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FLAYOR TAINTING TESTS

A vavriety of orcanic compounds are capa of imparting objec
flavor to the edible tissues of fish, 523&% é%c?@dé _ : oil
refinery wastes, phenolic compounds, and numerous other chlo 4 organ
compounds inctuding some pesticides {iﬁﬁm&Jz ?&?e9~%7 v, Yo man
Montana angiers, part of the pleasure asson) with fishing ég derived from
gating the fish that are caught, This is recognized 1n Montana's Water Quality
Standards, where 1t is written: "state waters maai e fres from substances that
render undesivable tastes to fish flesh or make fish inedibie.” {learly, adding
substances to water that cause off-flavor in fish is an impairment of a benefi-
cial use,

Montana streams that are suspected of receiving wastes that cause off
flavor in fish include B8ig Spring Cresk near Lewistown [Fig, 1) and the Yellow-
stone River near Biliings {??gt 2%. The origin of flaver tainting substances is
helieved to be o1l and oas refinery wastes discharged to the Yellowstone River
near Laurel and Billings, and heavily chlorinated domestic sewage entering Big

Spring Creek from the city of Lewistown.

Methods

Mauntain wnitefish were taken from the Yellowstone River while rainbow
trout were collected from Rig Spring Creek. Fish were collected both upstream
of and downstream from the suspected source of contamination, Including upstream

8
ami
from Laurel, below the Laurel refinery and below the Exxon refinery downstream
of Billings. Electrofi %??%M 9@;2;m@§f was used to secure Tish which were
Filleted conn after collection, placed in plastic bags, and frozen. Frozen
samples were shipped for flavor testing to the Department of Food Science and
Technology, Oregon State University. Once the samples reached Gregon State
University, they were frozen at -10°F and stored.

In ﬂragafaT?“ for a test, fish sampies were thawed, washed, piaced on
broiler pans, and covered with aluminum foil. Samples were then s&a%gé for 30
minutes at 400°F in 2 commercial sivie gas oven. After cooking, one to two
ounce lightly flaked portions were served randomly to a panel of Judges in coded

Daper cups.

h judge received a labeled
Phe fest 3&&%?%3 includ-
moles pn the basis of
S eek samples). A
aven for Big Spring
ine ?ﬁﬁépéﬁgﬁg
11 desdvability

44}
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Hesylts

Fish collected from Tow Billings {below the
oon refinery) and from “ing k di %ﬂi*ge ewistown sewage
treatment plant were Juag S ) and over-ail less
desireble than Tish taken from conty a upstream (Tables
1 and 2). The appearance and texiu: -5 rated significantly
Tess desirable in the case of the d 1 v fish, Fish taken
from the Yellowstone River downstres e} were also judged
less desirable than controls on ihe ture, flaver and
gvar-all desirability. However, the tistically signifi-
cant {p > 0.05).

Deyree of off-flavor appea as gnstream from Laurel
through the indusirialized wate T1ing tests do not ideniify
the souyrce of the off-flavor bu aste suspect, Tests
should be conducted in the futu ine scharge water from
Exxon or from seeps originating Cau! r in fish flesh,

Lewistown sewage 1 imary tre thus requires heavier
chiorination than more nt sysie ated organic com-
pounds formed ﬁ?£$ gﬁ% sewage yff-flavor in fish
from other ?@agg sky 1973 istown Traatment
facility wili be W§§§ in the ne These improvements
will gres va decreas recuiren vor tests shouid be
repeated once the cperation
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Tahle 2. Resulis of flavor tests using rainbow trout Trom Big Spring C
near Lewistown. Fach number is the mean score of 40 judgements by pane
members. A star [*) indicates that the result is significantly differe
from the control at the 99% confidence Tevel.

Sample Tocation and Over-all .
descriotion Flavor desirabitity ?

