Alcne River so that in spi to of various other 
factors which also nay havo contributed to tho olimi!lB.tion of tho fish 
fauna of the pollutod portion. of tho Coeur d'Alene River tho present ster­
ile condition of th.at part of the river must be associated with the :nine 
uastes and mine slimes which have been poured i nto that stream. 

No fish ~ere found in t he immediate vicinity of the mouth of the Coeur 
d '-4..lone River, addi tio:nal ovidonco that tho ni?ie wastes and nine slinos arc 
at present in sone na.y dotriraontal t o fish or conditions supporting fish 
life. lio't7cvcr, along the bathing beach i:r.. front of Harrison, . o.nd a.round 
tho lake to tho r.iouth of tho St. Joseph River nany schools of young porch 
r:oro often soon, as v;oll as horo and thoro a fO\ ;r daco ninnows. At CorJcli n 
Park across tho lako from Harrison, and south towards the mouth of tI.ie St. 
Joseph, many bass '1ere seen i l!. the sha.llous near the shore. It cannot be 
denied that there has been a decline i n the trout fishing i n Coeur d'Alene 
Lake fro.IJ tho deys of Captain Mullan (1863, p. 16) who in 1858 described 
Coeur d 1Alone Lake as 11a noble sheot o f water "' * * filled ;Tith a."1 ·abun­
dance of delicious salnon trouttt ~ At tho pro sent time, trout ra.roly arc 
caught off Harriso:-i, but ta~· causes have contributed to this change in 
tho fish population of this l ake. Hoar~,. all of t hose \70stern. lakes '17hich 
in tho early cia~rs supported largo numbers of trout havo boor. r.iod.ified by 
deforestation, by the cultivation of lend draining into them, and by other 
conditions incident to the adva.~ce of civilization, so that the chemical 
and ph;;sical features of these lakes now present a c omplex much less favor­
able to trout than forme=ly, although these samo lakos may at present sup­
port both bass and perch. This phaso of lake modi f ication has already boen 
pointed out by Kcm.~oror (1923) for various Idaho lakes. In addition tho 
sudden tenporar;;r changes in la.~o conditions often greatly disturb trout, 
as for oxrunplo the specific case of the construction '17ork up tho St. Josoph 
River by tho Miluaukee ·Railroad in 1911 during uhich operations so much mud 
>IS.s sluiced into tho St. Joseph River that tho trout ~cro driven out of tho 
upper and of Coeur d 1Alono La.kc· (Kommoror, 1.c., p. 83). Changes i:i tho 
trout fau..."la alone of Coeur d'Alene Lalce therefore can not be used as sig­
r.ifica.1t indices of tho pollution of that lake by mine wastes from the 
Coeur d 1Alone River until various other factors have been ovalu.atc~. 
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Figure 5. Coeur d'Alene River immediately below Export Hill, near Harrison, 
Idaho, about l mile from the mouth of the river. At this point the river is 

deep, distinctly turbid, ard has littJ.e current. 

Figure 6. Coeur d'Alene, looking down on Beau t.y .Bay. 
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Localities of tho Coeur d 1Alono Investigations 

Throughout the present report r.eference T7ill be ma.de by letters and 
numbers to the various specific localities or stations in tho Coeur d 1Alene 
River and adjacent wa.tors where data beari~ on the investigation were se­
cured. A 1i st of the localities and a general d'escription of ea.ch which 
J!lS\f be interpreted by roforoncc to figs. 1 and 2, is as follous: 

C 1 Coeur dlAlono Lako; at mouth of St. Joso!)h River, a little below 
Ramsdale, along tho log boom. 

. . 
C 2 St. Joseph River; along tho log boom at St. Maries noar Pom)ll 

~dors Co. stor~; depth 4.6 motors. 

C 3 St. Joseph River, 10 milos above St. Harle s and a little bolo"IT 
Rochott Crock at foot of St. Joo B:l.la;;.-. 

C 4 Coeur d 1Alono Lake; in front of Harrison, Idaho, a scric3 of six 
stations in a line from 500 feet to one-half mile from And;y Botham 1 a 
boat house; depth 3, 6, 9, 12, 15, and 18 meters. 

C 5 Coeur d 1Alone River; along log boom at E4-port Mill, near mouth of 
the rh·cr. 

C 6 Anderson La.lee; near south end; water sparkling, cloa~ bromlish. 

C 7 Anderson Lake Ditch; half w~~ between lake and Coeur d'Alene River; 
water not sparkling, ditch water with yello~-groon cast of tho river 
uatcr. 

C 8 Thoopson La.kc and ditch. 

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

ClO Bluo Lake; in Sa~itta.ria and grass noar margin. 

Cll Cave Lako; in front of Jo:b..n Snidcr1 s boat house at Mcdimont, Ida.ho; 
~ator sp~rkling, clear, bro\7Ilish • 

. 
Cl2 Cave Lake, doopost place in tho lako, throe-fourths milos south of 

Modimont, in a b~ nith a wall of lava and basalt rock somo ton foot 
above tho lake surface to tho ~oat; dopth 6 motors. 

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

C14 Medicine Lake; deepest place in the lak~, east of the center of the 
south end of the lake; depth 6 meters; a series of 5 bottom samples 
in the immediate vicinity uore at depths 4, 3, z, and 1 meters • 

.. 
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Cl5 Medicine La.ko; at mouth of small inlet stream; depth 1 motor. 

Cl6 Coeur d'Alene River; at lowor Modil!!ont Forry, in miqstroam; depth 
12 motors. 

Cl7 Coeur at.Alene River; just inshore from Anczy- Botham 1 s boat house at 
Harri s!:m, I d.al,lo. 

Cl8 Coeur d 1Alene Lake; about mid-lake opposite Farmington Landing, 
between the landing and East Point; -depth 22 and 25 meters. 

Cl9 Coeur d'Alene Lake; mi,d-lake tm> r.1iles west fro!:l mouth of Coeur 
d'Alene River. 

C20 Coeur d 1Aleno Lake; 100 yards off shore at F..arrison, pumping Station • 
. 

C21 Coeur d 1Aleno Lako at mouth of St. Joseph River, alongside tho sort-
ing boom on. tho oast sido of t:10 rivor. 

C22 Piling at Springston Uill bosido Coeur d 1Alono River. 

C23 Thompson Flat; alongside of Thompson Lako Ditch. 

C24 Coeur d 1Alono Rivor, just bolow ~outh of Thompson Lako Ditch; depth 
17 raotors. .·· 

C25 Coeur d1Alono La.ko; in cantor of Win~r Bey-; depth 32 motors. 

C26 Coeur d 1Alono Lako, off Black Rock; depth 39 meters. 

C27 Coeur d'Alene Lake; between Lofts Bay and B"ellegrove Bey', opposite 
Turner's Bay a~d Spokane Mountain; depth more than 50 meters. 

028 Coeur d1Alene Lake; along the boom ono-half mile above Blackwell's 
Mill at the foot of the lake; depth 5 motors. 

C29 Coeur d 1Aleno Lake; half~y botuocn :Ola.ck'1oll 1 s Mill and Throe Milo 
Point·; dopth 16 motors. 

C30 Coeur d1Alono Lalco; mid-channel at Niggorhoad Point; dcpth_49 motors. 

C31 Coour d 1Alono Lru.to, mid-channol botwoon Echo :aay and Bollogrovo, out 
from tho roof; · depth 60 motors. 

C32 ·Coeur d'Alene Lake; near shore at Ea.st Point. 

C33 Lake Chatcolet.; off Rock;i.- Point; depth 11 meters. 

034 Lake ChB.tcolot; across ~ from Roclcy Point, alongside a weed bod; 
depth 2.5 motors. 

10 
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C35 La:ko Chatcolot; at tho wost end of tho lako just off mouth of Plummer 
C~cek; depth 2 motors. 

C36 St. Joseph River; just above outlet from Lake Cha.tcolet; depth 
6 meters. 

C37 Black Lal:e; off Foster Point; depth 5 meters. 

C37.5 Bradley, Idaho; just below :Bunkerhill Mills, on flat 200 yards from 
South Fork of Coeur d 1Alone River. 

C38 South Fork of Coeur d'Aiene River; one-fourth mile abovo Larson, 
Idaho.. Above the mines, river a cold, swift mountain stream; depth 
1 meter. 

'· 

C39 South Fork of Coeur d'Alene River below Golconda Mill; depth 0.6 
motors. This station is also ·polow ~iorning Mill a.."'l.d Mullan but as 
those milis ~era not in operation at tho timo samples rroro taken 
(July 19), tho rivor wao clear. 

C40 Flacor Crook; just .above Wallace, Idaho, a little above tho suimming 
pool, source of Wallace ~tcr supply, sba.lloVT. 

C41 South Fork of Coeur d 1Alono River; noar Wallace, Idaho just a.t tho 
bridge east of the County Hospital; depth 8 inches. This is belo~ 
Wallace and tho stroo.m vro.s turbid tdth mino \70.sto. Considornblc 
floating gnrbago mis noted a mile upstream from this point. 

C42 South Fork of Coour d 1Alono River; just nbovo tho bridge belou ~hich 
tho Sunshine rr.isto flume empties into tho Rivor; depth 7 inches. 

C43 South Fork of Coeur d1Alono River; 240 foot bolon tho mouth .of tho 
Sunshine '\10.sto flume; dopth 6 inches. 

C44 Hecla Mill; above Wallace, Idaho. 

C45A. Hecla Mill; above Wallace, Idaho, 

C45B Hecla Mill; above Wallace, Idaho. 

C46 Ca.n,.von Creek; at the dam, above Wallace, Idaho. 

047 Gem Mine; (inactive) on Canyon Creek. 

C48 Tiger Mine; (inactive) on Canyon Creek. 

C49 Morning Mine Tunnel; Morning, Idaho. 

C50 South Fork of Coeur d 1Alene above Deadman, Ida.ho. 

C51 South Fork of Coeur d 1Alene below Dca.dman and above Mullan, Idaho. 

11 
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C52 Coour d'Alene River; und.or bridgo and opposito Dudley, Idaho 
(~ootunai County). 

C53 Fourth~of-J~y Creek; opposite Dudloy. 

C54 Roso Lako; at swi:::!II!li~ boo.ch noar Roso Lo.ko, Idaho. 

C55 Old Mission Slough; flows into Coeur d 1Alene River at Old Mission 
near Cataldo, Idaho. 

C56 Coeur d'Alene River; one-fourth mile abbvs the mouth of the river 
and a :!.i ttle below the Export llill, along the log boom; depth 
9 oetcrs. · · 

C57 Co our d 1 Alene Ri var; at mouth of Swan Lake Ditch, along si do the 
sheer boom. 

. . 
C58 SliS.n Lake; in the open rJatar of the nain lako basin, wator not very 

clear looks like tho TIS.tor and botton of the river; depth 4.5 motors. 

C59 Sullivan Mine, Kinberlay, British Colu:ibia. 

C60 Sullivan lli·ll, Kioberle~r, :Sri tish Coluubia, just below the sou th dam 
a & b of the settling basin be~ow the iron sulphide pile. 

C60c Sullivan Mill, Kinberley, British ColUl!lbia, waste fluoe as it leaves 
the i.rl.11. 

C6l Little strear.1 carrying settled out run-off fron the Sullivan Mill 
settl1ng basins bound for St. l!a.ry' s River, a point \7here the strean 
crosses the Kioberloy-Cranbrook road near tho school house ~est of 
St. Marys, :Sri ti sh ColUL'1bia. 

C62 Corbin Irriga.tion ditch fron Spokane Rivor whoro the 'fccdor1 crosses 
the second road south of the Idaho-Washington state lino, about ono­
fourth oilo cast of 11Applo Road". 

C63 Flat bclou tho bridge ovor thb Spokane River on the . 11 Apple Roa.d11 • 

This is in Green Acres Irrigation Project, Washington. 

C64 Pool in Canyon Creek, back of water-supply clan above Burke, Idaho; 
depth appro:xinately 4 meters. 

C65 Conkling P~rk, Coeur d'Alene Lake. 

l.2 
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Plankton in the Coeur ~'Alene River and Adjacent Waters, 1932 

The importance of planktonic plants and animals as the basic links 
in the food chains of all fishes and other aquatic animals is so well es­
tablished that the abundance and even the survival of fishes in any given 
s trea.m or lake is known to be depende11t upon the abundance of the proper 
species o~ plankton organisms. 

No phJytopla.nk;ton nor zooplanl~ton were found in the waters of the main 
stream of that portion of the Coeur d'Alene River carrying mine wastes, 
that is the foeur d1 Alen.e River and, .the Sc;ru,th Forl:; from above Wallace to 
the mouth of the ri vel' near Harrison. The baclrnaters also, as far as GX­

amined, with the 9ingle exception of a slough near ~'1.e Old Mission, con­
tained no free-living plankton. In the wate1·s of this slough near the 
lower end of Mission Flats a few copepods (less then 500 per cubic meter 
of water) were fo\L~d, but as this slough received spring uater and other 
unpolluted waters from small ~ate~al streams, its waters were not directly 
comparable with those of the polluted river. Above Burke (locality C64) 
in Canyon Creek, the imtreated waters of llhich are used for drinking •1ate,r . 
in Burke as this stream is an unpolluted tributary of the South Fork, cope­
pods and cladocerans, together with numerous nauplii were found in abundance 
(copepods, 8,000 or more per cubic meter o~ water) showing that the quieter 
portions of this unpolluted stream were supporting a plankton fauna of at 
least average magnitude :for such waters. 

In contrast to the practically plankton-free condition of the DOl­
luted portion of the C~eur d'Alene River are the plankton findings in the 
lakes adjacent to the Coeur d'Alene River, a...~d in the St. Joseph River and 
Chatcolet Lake. Killarney Lal:e was not visited so can not be discussed in 
~lis connection, but from five to the eight remaining major lakes along the 
Coeur d'Alene River betwaen Cataldo a~d Harrison, good to very good planlc­
ton catches were taken. The zooplankton in these lakes consisted primarily 
of cope~ods both adults and nauplii, and cladoqerans, and the phytoplankton 
of diatoms, vrl.th some other forms of algae. For comparison the co~epod 
counts from these five lakes, together with the copepod counts from Coeur 
d'Alene Lake, the St. Joseph Rivor, and Chatcolet Lake have been summarized 
in Table 1. The actual numbers of adult copepods per cubic ~eter of water 
in the surface zone, i.e., between the surfaco and the 2-~otor level, are 
given. 

Using tho copepod counts as indices, Anderson Lake and Black Lake can 
bo rated. as very good, Roso Lake and Cave Lako as good and Modicino Lake 
fair to good, as regards plankton fauna, by comparison with other western 
lakes (see Kemmerer, 1923). In this connection the plankton taken at Stu­
tion C7 in the ditch connecting the Coeur di Alene River ~ith Anderson Lake 
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Table 1.--Copepod count per cubic meter of ..ater, surface to 
tl10 meters depth, July, 1932 

Locality Namo of Station 

C6 Anderson La.lee •••••••••••••••••.•.••••••••••.•••• 

C37 :Black Lalre ...................................... . 

C54 Roso I..a.ko •••••••••••••••• • •••••••••••••••••••••• 

Cl3 Cave La.lee ••••••••.•.•••..•.••••••••.••.•••••••.• 

Cl4 !rfedicine Lal.ca ........... . ....................... . 

Anderson Lake Ditch ••••••••••.•••••..•.•••....•• 

019 Coeur d 1Alene Lake, mouth of Coeur d 1Alona River 

017 II II off Harri son •••••.•..••.•..• 

Cl8 11 II noar East Point •••••.•....•• 

C30 n II off Niggerhead Point •••••••• 

021 II II mouth of St. Joseph Rivor ••• 

St. Joseph River •••••••••••••.••......•.••••..•• 

C34 Cha tco let Lalce ••••••••••.•••••..•••••••..•••..•• 

14 

Adult copopods 
por cubic metor 

14,400 

12,000 

a,ooo 

6,400 

2,800 

1,600 

none 

none 

500 

1,000 

1,500 

3,000 

9,200 
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should bo noted. At the roint ~hero the catch r.a~ made tho clear r;a.tor 
of Andcl;'son Lako was mixing ~i th turbid e;roonish water ·oac1ced up from tho 
Coeur d'Alene River, tho curl'ont '>loving i'rom tho la!co touarc1 the river. 
In those mixed uaters the copepod count dro~ped from 14,400 per cubic 
meter (.~nderson Lal::e) to 11 600 per cubic meter, and 100 J--ards dot7µstream 
from Station 07, at a point ti'here the nator from the lake ,ia,s completely 
mixed Ttlth that of tho Coeu.r d 1Alene River, no plankton 'ms found. 

