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ABSTEACT

4 study on water quality wag taken over a %wo year
pveriod, 1974 (8) and 1974, ranging from April to Novembor
on the Park Lake ~Tump Fuleh Area in Jeffersmon County,
Montana. Tests were conducted for covper, zine, iron,
lead, pH, specific elecirical conductance, temperature,
and dissolved oxygzen content. Severe winter kills and
mortality rates Ffor fiszh plants were common vaports in
the previous years, howsver, neither oceurred during the
1976 test season. Conditions were atudled for hoth Fish
and human safety.

Hesults showsd no single cause aso detrimental %o the
area except in the immediate Trohner Vine srea, Some
speculation concerning synergiatic effects of toxicants,
precipitating metals, and other prevalent conditions

are made.
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INTRODUCTION

Park Lake is one of the Helenz ares recreation sites
and is used for fishing and camping. Frohner Basin and
Park Lake (Township 8, Range 5, Section 13) comprize an
area of 3400 acres and is located approximately 13 miles
south southwest of Helena. This arez has seversal mines
which ave for the most part currently inactive. Park
Lake wes constructed to store and supply water for the

mines of the ares but is currently owned by the Montana

Fish and Came Department. Frohner iiine {Township 8, %
Range 5W, Sectlon 15) is above Park Laks and betwesn thege Z
there are several beaver ponds and wet meadows which hold é
water for late season water flow. é
Since the water for the lake flows over an area +that é

has mine tailings from the now insctive Frohner line and a i
v

W

limited amount of water comes out of the mine tunnel it i

7o ’ E

this ig one factor that must be considered ag o poezinis
gource of contaminant minerals and pH changes., Another

possible contaminant source Lo be considered is a road that

wag built for timber access in Frohner Basin above Park
Lake. During construction, approximately 1400 cubie vards
of mine tailings from the Frohner Mine wers used on 0.79
miles of road, This road crosses the creel ag it passas

through Frohner leadows (Township 8N, Range 59, Section 147,

s 191 s

a8 & result of concern for public health the U, &,

Forest Service submitted az report on the effect of mine
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tailings on the water of Lump Guleh and Park Lake in 1974,

{4} In general, this report is concernsd with human cone-

o

umption safety standards as sel by the U. 3. Public Health
service and concludes that at least under the parametars
and sampled flow and runoff conditions there should be no
danger to Park Lake or its users. The data resulting fron
thne Forest Service report as well as the data from our own
tests, which aren't as extensive as those conducted by the
Forest Service, can be interpreted with reference to agustic
1life, especially rainbow trout, ¥
In the past there have been problems with fish winter y
kiliing during certain winters and zlso with planted rain- -

bow trout having abnormally high mortallity rates within the

Tz
O

Tirst few days following the plant. For example, on lay

25, 1964 an "estimated couple hundred” ralnbow trout were
dead around the shore of Park Lake; liay 29, 1967, trout

winter kill was "extensive" (4). In June 1967 a high

i
W
:
#

mortality rate of planted trout was reported; again in June
19703 and the 1975 plant produced 235 dead fish which
prompted the situdy.

The purpose of this work is to attempt o point out
conditions which may be responsible for the winter ki1l of
rainbow trout and for the oceassional high mortallity rate
that oceocurs when rainbow trout are planted in the lake, Ve

will look at the environmental conditions provided such as

mineral content, temperature, pH, and dissolved oxygen

levels.
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FEZTHODS and DATERTATS

Our study on the quality of water in relation to

aninal and humon populntions ranged from above the Frohnew
Mine and tallings, along the Lump Culch Creek, and into

Park Lake. Therse were four tost stations along the creek
athway degignated O-1 through C-L., (-1 was loeated above

o~

tne mine and used as the soentrol for the area. -2 was at

the entrance to the nine tunnel. C=3 wag below the nine
arezs, with C-4 at the inlet to the lake. e get up seven

stations on the lake, desgignated as I-1 throush Tim? e
el L

F.‘)‘.’

Recordings were faken at both the surface and hottom o
these sites, et through L-4 are located on the wesy:
portion of the lake going from south o north, resnectively,
L=5% throuzh L-7 are on the eastern vorticn, alse running
from south to north. (See map # 2) Szmples wers alao
taken 2t the lazke exit. puring the latter stazes of the
summer ithe water level dropped considerably, %o such an
extent where no water left the lake ox tcept by means of a

mples wore discontinued durine
fod

m

few minor seepage points.
this time.

We collzeted a nunber of roaw samples ond recorded
obgervations in the field but due o the nigh coat of the
testing process not all of the raw sgarmmles ware used, 17
our tests concurred with thoss in the report by the Helena
National Forest Officers, then we took no more timo an

expense to Test again Tor the same materials., Ve tried to



Map 2. Fark Lake, showinz devpths and
1976 study stations.
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use our data in such a way as to give\the best overall view
of the 1976 season.

The materials for expsrimentation wers all denated for
cur uss by the Montana Department of Fish and Game. This
included all the equipment for the acquisition of samples
and for their storage and preparation. Freservatives were
alss donated.

We used the test for totzal minerals consistently.

Thie test gives an indication of the total minerals

present in the sampling area. In this test, a 1000 ml
plastic container was filled with gample water and 5 nl of
concentrated nitric acid is added at the time of ecollection
To minimize absorption of the metals on the container walls.

We tested for dissolved minersls., This test represents
the minerals fourd dissolved in the sample water smaller
than 45 micron size level., Here a 50 ml glaos syringe Wasg
attached to 2 45 micron filter. The sample passed fronm
the syringe, through the filter, and into = 250 ml plastic
sontainer. One ml of nitric acid was added sz a prégserva-
tive.

Both the total and dissolved mineral samples were
taken to the State Department of Health end Envirvonmental
Selences laboratory and analysad by the Atomic Absorpiicn
Spectrophotometric Methed.