Unstream from Lewistown .56
%ewag treatment plant

(control)
Downstresm Trom Lewis- 1.88 b
town sewage Treatment

plant

I
Lo

Scores may range from 1-7 with one indicating identical to a tabeled
reference standard and seven indicating extremely different,

b ., s
ven with one indicating extremely un-

Scores may range from one to sey
ating extremely desirable.

desirabie and seven indic



The hinh water femneoratures that occur in the Madison Five;
Ernis Reservoir have been a major concern in Montana, To add:
the Madison Hiver ther was funded by the Montana legl
ate various options for ?ﬂw@w3v” the water temperature in the
Madison River downstream of Ennis Lake, Az ;a?% of that studs
for the river and the reservoir was completed {Goodman 1983). 1
required use of a number of assumptions including some regarding flow,
transit, times for various river reaches. Transit time is an important para
meter in the model because of its relationship fto heat acoruyal and loss rates

To eliminate the need for assumptions regarding fransit Time, we measured
transit times for several river reaches, including Kelly Ranch to McAtee Bridge,
MchAtee Bridge to Varney Bridge, Var rrey bridge to Ennisg Bridge, Ennig Bridge {o
Valley Carden fishing access site {just upstream from Ennis Lake), Powerhouse to
Norris Bridae, Norris Bridge to Grey Cliffs, and Elk Creek to Three Forks
{Fig. 3). Transit times were measured at two different fiow rates for the
reaches ending at Norris and at Grey C1i9fs,

ing current United States heolo-
ine WT dve was added o the river
Yoat the upstream erd of a
and prior to dispersal, turns
he public, dye was added 1o

®

ai ae? Qurgﬁy T%Q%?‘Qaéi 5%@@3 19827, Rhoda
fas near as possible to the center of the chs

i

ha
reach, Rhodamine is a fluorescent ocrange col
m

the river flucrescent orange. To avoid alarm
the river before davbreak.

&
m»wrs

The dye gradually becomes invisible as it disperses and becomes increas-
ingly diluted; aﬁaggﬁgﬁﬁ*?; a fluorometer, powsved by 2 povrtable gen @.;?&ﬁ wWas
i Fluorometric readings were made at 3-5 minute

%
used to detect dye in the Tieid, s i
intervals during the period when the dve was passing., Finally, fluorom @?@¥
r an

reading vs, time was plotted on graph paper, the curve was fitied by eye, and
the peak time determined.
Results

Transit time for the various reaches are iisted in Table 3 and gr a§% f
peak dye readings are shown in Figures & - 13, Note %%a? the river speed i a
g??%ﬁ Flow was much less for the Reartrap Canvon section {Powerhouse to Norris)
than for other river reaches witﬁ similar gradienfs. This reach differs from
the others in that 1t is much deeper and has & more resiricted and stable
channel,

These dats were useful because the 45 measurements of Flow tim
were in %%e SQaw?rég section. Transit or the Beartrap section were bei
erroneoysiy used in the smodel To estimate 1 times Tor other river sections
thereby introducing ervor into the Madison River thermal model TF gdaditiona’
data is gathered at some future date %o r@fane the model, flow fransit time
measurements should aiso be conducted at medium ang high f?swz abpve Ennis Lake
and at high flows below Ennis Lake,
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MADTSAN RIVEP - GONADAL DEVELOPMENT AND Fvﬁﬁ HARTTE OF
BEMIN TROUT COLLE ??Fﬁ &Q“”? N ORELOW ENMIS LAKED

The effect of the reservolr on the thermal recime nf the Tower Madison
Hiver has recently been modeled fﬁebéﬁar ?%8?% Mean and maximum daily water
temperatures in the stretch of the Madison River below Ennis Lake are consid-
erably higher than those in the reach above the lake, The short retention time
in the reservoir ”Gmg?ﬂ@ﬁ with the shallow conditions cause the water o warm
until 9t i3 in eouilibrium with the atmosphere.

Aecording to Dick Vincent, long-time Tishery biciogist on the Madison,
brown trout numbers appear to be declining below Lake. VYincent hypoth-
esized that brown frout reproduction could be ?%? ing because the warmer summer
water femperaturss may hinder the development of gﬁaaéaz tissue. Accordingly,
in cooperation with Dr. Cal Kave at Montana State University, we monitored
gonadal development in brown trout taken from above and below Ennis Lake. Since
fish were already being collected and sacrificed, we tock advantage of the
opportunity to compare Tood habits of brown trout from the two locations.
Temperature differences affect metabolism and feeding activity of fish and may
alter food preference or even the kinds of food organisms avaitable

Methods

Fish were taken from above Fnnis Lake on July 20, September 7, and October
14, 1982 and from below the lake on July 21, September 1, aﬂd fictober 13, 1582,
Between 8 and 15 fish were taken from sach Tocation on sach date and these
ranged from 278 - 45% mm in length fenly one individual wﬁg tees than 375 om

Tong).