In the uaters of Swan r~ako, 3luo Lake, and Thompson Lal::e ver.: for; 
plar.kton animals 't10ro ta1::on, a.'1.d tho total amount of pla.P.kton in those 
lakes ~s so small as to be ncgligi blo as . a. soi.~rco of fish food, in fact 
in most of tho tests of the r.a.ters of these lakes no plankton of ~· sort 
TIO.a found during the month of July, 1932. 

Follo'ITT.ng the Coeur d1Ale~e River out into the Coeur d1Alene Lake 
the absence of plankton of the mouth of tho Coeur ci1Alene River (Station 
Cl9) nnd along the east shore of the la.lea, i.e., in front of Harrison ...as 
conspicuous. Near East Point in Coeur d1Alone Lol:o sm.:i.11 catches of · 
plankton '70ro made (copo~ods, 500 por cubic motor of '13.ter) and off Nig­
gerhoo.d Point fair plankton ca.tcilos r:oro ma.do (copopods 1,000 par cubic 
mater). It oust be pointed out, howovor, that off ~iiggerhond Point TIO.tor 
from Wolf Lodge and Bco.uty B~y mixes r:i th tho mi.tor from tho south end of 
tho loko. Tho ~olf Lodge section of Coeur ~ 1Alene Lake r eceives no mine 
wastes, and in the vicinity of Beaut:r B~ there are several areao of· 
aquatic vegetation which contri bu to a. considerable anount of plankton to 
this portion of Coour d'Alene Lako. .U:i.. of the . plankton catches takon 
from Coeur d'Alene Lake during July 1932, avora..3od .mi1ch loner than those 
taken 'by Kornu1orer (1923) from this lal::o in 1911. !fach· ~ho same distribu­
tion of plankton in tho laltes was noted in 1932 as mis recorded by Kom­
moror, nho in 1911 roma.rkod that tho plo.nkton counts in the vicinity of 
tho mouth of the Coeur d 1Alene River and near Earrison ~oro lo~or than 
olaowhoro in tho lo.ko. As has nlroo.~ boon pointed out, Kemmerer reported 
in 1911 that the suspended matter carried by the tro.ters of the Coeur 
d'Alene River could be traced well out into the lakee 

lJear the mouth of the St. Joseph River at the south end of Coeur 
d'Alene Lake the plankton count roso. :Socauso of the contributions ma.do 
b-~ the waters of the St. Joseph River, tho copepod count at Station 021 
was l,500 per cubic motor and in tho St. Joseph River at Station C2, 3,000 
por cubic motor. Tho waters of Chatcolot Lako, a tributarJ of. tho St. 
Joseph River were rich in plankton, tho copopod count running 9,200 per 
cubic motor, and associated with these copopods ~1oro largo numbers of 
cladocorans, diatoms nnd various species of microalgae. 
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Tho field obsarvations on plankton present definite evidence that the 
mino wastos and mine slimes arc dotrimontal to plankton organisms; Tho 
polluted portion of tho Coour d'Aleno Rivor was essentially planlcton froo 
as well as Swan, Eluo, and Thompson Lalcos, which showed ovidonco of pol­
lution from tho Coeur d'Alono River at tho time visited. Tho plankton 
findings in Anderson Lako, Anderson Lako ditch and tho Coour d'Alene River 
at its junction rl th Anderson Lal~o ditch confirr.1 tho gonoral findings in 
a specific caso, and tho absence of plankton in Coeur d 1Alono Lalco near 
tho mouth of tho Coeur d'Alono River, and off Harrison in a section of 
tho lnko more or loss polluted py tho ~tors of tho Coeur d'Alono River, 
is at least suggestive in this connection. 

:Bottom Fo.una of tho Coeur d 1Alono River o.nd Ad,1o.cont Waters, 1932 

A second important source of fish food is tho bottom fauna, consist­
ing in most strmms a.nd lakos pria1.ri~r of insects, both larval and adult, 
together with various species of uorma, Mollusca and Entomostraca. In 
the survey of the Coeur d 1Alene District bottom samplas were obtained by 
dredging at all of the principal stations, and these samples ~ere sub­
jected to both biological and chemical examinations. 

The polluted portion of tho Coeur d 1Alono Rivor, as previously de­
fined, \?as found to bo practically dovoid of bottom fauna. Only in tho 
imnodiatc vicinity of the mouths of unpolluted streams joining tho Coeur 
d 1Alcno River, and not alml\Ys thorc, '\7Cro any of tho forms of aquatic in­
sect larvae commonly roprosontativo of the bottom fauna in unpolluted 
streams and lakes, ta.ken in tho bottom snmplos. Tho fow forms colloctod 
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 ~ere found close inshore in the river proper nor 
on any of the flats or bars of mine \78.stos in the Coeur d'Alene River or 
along its bal"'.ks. 

In and on tho mud and debris at tho bottoms of Anderson Lake, :Black 
Lake, Cava Lako and Roso Lake many aquatic organisms of various species 
wore maintaining themselves. In Black LaY.o and Anderson Lake mid.go larvae 
(Chironomida.o and related forms) ~ore particularly abundant in tho bottom 
zono, and in all of tho four lakes no.mod a productive bottom fauna rias 
flourishing. :Solow tho nquntic vogotation in those lakes numerous dragon­
fly rzymphs (both Z\Y'goptcra nnd Anisoptcro.), beetle larvo.c, and bottom 
plankton forms '1oro to.!-::on. Although a. rcprosontativo botto:ct fo.una uo.s 
found in Modicino Lo.kc, fouor individuals ~ore noted in tho sa.mplos col­
lected. 

The bottom fauna in Smm, :Slue and Thompson Lakes at the time of this 
survey \78.s very meagre, the samples from even the rnore favorable stations 
near aquatic vegetation yielding only a fe,v blood-,vorms (Chironomua). 
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Above Wallace, that is above the polluted portion of the Coeur d1Alene 
River, a rich bottom fauna uas found in the South Fork and in its unpol­
luted tributarios. La.r&e numbers of end.dis-fly larvae (Trichoptora) en­
crusted the subi~orgod stenos in these struams, and stono-fly larvae 
(Plocoptora) and ~--fly nym:phs (Ephemerida) were abundant. Uany of tho 
submorgod rocks \/Oro covorad m. th ma.ts of tho smaller species of algae, 
and tho so ma.ts shol to red a di vo1•se fauna of rotifors, fla.t-uorms, small 
insect larvo.o and Protozoa. All typos of bottom aqua.tic life oxpocted in 
clour, cold stroru:i miter wore found in quo.ntity. 

The same general type of bottom ·fauna in equal abundance '\iS.s found in 
the more rapid parts of the St. Joseph P.iver above St. Maries. From St. 
Maries dow river to the mouth at the south end of Coeur d'Alene Lake the 
cad.dis-fly lart..-a.e became loss abundant but woro replaced by mid.go larvae, 
dragon-fly n;'l!lphs and boetlo larvae as th9 '7llter became doepor and tho cur­
rent loss rapid. A good. bottom fo.una. typical of tho local stream condi­
tions was fou.~d at all stations on tho St. Josouh River. At St. Maries 
many frosh-tm.tor sponges und small colonios oi' O:lga.o ~ore soon on sunken 
logs. ' 

The ·oottom :fo.uno. of Cha.tcolot LD..ko was characteristic of lakes with 
mud bottoms and uith small a:~ounts of dissolved oxygen in tho loner strata 
of the lake m:i.tor (Soe tabla 2, part VI of dissolved go.sos). La.rgo m.un­
bors of chirono~id l~rvao o.nd .othor aquatic Diptero. were collected from 
the bottom samples dredged in this lake, and at stations where the aquatic 
vegetation was abundant the usual assortment of dragon-fly nymphs, beetle 
larvae and annelid ~arms was collected. 

In Coeur d 1Alone Lake the bottom fauna taken in tho drodgings con­
sistod entirely of several species of Diptera larvao belonging to. those 
groups which regularly inhabit the floors of deep lakes. The total m.unber 
of individuals collected after many hauls was however quite small. As 
various conditions may incroaso or rcduco the productivonoss of the floor 
of a largo docp lake liko Coeur d'Alene, particularly tho amount of avail­
o.blo organic matter, too nn.i.ch stress in connection with the pollution prob­
lem must not be placed on the small number of animals found in the bottom 
zone of the Coeur d 1Alene Lake. This phase of the problem will be dis­
cussed in the section dealing \rl.th the composition of the bottom muds. 
Near the piling at tho mouth of the Coeur d1Alene River (Station Cl9) and 
off the Harrison Pumping Station (C20) a few Chironomid larvae were taken 
at depths ranging from 5 to 16 meters. Off Ea.st Point (C32) and near 
J3lack Rock (C26) no living organisms of a.."l;V sort uere found in samples at 
15 and 29 meters respective~-. At Station C30, near Niggerhead Point from 
a depth' of 49 meters a few midge larva.a nere dredged. No bottom animals 
~ere rocovored at Stations C28 a.~d 029, off Coeur d1Alono City to\'78.i-d the 
outlet end of Coeur d 1Alono Leko. At the time of this survey, July, 1932, 
thoroforo, tho bottom fauna of Coour d'Alono Lake was poor both in quality 
and quantity. 
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Physical and Chemical Status of tho Coour d1Alono River and 
Adjacent Waters ;rl.th Reference to Fisheries Problems, 1932 

-.. - --

The biological findings which have just been reviewed demonstrated 
that tho Coeur d 1Aleno River bct\1oon Wallace and Coour d'Alono Lake, that 
is tho portion of tho river carrying mino wastes, was practically dovoid 
of aqua.tic animal lifo, although fish and tho aqua.tic animals ossontial to 
fish life wore thriving in adjacent unpolluted 'uators in tho Coeur d1Alone 
District. With these observations in mind physical and chenical studies 
\1ero made covoring certain conditions kno\m to affect fish life and '7hich 
might bo modified by the mine wastes, quito aside from any specific toxic 
action of t1io mine TIS.stoa thomsolvos·. · · 

Dissolved Ga.sos and pH 

In table 2 tho individual data dealing \7ith dissolved o;cy-gon, carbon 
dio~-1.do, both fixed and free, and pH, havo been assomblod. It ~s ovi~ont 
fron thoso data that tho nino ~stos introduced into Coour d'Alono Lake· 
have made no approcio.blo cha~os in tho wo.tors of thn.t Lake during tho past 
20 or 21 years o.s rogarda dinsolvod o;cy-gon o.nd cnrbon dioxide. Tho amounts 
of dissolved o;cy-gon in tho miters of Coour d'Alene Lake during .JUJ.y 1932, 
chock very closely uith those roportod froo Com1r d'Alono LaJ:c by Kornneror, 
(1923) frou observations no.do in July and August of 1911 und 1912. Not 
only do the actual amounts of dissolved ozygen found ~' Kemmerer agree very 
closely "11ith those found in the present survey during 1932, but the maximum 
a."1.d ninimum values, that is the limits of. dissolved 0Jt;1:gen i n Coeur d'Alene 
Lake were practically the samo in 1911 and 1912 as in 1932, the diffaroncos 
being wall uithi~ tho oxpoctod variations. 

Tho froo carbon dioxide values reported by tho Kol!lr.loror survey aro 
s+ightly highor than those found in 1932, tho av~rag9 value for froo car­
bon dioxide found in Lako Coeur d1Alono during tho SUillr.ler of 1932 being 
0.905 c.c. por liter, ra.J'!.ging from 0.5 c.c. to 1.5 c.c. por liter, as com­
pared with values varying from 0.5 c.c. to 0.28 c.c. · por liter reported by 
Kenmoror (seo p. 115, l.c.). This difforonco in froo carbon dioxide is 
quite small and may not be aignificant but it is ~ell to point out here 
tlw,t· the "t<ators of the. Coeur d1Alone River ·,1hon car:ryi!'..g a large a.mount of 
the mOI'C conc011tra.ted mine. \7asten CO:P-to.ined l i ttle frGO carbon. dioxide. 
Tho fixed carbon dioxide values given by Kammerer aro very much tho same 
as those of tho present survoy; hi s values var~od from 2.5 c•c• to 5.1 c.c. 
por liter and those of tho 1932 survey, from 3. 9 c.c. to 4. 9 c.c. per liter, 
the avorago for 1932 being 4.24 c.c. par liter. 
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Figure 7. Cave Lake as seen from !1c dimont, Idaho. This iB a. typical example 
of the lateral lakes adjoining the Coeur d'Alene River. 

Figure 8. Dlack Rock on Coeur d 11.lene Lake. Note the white lime on t he base 
of the rock, evidence of the deposit oi: mine slimes tha't occurred during periods 

of great turbidity and high water. 
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Table 2.--Wator temperaturos, dissolvod gs.sos and pH 

Part I. Coeur d1Aleno Lake 

-
' Carbon dioxide! Dissolved Oxygen 

Locality Iate Depth tJ Temperature pH 
c. c. per liter 

·rn:unber metersl deereos c. Parts per Percont 
Free Fixed mil1.ion saturatio L 

C'l July 10 s 18.0 6.9 -- -- 7~6 86.46 
II II II B 12 16,75 -- -- -- 7,7 72 •. 27 

021 II II s 18.4 17.1 0.9 4.9 8,4 96,62 
It II II B 12 14,0 6.7 0.9 4.2 7,8 81,90 
C4 II 11 s 19!'3 -- -- -- 8,4 98,67 
II " " 3 19!'0 -- -- i -- 8,4 97!'82 
II II ti 6 

I 
17,8 -- -- I -- 0,3 93!'61 

II II II 9 14,B -- -- I -- 7,8 82.32 
II II II 12 14.6 -- -- I -- 0.0 85,27 
II II II 15 11,7 -- -- -- 7.4 73.51 
11 u II 18 11~6 -- -- -- 7.7 72,98 

Cl? II 131 s 18~5 -- 1,6 

I 
4~2 

C20 II 141 s 18.3 7.5 0.5 4.9 0.s 97.07 r 
II II II I B 15 13!'8 6.7 1,2 4,1 0.0 82~15 

Cl8 II n 22 11!'1 -- -- -- 8!'1 79!'51 I II II II 25 10.6 -- 1,4 4,2 B,5 82~58 
C25 II 15 s 18,25 7.2 0~5 4,4 7.5 86,33 

II II II B 32 10.25 6~7 1,2 I 4,3 8,4 81,09 
C26 II " s 18!'5 -- 0.5 4.2 7.7 88,04 

II II II :B 39 9.75 6,7 1,2 4.2 8.5 81,31 
C27 II II s 19,5 7!'1 0.5 3.9 7.6 89.15 

II II ti :a 50 9.0 6.7 1.1 3.9 8.6 80!'96 
C28 II ti s 20.25 7,3 0.7 4.0 8!'1 96.97 

It II II B 5 19,0 7.1 0.6 4.1 8,5 99.09 
029 II II B 16 12.0 6.7 -- -- 7,4 74!'02 
C30 II II s 21.26 7.1 0.6 4.2 7.4 89.57 

II II II . :a 49 10.7 6!'7 1.2 L!\'2 0,0 78!'26 
031 II II s 19.5 7.1 0.5 4.2 8.4 98.77 

II II 11 B ' 60 9,75 6.7 1.2 4.2 8.4 80.34 

l 
y S = Surface, B = Bottom. 

g/ Values have been corrected for altitude. 
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Table 2. -- Continued. 

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

Locality' D t 
Carbon dioxide Dissolved Oxygen 

Depth in Temperature PH c. c. ·per liter 
number I a e meters degrees O. Parts per Percent 

Free Fixed million · saturation 

C5 July 11 s -- 6.8 -- -- -- --
C7 11 II s · -- 7.1 -- --. -- --
024 II ' 14 s 18.5 7.1 1.1 5.9 7.5 86.77 

II II II B 17 18.76 7.0 1.0 5.7 5.5 53.84 
016 II 12 B 12 18.0 6 .9 -- -- 6 .1 69.72 
057 II 22 s 18.6 7.1 -- -- 6 .8 78.67 
052 I 

' 
II 20 s -- I -- 1.8 6.7 -- --

Part III. South Fork of Coeur d'Alene River 

043 Jul y 19 s 16.5 . 6.9 f 1.1 11.5 4.7 53.03 
C42 II u s 17.0 7.3 l ·.0 10.4 6.1 69.18 
041 II II s . 14.5 7.5 1.2 12.5 5.0 54.43 
039 II II 0.6 12.5 7.0 0.5 7.5 7.4 77.04 
051 II " s -- ?.3 0.6 11.0 -- --
C50 II II s -- 7. 2 0.6 8.9 -- --
038 11 " 0.3 9.0 7.1 0.5 5.5 9.0 93.76 
040 II II s 13:0 7.5 0.5 9.6 9.5 99 . 08 
046 ti II s . 7 .1 0.4 3.3 -- -- --. I 

Part ~V. Mine Waters 

044 July l~ s . -- 7.5 o .. a 25.6 -- --
045a II II s -- 7.5 o .. o 22 .l -- --
045b II II s . -- o .. 7 12.7 -- --
047 11 II s -- 6.7 9.9 19.5 -- --
048 II II s -- 6.7 14.9 48.6 -- --
049 II II s -- 7.5 1.8 I ;34.0 -- --

! ' I 
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Table 2. -- Continued. 