Generally, atomic absorption spectroscopy measures

the amount of light absorbed throush a sample that is
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sgpirated into & flawe and atomized. The light beam is

directed through the flame into =z monochromstor, and onto
a detsctor. The amount absorbed vy the flame is proportional
to the concentration of element in the samnle (1).

We tested for nydrogen sulfide (Hgﬁ concentration
and for specific conductivity. 4 1000 ml »nlastic conjainer
was filled, no preservatives were added. Hydrogen sulfide

concentration is measured by the Deparitment of Health and

B e

Environmental Sclences laboratory using = colorinmeiric

LY

mmzsmh‘mw gyl

-

%

method., A reaction is produced between parsaminodimethyl-
aniline, ferric chloride, znd sulfids lon, reszsulliing in ths

formation of methylene blus. Awmmonium phosphate is added

,_V.

to remove color due to the ferric ion, asnd color comparison

Fama

determines the results (1),

The test for specific conductivity wes alsoe run by ths

SARN, e n s

s

"
%

laboratory. This test gives useful indications of the

total concentration of ilonic solutes. It is determined by
commercially availabls monitoring equipment.

Dissolved oxysen tests were an lmportant factor in the

W

study. Samples were obtained from various depths of water
and drained into & glass container. Here we enployed the
Azide Wodification of the Winkler Lethoed (1) in the the field.

E) o)

The procedure for this test is zs follows. To a 300 ml

gample add Z ml manganese gulfats solution, followed by 2 ml

alkali-iogdide~azide raagent. sSionper with care not o

o

3 ! e o

air bubbles and wix by inveriing the bottle at

2

o

netud

o
ti]
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least 15 times. Vait until a precipitate settles out aznd

add Z ml concentrated sulfonamic acid (HESG ). Wix by

e

gentls inversion until dissolution is complate., Then
remove 203 nl of solution for titration. Titrate with
0.0250 N thiosulfate sclution to a2 pale straw color. Add

i ~ 2 nl starch selution and continue to titrate until the

first disappearance of the blue color. The volume in milli-

liters of the titration waterial is the relative amount of
dissolved oxygen present.

pH is the messure ¢f the hydrogen ion concentration of
the water. Extremsly high or low concentrations can adver-
sely effect water guality. 4 small portion of untrezted
sample water is tested using a portable pH meter. DH
readings were taken in the field, The pH meter ineluded
an automatic system where temperature of the water is
accounted for.

Temperature of the air, the water, and time of sampl-
ing were all recorded.

llaterials of our study also includes a report of the
Helena National Forest by Richard H. Wheeler, condensed by
Parley Waters (8). This report covers the sanme sanpling
gpace, with the exception of Park Lake itself. Tests were
‘yun by the same institutions. This report is more exten-
sive than our report. We feel this material ig of

importance to our thesis.

sty o 8

X




COPPER
In general, the effects of copper in water are in

terms of copper (Cu) or copper salts., MNetallic copper is

insoluble in water while many copper salts are highly soluble

in water. These copper salis occur in natural surface
waters only in trace amounts of about 0.05 mg/1 and thus
higher concentrations ars usually due o the copper com-
pounds being added by some source such as industry, insect-
ieides, or fungicides (6-10, 627, &by,

The chloride, nitrate, and sulfate of divalent copper
are highly soluble in water. The carbonate, hydroxide,
exide, and sulfide forms are not gsoluble in water and
therefore cupric long that are introduged into natural
waters at pH 7 or above will precipitate as the hydroxide
or as basic copper carbonste {CuCGB, Cu(OH)2 ). This is
the reason copper ions are not usually found in natural
surface waters or ground water in high concentrations (6),

Copper is probably not a hazard in domastic water
supplies because when it is in high enocugh concentrations
to be dangerocus to human beings 1t will also have a dig-

g found in traces in all

}..fu

agreeable taste (6), Copper
plant and animal 1ife and in blood-forning organs the
physiological function seems to be invelved in the metebol-

ism of iron (6~27, 6-44}. lLiost of the copper ingested ig

S SRR

el

g NN S i,
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excreted by the body with very little ﬁeing retained, thus
copper lg not considered to be 2 cumulative gystemic polison
28 1s lead or nmercury. Over the years the U. 5, Publie
Henalth Service (USPHS) has had variocus drinking water stan-
dards with the 1962 standards being = recommended limit of
1.0 mg/1, this limit being set primarily because of the
taste problem (6-24),

Pish and other aguatic 1ife have varying levels of
copper tolerance which differ from species o spacies and
also with the physical and chemical characteristics of
water such as ftemperature, hardness, turbidity, and carbon

dioxide content (6-28, 6-45), Hard water reduces the toxi-

Tl NS Y % 0 MR e

city of copper salts by the precipitation of CODPPET carbon-
ate or other insoluble compounds (6-11, 6-45), The sulfates
of coprer and zinae act synergistically to increase their

toxic effect on fish (6-9, 6-19, &-4 ., Copper concentrat-

°"‘M- & }&“ﬁ%& i,

ions varying frowm .1 to 1.0 med T heivi boasn found o be non
toxic to maot fish (6-¢, 6-19)., I% has been demonstrated

that the vexis threshold coneentrations of copper for

rainbow trout were diminished as the dissclved-oxygen

tension was lowered {(8-1, 6-4&, 6.47),

b
pra
P
==d

Iron ecan be found in water as the ferrie and ferrous
salts such as chlorides which ave highly soluble in water.

Ferrous lons are readily oxidized in natural surface waters



11

to the ferric condition which will then form insoluble
hydroxides (6-49) which will precipitate gasily in well-
aerated waters. For domestic water suvpliss the USTHS sot
a recommended limit of 0.3 mg/l in their 1962 drinking
water standards. This Limit was based on esthetic and
taste considerations because even at concentrations as
high as 1.0 wg/1 would have little effect on the total
daily intake of iron.

because of the ability of ferrous or ferric icns to
combine with hydroxyl lons to form precipitates very little
of the irvon remalns in solution. UOne danger that may arise
under the conditions of = high dosage of soluble iron salt
and water that is not strongly buffered may be to lower the
pH of the water to a toxic level. Iron hydroxides may
deposit on the gills of fish and csuse irritstion and blook-.
ing of the respiratory channels, A4lso, heavy preci§itat@s
of ferric hydroxide may be hazardous to fish eggs due to
smothering { -8, &-25, 6-50). Ueath of pike, tench and
trout may oceur at an iron concentration of (-2 mg/l and a
pH of 5.0-6.7, however, the toxiclty of iron may be depend-

ent on whether or not it is in solution or suspension (6-8,

6-18, 6-20).