Figh were collected with standard electrofishing gear, weighed, measured,
kitled, and placed on ice to slow the digestion of food items present in the
stomach. %1%& n 24 h, testas or ovaries were removed and weighed and stomachs

were removed and preserved %n ethanol. Stomachs were s1i%f to allow the preser-
vative 1o enter the ?z men of the stomach., At a later dafe contents of the
stomach were ?@WS%S . placed in an enamel pan, and =sach food type was separated
andg identified; Lre of each food type was then collectively measured by

displacement of water,

Results

The rate of ogvarian or testicylar development was noi substantially differ-
ent {S%udeﬁts t-test] for the twn sampling areas (Fig. 14). The onset of
gonadal development appeared to be Sﬁﬁéﬂﬁ at sooner in the warmer waler section,
but again the differences were not tistically %%gﬂ%fég&at@ This was not a
perticularly severs summer with res t to temperature, Development may be
impaired during severe summers but not during others. Tests should be repeated,
at least during September and %cta%erg fallowing a summer of high summer temper-
atures,

o m m
i)
wv ™y m
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different abave the dam than
ve the dam fed primarily on

Fond habits of brown troul were r%??ﬁ ¥
1 o
Tow weré eating mostly crayfish
ayfis
f

ro abi
below {Figures 15 - 16}. During July, fish ab
aquatic insects and snails while those ;faw h@
and small Fish ‘predominantly sculpins). ray
food tem below the dam in September, accounti

h became ar sven more wmporiant
g for over 80% of the food
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present in the stomach nt September
dietary item for fish i of food con-
sumed, October compost the dam did not
change much Trom that diet of brown trout
below the dam changed the diet while Tish
accounted for 6 addis fly larvae),

There has been a v sdator fish seiect
specific types of prey i of the current litera-
ture on selective feedi 1 fac ve been shown fo afiec
food selection including “ition nergy optimization {energy
gained @e? unit of energy ex ) nis s we did not have data on
ﬂ@ﬂS??j of food items to compare to fo abits ever, it is ¢lear that the
food habéia of brown trout Trom the two locatio markedly different. This
is no doubt in part due to ;igsécaé differences bitat at the two Tocations
{i,e., the area below ithe dam is characlerized per pocls and slower moving
water than the are above) ég; may 150 be relat temperature differences. A
vear-long food habit study of brown trout Trom and below the dam, combined
with information on prey a¥a??i. ity, wouid an if feeding differences are
simply related to prey 1vazsau@§%ty or whether other ecoiogical variable
{such as temperaturs} is influencing food selec

[
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BASELTNE WATER MONITORING

we collected baseline water guality information ip severa?! locatione where
Targe mining operationg are planned or have recontly begun, These include Lake
Creek south of Troy, Grasshopper and Dyce (reeks near Barnack, and German Guich

Cresk southwest of Buttis,

Monitoring at Lake Oreek was initiatsd ect possible
changes associated with the tailings pond f ASERCD.Troy D C
Taocations shown in Fnvirosphere Company, 19 onitoring at Germa
in response to an open pit goid wine and oy ii1ing operation pr 9@@3%@ Dj
Montoro Corporation (Fig. 17]. ffgﬁgﬁﬁégé? Creeks are in an area where
a huge placer mining Qﬁﬁ?aiéﬁﬁ was proposed Fuie Mining 1 ﬂiﬁ??ﬁ”éx 2.
The activity in bra33ﬁ@p§e? Creek waa DYope annack where the 5011
fﬁﬂ%??ﬁa%?eﬁ Ssygigv racently completed a re project to isolate mine
tailings from the river channel {Fig. 18}.