Part V. Lakes adjacent to Coeur d'Alene River 

-

I 
- I Tcarbon dioxide 

Loc~?-ityl Temperature I Dissolved oxygen 
Depth in 19.c. per liter 

Date meters degrees c.
1 

ull Parts per Percent numoer I - I Free Fixed 

I million saturation 
I 

iJuly 11 
I I 

C6 s -- 17~5 -- -- -- --
C8 II II s -- 16.6 -- -- -- --
09 II II s 21.0 16.5 -- -- 7!9 95.12 

II I II II :a 4 18.1 j6.5 -- -- 6.8 77.97 
037 II 17 s -- 17.0 I 0.5 4.5 7.7 --

II II II ]3 6 19.0 6.8 I 1.5 4!7 3~0 33.66 
058 II 22 s 18.3 1-- 1.0 5.5 -- --

II II II ]3 4.5 18.0 
I __ I 1.1 j 5!6 7,9 88.84 

Cl2 II 12 s 23.0 17.1 I 0.9 3.8 6.4 80.05 
II II II :a 6 21.0 7.0 I 1.0 4.5 5.0 60.11 

014 II II I s 6.9 
. --I -- -- -- --

II II II 1 23.25 6.9 -- -- 7.4 93.45 
II l 11 11 I 2 21.0 6.7 I 7.6 91,82 

I -- --
11 

r 
11 II 3 J.9.75 6.7 -- -- 6,4 76.04 

II II ti 4 14.0 6. 11 --
I 

-- 1.0 10~31 
II II II B 6 13.75 6.4 5.7 5.0 0.4 3.40 

Cl5 I 
II II 1 23.80 6.7 -- -- 7.5 95.06 

C54 II 
20 I s -- 7.3 0.4 I 3.8 -- --

C53 II II s 1.5 
I 

G.6 I -- -- I -- --
C55 II II I s 6.9 1.6 6.3 I I -- I -- --

I I ! I I 
1 

Part VI. St. Joseph River and Chatcolet Lake 

Cl 
I I s 18.0 6.9 I I 7.6 86.46 I July 101 · -- --

C21 I II 14 s 18.4 7.1 0.9 4.9 8.4 96.62 
II 11 11 ]3 12 14.0 6.7 0.9 4.2 7!8 Bl.90 

036 II 16 s 21. 75 7.5 1.1 5.4 7!1 87.04 
II It II B 6 19.25 6.9 1.0 5.7 7.7 89.35 

C2 July 10 s 19.0 ?.O -- -- 7.9 91.47 
II It II i B 5 17!5 7.0 -- -- I 7,7 86.56 

C3 II II I s 18.0 7.1 -- -- 7.2 82.17 
II II II I :a 7 17.5 6.9 -- -- 8.0 89.94 

C33 II II s . 21.5 7.1 0.4 4.3 8.3 101.31 
11 I II II I B 11 13~25 6.4 1.9 4.2 2.7 28.16 

034 I 
II II s 22.0 7.3 0.2 4.3 8.4 102.91 

11 II II B 2.5 19.8 ?.5 0.2 4.4· 9.0 105.80 
C35 I II II ]3 2 21.75 7.1 1.1 6.5 7.1 87.04 

I I 
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T~e pH values of the wate1·s of Coeur d'Alene Lake f;l.t all levels were 
fairly close to neutrality in 1932, the reaction in general, however, being 
slightly acid as the actual values ranged from 6.? to 7.3. 

Sum.~arizing the dissolved oxygen, carbon dioxideand pH dnta from Coeur 
d'Alene Lake it may be said that the conditions as far as these three vari­
ables s.re concerned were satisfactory for fishes, and the va.rious plan..lcton 
organisms and insects on which fishes depend so largely for food, in July, 
1932' and al.so tha t as regards dissolved . gases the waters o:f:' this lake had 
essentially the same saturations in 1932 as those re1iorted by tho independ­
·ent observers 20 and 21 ~rears previousl~·· It may be noted in this connec­
tion that Kemmerer on page 80 of his report on Coeur d'Alene Lake states 

· that, "At the southern end, or head, the lake is fed by the St. Joe River, 
and at Harrison, it receiv-es the muddy waters of the Coeur d'Alene River, 
which drains an i:cmense area, including the famous Coeur d'Alene mining 
district. These waters are so la.de11 with silt that they m~ be traced far 
out into the clear waters of the lake, the bottom of which showed the ef­
fect of the sediment from both rivers. The .depth of water gradually in­
creases from the head of the lake to within three miles of the outlet, 
where it begins to decrease. The deepest place, 56 meters, is at one of 
the narrowest parts of the lake". 

FroTil these observations it is evident that considerable quantities of 
mine slimes were being carried well out into the Coeur d'Alene Lake by the 
waters of the Coeur d'Alene River even in 1911. As Kemmerer1 s dissolved 
gas data tally very closely with those of the present eur..rey the mine 
wastes entering Coeur d'Alene Lake have not created an o::icygen demand or 
:produced eny conspicuous change in the carbonate-acid balance of waters of 
this lake in the past 20 years. 

The dissolved oxygan values for the Coeur d'Alene River between Cataldo 
and its mouth near Harrison also indicate that the mine wastes are not pro­
ducing any marked change in the dissolved oxygen of these waters. Both 
fixed end free carbon d.ioxide are higher in tho ri vGr waters than in tho 
lake waters but there is nothing unusual about the balance of carbon di­
oxide, d~ssolved O%j"gen a~d pg in the Coeur d1Alene River and were these 
the only factors to be considered ·the waters of this :part of the stream 
would be ~reported as suitable for ·fish and the organisms forming fish food. 
The relatively low·o:xygen reported from Station C24 near the · mo~th of 
Thompson Lake Ditch is readily e:xplained as due to the current of outbound 
lake waters, as it may be seen fr~m examination of part V, of table 2, that 
the lake~ waters in some cases were very low in dissolved oJcy"gen. 
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Above Cataldo, that is above the !.iission Flats the South Fork of the 
Coeur d'Alene River is heavily charged with mine wastes, a considerable 
:portion of which settles out on the ?-fission Flats so that the analyses of 
waters of this portion of the river are particularly significant. The 
fixed carbonates in the river vrater ~fter it has received the mine wa.stas 
were conS!)iCuously higher than the fixed carbonates in either the river be­
low Cataldo or in Coeur dlAlene Lake. As the milling operations in connec­
tion with the floatt>.tion process of ore separation require the uae of con­
siderable quantities of sodium carbonate and as the powdered wnste roe~ 
from the mills contains large amounts of carbonates, both calcium and mag­
nes~umt the rise in fixed carbonates and the slight alkalinity of the waters 
as sho\'m by the pH values in this :part of the South Fork was to be expected 
after the introduction o1 mine wastes. However, even after the addition of 
the mine wastes to the river water, neither the pH values, which ranged from 
6.9 to 7.5 in the South Fork, nor the volumes of fixed carpon dioxide which 
varied from 5.5. c.c. to 12.5 c.c . per liter were unusual or excessive. Un­
polluted river waters frequently have a pH velue of from 7.4 to 7.8 and the 
fixed carbon dioxide volumes in lakes supporting an abundant fish fauna are 
often 20 c.c. or more per liter. Aside fro~ the samples taken in the immed­
iate: vici~ity of the mine flumes, that is at points where the large volumes 
of raine waters and mine slimes have not oixed completely with the waters of 
the river (see localities C43, 042, and 041, in part III, table 2) the per­
centage saturation of oxygen in this part of the.river were reasonably sat­
isfactory for fisi1 life. Even in the vicinity of the emptying flumes the 
percentage saturation decreased only to about 50. 

Since the mine waters, that is, the natural waters leaving the mines 
through the draina{;e or pumpine systems pass over exposed bodies of ore and 
rock, and constitute a ~ollution hazard distinct from the mill and floata­
tion waters, a series of se.:nples of mine waters (table 2, part IV) were 
tested for pH values; free carbon dioxide and fixed carbon dioxide. The 
dissolved. oxygen was not determined in these samples because the waters are 
agitated by various pumps and other nechanical devices , so that the oxygen 
values would not be significant. These analyses showed the mine waters to 
be high in fixed carbonates, 12.5 c.c. to 48.6 c.c. per liter. These values 
are well within the iimits tolerated by ordinary aquatic life. In no case 
was the pH value of the mine waters dangerously acid or alkaline, the range 
being pH 6.7 to pH 7.5. 

The lakes adjacent to the Coeur d'Alene River are definitely involved 
in the pollution problem since the waters of the Coeur d'Alene River during 
high water occasionally back up into some of the le.kes, and during low water, 

23 



102103 

waters from all the lakes drain into the Coeur d'Alene River. The lakes 
waters s.~owed no unusual values for pH, free carbon dioxide or fixed carbon 
dioxide. In general the surface waters were near neutrality, or very 
slightly acid. The bottom '1etcrs in those le!::cs that had largo masses of 
aquatic vegetation, aG exnected. were more acid than the surface waters, the 
range being from pH 6.4 t~ pH '7.3. The bqttom sa:nples contained more free 
carbon dioxide and more fixed carbon dio;,;:ide than the surface waters but no 
surprising or excessive values were found. 

The dissolved oxygen at the surface and in the upper layers of each of 
the la.~es adjacent to the Coeur d'Alene River was high (near complete satu­
ration) but the porcentage saturation decren~eC., l:owever, to\·tard the bottom 
of the lake. In Medicine Lake which was almost filled with large ma.sseG of 
vegetation the dissolved oxygen dropped to 0.4 p~rts per million, which 
value at that altitude and under the existing conditions of temperature and 
pressure represented 3.4 percent saturation. The conditions as regards dis­
solved gases and pH, noted in tho several la~es examined presented nothing 
unusual or peculiar, for it is well Y.nown that lakes with considerable quan­
tities of vegetation along their s.~ores or in the back waters fre'luently are 
supersaturated with oxygen in their surface waters yet have sufficient de­
composing organic :materio.l at the bottom to T.>roduce a. definite oxygen demand 
which often reduces the available ox;,rgen to near the zero point. Bottom 
samples (to be discussed late::) frc:!!l the lakes contdned quantities of or­
ganic debriG. Since the lakes wore too shallow to nresent any consistent 
thermal stratification of waters, the small a.rnounts- of dissolved oxygen and 
the large quantities of fixed carbon dioxide found in the waters near the 
bottoms of these lakes 1:1ere ascribed to tho decomposing organic material on 
the bottoms of the lakes. No hazards to fish life or to plankton fauna sup­
porting fish life were notod. in any of these lakes as a result of the deter­
minations of dissolved oxygen, :Pi!, and temperature. 

The St. Joseph River receives no mine wastes but SUP'~orts lumber indus­
tries and other activities simile.r to those fou.'ld in the Coeur d'Alene River. 
Sinco tho St. Josop~ River originates in the same general mountain area as 
the Coeur d1.Ucne River and travels .a \lesterly course parallelinr; that of 
the Coeur d1Alene River from which it is SBl;>a.rated by only one definite 
height of land, a compari~on of the St. Jose~h River with the Coeur d 1Alene 
River is valic:t. The pollution . resu.l ting from the mine wastes is the prin­
cipal point of difference. ~he oxygen saturations and ~ho range of pH 
values of the waters of the St. Joseph River w~re essentially the same as 
those of the Coeur d'Alene River and Coeur d'Alene Lake. The· fixed carbon 
dioxide yolU!Iles were slig.~tly hig~er in the St. Joseph River although the 
actual differences were probably too small to be significant. The ma~d.imm1 
of 5.7 c.c. pe~ liter from the St. Josepi1 River at Station C36 nee.r the 
mouth of Chatcolet Lalte presents nothing unusual in connection with fish­
eries problems. 
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Chatcolet La~e. a lake tributary of the St. Joseph River and adjacent 
to that river was used for coraparison wi tb. the lakes adj a.cent to the Coeur 
d1 Alene River \Jhich have been d.iscussed pre~tiously. Chatcolet Lake con­
tained much aquatic vegetation and the surface waters were found to be su­
persaturated with oxygen at three stat ions, not an unusual condition for 
waters in lakes having vigorous growths of aquatic vegetat ion. Owing to 
the amount of dec omposing vegetation found on the bottom of this lake it 
was not surpri sini; that the o:xygen •1tas reduced to 2. 7 parts per oill ion at 
a depth of 11 raeters in Chatcolet Lake. A:emmerer (1923) who visited this 
lake in 1911 found .no oxy-gen at the cl_epth of 11 neters, suggesting that 
conditions were essentially the same in Chatcolet Lake during the SWil!!ler 
of 1932 as in 1911. 

To su..r.unarize all of the data on dissolved gases and pH values fro~ 
the waters of the Coeur d'Alene District, the statenent ma¥ be made that 
the rJine wastes hav-e not disturbed the balance of dissolved gases, car­
bonates and acids to t>Jl~r critical degr ee, excent in the ir:lmediate ·.;icinity 
of the flU!'les eoptying t hese waste s into t he rivt: r. The nine wastes which 
have eliminated to a large extent the aquatic vegetation and algae from the 
Coeur d'Alene River, which ~a;ir be the cause of the slightly lower oxygen 
saturation of the waters of the Coeur d'Alene River as compared with t he 
unpolluted St. Joseph River. However, the absence of a fish fauna and of 
the various groups of organisms on which fish depend directly or indirectly 
for food, in the polluted portion of the Coeur d'Alene River cannot be as­
cribed to oxygen . saturation, carbonate balance or relative acidity in that 
part of the river. 

Specific Conductance 

Both the quantities of salts dissolve~ in natural waters and the chem­
ical nature of these salts ma¥ be critical factors in determining the sur­
vival o{ aquatic organisms. The specific conductance values of various na­
tural and waste waters, which ma'lce possible comparisons of the relative 
amoimts of 11 total salts 11 , i.e. electrolytes in solution together with the 
pH and fixed carbonate readings, have been assembled in table 3. To aid 
in the interpretation of these figµres 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 natural waters tested by this survey in the Coeur d'Alene 
District, both polluted and unpolluted, were found t o have very low specific 
conductance as compared w:j.th sea water or with Mississippi River water, that 
is, the relative amounts of dissolved salts in these waters from the Coeur 
d'Alene region were small. 
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Thcso findinE;s aro in accord with tho wGll-knovm fact that natural 
surf<:.c o Trators in mountaj.nous arons \1sut-.lly ' arc nsoft11 • If part I of 
ta'bln 3 be oxrun:incd:. hovrovar, it ,·:ill be noted that the specific conduct­
ance of Yratt:lr from tho nollutod Cocnr d'Al ~ne River at Dudl ey is approxi­
matel y t'\'ro tfuos tho sp~cific conductance of tho water from tho unpolluted 
South Fork above ltulJ an, and five t i me3 the specific car.due tance of the 
water in Canyon Creek above :Burke. that. is, the specific conducto.nco of the 
river water rose 100 pe1·ce11t or more after the introduction of the mine 
wastes. Measurements of samples from other stations on the river show that 
thia nc \'t level of spec if ic conductance was maintaine d all the way dorm-
s treLJ.11\ to the Mouth of the Coeur d1Alene River. 

The determinations of snccific coaducta..1ce noin t out first that the 
mi110 \·rastcs contain relativei y little soluble material a.nd therefore do 
not ovcrwholL'l tho river fauna by causing a ris e in dissolved salts to a 
concontration detrimental to nquatic lifo becauso of osmotic changes, as 
is t he case ia some types of rivo1· pollution. Tho specific conductance 
valuus <:Uso show, however. that tho mine ,va.stos do produce a dofinito rise 
of approximately 100 percent in .tho specific c onductanco of the waters of 
the ontiro Coeur d 1Alono Rivel' below the point at vrh ich tho \mstos aro i n­
troducod i nt o tho stroam. Al thoug.."1 specific concluctanco is r1ot a Gtraight­
linc function of tho porccntasc of total salts in s olution, such a rise in 
the sp ecific conducta.rice of the river vm.ter indicates a. definite chMge 
eithe r in the total amou,nt of dissolved salts or in the chemical composi­
tion of t~e salts in solution i~ th~ river. The biological s ignificance 
of the pa rticular chan,sc in salt content in the Coeur d i Alena River appru.·­
ontly ~ests on tho toxic na.turo of tho salts i n troduced by the wastes as 
is discusse d in tho subsoquont soct5.on on oxporimen tal t nsts . 