LEAD
Lead may be introduced into the environment as a

constituent of many industrizal and nining processes, Our
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report deals directly with effluents of a mining camn.

Lead is a dangerous chemical in the envirorment for
two reasons. Filrst, it has a cumulative effesct. wecondly,
no one is pogitive as Yo the maximum intake levels that are
gafe for man and anipals,

Lead is not considered essential for nutrition of
gither man or animals. Successive intake of lead acourie
ulates as a poison. This poison is generally devosited in
the bones and causes many sbnormalitiss,

No one is positive about the harmful levely of lead,
The USPHS Drinking Vater Standards siates a level of 0.1
mg/l as safe. This is a very difficult figure to accurate-
ly interpret. UWany factors, such as food intake, inhaled
atmosphers, tobacco smoke, drinking water consumption, and
gengitivity of the individual to lead concentrations, nmust
be considered. This makes finding a maxinmum aceceptable
toxiecant concentration level very difficult.

Lead poisoning of fish is generally caused by the
amount of dissolved lead in the water. Nelee and Wolf (&)
nave determined the complleztions of the mstal are due to
the deposgition ¢f lead on the zills of rainbow trout, which
eventually causes suffocation. This is a yeaction of ths
mucus layers of the gillis with the dissolved lead, However,
Davies, Gosttl, sinley and Smith {3) have shown the effects
of lead to fellow two different chamnels, One ig whare

lead is thought to have direct or indirect influence on

W

il
TN 05 BT

— Li&'
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e R e MR
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the central nervous system. The other channel is thought
to be blochemical inhibition of metabolism. This degener-
ation ig not believed to be solely dus to mucus coating by
lesd, but possibly by direct ingestlen of heavy metals or -
by means of the food chain, It is important to note that

symptoms of those channels described by the latter authors

have been nroduced by other means than lead poisoning in

separate and unconnected sxperimentation.

o e

Effects of lead poisoning on rainbow trout generally f%
cause vast physical abnormalities, such as spinal curvatures, ?%
paralysis, and darkening of the tail sections. LcKee and hﬁ
Wolf {6) site the maximum acceptable toxlcant soncentration %

%
as 0.1 mg/l. Davies, Goettl, Sinley, and Smith {3) have é
designated 0.018 - 0.032 as the maximum scceptable level. %
Part of the difference ls due to a change in tegting proce- %
I

dure by the latter authors. They believe the atomic

ALy

absorption spectroscopy {(which we used) is not as exact as
the pulge polorography method., Despite the methods used,
this digerepancy is quite large and should Dbe locked into.
It is important %o note the toxicity of lead toward
rainbow trout increases with a reduction of dissolved
oxygzen content. This has been detsrmined by the Water

Pollution Research Board {6-1, 6~2Z, 6-46, Gt} e

ZINC

3ine has the ability to be highly scoluble in water

CARRCLL COU

LA R A RA

FCL LIBRARY

- a Do sy
RS LA



il

when it is in a salt form such as zine chloride or zine
suifate, however, when it is in the form of zine carbonate,
zine oxide or zine sulfide it is insoluble in water and will
preciplitate out of water and may then be Ffound in silt.

A limit of 5.0 mg/1 of zinc was set by the USPHS in
1962 because the taste threshold for zine occurs at the 5.0
ng/1l level. Zine has no know adverse physiological effects
upon man unless it is consumed in very high coneentrations.

Zine exhibits ite areatest toxicity toward fish and
aguatic organisms. In soft water zinc is more toxie than
in hard water. It i1s thought that zinc exerts its toxic
action by forming insoluble compounds with the mucous that
covers the gills (6-30, 6-34, 6-35), by damaging ths gill
epithelium (6~56}, or possibly 28 an internal poison (6-26,
6=57).

Pish that survived exposure %o dissolved zine have
been less susceptible to additional exposure to zinc, thus
indicating that some acelimatization to %he presencs of
zinc ig possible. It has also been noted that the effects
of zine poisoning may not becoms apparent immediatly, i.e.
fish removed from zinc-contaninsted water afiter 4-6 hours
of expesure may die in zinc free water 48 hours later (6-17,
6-21), The toxicity of zinc selts is increased ot lower
dissolved oxygen concentrations in about the same nronorte
ion as for lead and copper. For example, the lethal cone

centration at 504 saturation of dissolved oxygen is only

ity

L3

3,
o

DR e n g

=

AT,
Viag,
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about 0.85 of that concentration needed %e be lethal at
a 1004 saturation (6-22, 6-37, &-48, 6-l7, 6-56), If temp-
erature is increased the survival time of rainbow trout in
golutions of zine sulfate in hard water will decrease, but
the threshold concentration was not appreciably affected
by changes in temperature (6-56). In hard water, zinc
coneentration of 4.0 ng/1 ard expogure for three days is

lethal for rainbow trout {(6-42).

PH

PH 1ls the measure of the hydrogen ion concentrztion
and is used to measure potential pollutants. PH is sspeci-
ally important because 1t determines the degrec of dissooe-
ation of weak acids and bases, some of which are more
toxic in the dissolved form than in the ionie form. The
toxieity of metals is determined by the pH.