Methods

A17 water samples were surface grab samples coll
e }

hottles, Samples analyzed for r;?W?@ﬁ were acidd . P wi

+1 E?SGgi metais sam@ Tes were acidified with concentrated nitric acid. Hard-
ness, " total alkalinity, pH, p%ﬂﬁkﬁa”iﬁu, argd waler ftemperature were meaqg red in
the field lexcept at Lake f{eﬁ zsﬁéefﬁ procedures were used for all field

and Taboratory measuraments {ﬂﬁyh E??éé* Laboratory measuremenis were @eerW$9
by the Laboratory Division of the Montana Department of Health and Environmental
Sciences using aovproved Envirormental Protection Agency procedures [USEPA 1983},
A11 metals concentrations reported represen total recoverable fraction,

‘;‘f»m

Pesults

Grasshopper Creek - Grasshopper Creek below Bannack appears to have re-
covered from the metals problems that existed there prior fo the hank stabiliz-
ation project completed in the Bannack area in the mid-1970"¢ {Table 4}; Dyce
Creek also appears to have excellent @; ality water. Zinc, copher, é?@u arsenic
and cadmium were present in both creeks at concentrations that meet existing
water quaiity criteria for protection of aguatic 1ife. Tne water can b@ cate-
gorized as moderately alkaline and moderately hard, Thus, both creeks have some
capacity to withetand acid mine drainage and mefals toxicity.

ol

e
3]
it

Lake Craek - Some *hasges in L ter qualily wers @ﬁ%@@ in the
vicinity of the ASARCO-Troy tailing ing spring runoff of 19283 {Table 5},
During May, total ﬁﬁhpﬁﬂ§9§ sc1i0s tions increased from % mg/ 1 upstream

the tailing pond, to 14 mg/1 ad] to the pond, to 94 mg/l %efﬁﬁ the pond.
?%@ sprinkier system to contro! blowls ailing was not instaiied in ihe tailing
ea yntil the summer of 1683, Prior to that time, wind blown tailing was
ot at B

H %
gveS@?? on the ground and on vegetation for a considerabie distance survroundin
the tailing area. Blowing tailing caused residents Tiving downsiream of the
tailing pond o complain of ms., The increase in suspended so7ids beiow
the ponds may be a result of wind blown tailing entering the stream during
spring rain storms or possibly to erosion of unst ank areas along Lake
Cregk in the vicinity of the tailing pond.

Ha)
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jen was higher above the
nere is no ready explana-
ns of nitrogen Qamgauﬂés in
ompounds used in the mine a“&
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The cencentration of nitrat
oond {0.32 mg/! as N} than bel
tion for this. ASARCG ha
Stanley Creek u;réﬂg thei
high in nitrogen; tne pos
via Staniey Creek should

nds are entering Lake Cree

-

Other water guality parameters were present in Lake Creek at concentrations
that are indicative of g@@ﬂ quality water. However, it should be noted that the
stream s naturally low in alkalin ity and hardness, and thus 1s highly suscepti
ble to acid mine drainage and metals pollution if it were to occur.

German Guich Creek - The g%a%%iy of wate
metals and common 1ons exist within a hes téy ge | 6). WYater entering
the head of German Gulch from an historic mine &dzt is also of gegé quaiéiy with
no indication of acid waters, HNevertheless, CGerman Gulch Creek s naturaliy low
in alkalinity and hardness and as such is susceptible to acid éﬁpaig,

water in German Gulch Cresk is goody
i (Table

s



RH0CE GO0 G SO0 B o R e R {1 e e
- e e e 00 LOT0 400 ¥ 0 £L0 By wod
070 a87n U0 GO0 Gt QL G0 SO0 S0 [ysBm} paay
SO070 SO0T0 HOUT0 0070 070 SO0 0 GO GU D GO0 0 fLeBay wuy
[y ] RN ANy WD L L0 [ [Ea3ee { (/B aedda)
Gl 0L G6G 088 [ Wi " LR ziz 4L wd

tFogen

£ s E% % Sy i 934 [ik3 Gy e f rhwy A3pud gy
Fil el fd 8 fika 23 Bi B a1 (fouen swoggBe) sesupey
i a1 5 9z I3 57 14 L ] (/80 ayeyng
s, 2 E bl [ £ [} G 7 [0} { (/B 2pracig)
;384 e 601 £ R | FAY [ 90t L { /B WnLSER10
B [aS Lo g 0 f 1A 0°g O] iR {1 /0wy wnipog
[ 079 LY FAEs I [Fi 7L LA arl {irul