Tho specific cond.uctanco of tho water from Coeur d.' Alano Lake vras ap­
pro::inutoly tho Gar.ie as that of tho 'l.mpollutod South Fork above lriullan a.TJ.d 
of Rose Lake, a.nd shous that · the 11ator carried by tho Coeur d 1 Alone Ri vor 
uas no t producing any noticeable change in the total o.raount of salts dis­
solvod in tho '7ators of Coeur d'Alene Lake during July, 1932. The :poss ible 
toAiC action of the V7ater of Coeur d'Alene River on organisms in Coeur 
d 1 .Alene Lake is discussed in another section. 

From a review of part!? II and I II of t3.ble 3 it mey be seon that all 
of tho mine wastes and mine V7aters carried appreciable althoug.~ not excos­
si vc ~uantitios of salts in solution. Tho waters froc tho minas and nills 
in ac tive operation contained noro soluble r;iatcrial than the other ~ino 
wators. Specific conductance detorr.iinations aro presented ocroly to shou 
tha.t soluble natorials arc added to the stream with tho mine wastes, but 
the dilution of those soluble substances in the river water after r eceiving 
the u inc 'ila:>tos hD.s already_ been discussed. 
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Table 3. Specific conduct ance oi' wat ers f rom the Coeur d 1.A.lene District and other sources. 
Part I. Natural waters from the Coeur d'.A.lene District 

- I 

I Syecific 
Fixed Dey th conduct- pH 

Locality I Date in a.uce x value carbon 
I meters"!/ 106 at dioxide 

250 c. c.c./l. 

c46-Canyon Creek , above Burke••••••••••• • ·····•••••• 7/19/32 s 20.0 7.1 3.3 
C50-South Fork, above Dea.dman 1s Gulch t above Mullan,,! 7/19/32 s 51.1 7.2 8.9 
052-Coeur d 1.A.lene River a.t Dud.ley ••• , •• , • • • • • • • • • • • • 7/20/32 s 100.5 6.9 6.7 
c53-Backwater, Coeur d 1.A.lene li,, mouth Fourth-of-

7/20/32 6.6 July Cree·k ••.••••.. • ••...•••••. . ...•.•. • ••• s 99.7 ---
C56-Coeur d'Alene River, near Harrison •••••••••••••• 7/21/32 9 94.3 6.8 5.9 
c4 -Coeur d 1.Alene Lake, off Harrison •••••••.••••.••• 7/21/32 14 55.0 6.9 4.9 
054-Ro se L:tlc'? • •• •• •••••••••••••••••••• ••. ..••••• • .•• 7/20/32 s 56.7 7,3 3.8 

Part II. Mi ne \'iaters and mine ~vastes, Coeur d 1Alene District 
-----

C48-Tiger Mine, mine water (not 09erating) ••••• • •••• 7/19/32 s 349.0 6.7 48.6 
C47-Gem Mine, mine wat er (not 09era.ting) • • •••••• .• •• 7/19/32 s 491.9 6.7 19.5 
C49-~forning Mine, waste water (09erating) ••••• •• •••• 7/19/32 s 1,174.7 7.5 34.o 
043-Sunshine Mine, fltune run-off (opernting) •••••••• 7/19/32 s 196.8 6.9 11.5 
C45:BHecla Miae, waste, zinc jig tables (operating) •• 7/19/32 s 255.0 --- 12.7 
044-hecla Mine, lead flotation (on~rating) •••• • ••••• 7 /19/32 s 363.3 7.5 25.6 
C45.A.-Hecla. Mine, lead floto.tioll (oueratir.g) ••.•.••.• 7/19[32 s 41l.4 7.6 22.1 

Part III. Mine wastes, Kimberle~·. British Columbia 

C60C-Sullivan lliill, waste water (operating) • • • • • • • • • 7 / 25-;;;-ls I -1-.-1-19-.-6----------
c61- Kimberley settling area, \Vaste water • • • • • • • • . • • 7/~§/32 I s 11 sso •. 6 

Part IV. Othor natural waters'?J 
-- -
near Hannibal, Missouri •••• • ••••• Mississippi River, 

Mississippi River, 
Gulf of Mexico, Pen 

LPlre Keokuk, Iov1a ••.••.•..•• •. .•• 
sacola, Florida .......... . .. .. . . . 

8/30/32 s 
6/--/32 s 

0.2/31/31 s 

319 .5 7.6 34.3 
3)300.2 7.5 27.0 

47,680.0 0,1 34.l 

!J 5= Surface. '?J From other Bureau of Fisheries i nvestiga tions. 3./ Averat,e of 40 determinations. 

b 
I\) ,_, 
0 
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Botton and Shore Co~ditions 

Orie of the uost obvious rosu.lts of t ho pollution of tho Coeur· d'Alene 
River by uino mistcs is the blo.nkotin.~ of tho 'bottor.i of that river, o.nd to 
sono extent portions of the floor of Coeur d'Alene Lal-:o, ITT.th onomous 
quantities of vc11r fine rock pol?dcr. This rocli: powder, which is a nixturo 
of tho various nntrix rocks our:ttouncl.i!'}g tho ore voins, together ui th srnn.11 
a.noun ts of the ores thonsolves, is produced during tho milling operations by 
tho stn.np nills o.nd tho bo.ll nills. Rolo.tivaly insoluble i :1 \70.ter, rock 
pot7dor has boon doposi tod in .such quantities in the Coour d1Alono ;ru.vor dur­
ing the past 40 years or nore, that the e~tire bed of that strean is covered 
'l7i th layers of pulverized rock fro:t t~1e points wl:ere t hese uastes are poured 
into the river to its nouth noar Harrison. During the course of the 1932 
sui-vey batten sanples taken at various stations along tho Coeur d 1Alono 
River bot\700~ Wallace and Ha.rriso::i sho,.od this deposit of pomicrod rock to 
bo in general nn.n,y feet thick. 

Because of tho vory snall size of the rock particles coriposing tho nino 
slinos the blanl::ot of rock uowder is .ioro or loss nobilc, and is constantly 
shifting in tho stroa.n bod, - forning bars o.nd other ter.porar;:.r doposi ts i7h ich 
aro subcoquontly cut n\70.y· b-.f c.litlr..gos in current or during periods of high 
T10.tor. As a result conditions at the botton of the Coeur d 1Alene River are 
very unstable because of the constant strea.~s of oine wastes carrying nore 
rock powder which are poured in from the nills. 

Leaving out of consideration for ·thc prosont any possible toxic action 
of the cor,ipononts of this rock powder· on aque.t~c life, · the so constantly 
shifting uassos of pulverized rock havo ovcr\1holncd the botto;:i fau.TJ.a so 
conplotoly in this river, ti'1a.t as previously not.ad no botton fauna of acy 
consoquonca was fo\tnd in tho 50 nilos of polluted river botuco~ WaJ.laco 
and Harrison. Tho continuous novoDont of the rock pomler not only pre­
vents acy adjustncnto on tho part of unin...'1.ls livipg at tr.o oo~ton or 
those which use tho botton for spo.uning grounds~ but it nJ.so buries any 
doposi ts of organic debris O!l \7hich bottom uninal.s mmld ,food. A condi­
tion coopo.ro.blc to tho acute erasion di stu'.rbanccl? no\T menacing ma.cy natural 
waters in deforested areas bas been eotablished in the Coeur d 1Alene River, 
Tri th this difference, that the ail t supplied by natural oro sion elsewhere 
is being supplied to the Coeur d 1Alene River by the stamp and "ball mills. 
A similar case of artificial erosion has been studied by the writer in 
southern Indiana, the contaminating silt which had wiped ou t the bottom 
fauna in those '13.ters being limostonQ powder from tho limestone cutting 
mills. A comparison of tho Indiana situation with that of th o -Coeur d'Alene 
is portinont. A considorablo po.rt of th e damage to fish and fisheries 
interests in tho Coeur d 1Alone has resulted directly or indirectly from 
tho more mochanico.l action of tho enormous quantities of poTTdercd rock flumed 
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into this st~eam. Similar changes in certain Indiana streams have been 
produced by the. relatively innocuous limestone powder. These statements 
are not a denial of the possibility th!lt tho rock powder from the mines 
in the Coeur d 1.AJ.ene District may aJ.so havo some toxic properties. 

Since the finer particles of rock powder a1·e car:ried in a. colloidal 
suspension it was not surprising to find deposits of rock powder, or mine 
slimes (us designated locally) on the floor of Coeur d 1.Uene Lake. Dredg­
ings frou the bottom of this lake showed that the mine slimes brought into 
the lake by the Coeur d 1.Alene River could be recognized both chemically and 
microscopically, often macroscopiciil.ly as well, in the deposits. As a re­
sul. t of an extended series of dredgings in Coeur d 1Alene 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'.AJ. ene City it may be stated that mine 
slimes, that is derosits of tao very fine particles of rock pomler, could 
be detected over practically the entire la..~e floor. The slimes were easily 
recognizable, in fa.ct constituted the major part of the bottom samples from 
the mouth of the Coeur d'Alene River to F.a.st Point, and off Harrison south 
to the vicinity of the Harrison Pumping Station. Farther south touard the 
mouth of tho St. Joseph River mud, sand and logging debris (bits of disinte­
grating bark and wood) becooe more and more dominant in the senroles, al­
though bands and streaks still indicated deposits of mine slimes. These 
gross findings have been verified by laboratory tests. 

F~om Enst Point to Niggerhead Point the bottom samples contained mica 
sands and off 3lack Rock , black sands, as well as the rock powder from the 
Coeur d 1.Uene River. Off Coeur d 1.AJ.ene City and west tot7ard the outlet of 
the la~e the bottom was covered with a mixture of sands, clay and some or­
ganic matter, chiefly sau-mill waste, al though streaks of sl.imes were still 
detectable (confirmed by laboratory tests). 

The dredging rrork in Coeur d 1.AJ. one Lake demonstrated conclusively that 
the mine slimes have deposited over the entire floor of the lalce from Harri­
son to the outlet nest of Co~1r d'Alene City (no dTed.gings were made up 
Uolf Lodge 3ay), and that from time to time when certain conditions arise 
these slimes are being depo sited in considerable qµantities on certain parts 
of the lake floor, as the streaks of slimes in many bottom samples testify. 
However, various other inorganic deposits as mud and sand from the St. 
Joseph River, mica sands from t'Tindy Bay and other parts of the west shore, 
and black sands from the vicinity of Black Bock are also contributing to the 
filling up uf the lake bottom. All of these deposits including the mine 
slimes a.re covering over the small amount of organic debris which could be 
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used as food by animals of the bottom fuun.a in this lake. Therefore as the 
slime deposits from the Coeur d'Alene River torin only a pa.rt of the \7hole 
mass of inorganic waste -.hich is gradually filling up thi s lake, the biologi­
cal importance of these mine slimes which are di3tributed all over the lake 
floor lies not so much in the actual mass of these slimes but in the toxic 
properties cf some of the components of these slimes. This phase of the 
problem is discussed in the section on experimental tests. 

The raobili ty of the mine wastes and mine slimes carried by the Coeur 
d'Alene River has made possible the pollution of considerable lateral areas, 
such as tho flats and lowlands adjacent to the river, because large quanti­
ties of tho ~astes are swept out onto the flats during high water, and left 
there ao the river recedes. The extent and size of these deposits of uine 
wastes and ~ine slinos can be seen in figures 3 and 4. In addition to form­
ing a cor.stant source of material ~ith which the stream can be repolluted 
through the action -of rain and 'Wind, these exposed masses of mine slimes 
present a new hazard to a~1atic life because of the ch9I!licaJ. nature of 
several of the substances comprising t hese particular mine wastes. The sul­
phides of heavy metals, lead, zinc, iron and others, when exposed to air in 
the presence of sunlight and moisture cnn be changed into sulphates and 
various other compo1.1.nds. Thus a \'!'hole oeries of neu compounds may ·ae formed, 
some of \Thich may affect aqua.tic life quite differently from the mine ';7astes 
as originally poured into the stream. In this TIB.Y the masses of so-caJ.led 
11 crystalline lead11 or 11 lea.d. stone" \Vhich are found on these flats, after 
each period of high '78.ter, are formed. 

During the present survey the crystalline crust was collected at Mis­
sion Flo.t s , Dudley, near t:edimont, near Black Lake Ditch, and on Thompson 
Flats near Hi9-rrison, in fact it was found at practically every station on 
the Coaur cl 1Al.ene River from Cataldo to Harrison. This material varied in 
color from pure white to a dirty slate g ra:y or a yello~ish brown in various 
parts of the same area. It often formed a crust an eighth of an inch or 
more in t hickness over areas an acre or more in extent, and was so firm 
that it would support the weight of a man without cracking. Sometimes this 
crystal line mate~ial, instead of forming a crust over the ground, was mixed 
through tho top 6 inches or more of the soil or mine vmstes on the flat, 
forming a partial binder which prevented the soil from crumbling readily. 
Broken bits of the impregnated soil sparkled \vith the crystals of the mate­
rial \7hen OXJ.Josed to sunlight. On the flats which \1ere covered '1ith this 
crystalline substance no vegetation was growing and the little pools of \1ater 
held in the depressions of the flats, contained no animal life.. The toxic 
action of the crystalline material is discussed in the experimental section. 
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Deposits of very fine mine slimes also were found around the shores of 
Coeur d 1Al.ene Lake, for although the heavier particles settled out to a 
large extent along the course of the Coeur d' .Uene River, much of the mine­
waste materio:L is so fine that it is ca~ried by the river water as a colloi­
dal suspension which does not settle out read.H y. It is ;1011 knomi to local 
residents that 11 clouds11 of ·colloids! slimes drift across the lake moving in 
one direction or anothert 'depending upon the volume of wastes earning down 
the Coeur d1.A.1.ene River and t~e air and water currents acting on and in the 
lake at the time. The movements and volume of the colloidal clouds of mine 
slimes is attested by the deposits of slimes ·at Black .Bock, where during 
high water they are deposited on the black rocks from which Black· Rock Point 
takes its name. As the slimes are light in color they uere easily photo­
graphed (see figure B) on the black rock background. 

The volume and extent of the deposits of slime along the margins of 
Coeur d'Alene Lake were trivial as compared wit~ the pollution of the flats · 
along the Coeur d 1Al.ene River, but these findings along the shores of Coeur 
d 1.Al.ene Lake were significant in that they sho~v that the finer mine slimes 
are readily carried across and up the lal::e. This fact has already been 
brought out in the discussion of t he bottom drodgings. 

EXPERIMENTAL TESTS 

Since evidence pointing to the toxic action of some substance or sub­
stances in the mine waste complex on aquatic life accumulated during the 
field worl=, several series of ~xperiments were conducted to determine the 
toxic action, if any, of the several components and prodll.cts of the mine 
wastes. In t hese studies fish and plankton cI1lstacea were used as test 
animals in the survival and toxicity experiments, and fish, frogs, turtles 
and fresh- \78.ter ·mussels in the experiments dealing with specific physio­
logical effects. As the technical data from these experiments are quite 
voluminous ihe various tests have been summarized in this report and the 
several wate=s and materials used discussed in special sections • . 

Coeur d'Alene River and Lake ~7aters 

Fish.--It is the current belief among the residents along the polluted 
portion of the Coeur d 1.A.lene River that the waters of this part of the river 
are to~ic, that is, they contain somethiDg derived from the mine wastes of 
a rather actively poisonous nature. To test this point as bearing on aqµ.atic 
anime.ls survival experiments using native fish were conducted .in the Coeur 
d'Alene River at a point about one-qµ.arter of a mile upstream from its 
mouth, (C56) and in Coeur d'Alene La.~e near Harrison Beach, (Cl?). 
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On July 16, 1932, 20 minnows of 2 spocics, tho long-nosed do.co, Agosin 
nubila (Girard) and the dace minnow, Leuciscus (Ricbardsonius) ba.lteatus 
(Richard.son), were obtained from Coeur d'Alene Lake in the vicinity of 
Conkling Park, (C65). Both are native in Coeur d 1Alene Lake and the Colu~bia 
River System (Jordan and Everma.nn, 1896, pp. 238 and 311). The individuals 
selected averaged about 3 inches in length (Agosia) and 5 inches (Louciscus). 
As may be noted from the map (figure 2) Conkling Park is on the west shore 
of Coeur dlAlene Lake near the south end. 

The fish were placed in live-buckets at the point of capture and trans­
ported by launch at once to the two test stations, namely up the Coou.r 
d1Aleno River about ono-quartor of a mile and off-shoro in Coeur d1Alone 
I.aka near tho Harrison Boo.ch. At each station tho fish wore placed in lo.rgo 
wooden livo-boxes, tho sides of which were ma.do of mote.l screen. After 
boing properly soc.led and weighted tho boxes were lowered to a depth of 
about 3 motors. Ea.ch live-box was moored with ropGs to provont swinging 
and anchored. to _e. piling, a.bout 1 motor above tho bottom. 