The buffering action of water is zssential to the
determination of a material's ability to influence the nH
of the sample. Domestic sewages generally do not influence
pH due to the water's high abllity for buffering action.
lany industrial or mine wastes =are so concentrated, they
have a marked effect on the PH. |

0f the U.5. waters that support good fish life, 59
j2}

e
[

have a pi less than 6.7 and 504 have a oH le than 7.6
&

and 95% have a pH less than 8.3 (6-8),

The U.S5. PHS Drinking Water Jtandard has set no limits

R S
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L

as w0 pH in domesstic waters (6-23). Saﬁe pi values have
been suggested by the Agquatic Life Advisory Committes of

the Ohlo River Valley Water 3anitation Comission (6-20),
Lethael effects are not produced in the range of 5.0 to QaS.'
For best productivity, however, the pH should ranze from

6.5 to 8.2, Rainbow trout have been raported to tolerate

a range from 4.1 to 9.5. ‘The optimum range for fish eges

ig 6.0 to 7.2,

The tolerance of fish to varying concentrations of

M, o Sy

digsolved oxygen changess markedly with pH chanses {6«13,
6“513 6”5239

Naturzl waters do not dissolve lead if pl values are

"ot

e .

above 8.0 (6-14), Iron in a concentration of 0.9 ms/1 will

fodt, v e

lethally affect fish life if the pH drops to 5.5 (6-5, 6-13).

y
R

i
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SPECIFIC FISCTRICAL CONIUTANGE gf
V4

CF

I

specific electrical conductance serves ap a culick
method of measuring the ion concentration of water which
may indicate that the water is pollutsd by s=alt concentrat-
ions that would be high enoush to be harmful +to living
organisnms becauss of the resultant incrsase in ﬁsmetie
pressure. Speclific electrical conductance is the reciproeal
of the resistance in ohma of a column of solution one cente
imeter long and with a cross section of one square centimete
sr; at a specified temperaturs, which is ususlly 25° ¢ (&),

The rish can be affected by high ocsmotic pressurs
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caused by salte in solution. VWater may be drawn from the
gills and other delicate external organs which will cause
damage and sometimes death to the cells. Utudies by Ellis
(6«k) of inland fresh waters indicate that the spseific
conductance of girsams and rivers that support a good figh

1ife is between 150 and 500 4mhos at 25° ¢. A good fish

fauna was not found in water with a specific conductance

greater than 2000 ¢4 nhos a2t 25§ C. Hosgt types of streams

S

that had spescific electrical conductances greater than

ﬁ%‘mm

1000 4 mhos atb 25ﬁ C are probably indicative of the presence

>

T ey

of acid or salt polution of variocus kinds. Some mors

alkaline western streams may have an upper limit of 2000

1
4uwhes at 25° C for the indicative siens of acid or salt %
pollution. §

2

;

#
DISSCLVED OXYGEN §

")

Since oxygen is important to so many 1ife vprocesses
the concentrations of dissolved oxygen plays an important
part in determining the sultablility of an aquatic senviron-
ment. The dissclved oxvgen content of water at eguilibpe
ium with the atmosphere is a function of the temperature
and galinity of the waiter. Ths dissolved oxygen concente
ration will decreass with inscresses in temperature or
dissolved solids (&),

Int degling with fish it ig hard to make z zenersl

statement about a2 minlmum level of disseclved oxygzen nesded
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to support life., This is beczuse the oxﬁgeﬁ requirements
vary with age, specles, prior acclimatization, temperature,
and the concentratlion of other substances, Temperabure
alfects the amount of available digsolved oxveen and the
rate at which it will be used by fish. The higher the
temperature, the more oxygen required by the fish. For
example, the minimum conecentration at which trout are
asphyxiated at 10° C is 1.16 mz/1 and at 18° ¢ it raises
to 2.4 mg/L {6). Thess results must be looked at while
keeping in mind the faot that within certain limits fish
can adjust their rats of respiration to compensate for
changes in the concentration of dissolved oxvgen. Besides
temperature, the deadly effect of low dissolved oxygon
concentrations ssenz to be incrsased by the vpressnce of

toxic substances such as carbon dioxide, ammonia, cyanides,

zinc, lead, copper, or cresols (6-3, 6-25, 538, &-40, 6-4LG,

6”‘"‘3‘8; 6""1‘;’330
The lWater Pollution Research Board of England (6-36)
found the minlmum oxygen tensions at which rainbow trout
could survive for 8% hours to be: 10° ¢ - 1.89 mg/l
3 -

1130 C - 3.00 Lzlg,/l

207 G ~ 2,64 mg/2
The 20% ¢ figure contradicts the theory that a rise in
temperature leads to a rise in oxygen demand but meybe this
can be accounted for by the adeptability of the fish,

Lecording to Bllis (6=4, 6-7), under zverage stream condit-

ons, @ dissclved oxveen level of 3.0 mg/l or less should

frete

i

S i e L BT R

b A W

R

T et A s e

R LW
. N




be considersd hazardous or lethal *o fiéh. In gquoting
other authorities (6-15), Ellis reports that sustainad
dissolved oxygen levels of 3.5 mg/1 will be lethal to most
gpecies of fish but it has also been reported {(6~12) that
in winéer, fish can tolerats dissolved oxygen levels of 1.0
to 2.0 mg/l for short pericds of tinme. Hatching of fish
eggs may be delayed under conditions +that have near zero
dlssolved oxyzen.