9UgE Uig [P :T4 i [ 5" LULE LUE A (LB wiyopen
LTGRO WY OO B LR WRH BULLE WD WA RO RO ey St o) BYLE WEE mm,%m«rﬁuﬁ (383 LR | TR R
L F Y pra ogdegd aws ) og posndasd asoay Rl pasododd wolay pagodord sangy Py BATIGY

i b

R

FREL T ShquBATY

ST EOIOD BEESRT Ul BULI0D LUoE IR0 BuppReng J0 BRiNedy G spue)

ol
o



”ewfar§ concentrations were determined in the edible tissues of fish from a
numher of Tocations including Grasshopper Creek and the Beaverhead River south-
west of Dillon, Silver Creek north of Helena, Crow Creek south of Helena, and
Fred Burr Ff%eg south of 3%%;?%€%sfﬁ These Jocations were chasen either
because fish sampled from these same areas several years gartier were found to
contain CG%&%Q*?aié ns of mercury that exceeded action levels est tablished by the
Food and Drug Administration [FBAY, or because historical veports indicated that
mercury had been used in the drainage.

Botiom sedimenis from g?&ﬁ%ﬁi? er Creek were also analyzed for a number of
additional metals to allow comparison of present metals concentrations fo those
that existed pricr to the tailing stabilization project completed by the Scoii
Conservation Service during the mid-1970's. This was a rip-rap project designed
to prevent the creek from eroding into old mine tailing dﬁh sited on one of iis
banks.

Methods

Fish were collected from three locations in Grasshopper Creek, two ifoca-
tiome in Fred Burr Creek. fwo locations in Silver Lreek, two Toc 3%?@%5 in Crow
tresk and one location in the Beaverhead River just downsfream of Grasshopoper
Creak . Standard slectrofishing techniques wers used to coliect figh and stream
sediments were sampled by grab.

Metals analvsas were completed by the anmalytical Taborafory of the Depart-
ment of %§?§£3§€b¥ﬁ in Bozeman, ﬁ&@ihrf in tissues was measured with a Yarian
modal AA-f atomic absorption spectrophotometer using the method of Siemer and
Woodriff (1974Y. Tissue was taken from a doren-tateral section of a fillet with
&11 skin and hone removed., Resulis are ?egﬁftgé on a wet-Tissue basis.

Sediment samples were centrifuged, dried, and metals were extracted in 20%
acetic acid. Analysis was by atomic absorpiion specirophotometry; results are
reported on a dry weight basis

Results

Grasshopper Creek - A11 of the brown trout sampled from Grasshopper Creek
and from The Beaverhead kiver downstream of its confluence with Grasshopper
Creek had mercury concentrations in muscle tissue {Table 7) that were é@?sw the
FOA action level {1.0 ug/g wet tissue). The highest concentration found wa
0.85 ug/g in a trout taken below Bannack. The average concentration in €za%

from the Reaverhead River was Eﬁwe% than that in the figh from Grasshopper
Creek, suggesting that £§5a§%$§ » Creek is still Viberating mercury that was
historically Tost during goid ?%*§£€f¥ sperations. Still, there ¢ ngo Indi-
cation that consumption of these fish would be hazardous to humans.

Metal econcentrations in sediments have decreased considerably since 1976
fTahle 2. Concentrations of copper, zinc, Tead, iron and arsenic have ail
decreased helow the Golden Leaf MiTT and copper, 270C, Tead, cadmium and arsenic
have all é@ﬁ?eaaeﬁ rear the mouth. Metals conceptrations in sediments upstream
af *he mill have also decreased. Zinc, lead and iron were all present at Towsyr
concentrations in 1987 zﬁaﬁ in 1976,
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Table 8. HMetal concentrations in sediments from Grasshopper Creek before and
after stabilization of the mine tailings near Bannack,

, . . : R
Location Metals concentraticns in sediment {ug/g)
and year Lu In Pb La Fe AS
Upstream from Banprack 1976 17 165 ah 0.9 26,510 4%
Upstream from Bannack 1982 16 83 24 2.1 132,300 3
Below Golden Leaf Mill 1976 505 375 404 1.5 105,070 220
Below Golden Leaf Mill 1982 24 &7 4z 2.9 36,974 13
Mouth 1876 215 1,115 1,110 4.0 27,500 166

Mouth 1982 29 87 34 3.
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Concentrations reported on a dry weignt Lasis,



Invertebrzate agms&h;ﬁj i&gﬁgai refiect tmp roved water quality. For Two
locations downstream of b%ﬁédgig Oswald [1983) showed that there have bzen
S?J?¥S§wﬁ?i increases in both macroinvertebrate numbers and taxa; however, fish
aumbers have not in;?ﬁazédf The tailing stabilization project at Bannack
appears to have been 2 success and the stream is beginning to recover. £t this
time, habitat alterations due fo past and more recent mining are probably the
timiting factor controliing Tish numbers.