On Ju~r 17, after a 24-hour exposure to the water at the test station 
the boxes we~e raised and all fish at both stations were alive and ap­
parently as active as when first placed in the live boxes. The boxes were 
returned at once to their moorings without taking the fish from tho wator. 
On July 19, after a 72-hour exposure to the river water, all of the fish 
at the Ooeu.r d'Alene River station were dead. Ea.ch individual \.,ra.s covered 
with a heavy coating of mucous slime and the gills were choked with I!lllcous; 
tho filaments in some cases wero matted together. All of the fish at the 
Coeur d'Alene Lake station wore activo and in good condition. Thoso in the 
lake sorios woro returned for another 48 hours, ma.king o. 1rotal of 120 hours 
exposure to tho la.kc water just off Harrison, without casun.ltios. All of 
tho fis..'1 in the lake series wore o.ctivo and o.pparontly uninjured. at tho and 
of the tost. Those exporimonts wore discontinued. at tho end of 120 hours 
as their object wns tho dotorminn.tion of acute conditions, if thC\V oxistod. 

Tho death of all of tho fish in the river tests during tho first 72 
hours cannot be o.scribod to low OJ!Ygon, high carbon dioxide, high osmotic 
tension or a. tompara.turo difforontial in the Coeur d'Alene River wo.tcr n.s 
shown by tho ch1Jmicnl and physiool dn.to., bocn.uso thora wero no den.tbs in tho 
series during tho first 24 hours. Tho heavy secretion of mucous by thoso 
fish during tho noxt 48 hours points vo:cy dofiniteily to o.n irrita.tion, either 
chemicci or mocha.nico.l, or possibly both, since tho secretion of mucous is 
one of the protoctivo roactiona of living fish. It is ovidcnt, thoroforo, 
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that the mine wastes carried ·oy the Coeur d'AlenA River in July 1932, were 
sufficiently harmful because of mechanical action, chemical to.xicity, or 
both, to kill native minnows in 7.2 hours, \;bile controls from the same lot 
of fish lived without a casualty under identical conditions of confinement 
in the waters of Coeur d'Alene Lake. As the fish in the Coeur d'Alene RivQr 
tosts wei•e suspended above the bottom and wero not subjected to strong cur­
rant action, the mechanical irritation produced by the slimes seems the l~ss 
probable of the two factors causing the death of these fish. The fact re­
mains, 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. 

Plan1..-ton. -- Living plankton crustaceans were eXposed to the action of 
Co~r-Nlene River water from Ind.lay, Idaho (C52) and from the station 
one-quarter of a. mile above the mouth of the river near Harrison, (C56); 
of water from Coeur dlAlc:mo Lake off Harrison, (C4) ; and of water from 
Canyon Creek, above Mullan, Id.oho, (C46). 

For these series (and subsequent series in which this form of biolog­
ical asso.y was used) wild strains of copepods and cladocora.ns were obtained 
from marshy pools and transferred to battery jo.rs in the lo.bora.tor,y. 1'n1en 
needed for oxporimcntation tho animals wero concontro.tad o.nd nortad as to 
size by filtering the water containing tho plankton through bolting cloth 
o.nd organdy screens, care being token to keop tho screens submerged so that 
the a.nimo.ls would not be crushed or injured. Tho animals used, both clo.­
docorc.ns ~nd copepods, ranged in gene:ro.l from 500 to BOO micro. in lc11gth, 
nnd t!'lt'.ny copepod naupli.i wore included among the test animo.ls. Pyrox . 
Ehrlonmcyor flasks of SO c.c. en.po.city were used as ·containers for . tho in• 
div~chw.l tosts. Into ca.ch flask 25 c.c. of tho wo.tor to bo testod, was 
placod, o.nd this water (or solution in some of tho otner experiments) 
aero.ta~ by s)?nking the unstopperod flask vigorously. Tria.l sru:iplos woro . 
o.nc.lysod for dissolvod oxygon after this treatment o.nd approximo.toly com­
plato sa.tura.tion was demonstrated. Immediately after 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 iCl!:lediately 
sealed with a cork stopper which previously had been sterilized and dried. 
At no tioo during tho e~erimont did the test fluid containing the plankton 
anil1'Jl.ls coma in contact with the cork stopper. Control ·flasks for ca.ch 
series, qonta~ning the samo numbor of drops of plankton anica.ls, in 25 c.c. 
of glass-distilled water and in 25 c.c. of tap W3.ter, were provided. On 
an avorago each flo.sk contained a.pproxica.toly 100 animals, representing ~ 
oixturc of cla.docerans, copopods a.nd copopod nauplii. The flasks containing 
the plo.nkton animals wore kept in subdued light a.nd a.t a tElt!poraturo of 
o.pproximtcly zoo C. during the Gxperitlental poriods. 
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The results of the oxperincnto.l OAposures of plo.nkton to wa.tor fron 
the Coatir dlAlcno River were striking in view of tho absence of o.rry nn.turo.l 
plankton fauna in the polluted portion of this river at tho tico of this 
survey, c.nd considering tho soall pln.nkton fnun:i in tho wo.te1•s of Coaur 
d 1Alone Lo..lte noa.r tho mouth of tho Coeur di Alene River o.s reported in 1911 
by KctlLleror (1923) and as found by the writer during July 1932. All of tho 
plankton o.nit1C1.ls plnccd in wo.tor froo the CoGU.r d'Alono River (Station C56) 
were dead in 18 hours or less, and those added to water froo the river near 
Dudley (Station 052) died in 36 hours or less. As the sa.oples 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 cannot be ascribed to 
the suspended matter which the river water was carrying, that is to any 
mechanical action of suspended mine slimes. Dissolved gases, particularly 
dissolved oxygen, and pH, as causes of death were eliminated by the a.no.lyses 
of sa.mples of the water tested and by the chemical and physical do.ta on the 
river water. The conductivity data showed that the water was by no mec.ns 
hypertonic o.nd a.a nn ad.ditiono.l chock on the osmotic conditions it mu.st bo 
noted thD.t the controls carried in glass-distilled wo.tor lived for 5 days, 
which o.nswcrs tho ~uestion of hypotonicity as a factor. The controls car­
ried in tap water (the water added to the stock cultures of plankton was 
free from the organic wo.stos present in the culture jars) were all alive o.n4 
active at the end of 14 d.o¥e whon the experiments on those samples wcro com-­
plated. Thus ; the phy:siologica.l condition of the animals at the begi~ing 
of all these tests was good. The conclusion that the Coeu.r d'Alene River 
water contained salts or other substances in solution during July 1932, which 
were quite toxic to plankton animals is evident. Mixtures of equal parts 
of Coeur d'Alene River water and tap water (as defined above) were also 
toxic, killing all plankton placed in such mixtures in 48 hours or less. No 
definite e:iq>lanation of the apparently higher toxicity of the Coeu.r d1Alene 
River water near the mouth as compared with water from the same stream a.t 
Dudley can be given, but the following suggestion is offered. Tho l ower 
roaches of the stream near the mouth bad received the loachings from more 
flats covered with exposed mine slimes. Since the "crystalline lead" or 
"lead rockll produced on these exposed flats was found to bo very t oxic t o 
plankton and because Thompson Flat, only a few miles upstream from Station 
C66 in the Coeu.r d'Alene River, was covered at the time these samples were 
taken from the Coeur d'Alene River, and large masses of "lead rock11 were 
leaching into the river, it seems probable tha.~ the water near the mouth of 
the river had received more of the toxic material from the exposed fl.a.ts~ 

Plankton placed in wator from Caeyon Creek above t.mllan (046) that is . 
in water ta.ken from the head-waters of the South Fork above the !nine pollu­
tion were carried through these tests without casualties, which of course 
was to be expected since plankton crustacea were living in this water at the 
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time it was collected. The Canyon Creek t ests, however. are good coni'irma­
tory controls, showing tha.t the pla.IL'cton pJ.aced in the polluted. water from 
Harl'ison and Dudley• died a.s the result of the lethal properties of the 
water and not as a resu.l t of the experiU1entai procedure. 

Exposures to settled water, tha.t is water froe from suspensoids, taken 
from Coeur d'Alene Lake (C4) off Harrison, also killed most of the plankton 
animals placed in this water in. from 48 to 72 hours, tho younger and smaller 
animals having the higher mortalities. In no test with this water were all 
of the animo.ls killed, o.nd some of the cladocorans and copcpods ·continuod 
to live in this water throughout tho experiment (10 days). The o.vorago 
casualties ran 80 rercont or high.or during tho first 3 do¥s of exposure to 
lake \·rater. When the lake water wo.s diluted with equal parts of tap we.tor 
tho mortality of the plo.nkton ani:i:nls was reduced to about 25 percent, the 
deaths occurring during the first 3 dS¥s. The toxicity of the Coeur d'Alene 
Lake wate1~ off Harl'ison to plankton cr..istacea was therefore much· less than 
that of the Coeur d'Al~~e River water, at stations where it was carrying 
mine wastes . 

Reviewe4 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 plu:.!kton aninals during July 1932, and that the toxicity was due 
to substan~~~ in s~lution, for the waters wore t c:rl.c after tho removal of 
the suspcr..sQ·:is, 't,y sc.d jmentation. The rather hi~ toxicity of thoso waters 
is evi~ent b/ com~~rison with the work of Warren (1900) who found that it . 
required on un av~rage 75 hours to kill cladocorans (Daphnin magnn.) by ex-
po sure to a 1.2 percent solution of sodium chloride (common salt) at room 
temperature (210 C.), an1 22 hours by exposure to a 2 percent solution oi 
sodium chloride. Although the comparison is only gross, tho magnitude oi'. 
the toxicity of tho Coeur d'Alene Rivor wator to plankton crustac~ was 
similar to that of a 2 t o 2.5 porcont sodium chlorido solution, although 
the specific conductance of the river water was only 94.3 K x 106 (table 3). 
In view of this t oxicity of t h e Coour d 1.Alcne River wator, tho abrupt drop 
in the pla.nl:ton fauna of tho ditches bringing water from tho plankton pro­
ducine; lakes into the Coeur d 'Alene in the zone whore the lak:o wo.tcrs mb: 
with t:iosc of the pollut ed rbor, is easily understood. The toxicity of the 
Coeur d1Alcnc Rivor water t o plankton ~ also account for the small plo.nkton 
fauna off F.z.rri son in Coeur d'Alene Lake and tho. lethal action of this lake 
water on a h~.f~!! y.>~·~cmta.ge of tho plankton a.nima.ls exposed to it, The ef­
fect of the ""' .)~:.,':.~;:C.:m of Coaur dlAlcnc La.kc wators by tho waters of 'Coeur 
d'Alene Riv :): 7 ..i~ 1·cgar<1..s plankton, \dll bo discussed in tho summary after 
other c::...-pcrimo!'i·~a.l tests he.ve boon presented. 
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Mine Wo.stes 

The toxic action of the water fro~ the polluted portion .of.the Coeur 
d'Alene River, as demonstrated on fish and plankton crustaceans, could be 
produced by the presence of substances in the mine wastes which are specifi­
cally toxic to protoplasm in general~ by the introduction through tlie mine 
wastes of sufficient quantities of relatively in."'locuous compounds which are 
.toxic to aquatic life when not balanced against proper amounts of ce~tain 
other materials; and by various combinations of tho two kinds of toxic 
agents ~cting simultaneously. Biological and physiological tests on fish 
and other animals have been ma.do, therefore, using roprosontativo components 
of tho mine wa.stos and also some of tho unaltorod mixtures of mine wastes 
(that is, th~ wastes as collected from the mills and flumes) as checks on 
the synergistic and antagonistic actions of the several compounds comprising, 
these wastes. For convenience in discussion, these ex:Periments have been 
grouped under four headings with regard to the source of the matorial.tosted. 

In the fish-survival experiment s goldfish, Carassius carassius L., wero 
used, ·as this fish is superior to ordinary stream fish for many laboratory 
tests, particularly in that it does not require constant aoration ·of the 
\iS.ter and is very tolerant of confinement. The use of the goldfish as a 
test animal i n toxicity experiments is amply justified by previous experi­
mental work (?o~ers, 1917; .Baudin, 1932). In the more technical phy~iologi­
cal tests the leopard frog, Rana pipiens Shreber; pai~ted turtle, Chtysemys 
picta (Herm.); the chan.~el catfish, Ictalurus punctatus (Ra.finesque); the 
short-nosed gar, Le)isosteus platostomus Rafinesque; the quillback, Carpiodes 
velifer (Rafinesque ; the largemouth black bass, Micropterus salmoides 
(La.cepede); ~he washboard mussel, Amblema giga.ntea (:Barnes); the river 
mucket, Lampsilis ca.rinata (Barnes); the three-ridge, Amblema costata, Ra­
finesque; and the yellovr sand-shell, La.mpsilis tares (Rafinasque) \70re used 
as experimental animals. 

Milling Chemicals. ~ In tho floatation proooss various chemicals ar~ 
added to the aqueous suspension of PuJ.vorizod ore and rock to facilitate tho 
separation of the valuable ore particles from the waste rock powder. ·Al­
though t~e flo~tation procedures vary slightly in the different mills, the 
chemicals currently used are the follo~i~..g: · 

l~ Copper sulphate~ 
2!. Sodium dichromate. 
3, Sodium cyanide. 
4~ Sodium carbonate. 
5, Water gas tar. 
6, Coal tar creosote. 
71o Cre.s;vlic acid (Cresol). 
81o Potassium xanthate (ethyldithioca.rbonate). 
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The first three compounds, although kno•m to be extremely toxic to maey 
forms of aquatic life,. can be eliminated f1·om the prese~t pollution problem 
because these salts are broken down during the course of the floatation 
operations, and practically all of the copper recovered. No evidences of 
copper poisoning were seen, and the samplos of mine slimes collected in the 
Coeur d'Alene River and Coeur d'Alene Lake gave no tests for copper, con­
firming the roports of 01Kcoffo and Ziegler (1930) who listed copper on+Y 
as a 11 trace11 in their samples of inorganic solids from Coeur d 1Alene River 
and Coeur d1Alene Lake after the insoluble suspensoids had been removed. 
Little if any sodium cyanide or sodium dichromate as such leaves t~e mill 
and since very small quantities of these two compounds are used in the 
floatation work their decomposition products are almost negligible. 

The fourth chemical, sodium carbonate is used in quantities ranging 
from 3 to 5 pounds per ton of milled ore, and when mixed with the waters of 
the floatation plant and the other ' waste waters from the mines is reduced 
to a dilution of plus or minus 1:1,000. Tl'i..is dilution ratio is not exact, 
but rather a gross approximation computed fron various figuros supplied by • 
some of the mine officials. As the amount of water varies considerably, 
this ratio is given merely to suggest the general order of magnitude of the 
sodium carbonate dilution in the flume water, were all of tho sodium carbon­
ate used in the . floatation process removed unchanged. The carbonate in the 
flume water is of course diluted still more ~hen this flume water mixes with 
the river \?S.ter. In such dilutions sodium carbonate is not immediately 
toxic to the larger aqua.tic animals (fishes) although sodium carbonate in 
dilutions even less than 1:1,000 mEl\Y affect both fishes and plankton animals 
in long exposures (several days to severaJ. weeks) if not properly balanced 
by small amounts bf potassium and calcium salts. Garrey (1916) has shown 
that in general fresh-water fishes can tolerate the common sodium, potas­
sium, calcium and magnesium salts in properly balanced mixtures of these 
s~lts if the osmotic pressure of tho mixture does not exceed that of fish 
blood (crica 0.5 percent sodium chloride; 0.03 percent potassium chloride; 
0.026.percent calcium chloride; and 0.002 magnesium chloride, but that any 
one of these elements rn8\Y' be quite t oxic to fresh-water fish in Ill\lch 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 there­
fore pollution conditions detrimental to aqua.tic animals in the upper 
reaches of the polluted portion of the Coour d'Alene River, but this sodium 
haza.rd is probably negligible in vio11 of tho calcium and magnesium salts 
supplied by tho rock powder from tho ball mills. 
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The sodium carbonate used in the floatation process presents inuirectly' 
another hazard to aqua.tic animals exposed to the action of these mine wastes, 
particularly in those parts of the stream ~here mine wastes are not greatly 
diluted; in that sodium carbonate combines rather readily with various sul­
phur compounds. The oros handled in the Coeur d1Aleno District are largely 
sulphides ' and in the courso of different intorreactions bot~oon these oroa, 
tho .water, tho dissolved gases in the wator and the sodium carbonate, small 
quantities of a variety of sulphur compounds. are formed including sulphates, 
sulphites, soluble sulphides, sulphur dioxide and even hydrogen sulphide. 