Some logical recommendations for dissolved oxyZen have
been set up by the Aquatic Life Advisory Committee of
ORSANCO (6-29). The recommendations are for warnm water Tish
populations and to sustain a ecarme fish population; the
dissolved oxygen concentration may be less than 5 my/l for
net more than 8 hours out of any 24-hour periosd but the
concentration should at no time be lower than 2 me/1 .,

[

LTEMPERATURE

Becauge the effects of temperature on water in relat-
ion to human use is lengthy and scomewhat irrelevant to the
main theme, we will limit our discussion %o fish and tenp-
erature interzctions and in particular rainbow trout,

Temperature acts %o changs water conditions in +he
following ways (6}

1) Higher temperature decreases the availability
of dissolved oxygen.
2) Higher temperatures increase the metabolisn,

respivation, and oxygen denand of Fish,
3} Higher tempsratures may act to intensify the

Tty PrrMoh Wil sl
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toxicity of many substances.
43 Yhere are naxinum temperatures tha
specles of fish can tolerate.

ot
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The maximum temperatures an adult fish can withstand will
vary net only with the species but also with prior acelim-
atlzation, oxygen availability, and synergistic effects of
other pollutants. The medlan tolerance limit for common

brook trout (Salvelinus fontinalus) as reported by the

ool

intion {6-32) in 1961 was 25.0°

%
i)
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o
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Freshwater Bleolozlesl

[

Lot
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g
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C while the wmedlan tolerance limi iake trout {(Lalvel-

inus namaveush) was reported by Gibson and Fry (6-33) %o be

23.5% ¢, Garside and Tait (6-34) renort that the preferred
temperature for rainbow trout is 13% ¢. tuch lower than
medlan tolerance limit tempsratures are needed for srawning
and hatching of eggs. For example, trout eggs will not
nateh in temperatures over 14.4° ¢ (6-33).

sudden changes in temperature can be harmful to fish
lifesy i.e. abrupt changes of 59 ¢ op greater are likely to
be harmful (6-31). It was alse found that rainbow trout
that were acclimatized to 12° ¢ could not withstand an 11°
C temperaturs shock while rainbow trout that were acelimat-

ized to 1§g C ecould tolerate & temperature shock of 8% ¢

{(6-55).

The fish which were of major importance ic us were the

Rainbow Trout and Artic Grevliing.
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The natural
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ern Californis Lo the Gulf of Alasks (2. Rainbow

readily with cutthroat trout,

zdistes into streams and lakee. For this reason,

fras 4
e

strains are 4iffieult to izolasts.

ability to temperature and other conditions,

sxtensively invaded western liontana.

range for rainbow trout extends from
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hybridiaz

thus Introducing many inter-

pure

Dus to the great adapt-
rainbow have

Rainbow are mors

south-

a8

widely propagated than any other trout in Montana for epori-
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ing and commercisl purp
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The ralnbow are used
1976,

2999 fish

&

On June 4, the llontana Deparitment of Fish

nlantead in Park Leks. On

et

wainbow were sddsd, These ralnbow were {rom

Park Hatchery in Anaconda.
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inbow usually mature ssxually

Spawning

wound of fish.

oeeurs from April fto July, depending on the wate

ature. Eggs hateh in about 50 days 509 ¢ (10°

s

Ezinbow do not neces

Ui

many still do. Rainbow

inte & tributary to spawn

anies each female znd defends thelir positlon from
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Rainbow seldom live past 5-6 years old. Rainbow up
to 20 pounds have been found in lontana,

Artic greyling range ffcm eastern Siberlia, along lorth
America to Hudson IDay, Hinnesoita, lontana, and British
Columbia (2). Greyling are cold water stream fish but live
in lakes except for spawning purposss.

Greyiing mature sexuslily in 2 years. FPemalss producse
from 7000 Lo 12000 egzs, depending on their welsht., Grey-
ling spawn usually fronm late larch to early June, this
depending on water temperaturs. Hatching time varies fron
11 +to 22 days. In some mountain lakes, runs beglin
immediately when the lce gzoes off, Spawning cccurs in the
streams. There geeng to be less discrimination betwoen
partners of artic greyling than for the rainbow trout,
Females dig no redds and the drop spots for the eges vary
from sand to coarse rubbla.

Grevliing usually live gix years, but in z few Instances
have lived up to 10 years., The largest gzreyling caught in

Yontana was 2.5 pounds. Grevling are not nearly as

extenzsive in Montanz zs are rainbow.
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The concentrations of copper over the 1974 and 1976
study periods ranged from less than 0.01 mz/1 to 0.14 mz/1.
In the majority of the cases, the concentratien of copper
was (.02 mz/l or less.

At the mine turmmel the concentration ecloarly
Indicates some outzide addition to the creek, other than
natural sources. This ls expected due to the input of
materials from the mine tumnel. 7The concentration readily
decreases, however, and has always dropped bhelow 0.04 mz/1
at Station C~3;, located below the mine avea, indicating
the guick removal of the copper substance, One unexpected
concentration of 0.14 mg/1 was found once at Station G-I,
the inlet to Park Lake. This occcurred in late May, 1974,
and ie probzbly dus to the high runoff.

Except for the three lsolated instances, the level
for copper was well below the USFHS sgtendavds., The hard
water of our sample area reduces toxiclty of copper also,
therefore we cannot foresee any harmful effects resuliting
from excsss levels of copper.

Gopper and zince are known to produce 2 synergistic
effect for toxiclity in fresgh waters. HNo evidence of any

narmful consequences were discovered,
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The iron concentration data is not ag clear cut as

most of the other results, The USPHS drinking standard

level for humans use 0,3 mg/l mainly for taste reasona,., I%
has been determined that a level of 1,0 mg/l would have
1ittle harmful effect on men, Outside of the immediate
nine area, iron concentrations range from less than

0.01 mg/l to 1.2 mz/l, The 1.2 mg/l was at Park Lake at

the 2L feet level of Station L-1. The next highest level

TEE s e

ie 0.99 mgz/l. Nost of the readings approach 0.3 mg/l

bui never surpass it. Outsids of taste abnormalities,

T SETTRL

the iron concentration is not narmful fo man.

T

At the mine area howsver, concentrations run az high
as 33.0 mg/1l, but generally siay betwesn 1.0 and 8.1 mgfia
These levels are hizgh for iron safety levels. It is frue
that the iron concentration drops off quickly from the mine
turmel to Station C-3, below the mine, Our data shows a
general decrease o about 1.0 to 2.1 mz/l here.

Thi hisgh concentration of iron in this mine area

probably contributes gignificantly to the severe drop in
pH recorded thers.