Sodium sulphate is not a torlc compound in the usual sense, and plank­
ton animals lived in a 0.1 percent solution of sodium sulphate for 5 ~s 
during tests .made in this investigation, so that the action of small amounts 
of sodium sulphate on aquatic animals is much the same as that of sodium 
carbonate in dilute solutions, namely, a disturbance of the normal salt 
balance, which mS\)" in timo produce death. Sulphites arc quite toxic to 
aquatic' animals, the sulphite wastes from papor mills boing n conspicuous 
o~::amplo, and soluble sulphi~. particularly hydrogen sulphide and sulphur 
dioxide aro o:ctramely toxic not on.1;' ... to aquatic animals but to many other 
forms of life, even in vary high dilutions. A dilution of 5: lt 000, 000 of 
sulphur dioxidewill kill trout in an hour (Tieigelt, . 1902). The sulphurous 
odor of the wastes from the floatation mills and of water froL1 the Coeur 
d'Alene River some distance belo~ the mouths of the flumes empt:·ing ~hese 
\78.stes into the river indicated the presence of these various sulphate and 
sulphide compounds in sufficient quantities to be a hazard to both tho plank­
ton and fish in the polluted portion of the South Fork. Laboratory tests 
on plankton confirmed these observations. 

Water gas tar, coal tar cre~sote and cresylic acid (chemicals 5, 6, 
and 7) pharmacologically may be groupe~ as aromatics. These substances are 
all quite toxic to fish in very small quantities (Shelford, 1917) and tests 
on plankton crustaceans made by the '17Titer using Cresol, showed that 0.001 
percent cresol was fatal to crustaceans in.2 hours. As the odor of the 
aroma.tic substances was readily detectable in mine waste samples and in 
some of the samples of river ;ro.ter taken near tho flume outlets, aromatics 
although present in very sma.11 quantitios may be factors in tho dostruction 
of the plankton fauna in the rivor near tho mouths of the flumes. Bocause 
those orga.aj..c compounds are soon oxidized and otherwise destroyed in the 
stream, they probably are of little consequence in the present pollut~on 
problem below the South Fork, as the total amount of all three substances 
is not large (less than l pound P,er ton of milled ore, on an average). 
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As the potassium xanthate odor (chomicnl 8) uas yery ev.ident in certain 
mine wastes from mills using this compound, evan 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 Muir 
and Swezey (1926), r1orkil1g on sugar-cane pests in Hawaii showed that insects 
and other soil-inhabiting animals were readily killed by spraying this com­
pound over the surface of tho grqundt it seemed probable that potassium 
xanthate would prove toxic to aqua.tic aninials. In the present tests it was 
found that one part of potassium xanthate in 12, 500 · killed all goldfish 
subjected to this concentration in 36 hours .or less, and that one part in · 
3,175 r.as fatal in 5 to 8 hours. As the zanthate undergoes decomposition 
rather rapial.y when exposed in dilute solutions 1 part in 100,000 was not 
fatal to goldfisp unless renewed. If replaced daily with fresh solution, the 
toxic action of potassium xanthate on goldfish was evident in dilutions as 
high as 1:10,000,000. This compound .speedily produced an irritation of the 
alimentary canal in fish subjecte~ to xanthate even in very dilute solutions. 
Long strings of mucous were voided and the poisoned fish showed difficulty 
in feeding or refused food entirely. Physiologi cal r .ecords demonstrated 
(see figure 9) that this compound offects the heart, particularly the right 
auricle, causing the heart to beat irregularly and finally stop. If only 
very small a!lounts of xanthate Tiere used the heart might continue to.beat for 
a time but showed signs of permanent damage even after the xanthate was re­
moved. Frogs, turtles and fishes were so sensitive to this compound that 4 
parts in 1,000,000 produced almost immediate stopping of the heart. When 
taken ·into the alimentary canal, or when the stomach and intestines were 
perfused with similar dilutions a prompt paralysis of these orgaJ1s resulted. 
Plankton Orustacea were also very sensitive to minute quantities of potassium 
xanthate, 8 parts per 1, 000,000 killing all plankton Crustacea tested with 
this otrength in 5 days or less without renewal of the solution, and stronger 
concentrations killed correspondingly more rapid!¥• If the solutions were 
renewed daily to compensate for the loss of the compound by decomposition, 
dilutions as high as 1:100,000, 000 \1ere clearly detrimental to the plankton 
Crustacea. In the tests in which potassium xa.nthate was added to water con­
taining powdered lead sulrhide ore, powdered zinc sulphide ore, or 11 lead 
rock11 (the crystalline crust material from Thompsons hat) no evidences of 
either synergistic or antagonistic actions were noted, the toxic properties 
of the xanthate apparently being unmodified by the presence of these other 
substances. 

The experimental work on potassium :x:anthate demonstrated that this com­
pound is highly toxic to various aquatic animals both vertebrates and in­
vertebrates, and that tho introduction of even very small quantities of this 
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·sait into the stream with .mine wastes c~nstitutcs a hazard to aquatic animals, 
except that this substance in dilute solutions decomposes rather rapidly 
into products much las~ toxic than tho ·original compound. Mo ovidoncos of 
xa.nthate 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 mumnarized: 
as sho~ing that these sev~ral chemicals· with the exception of sodium carbonate, 
are quite toxic to a.qua.tic EU"'limals. However·, because of· the methods foll owed 
in the floatation process, the s!!la.11 quantities ·of these substances usod, and 
the chemical nature of tho substances thenselves or of their reaction prqducts, 
these milling chemicals are hot ' responsible for the pollution of the Coeur 
d 1Alene River miles down stream, and constitute only small pollution hazards 
in the upper , art of the polluted portions of the South Fork. Eoth the e:ic:­
perinenta1 evidence and thA field data particularly on pH anr;l conductivity, 
also indicate that sodium carbonate as such is not the immediate cause of the 
toxicity of the Coeur d.1Alene River water to aquatic anit'li'.lls. 

Milling Products. -- The reduction of the ore-bearing rock to a powder 
in the ball m: lls releases enormous quantitie s of rock pouder, the most bulky 
of the mine -wastes after the separation of the ore particles by the floatation 
process~ As this waste rock powder co~sists primarily of compounds of 
calcium, magnesium, iron and L'laJlganese for the ~ost part in tr.c carbonate or 
silicate forms, both because of the particular clements concerned a.nd because 
of 'the re'lo.tive insolubility of these compoun'ds, these rock powders would 
hardly be suspected as the source of the toxic material in the Coeur d 1Alene 
River water~ Actual tests of this material on plankton and fish showed it 
to be quite harmless when free from ore particles, except as i t disturbed the 
salt balance, pH and osmotic pressure conditions. The field data indicated 
that once well mixed with the waters of the main stream this rock powder did 
not cause any mark~d risa 'in conductivity or pH. Tho rock powder did cause 
a ~ise in fixed carbonates in the test water, and the production of a slightly 
more alkaline reaction. In view of the work of Wells (1915 a and b) who 
found that carbonates in general do not effect fisheo detrimentally if the 
water is acifr, and that slightly alkaline· water lessens the activity of fishes 
and increase the mortality, the above combination of changes would be re­
garded as of an unfavorable order. However, the actual field testG of the 
river waier after the rock powder was well nixed with the water of the stream 
(table 3, pa.rt II) showed that al thoug...11 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 
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acid. The rock powder (not ore particles) therefore was not producing any 
detrimental chemical. changes at th~ time the river was studied (1932). The 
mechanical effects as discussed in a previous section of this paper are of 
course quite another consideration. 

The Ores. -- Because of the well-known toxic properties of mnny com- . 
pounds of the heavy metals, particularly those of lead, both fish and 
plankton were exposed to the action of the lead and zinc ore concent~at~s. 
The finely-powdered ore recovered by the floatation procoos was washed 
thoroughly with clean tap water to remove any freely soluble substances. 
The ore was then v;ashed in 95 percent alcohol and violently agitated so that 
each particle would be cleansed of a:ny material soluble in alcohol. After 
several extractions with alcohol, during which the old fluid was decanted. 
off each time before fresh alcohol was added, the alcohol was removed and 
the ore powder washed with five separate changes of glass-distilled water. 
The water finally was drained off and the prepared ore, which will be 
referred to hereafter ~as "washed. ore powd.er 11 , put aside in pyrex vessels4! 
These washed ore powders consisted essentially of lead sulphide or zinc 
sulphide, together with s!!lall amounts of other metallic sulphides which are 
associated with these two ores in the ore-bearing rock. 

Lead ore. -- To test the action of the natural ore unmodified by ex-­
posure or we~thering single goldfish were placed in glass battery jar.s each 
containing 4 liters of tan water (water from the same source as that fl.ow­
ing through the large ta.nic in which these fish were living prior to the · 
experiment). This tap water contained small amounts of calcium carbonate 
and magnesium sulphate but no salts or haayy metals (as shown by a.na.lyses 
of this water ma.de by the Department of Physical Chemistry, University of 
Missouri). To each jar 25 grams of washed lead ore powder was addod, and 
the ore, being quite insoluble in water, sank at onco forming a thin layer 
ovor tho bottom of tho jar. Control jars with goldfish but without lead 
ore were carried under identical conditions and routine determinations were 
made of the dissolved oxygen, carbonates, pH and temperature for all jars 
of the series, but the water was not changed during the te.st. Under' these 
conditions there were rio casualties in any of the jars of this series during 
the 31 days this experiment was maintained. All of the' fish were fed 
regularly every day and those fish in the jars cont~ining the washed ore 
took food with apparently the same interest as those in the control jars. 
At the end of the .experiment, therefore, the fish lfving in the presence' of 
the lead ore seemed to be in quite as good condition as the controls. In 
the course of the month during which these animals were under observation 
there were no abl"llpt c.11anges in the d.issolvOO.oxygen or pH of the surround­
ing water, although the fixed carbon dioxiderose throughout the experiment 
from 20 c.c. per liter to 74 c.c. at the end. 
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These fish tests brought out two points, namely, that the lead sulphide 
ore 1 s not immediately to~~ic t o fish and that it is not · transformed into 
more toxic coir.pounds by the 'acldi tfon of the excretory products of 'the- fish 
in sufficient quantities to produce· an immediate toxicity of the water, · 
even when these products are allowed to a~cu.mulate. These results were 
expected in view of the fact that lead si.U.p~ide has a very low solubility 
coefficient and that small quantities of many heavy metal saJ. ts can be 
precipitated as al buminates by mucous slime. It was eviden·t that some 
precipitation was occurring in these experiments because small masses of 
slightly opaque, :flocculent coagulum were seen on the bottoms of the jars 
in the lead ore series. · 

Plankton Crustaceans carried in tap water to which the washed lead ore 
powder had been added (1 gram to 25 c.c. of water ~ there is no signifi­
cance in the amo-llnt, other than that an ample excess was provided) died in 
48 hours or less, the deaths occurring in the second 24-hour period and the 
young dying e~rlier than the adults. Control pla."lkton animals ·in lead-free 
te~ts maintained 'under the same conditions at the same time were active 
and vigoro~s f or 10 days when the experiments were discontinued. In these 
tests it was not determined whether the plankton animals died from the in­
gestion of tiny particles ·Of the ore powder or as the result of dissolved 
lead in the water. It must be pointed out here, however, that a+though 
lead sulphide is very insoluble in distilled water, various other substances 
in the water materially increase the solubility of this compound. Kolthoff 
(1931) who has recently reviewed the solubilities of sulphides finds that 
lead sulphide is soluble in pure distilled water (conductivity water) only 
to the extent of lo-9.65 mols por litor, that is approximately. one p~t in ' 
50,000,000. Also he found that water which is in equilibrium with the 
carbon dioxide of the air will dissolve lo-B.62 mols per liter or roughly 
one part in 5,ooo,ooo. Although this second value is still extremely small 
it is nearing the magnitude of toxicity dilution for several known poisons. 
Besides, lead sulphide is attacked readily by various body fluids and 
digestive juices forming lead compounds much more water-soluble than load 
sulphide. Even in tap water in the prosonce of dissolved oxygen, lead 
sulphide is oxidized into lead sulphate which according to Or~stano (1931) 
has a solubility of 0.000161 mols per li tor or roughly one part in 20, 000, 
and as will be shown in a folloVting section one part in 100,000 of ' lead 
acetate is violently toxic to fish stomachs. It is not surprising, there­
fore·, that tho plankton Crustaceans which do not have an elaborate mucous 
protective coat like fishes, died aftor 48 hours exposure to well-aerated 
water containing lead sulphide oro powder. Tho factor significant to the 
present pollution discussion is the short time in which these plankton 
animals were killed by exposure ·to the ore powder water mixture • 

. . . .. 
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b. Zinc ore. ~ Fish and plankton series directly comparable in every 
detail with washed lead oro tests oxpept that wa.shod zinc ore powder \18.s 
usod in place of the washed load oro pouder, uaro car-ried simultaneously 
~ith the washed lead ore experiments. 

Thirty-one days ~xposure to washed zinc ore powder in unchanged water 
did not produce any casualties among the goldfish 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 suggest that the· presence of 
the zinc ore in the jar Wa.s di~turbing in tho least. Ono difference '178.S 
noted, however, between tho load and zinc ore sorios, namely that littlo if 
aey o;f the flocculont coagulum found at the bottom in the jars cant.alnillg fiSti. 
exposed to lead ore, was seen in the Jars which held the fish eA-posed to 
the zinc ore. This observation suggests that more mucous 'l?B.s secreted by 
the fish exposed to the lead ore and points to a slightly irritating action 
of the water in the jars containing lead ore powder. 

The plankton crustacea placed in water to which washed zinc ore had 
been added not only did not die in 48 hours (see lead series) but nere ac­
tive and apparently unaffected by the zinc ore powder at the end of 8 d.a¥s 
when the experiments "ere d~scontinued. It was evident, therefore, that 
the \Va.shed zinc ore powder was ~t least not immediately toxic to plankton 
crustacea.. 

Mine ·and Flume Waters. -- .Uthough sovoral of the components of tho 
mine was~es whon tested separately were .shown to be very toxic to aqua.tic 
animals, particularly plankton, there is almcy-s the possibility that mis­
cellaneous mixtures of such toxic substances JllB\Y be. less toxic than the 
individual compounds, as .the result of chemical recombination. Samples of 
mine waters from six st~tions (table 2, part IV) flume water from the Sun­
shine Mine, and flume water from the uaste flume of the Sullivan Mills, 
Kimberly, British Columbia, (C60c) were tested and found to be quite toxic 
to planktdn, the survivals in these various '178.ters being 48 hours or less. 
No evidence of any reduction in toxicity due to the mixing of tho various 
mine wastes was found. 

Waste !ncrlistations from :Banks and Flats 

Many areas, some of them acres in extent, along the banks and flats 
between Cataldo and the mouth of the Coeur d1Alene River were covered at the 
time of this survey (July . 1932) with incrustatio~s of a crystalline material 
varying from pure white to dull gray or dirty bro\fn in color. This material, 
as has been discussed in the section on bottom and shore conditions was al­
ways found on deposits of mine wastes and mine slimes, or in soil heavily 
impregnated with these slimes. Care:f\11 investigation in the field left no 
doubt but that these incrustations had beon produced by the weathering of 
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the exposed mino wastes which aro· subjoctod to a variety of conditions con­
ducive to chemical changes as moisture, light, heat·and oxidation. Some of 
this crust .'material \7B:s freely soluble- in water and other portions sparingly 
so, and leachings from these . crusts wer~. being carried into the Coeur ' 
d'Alene River by every rain and high water, in addition the rather continu­
ous return to the river .of the mine wastes ~nd their products from these 
flats and banks ey wind and stream action. The gross bulk of the exposed 
incrustations in. July 1932, was surprisingly large amounting to tho enormous 
weight of 2? to 28 tons per aero of surface incrusted. Since areas of these 
incrustations acres in ex:t;ent were o.bserved, particularly at Thompson Flat 
and near Dudley and as practically every exposed mass of mine slime deposits 
along the river from Cataldo to the mouth, was more or less covered with 
these incrustations, the total amount of this crust material along the banks 
and fiats of the polluted portion of the Coeur d 1Alene runs into amazing 
figures. As the values for the weights of measured· specimens of the crust 
which could be lifted en masse from the sur-face of the mine slime deposits 
on the flats, no account was taken of the large amounts of this crust-form­
ing material i7hi~h could be seen in the underlying and nearby soils and 
\7hich could bo readily leached from such soils by water as was sho\7n by 
laboratory tests. Such quantities of almost any. substance with even mildly 
toxic proportios uould constitute a pollution hazard whon froely available 
through the action of wind, rain and curront. 