Iron readily precipitates in well asrated watler,
leaving 1ittle concentration in solution, Thisc might have
s detrimental effect on fish eggs., At Station L-1 on Park
Lake, a concentration of 0,17 me/l at the top contrasts

sith a conecentration of 1.2 ng/l at the botiom.

wt
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High iron concentrations have been found to be

harmful %o fish eggs. This is of concern to us because it
ig felt that rainbow trout aren't reproducing at noxmal
rates in the lake and the increased iron levels are near
the potential spawning area. Our data on this subject is
too limited to nake any conclusionsz, but suzgest a need for
further study.

Levels of 1.0 to 2.0 mz/l of iron have been Ffound

harmful to fish., Thig concentration of iron is found only

g, e g

TR BT
S S e e

at the bottom of the lake at Station T-1, Although it
might present a danger te figh of that inmediate area, we

feel that iron is not harmful to the zrea as a whole.

e

I

SAD

i

The controversy between the maximum acceptable
toxicant concentration is the ey behind our study on lead
concentrations. Throughout the 1974 and 1974 periocds on
which we have data, only two stations have excesded the
level of 0.1 mg/)l as set by the USPHS, This was at the
Frohner Mine tunnel where the 0.1 mg/l leval was exceedad
one time by a factor of 23 on MNay 29, 1974, snd balow tha
Frohner Mine avea, where the level resached a soncentration

1

af 0.1% mz/1 on this some date. Thig data was somewhad

t]

ezxpected dus to the setup of the area. TFor example,
the mine tunnel water containg nany minerals, and the water

then runs ¢ mile through mins tailings and ig measured again.



However, following the guidslines sst by Davies,
Zoettl, Sinley, and Smith (3) of 0.018-0.032 ng/1 as safe

for fizh life, ons must be more concerned. With the esxcep-

tion of the control zbove the mine area, every other station,

1

including the lake sites, have alt one time or another reach-

ed a level of 0.03 mg/l. 0.05 mz/l was the recording st
two gites, L-1 and L~2 on the lake, both at the surface and
at lower depiths.
The general trend for all reports at all ststions,
saeme to be z decreasing concentration as the summer goeg
t

ong C~2, C-73,

fote

onn until late Auzust wherye the level at 3ia
and C-4 move upward.

It is important here to note that no fish, with the
excaeption of ong that died during the plant, was ever Ffound

ing

onn the surface of the water gaving as though i1t was 4

¥
from lack of oxygen and no obvious physical abnormalities

on any fish were found.

We could find no means to meassure ths effects of
varying dissolved oxyzen levels in reaction to lead
toxiecity., However, using the same criterion of the physical
gtatug of the fish at Park Lake, we feel this did not have
a detrimental eifect in the Park Lake avez over the 1974 and
1974 seasons.

The general lead concentrations for the two periods
were usually lower than 0.05 mz/l, many of them less than

0.01 mg/l. This is a sefe level for humans and fish




relative te both safety level zsystems.

From our comparison of test results with availsble
literature we feel that lead is net detrimental to the

fish or humans in the area by the actions of lezd alone.

seegpage frowm the Fronner Mine tunnel definitely
increases the concentrations of zinc in the water flow.
Our data shows increasses of over 100 tipss ths concentrat-
ions of our control station, C-1., The zinc concentrations
drop quickly, however, and are always less than 1.0 mg/l
below the mine area.

The USPHS sets safety standards for human consumption
gt a level of 5.0 mz/l. Reinbow have been known to die
within three days at a zinc concentration of 4.0 mg/ /1.
Zxcluding the immediate mine ares, zine concentrations of

our samples are never this hirsh. It 1s a rare occurance
i £

for our samples to excesd a level of 1.0 mg/l.

eir gzills., Bone of the fish that

e

indicating zinc coating 4}
were caught or spotted swimming in shallow water showed
these gsymptoms.

Zine may precipliste out and be found in the strean
8ilt. This might present = preblem for fish in thelr spawn-
ing, however, we have nothing to indicate this is what is

nappsning.
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Hopefully, thls is the case at the immediate mine area,
There is a possibility the pH might be slightly

high to meet ldeal conditions for fish egg progression.

Thig could be a faetor influencing the lack of reproductive
ability of the lake rainbow trout. Except for egg progress-
ion conditions, it seems as though the pH stays within idezl
levelg. It is within the general productiviity range for
figh 1ife. The »H never drops low enough outside the

mine area o harm fish or human life.

SPECIFIC ETECTRICAL CONDUCTANCE

Generally 2 good figh fauna is not found with
specific eonductivity levels above 2000 ymhos, Levels
grester than 1000 wmhos are indicative of acld or salt
pollution., In our results, levels over 1000 gmhos were
found only at the Frohner Mins tunnel, where a level
indicating polliution would be expscted. ALl other stations
recorded values below 1000 gmhos, thereby indicating the
Park Lake ares to be free of szlt or acild pollution.

Tdeal conditions for fish generally range between
180 and 500 ymhos, Specific conductances for Stations C-1
and C-4 were in this range or below it. %Ye have no data
for the lake. This evidence seems to show good living

ponditions for the fish of the area.
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DISSOLVED OXYGEN

Dissolved oxyzen data was taken only at the lake
because there is 1little danger of a low dissolved oxygen
level occuring in a fast moving stream such as the one that
feeds Park Lake. Seversl low dissolved oxygen concentrat-
lons were recorded during April and Liay of 1976 with 1.03
ng/l being recorded at the 24 foot level of Station -1,
0.87 mg/1l being recorded at the 18 foot level of Station
L=2, and 2.46 ng/l being recorded at the 15 Toot level of
station L-5 on April 21, 1976. Temperatures at these
stations ranged from 3 -~ 4% ¢,

These concentrations are low by the numercus safety
standards described in the literaturs and could be harmful
to fish. However, these low readings are at nlaces that
are prime low dissolved oxygen areas. The 1ife on the
bottom of the lake uses up the dissolved oxygen during the
iced over winter months, a time when dissolved oxygen replace-
ment is limited. ther stations in the lake had dissolved
cxygen levels that were around 8 mg/l and therefore the
fish would not be resiricted to a low dissolved CXYZan
envirenment. Fish alsc have the ability to adjust to low
dissolved oxygen levels, within limits, during the winter
nonthe. Dissolved oxygen lsvels rise quickly, and by Vay
30, 1976, the lowest recordings were 5.9 and 7.3 mz/l with
all other stations recording dissolved oxygen concsentrations

greater Than 8.0 mg/l; which is

T N .t BT
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2 safe level by all standards clited,

Phe oxygen intake inecreases for fish as the tempera-

2

turs increases va Tound no evidence indicating that ficsh
were suffering due to low oxyegen levels,

Hatehing of egegs will be postooned until a sufficient
concentration of dissolved oxygen is ﬁrasent. The dissolved
oxygen level rises so gquickly as ghown by data from April

to liay, 1976, that we feel this is not haovpening at Park

There ave many factors intricately invelved with temp-
erature, such as oxygen avallibility, synergistic effects
of pollutants, and abllity of temperature to intensify
toxicity. Therefore, it is difficult 4o clearly gtate the
gffects of temperaturs on fish life.

The maximum temperaturs brook trout can tolerats has
been set at 25°% ¢, and 23.5° ¢ is maximum for lake trout.
At no time during our study did we record tenpesratures
over 21° ¢, This temperature was recordad on July 10, 1976

at the surface of Fark Lake Station Le1. On the same date

a recording of 1?a U was taken at the inlet to Park Iake

at Station C-%, ALl temperatures reached z nmaxinmum

?.._5

around July.

G sinbow trout.

f..i 3
33}

A Temperaturs of 13 s preferred for r

Uur data shows that on an aversage, femperatures gtaved
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around this mark or slighitly cooler.

We therefore do not belleve a high temperature is
adversely effecting the mature fish in Park Laks.

However, we do have sgome concern over the fish egzs of
the area. Ralnbow ezgs will not hatch in temperaturess over
14.4% ¢, Rainbow usually spawn from April to July, depend-
ing on the water temperaturs. In our data of the two vear
season, we have tempsraztures of 19 and 21° ¢ recorded on
July 10, as previously stated. We feel that this might
have a harmful effect in seasons where the spawn runs
inte July sinee Rainbow Trout eggs take about 50 dayvs at
10% ¢ +o develop. Unforitunately, wse have no temperature
data for June. But at Station C-4, the inlet to Park Lake,
the temperature rises 11° C to 19° ¢ from ¥ay 30 to July
10, 1976, This is a substantial increase in a short time.
we'feel this might be & subject to be looked into in more

detail in future seagons.




CONOLUSTON
From our results it cznnet be concluded that any one
of the many prevalent toexicants azrz lethal for the fiszh of
the area. The metals were generally all within safe
concentrations when considered individually with the main
exception being at or near Prohner kine. The dlssolved

but returnsad

{_L

cas

&

(*}
E’]

oxveen levels were low in some isclaie

o

to safe levels gquickly S0 &g to present 1

-k

tle danger o

uts
r!*

the fish. The temperature and pH were also within toler-
ance limits for fish, Also the fish have the abllity
acclimatize to the conditions of the lske as is shown by
the fish that have lived through sitress periocds,

Reports of past fish winter kill, high mortality rates

for planted fish, and possible low reprcduction rates might

5]

rigtlo action of the metals

o

be mccounted for by a syner

It

that are present in the aves, low disgolved oxyzen levels
at stress periods, or a combination of these., Temperature

ne toxiclty of metals. Combinations

d..

alse plays a role in

%

of toxic elements guch as metals plug low dissolved oxygen

levels may’ be producing the occaslonal winter kill or
metals plus warmer temperatures nay be meking it hardsy for
ah@ planted fish %o acclimztize to the lake. These combine
atisns may explain the inconsisiency of winter xiil and
plant kill. 24 ki1l mizght or might not occgur, dapending on

1¢ of the plant
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Another conslderation is the possi l ity that the
leke might be acting as a settliing pond for the upsiream
metals. This is indicated in the results by higher metal
aconcentrations at the vottom of the lake than at the top.
Thig would alse seem logical since the water outflow of
the lake iz very linited and evaporation zlong with natural
settling would teond to concentrate the metals at the botiom
of the lake.

We would like to recoumend that:

(1) The Fish and Game continue using caution in nlant-

Y

n the lake, especially with regard to

pote

ing fFish

£y
bty

temperature shock and allowing the lake to aerate
sufficiently before planting.

(2} If further studies are made of the laks, goil
sediment samples be taken from the bottom of the
lake and analyzed to determine 1f this might be a
source of toxic levels of metals during winter
stress periocds,

{3) In the event that a fish kill occurs in the futbure,
some of the fish should be analyzed to determine
if toxic levels of lead, zine, arseniec, iron or
copper are present and in what amounts.

{(4) A sign cautioning the public of the potentially
harmful conditions of the water at the ilmmediate
mine arsa should be placed in an obvicus location

at the wine and/or at the mine tallings.
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Sampling Time Water EC DH Cu e Pb Zn
Date Tamy.
8/20/76 1215 &l 6.9 .01 14 <05 .03
s/89/7h% 1130 2 Ly 6.3 .02 J1h <01 .03
6/ &/76 1200 7.6
7/10/76 1200 7.5
v/20/7h% 1140 10 77 7.7 .01 .08 (01 .02
8/ 7/74% 1115 7 107 7.1 GOL (.01 (01 .01
8/28/74% 1300 & a7 7.5 .01 .01 ¢.03 .ok
9/21/76 0715 7.3
9/21/7%% 1139 L ol 7. <01 02 01 .02
10/23/74% 1020 L 96 7.6 .01 04 .01 .02
11/27/74% 12558 55 7.0 (.01 .02 <01 .02

Table 1 represents dats tabulations for Station C-1,
Lump Gulch above the Frohner line.