Analyses of various samples of these incrustations collected during 
July. 1931 and 1932 have been summarized in table· 4. From this table it ~ 
be seen that the items of primary interest in co-l'lllection with the present 
fisheries pr.oblem aro zinc, lead and sulphates. Variations in the components 
of these soil crusts, particularly in the iron and water-soluble fractions, 
were to be oxpocted aa natural correlaries of the differences in ueathering 
of the mine slimes at various stations up and dorm the Coeur diAlene River. 
HoVtever, in these incrustations the regular occurrence of zinc, lead, and 
sulphates in quantities large enough to be of biological significance, indi­
cates that regardless of local conditions, the oxidation of sulphide ore 
particles \7as taking place rather continuously in t .hese deposits of mine 
wastes, and also that considerable amounts of these sulJUrlde ore particles 
lw.ve been lost in the milling operations and carried downstream in the mine 
slimes which formed deposits on the flats and banks. 

For the experimental studios the incrustation ma.torial from Thompson 
Flat was chosen as typical of tho 11 lead rock11 found along the J.o\7er part of 
the Coeur d'Alene River, and the samples of white crystalline crust obtained 
from the surface of the piles pf mine \70.stes on the banks of the South Fork 
near Bradley, Idaho as typical of the incrustation material in the immediate 
vicinity of the mills. 
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Table 4. - General chemical composition of s .:i il incrus :..a -Yior ... along the Coeu1· d'Alene 
River as shown by an~lyses of samples from near Harrison, Idajo, from Thompson Fl~t, and from Bradley, 

Idaho during July 193tl./ and 1932£/. 

Total zinc as Zn . . ! . . . ! ! ! ! ! ! • . • . ! ! ! ! ! ! ! ! ! ! ! ! ! ! . ! ! 5.0 f;o 12.0 percent 

" lead as Pb . . . . . . . . .. . • ! ! ! . . . ! ! : ! . . . ! ! ! ! ! ! ! . ! 0.3 to o!g percent 

II iron as Fe . . . . . . tr~ce to 9!0 percent . . . . . ! . . ! . . . ! . . ! . . . . . . . ! ! ! . 
,, manganese e.s Mn r ··trac;e to 4.o pe1·cent • . . . ! . . • . ! . . . . . . • ! ! . ! ! ! ! ! ! • ~ 

tr copper as Cu . . tre.ces in soce snmples . • . . ! . . . . • . . . . . . . . . . . . . . ! ! ! . ! 

ti arsenic as As . .. . . .. . . . ! . . . . . ! ! . ! . . . . . . . ! • ! ! . . tra~es in s9me Ra.Iilples 

Material freely soluble in water • . • ! ! ! : . . . . • . . • • 4! . . . . . • • . . 3.0 to 39.0 percent 

Soluble zinc a s zinc sulphate . . . . . . . . . . . . . ! • 6o to S5 percent of soluble fraction 

Other soluble sulphates, comput~d as sodium sulphate •• . . 5 to ~ percent of soluble fraction 

Soluble chlorides ~ . ! • . . . . small amounts 

Soluble carbonates • . . small a.I!lounts 

l/ Analysis from laboratoIJr of the Di vision o:f Soils Chemistry and Physics, United States Department of 
Agriculture. 

2/ Analyses from laboratories of U. S. Bureau of .Fi sheries, Columbia Field Station, and from Depa.rtmePt 
of Physical Chemistry, Univer sity of t:i ssouri. 
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Thompson Flat 11 lead. rock11 ~· -- Several pounds of the soil crusts 
were collected from different locations on Thompson Flat and all of the 
material obtained dried, ground to a fine powder and thoroughly mixed. , This 
process gave what was considered a representative sample of the incrustation 
substances as found on Thompson Flat during July 1932. The material just 
described when extracted with distilled uater yielded a water-soluble frac­
tion representing 3.3 percent of the total weight. This soluble fraction 
consisted of 62 percent zinc sulphate; 30 percent other soluble sulphates 
calculated as sodium sulphate (primarily a mixture of sodium and ma_gnesium 
sulphates) ; approximately 0.05 percent lead calculated as Pb, and 0.32 per­
cent organic matter. The remainder of th~ soluble fraction was composed 
chiefly of manganese and iron compounds. The insoluble fraction carried ap­
proximately 3 percent zinc as Zn and 0.4 percent lead as ?b. 

a. Fish survival tests. -- Goldfish, as prev~ously described, were 
placed in battery jars containing 3 liters of water to which definite 
amounts of either the water-soluble fraction or of the· entire crust samples 
were added. The results obtained from these ~xposures' can be aivided very 
definitely into 11 immedia.te11 and 11 cumulative". 

The immediate effects were apparently produced by the water-soluble 
fraction for the responses varied according to th~ amount of water-soluble 
fraction present, whether it were used alone or accompanied by the in~oluble 
fraction. If the soluble fraction were present in concentrations of 0.01 
percent or stronger a profuse secretion of mucous by the fish was induced 
in the course of the first 6 hours or less depending upon the concentration 
of the soluble fraction used. This heavy· secretion of mucous continued for 
about 24 hours at which time conspicuous masses of flocculent co8€Ulum were 
found at the bottom of the jar. :By the end of the fourth dBiY 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 
a.gain. 

If sufficient quantities of ' the whole incrustation powder or of the 
water-soluble fraction alone were used to give a .conc.entration of 0.18 per­
cent or stronger, of the wat·er-soluble fraction, the .mucous sec'retion began 
very shortly after the fish were· placed into the mixture and contimied to be 
voluminous for 24 hours or more. Within 4 hours after exposure to these 
stronger concentrations was begun, the fish showed difficulty in swallowing, 
and were often unable to take food. As in the case of the higher dilutions, 
these immediate symptoms cleared up during the third dBiY and by the end of 
the fourth dBiY the secretion of .mucous had stppped and the fish appeared 
normal. 
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Concentrations of the water-soluble fraction, with or without the in­
soluble fraction, of 0.33 percent or stronger produced even more severe 
symptoms of the types described, and were often accompanied by sluggishness 
of movements or almost stupor inside of five hours. Concentrations up to 
and including 1.6 percent of soluble fraction were tested, and if the soluble 
substance were not renewed, that is, if but a single quantity of the soluble 
fraction were placed in the water, the fish were able to recover in four 
days. If the soluble fraction were rene\Ved daily, the secretion of mucous 
and the inability to swallow continued · and the fish died in 4 to 6 days. 

In other series the individual goldfish were placed in jars containing 
3 liters of water and 10 grams of the whole incrustation powder added. The 
water-soluble fraction from this amount of whole po~der produced a concen­
tration of 0.33 percent ~ater-soluble f~action, a strength causing immedi­
ate responses of considerable severity, and the insoluble fraction weighing 
some 9.67 grams sank to the bottom of the jar. These fish passed through 
the cycle of responses previously described under the discussion of the im­
mediate responses, and by the end of the fourth day seemed ~lite recovered. 
Between the fourth and tenth d~s the fish were active, ·ate regularly and 
were apparently without hold-over effects from the first set of responses. 
After the tenth day one by one the fish became less active and in the fins, 
around the nares and particularly in the region of any small injury as a 
tear in a fin, black deposits began to appear. On and after the twelfth day 
the fish began to die, although controls carried under identical conditions 
save for the presence of the incrustation powder, were healthy and active. 
The survival time averaged about 20 deys in the presence of 9.67 grams of 
the insoluble fraction. 

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

Reviewing all of these tests on goldfish the 11 immediate" or 11 acute11 

responses present a complex of specific irritation to the mucous cells which 
constitute one of the main defenses of the fish against both chemical irri­
tation and bacteria. The actual responses made by these fish can be dupli­
cated by similar dilutions of zinc sulphate or of several other salts, and 
as zinc is not a cumulative poison, being readily excreted even when in­
gested in rather large amounts without leaving any general toxic effects 
(Drinker, Thompson and Marsh, 1927) the irritation produced by the 0.01 to 

47 



102103 

1.6 percent solutions of the soluble fraction are of little significance un­
less the irritation is continued for some ti~e. In the experimental tests 
in which but a single quantity of the soluble material tJas placed in th,e jar 
with the. fish, recovery followed in 4 days but if the solublo material were 
renewed constantly as it would be in the ntn-off from these flats of mine 
waste the fish would soon succumb to the chemicai irritation just as they 
did in the· daily renewal tests in the present experimental ~eries. 

The cumulative effects of the incrustation material from Thompson Flat 
are more significant perhaps than the immediate effects. The appearance of 
black deposits, which were chemically identified as lead, in the fins of · 
the fish exposed to this crust powder points specially to lead poisoning in 
these fish, as Hammett (1928) has shown that lead is depasited in regions 
of active cell division as a dense brotJDish-blaclc accumulation, even from 
dilutions as high as 10-4, i.e. 0.001 percent. Growth and ability to re­
generate are well.established characteristics of fish fins, especially of 
goldfish, a.nd the deposits of lead in the fins of thesa particular goldfish 
are not surprising in view of the presence of lead in both the soluble and 
insoluble fractions of the incrustation material, in concentrations exceed­
ing 0.001 percent. Lead is known to be a cumu.lati ve poison and the general 
symptoms of the fish during the second half of the.se 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 have been precipitated. out of solu­
tion by the fish mucous in the form of lead a.lbuminate during the first part 
of the experiment when the zinc sulphate and other components of the soluble 
fraction were producing the irritation resulting in a profuse flow of mucous. 
Granting that all of the lead in the soluble fraction had been precipitated, 
lead compounds were still present in the insoluble fraction and the fact re­
mains that lead deposits appeared in the test fish. This lead may have en­
tered the bodies of the fish in either of t\fo weys. The term 11 insoluble11 is 
only relative. Even lead sulphide (lead ore) is very slightly soluble in 
water and lead sulphate, the form in which at least pa.rt of the lead occurs 
in the insoluble fraction of these incrustations, is soluble in water to 
the extent of 1:20,000, as bas been pointed out in .a previous section. This 
quantity is very small, but as Porritt (1931) bas demonstrated, very miru te 
quantities of lead m~ produce cumulative lead poisoning. l:5,·9Ci.7,000 being 
sufficient to cause CWI!Ulative lead poisoning in man if the exposure be pro­
longed. The solvent action of the water on the lead compounds in the insol­
uble fraction would maintain the saturation level for these lead compounds 
in the water surrounding the fish. Part of this lead would be reprecipitated 
by the mucous of the fish but water containing lead would be swallowed each 
time the fish fed, for no matter how much ~ead were precipitated down the 
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solution equilibrium would be maintained since the undissolved lead com­
pounds a.re in excess in slimes at the bottom of the jar. The second and 
more probable source of the lead stored by these fish is the undissolved 
lead as lead compounds, in tho slimes, that is in the insoluble fraction. 
Minot (1924) has pointed out that the gastro-intestinal tract is the 
principal portal of entry for lead into tho bodies of living animals and 
this is particularly true of fish, which have no lungs (lead is taken in as 
dust by air-breathing animals). Small particles of lead compounds even 
though insoluble in the general sense of that term, were taken into the 
alimentary canal of the goldfish during feeding activities and supplied a 
sourco of material from which lead could have been abso1·bed, leading u1 ti­
mately to cumulative lead poisoning. Porritt (1. c.) noted that it is not 
essential that the 11 infini tesitlal doses11 of lead be in a soluble form to 
produce cumulative lead poisoning when taken into the alimentary canal, and 
Maga.th (1931) reported 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 Fl.at, that ample lead is present in the 
incrustation powder to produce cumulative lead poisoning in fishes if the 
eXposure be lone; enough. 

It is well to compare the action of the whole incrustation material 
with the action of washed lead-ore po"'1der on fis..~. In the tests with lead.­
ore powder goldfish were kept in jars containing undissolved washed lead-ore 
powder (lead sulphide) for 31 dccy-s without casualties. The water in these 
jars waG in solution equilibrium with the lead sulphide, very mim.ite quanti­
ties of which are soluble, and these fish ~ere also subject to the hazard 
of the lead particles which might be swallowed uhen those goldfish fed. 
The goldfish in the incrustation material series, in the presense of actually 
much less lead (weight for weight, since the lead ore runs roughly 85 per­
cent lead) began dying at the end of the tenth day although some fish in the 
series continued to live the full 31 days of the test. At least three fac­
tors contribute to these differences: (1) time, (2) the synergistic action 
of the substances other than lead in the incrustation material, and (3) the 
presence in the incrustation material of other compounds of lead besides 
lead sulphide. The acute reactions of the fish during the first few days of 
exposure to the incrustation powder indicated severe physiological disturb­
ances at the time, and it is a well established principle in physiological 
investigations that previous exposures to detrimental substances often en­
hance the toxic action of subsequent exposures to other substances of rela­
tively low toxicity. Besides, various substances in tha insoluble fraction 
may have contributed to the solution and absorption of the lead a:f'ter it was 
taken into the body of the fish. Weathering on the flats changes part at 
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least of the lead sulphide to lead sulphate, and a variety of other lead com­
pounds mey be formed <luring the course of the disintegration and recombina­
tion o;' the ore ·particles in the exposed mine slimes, so that the solution 
and absorption possibilities of the lead compounds in .the mine slimes after 
exposure to wea.thering are quite different from those of bright. washed lead 
ore particles, as these particles leave the mill. 

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

b. P~vsiological assays of incrustation material. -- Disturbances in 
ewallowine;, swimming and gill movements, followed by sluggishness and even 
coma were observed as immediate symptoms in fish" exposed to the action of 
the incrustation material., hence several rather extensive series of peysio­
logical. tests were made on fish, frogs. turtles and fresh-water mussels to 
ascertain more specifically the nature of this immediate toxic action. These 
rather technical experiments ma\V be summarized briefly here as tbowlng (figs. 
10 and 11) that high dilutions of the soluble fraction of the Thompson Flat 
incrustations had a three-fold effect: (1) They produced immediate paralysis 
of the stomach and intestines of fishes, frogs and turtles, in dilutions as 
high as 1;100, 000 and that even higher dilutions were destructive to peris­
talsis and the harmonious functioning of the parts of the alimentary canal 
in the~e animals. The damage resulting from exposure to this material. was 
very largely irreversible. that is, there was little or no recovery. 
(2) They caused immediate disturbances in the heart beat of fishes, frogs, 
turtles and fresh-water ll'l\lssels which shortly resulted in complete cessa­
tion of heart beat, when dilutions as high as 1:100,000 were used. These 
cardiac changes were also attended by permanent alteration of the physio­
logical activities of tho heart. (3) The material. of t~e incrustations 
induced changes of much the same order of magnitude as those produced by 
lead poisoning with lead acetate in dilutions of 1:100.000. (see fig. 11). 
(Barna.ck, 1878). 
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J'igure 10 

Toxic action ot soluble material trom Thompson Flat (Locality C23} on turtle heart in situ. 

Top graph, ventricle 
Middle graph, right auricle 
Bottom graph, le:rt auricle 
Bottom line, t"ime in 30 second intervals 

~lution applied by internal perfusion in normal Ringer's soluticm 
First perfusion with 1to1,000 concentration. (1-50 dilution or 15%). 
Second pertusion with 1 to 10,000 concentration.· (l-500 dilution of 5%). 
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The physiological assays collectively substantiated th~ findings in the 
survival experiments tha;~ the soluble fraction wa.s highly toxic to fisnes, 
frogs, turtles and fresh-water mussels if the exposure were ~ong enough to 
allow even very suall quantities of this soluble fraction to be absorbed. 
taken in to the alimenta17 canal, or otherwise brought t,o. t~e vital org?..ns. 

c. Plankton tests. -- Following the procedure used in previous pl ank­
ton tests the soluble fraction from the Thompson Fl.at incrustations 1t1as added 
to the water in which plankton crustacea were living a.nd found to be very 
toxic, dilutions stronger than l: 1,000 killing all plankton crusta.cea e::­
posed in less than five hours and dilutions as high as 1:100,000 proving 
fatal in 24 hours or less. Obviously such short surviw.ls did not offer time 
for cumulative effects, so the high toxicity of this soluble fraction to 
plankton \·tas a.scribed to the soluble sulphates, .particularly those of zinc 
and o·ther heavy metals present in the soluble fraction of the incrustat i on 
material. This conclusion was verified by simultaneous tests of the soluole 
fraction, of zinc sulphate, of sodium sulphate and of mixtures of zinc and 
sodium sulphates. Pure zinc sulphate was found to be almost as toxic t o 
the plankton crustacea as the soluble fraction of the incrustation material, 
as a dilution of 1:100,000 of zinc sulphate proved lethal to these animals 
in less than 24 hours and 1:10,000,000 was distinctly toxic in longer ex­
posures. These values a.re practically the same as those for the fatal 
dilutions of the soluble fraction. Sodium sulphate on the other h.a.nd was 
tolerat~d by plankton crustacea in concentrations up to l:l,000 with V O'r"J 

few cas'\.'llil ties, al though a mixture of equal parts of sodium and zinc sul-
pha. tes in a dilution of 1:100,000 was almost as toxic as the same dilution 
of zinc sulphate alone. The high toxicity of the soluble fraction to 
plankton seems therefore to be largely due to the zinc sulphate present 
in the incrustation material. 