#® This data has been taken from a report to the Helena
National Feorest on the effect of mine tzllings on the
water of Lump Gulch and Park Lake, nrepared by Richard
H. Wheeler, for and condensed by Parley U. Vaters {(8).

#%  A11 samples analyzed by the Depariment of Health and
Environmental Sclences.
£11 data recorded as mz/l unlegs otherwise noted.
Water t@mpefaﬁgré raecoprdsd in TF and converted to the
nearest wholes 75,
Elgctrical conductance (5C) recordsd in umhos pesy cm at
2570,
PH recorded as standsrd units.
Digsolved minsral figures were considered in the data,
but are not listed here.
A1l tables follow this same format.
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. Table 2

Data tabulations for Station C-2, Frohner line Tunnel .

JraS,

Sampling Time  Uater EC nH Cu Fe Pb  In
Date Tamp.
5/20/70% 1145 I 500 3.2 J13 J.u 2.3 6.1
&/ 6/76 1230 2.8
7/20/7h% 1145 5 208 3.0 .13 33.0 .38 11.9
8/ 7/7h 1145 L 1036 2.8 .oh 22.0 .07 17.0
Breus 7 1310 i 1023 2.8 ,08 &.,8 .04 11.0
o/21 /78 110 31010 2.9 .03 8.1 .38 7.3
10/23/74% 1030 i gz 3.1 .01 7.3 .12 11,0
11/27/7h% 1300 4 800 2.9 .02 3.5 80 7.5
Table 3
Data tebulations for Station C-3, Lump Guleh below
Frohner lMins.
Sampling Time  iater EC pH  Cu  Fe Fb  In
Date Temp.
5/20/76 1250 w4 6.6 .01 L84 .05 .28
5/20/7h% 1400 5 247 3,6 .01 1.0 .18 B0
6/ 6/76 1300 6.2
2 /10/76 1310 6.2
2 /20/7h% 1320 13 150 L.7 .02 1.5 .12 1.60
8/ 7/74%% 1140 9 183 4.5 .01 1.0 .02 2,20
g/28/7u% 1330 7 195 4.5 .0h 2.1 .02 2.00
9/21/76 0745 6.9
9/21/74% 1155 % 175 4.6 .02 1.5 .05 1.50
10/23/74% 1040 % 160 5.9 .01 ie? 03 2,30
11/27/74% 1310 197 8.8 .02 1.4 .01 1.70C
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Teble 4

Bata tabulationy for Station C-4, Park iLake Ditech, at the
inlet to Park Lake.

Sanpling Tima  Vater IC pH  Cu TFe  ¥b in

Date Temp.

S5 20/76 1430 68 7.2 .01 .26 ,0% .11
BUao/ohe 1838 8 W6 6.8 J1h .20 (01 .60
LS GARE 1350 7.0
7/10/76 1350 7.3
7/20/74% o flow recorded
&/ 7/ e 1840 14 i 7.4 W01 02 L0106
B8/28/74% o flow recorded
9/21/76 0900 7.2 .01 .79 .05 .07
o/21/74% 1580 8 162 5.0 .01 .08 01 .20

10/23/74%  No flow recorded
11/27/74%  Ne flow recorded

Table &

Deta tabulations for Station L-1, Park Lake at the
southwest corner, near the creek inlet,

Sgmpling  Time Sample  VWater pH ﬁ&z+ Cu Fe Pb in
Date Depth Temn,

L/21/76 1630 Surface 2 9,50

L/21/76 1630 2h £%, L 1.03

5/30/76 1330 Surface 12 8. 50

5/30/76 1330 24 £t. 10 8.10

7/10/76 1100 Surface 21 7.3

7/L0/76 1800 24 ft. 19 7.3
10/ 5/76 1000 Surface B 8.7 .01 .17 .08 .08
10/ s/76 1000 2L £%, A 8.2 .02 1.2 .05 .06

& o 4
Disgolved Oxyvgen
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Table 6

Data tabulations for Station I-2, Park Lake along the
southwest shore, north of Station L-1.

Sampling Time Dample later pH EGQ Cu Pe Fb in
Date Deoth Temp.

Lhye1 /76 1550 Surface 2 8,581

4/21?%6 15580 18 £, h 0,87

5/30/76 1330 Surface 12 8.7

5/39/?6 1330 18 £, 8 5.9

6/ 6/76 1150 Surface 13 7.8

&/ 6/76 1150 18 ft. 13 7.8

10/ 3/76 1230 Surfacs 8.6 .01 .20 .05 .01
10/ 5/76 1230 18 ft. 2.5 .03 LAh L0809

Tanle 7

Data tabulstions Tor Station L-3, Park Lake glong
the northwast shore, nopth of Station L-2.

Sanpling Time Sample Water DG,

Date Depth Tenn.

h/21/76 1515 Surface 2 8.59

L/21/76 1515 8 ft. L 8.71

5/30/76 1330 Surface 12 8.4
8 £t. 12 8.4

5/30/76 1330
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Table B

Data tabulations for Station L-4, Park lake along
the norithwest corner.

Sampling Time Sample Vater DO,

Date bepth Temp.,

5/30/76 1430 Surfacse i2 8.1

5/30/76 1430 6 %, 12 8.3
Table 9

Date tabulationsg for Station L-5, Park Lake along
the southsast corner.

Sampling Time Sample Water DO
Date Depth Temp.

L/21/76 1445 Surface 2 ¢.13
/21 /76 1445 15 £, 3 246
5/30/76 1230 Surface 12 8.8
5/30/76 1230 15 £, 10 3.,
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Tabla 10

Data tabulations for Station I-6, Park Lake
midway along the east shore.

Sampling Time Sample Yater DO,

Date Depth Tens.

53/30/76 1530 Surface 13 8.7

5/%0/76 1530 6 Tt. 11 743
Table 11

Data tabulatieons for Station I-7, Park Lakes
along the noritheast corner.

Sampling Time Sampla tater Do,
Date Dapth Temp, T
8/30/76 1500 Surface 12 8.6

5/30/76 1500 6 T, 12 5.5
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