3ranley incrustations. -- As large masses of incrustations wero soon on 
the piles of mine wastes along the Coeur d 1Alene River near the mills, a com­
posite sample of incrustation material prepared similar to the composite 
sample from Thompson Flat, was collected from mine wastes along the river at 
Bradley. It seemed desirable to compare these incrustations forming on ~tastes 
near ·their source ~~th the incrustations forming on mine slimes 50 miles or 
more do\·ms tream at Thompson Flat. 

The composite sample from :Bradley \·.ra.s of a dirty white color and carried 
about 39 percent freely soluble material, and ran higher in both lead and 
zinc content than the composite sample from Thompson Flat. From tests on 
fish and plankton the Bradley incrustations were found to possess the same 
toxic properties as those displayed by the Thompson Flat material, producing 
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a profuse flow of mucous, incoordina.te movements• sluggishness and death 
when fish wa-e exposed to concentrations as low as 1:.16,·000 of the soluble 
fraction. Plankton aniI:la.lG were even more .sensitive to this incrustation 
powder and dilutions of 1:100,000 and 1:1,000,000 of the soluble fraction 
were usually, fatal in less than 24 hours. On the whole the :Bradley, incrus­
tations were conspicuously more toxic than those from Thompson Flat. 

General Discussion 

Reviewing all the data, both field e.nd experimental it is evident tha.t 
so fnr cs fisheries are concerned the mine wastes pourGd in the South Pork 
in the Wallace-Kellogg area have reduced. the approximately 50 miles of the 
South Fork and main Coeur d1Alene River from above Wallace to the mouth of 
the river near Harrison, to a barren stream practically without fish fauna, 
fish food or plankton, and with enormous lateral supplies of potentially, 
toxic materials. The accumulated wastes as they now stand (1932) will con­
tinue to poison the waters of the Coeur d'Alene River for a considerable pe­
riod of time. In addition, the stream bed and 'banks of the polluted portion 
of this river are covered with large masses of relatively non-toxic rock 
powders which because of their mochanical and physical properties hD.ve pro­
ducod conditions which pr~ctically prevant · the ma.intainance of any, sort of 
a bottom fauna. 

The acute pollution conditions in the. Coeur d·1Alene River, particularly, 
at its mouth where it flows into Coeur d'Alene Lake, present another f ish­
eries problem, namely one concerned with the effects of those mine slimes and 
toxic substances which the waters of tho Coour d'Aleno River aro projecting 
into Coeur d'Alene Lake, on the biota of that lake. 

In the present survey mine slimes were found to be distributed over the 
floor of Coeur d1Alene Lake, in varying amounts from the mouth of the Coeur 
d1Alene River to the outlet of the lake west of Coeur di.A.lane City.. Chemical 
tests ·of those bottom samples showed that thoy contained s.mall amounts of 
lead, zinc and other heavy metals. Soil samples from the flats along the 
stream bed of the Spokane River near Green Acres, Washington, at points where 
the waters of the river had recently recoded also contained traces of lead, 
zinc and copper when subjected to ch.omical :i.nalysos. Tho ovidonca, both 
chemical and microscopical seemed conclusive that the mino slimos moro or 
less mL"Ced with various soil elements as sands and clays. have spread over 
most of the floor of ' the lake in the pa.th of flow between the mouth of the 
Coeur d 1Alene River and the outlet west of Coeur d•Alone City.. In viow of 
these findings in the lake, the analyses of soil from the river flats near 

52 



102103 

Green Acres, Washington, although by no means conclusive, are suggestive at 
least that some of the mine slimes or their products are being carried out 
of the lako and down the Spokane River. However, the data from the bottom 
samples, and from slime deposits along the shore of Coeur ' d'Alene Lake, as 
at :Clack Rock, indicate that at times large areas of Coeur d'Alene Lake are 
exposed to clouds of highly dilute mine slime suspensions, and that deposits 
of theso slimes aro being incorporated in the floor of th9 lake. The solid 
matter composi~g the clouds of mine slimes carries according to the analyses 
given bY,0 1Keeffe and Ziegler (1930, p. 2) from 0.35 to 0.45 percent lead as 
Pb and from 1.7 to 2.3 percent zinc as Zn. The biological hazards resulting 
from these clouds of mine slimes in the lake water depend largely upon the 
amount of matorinl in suspension and the duration of the clouding of the 
lake with these slimes. During July 1932, the turbidity of the lake was 
little if at -all affected by mine slimes beyond East Point, so that these 
suspensoid.s at that time were high~r dispersed. It must be remembered, how­
ever, on the basis of existing analyses of these susponsoids that if the 
mine-slime suspension rose to a concentration of only 50 parts per 1,000,000 
there would be sufficient lead present in the lake water to produce cumula­
tive lead Poisoning according to the findings of Porritt (1931) without con­
sidering the possibility of lead in solution. Suspensions of mine slimes of 
this degree of concentration and higher were found in tho Coeur d1Alene 
River \later near Harrison during July 1932. 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 1 therefore. by these m.ina slimes will vary, di­
rectly, 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 d1Alene Lake 
was discussed in the section on bottom conditions, and from the findings in 
those studies it can be stated that the slime deposits form only-a portion of 
the material which is covering the bottom of the lake with layers of inorganic 
silt. 

Summarizing the findings in Coeur d'Alene Lake during July, 1932, the 
water conditions dependent upon dissolved gases and carbonates wero good and 
apparently, ha.d not changed during the past 20 yea.rs, judging from Kommerer 1 s 
repart (1923) on conditions in Coeur d'Alone Lake during 1911; tho bottom 
fauna. was declining; a.nd tho plankton catches gave dofinito ovidenco of tho 
detrimental effects of the water from the Coeur d'Alene River as fnr out in 
the la!te as East Point. In the main the pollution from the Coeur d 1Alene 
River is only, one factor, in the present complex of conditions which arc re­
ducing the fishing in Coeur d'Alene Lruce. The mine slimes do prosont a. po­
tential hazard which might at any time become serious if tho quantities of 
mine wastes were increased beyond the volumes seen in July, 1932. The cumu­
lative effects of these slimes on Coeur d'Alene biota if present conditions 
are maintained tare only speculative. 
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RecoI!llllenda.tion 

From the v~ewpoint of fisheries one recommendation is obvious as a 
result of this survey. However, anyone familiar with the.Coeur d'Alene 
District must ·recognize at once that many other .intereste, some coIIII!1ercial, 
some of human hazard, some recreational, are involved in this particular 
pollution problem. The following suggestions are offered therefore strictly 
as remedial to the fisheries problems, r,md the bearing of 'these suggestions 
on other matters of human welfare and activities must be d~cided py those 
to whom the administration of this district and the waters are entrusted, 
although the writer :has· not been urunindi'ul of these complications. 

Collectively the mine wastes in the Coeur d'Alene River have destroyed 
the fish fauna and the nlants and animals on which fishes' feed, first be­
cause the enOl'!!IOUS masses of rock powder have overwhelmed everything in the 
stream with shifting deposits of inorganic waste; and second because the 
weathering mine slime on the flats and banks ~roduce substances which when 
leached back into the stream are highly toxic to plankton and other organ­
isms which supply the basis food and to the fish themselves. These condi­
tions in the Coeur d 1Alene River not only hav9 made that river barren, but 
they are threatening all of the lakes" adjacent to the Coeur d1.6!1..ene ·Rtrer,ood cmr 
-s"titute. cOn.stant menace to Coeur d'Alene Lake. There is only one complete 
solution to this problem a.hd that is the exclusion of all mine wastes froo 
the Coeur d'Alene River. Even if this is done. it will take the river some 
time to rid .itself of the nasses of powdered rock in the strea.L'l bed and of 
the weathering deposits of raine slimes along its banks. so that several 
years will elapse before a natural fauna will reestablish itself in the now 
polluted portion ?f the Coeur d_1 Alene Rive'!'. 

The exclusion of the mine wastes f!"'om this stream immediately brings 
up the question of mine waste disposal if the mines e.re not permitted to 
use this river. Although this is an engineering problen rather than a 
fisheries matter, the writer visited the Sullivan Mines an~ Mills at Kim­
berly. British Columbia, where a successful disposal system for mine wastes 
from the 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 and Provincial 
laws prohibit the a~ing of ' ~ill wastes into the natural waters of Canada 
(a letter from the Deputy Attorney-General of the Provi~ce of British Co­
lumbia refers to paragraph 332 of the Water.Act. as covering this cas~). a 
settling system has been nerfected by the Sullivan Mills which handle an 
ore tonnage comparing favorl:).bly with that of the Coeur d•.Uene District·, 
for all of the mill wastes at Kimberley. · The writer was informed during 
his visit in Kimberley that the original cost of this settling system was 
not prohibitive and that the up-keep was nominal. 

The mine wastes are conveyed by wooden flumes (see figs. 12 and 13) to 
a settling basin. These flumes are so nlaced that the wastes run into this 
basin from several points and the deposits form the dam for the basin holding 
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back the waste waters until the rock powder ~s settled out and forcing the 
waste waters to filter back through the deposits. From the first settling 
basin the now clear wate1· passes to a. second settling basin, where the pro­
cess of settling and filtering is repeated, with the result that the volume 
of water is greatly reduced by evaporation and the mine chemicals e.nd other 
substances in solution are very largely destroyed before the water leaves 
the second settling basin. 

Although the banks of the first settling basin were heavily frosted 
with incrustations (fig. 12) like those forming on the mine slimes in the 
Coeur d 1_i\.lene District and which were found to be ouite as toxic as the in­
crustations at Bradley, by the time the water left the second settling 
basin it was so reduced in volume and so purified that within a few yards 
of the mouth of the outlet ditch carrying this waste to the St. Marys River, 
plankton, algae, aquatic insects a.nd fish \Jere faun~ in the St. Marys River. 

Various tests of .the mine slimes, the mine waters and the purified 
water after leaving the settling basins were made and the problem of the 
Kimberley mills found to be the s~e as that of the Coeur d'Alene Mills, 
with the settling basin system providing a practical solution for the waste 
disposal without stream pollution. A suction dredge has been constructed 
which is to pump out the mine ·slimes from the Coeur d'Alene River near Mis­
sion Flats and deposit these slimes on the land nearby, which has been ac­
quired for the :ourpo·se. This procedure will undoubtedly reduce the amount 
of mine slimes carried to the lower river ?ut ns the finer particles will 
not settle out even in Coeur d1Alene Lake the pollution of the lower river 
will not be corrected, but Llerely rao dified. Of course, this pumping out of 
mi~e slimes will be helpful to some extent but it will not solve the pollu­
tion proble~s in the Coeur d'Alene River for fisheries. 

Summary of 1932 Investigations 

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

2. The unpolluted small lakes adjacent and tributary to the Coeur 
· d'Alene River between Cata+do and Harrison, were supporting normal fish 

fauna of bass, sunfish, perch and minnows, together with ample aquatic veg­
etation and plankton fauna. 

~· Thompson Lake and Swan La..~a. both rather heavily polluted by re­
cent backwaters from the Coeur d'Alene River were almost without plankton 
fauna. 

4. The plankton fauna of Coeur d'Alene Lake as a whole was rather 
sparse, and particularly poor at the south end. No plarL'ldon were taken 
off Harrison and at the mouth of the Coeur d'Alene River; and very few as 
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far up the lake as East Point. A comparison of the ·plankton data obtained 
by Kemmerer in 1911 with thase 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. 

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

6. Minnows, dace, bass, and perch were found, a.nd trout reported, as 
living in Coeur dlAlene Lake. 

7 • The decrease in the numbers of t·rout living in Coeur d•Alene Lake 
during recent years, s~ould not be attributed to mine wastes alone as va­
rious other factors have been operative to cause these fish to become less 
plentiful in this lake. 

a. The St. Joseph River ~d Chatcolet Lake were maintaining good plank­
ton, bottom insect, and fish faunae. Bass, trout, perch, minnows and dace 
were all found in these waters. 

9. No signi~icant differences in dis solved gases, pH, carbonates, and 
other factors dependent upon these were found between . the waters of the 
polluted portion of the Coeur d•Alene River, and those of the St. Joseph 
River or of the unpolluted portions of the South Fork. The specific con­
ducta.i:ice of the polluted water was higher than that of the unpolluted wat er 
but did not indicate an excessive amount of soluble material in the polluted 
water. 

10. Comparisona of the dissolved gases, relative acidity, and carbon­
ates in Coeur d'Alene Lake during July, 1932 with the analyses ma.de by Kem­
merer in this lake in 1911 showed the values renorted by both surveys to be 
essentially the same, indicating little change in the condition of the lake 
with regards t o these fact ors over a p eriod of 20 years. 

11. The bottom of the polluted portion of the Coeur dtAlene River was 
deeply covered with shifting deposits of ver; fin~ rock powder which not 
only overwhelmed the bottom fauna but prevented the development of any bot­
tom consocies of animals either adult or immature. 

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

13. Deposits of mine slimes more or less mixed with other soil com­
ponents, were dredged from the floor of Coeur di Alene Lake at various sta­
tions, showing that the mine slimes have spread rather generally over the 
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Figure 12. Margin of settline basin tor mine wAstes, SullivBll Uining 
and Killillg Company, Ltd., Kimberley, B. O. The main settling area 
ia in the baclq:ro\Uld of the right balf •f the picture. !rhe wooden 
flume carrying the waste alimee passee alon& the left aide of the 
picture. The mn.es~a of white material in the foreground are crystals 
of w.~ate subatancea formed en the surfll.Ce of recently discharged slimes. 

11gure 13. Another view of the aettlinc baain fer mine alimea on the 
Sullivaa Uining Slld Millillg Oelllpally, Ltd. properties. !he :aain 
wooden flume for the distributi on of these slimes ia in the b~ckground. 
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bottom of Coeur d'Alene Lake, partic~larly in the line of flow between the 
mouth of the Coeur dlAlene River and the outlet of Coeur d1Alene Lake west 
of Coeur d'Alene City. These bottom deposits cont~ined lead and zinc in 
small amounts, and soil samples from the banks of the Spokane River near 
Green Acres, Washington also contained traces of lead, zinc and cop~er, 
suggesting that some of the mine slimes or their products are not only car­
ried across the lake but out of the lake and down the Spokane River. 

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

15. Water from the polluted portion of the Coeur d'Alene River near 
Harrison was definitely toxic to ~lankton cruatacea killing alL plankton 
animals placed in this water in 18 hours or less. 

16. All of the milling chemicals with the exception of sodium carbon­
ate were very toxic to both fish and plankton. The milling chemicals, 
however, do not present any particular pollution hazard except in the im­
mediate vicinity of the emptyin& flumes as only part of the milling che~i­
cals leave the mill a~d the organic .derivatives as potassium xanthate and 
the cre~ols are soon broken down in the stream. · 

17. The milling products, that is the rock powder a.nd sodium compound~ 
were relatively non-to~ic except as they disturbed the natural salt balance 
in the river water. Plankton ani~als were fairly sensitive to such changes. 

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

19! Mine waters and flume waters were qui to toxic to :plankton. 

20. Large amounts of incrustations were observed on the exposed mine 
slimes on the flats along the p olluted portion of the river and in soils 
more or less impregnated with mine slimes. The incrustations formed' hard 
coatings over the soil in m~.ny places and often c9vered several acres of 
surface at any given station. In July, 1932 these soil incrustations 
a.mounted to 27 tons per acre on the Thorap son Flat. 
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21. The incrustations were conr.:iosed oi a soluble fraction (3 to 40 
percent) which was largely zinc sulpha.te, and an insoluble frac.tion carry­
i~g zinc and lead compo'\µlds. 

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

23. Exposures of 12 to 31 da¥s to high dilutions of these incrusta­
tions were fatal to fish, the animals showing among other symptons' black 
aeposits of lead in the fins and elsewhere about the body, indicative of 
sumulative lead poisoning. 

24. The acute nollution conditions existing in the Coeur d'Alene 
River as resulting from the enormous deposits of rock powder and fr~m the 
toxic substances :!,)reduced by the weathering of the expoi?ed mine slimes on 
the flats, are threatening the small lakes along the Coeur d'Alene River, 
and alsQ Coour d'Alene Lake. 

25. There is ~ut one solution for this pollution problem as far as 
fisheries are concerned, namely, the exclusion of all mine wastes from the 
Coeur dlAlene River. 

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