Silver Creek - Silver Creek in Lewis and Clark County is another drainage
where mercury was historically used and lost. The reactivation of old tatling
ponds located adjacent to Silver {reek upstresm of Buck Lake has apparently
aggravated the problem of mercury entering the creek.

roat trout Trom Silver
cut ranging in Tength from
Jet sgug, These are
is 1.0 ug Hg/g}; therefore

Mercury concentrations in mus
Creek weya gﬁ¢3ua§§§ high {Teble
12,6-16.5 inches contained 2.1, ¢
:xt?xmeég high concentrations {th o
both the FDA aﬂﬁ Tocal health aut and Clark County were notif-
jed. This resuited in a recommen ! and Clark County to the Fish
and Game Commission *h&t Sgéﬂe Creek b osed to fishing., The Commission
ultimately decided to leave tn eel : ving but voted to restricl the
area to catch and reéﬁ'éa fi
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Hainbow z?@gi collected just downstream of Rumsey averaged 0.76 ug ?iiw
{Table 7}; one of these exceeded the FDA guidelines and contained 1.50 ug/ rgﬁgw
Comparatively, rainbow and brook trout taken several miles downstream, near bhe
Highway 10A bridge averaged only 0.27 ug Hg/g. Van HMeter (197 74} also rénﬁriea
that mercury concentrations in trout tended to decrease downstream of the old
mill site. The average concentration of mercury in fish that we sampled was
lower than the® in fish sampled by Van Meter from approximately the same loca-
tions. However, Van Metey did not record the sizes of fish in his ﬁdﬁ;?eg This
makes the comparison difficult because mercury in fish tends fo increase in
concentration as fish grow older and larger.

Local health authorities were nﬁié ied of our findings, however no action
was taken, This was rol judged Lo De & seripus problem bscause of the Jow
density and size of fish in the Rumsey area and the relative infreguency with
which fish exceeded the FDA guideline.

Crow w?&w% ~ Fish were r Creek in response to a request
from a 1ocal miner who was historic use J” mercury in the
ﬁ?a?ﬁﬁg@ and was congerned e fish, Trout t k s from drmediately
above Crow Creek Falls and hoapor @,fwazL » § omites below the
falls averaged 0.14 and 0.0 vely {Table ;}, None of the fish
sampled approached the FDA Hg/o), the highest mercury concen-
tration found was .30 ug 0w trout taken above Urow Creek Falls,
No additional acticn was belid ¥
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Concern over residues of pesticide ubstances that may
he present in Tish and wildlife has ss¢ o recent Tindings
concerning endrin {Schladweiler and Weid ely, very Tittle
information is available on concentratl drocarbons in
tissyes of Montang fisg in ressons ss% were collected
from & number of g in Montana ??s te determine concen-
trations present of 3 of chinrinat on residuyes,

Figh were collacted below hyvdroslectric facilities where electrical trans-
formers may be insulated with PC R s, near areas where PCB spilis have occcurred,
or downstream of maior zﬁéagff‘a? communitiss where POB ukﬁﬁé s common., ALl of
the rivers sampled also drain major agricultural centers where pesticide usage

15 common.

gen and Ennis Dams: the Missouri
Dams; the Marias River near
stdery and Big Spring Creek

Sites included the Madison River be
River below Canyon Ferrey, Holier, and I
Moffat; the Boulder Ziver below the tow
downstream of Lewistown,

Methods

Residues sampied for included DDT and its metabolites DDD and DDE, poly-
chiorinated biphenyls, dieldrin, benzene hexachloride, lindane, hexachioro-
henzene, endrin, and heptachior epoxide,

, weighed, measured, wrapped in
stored on fce. Upon return to the

sue was wrapped in aluminum foil,
tabeled and frozen. Frozen fillets were shipped on dry ice by air freiaht to
Hazleton Raltech Laboratories in Madison, Wisconsin where the residue analyses
ware performed.

Fish were collected i
atuminum Toil, placed in “?33* ic bags an
faboratory, fésh were filleted and the tissi

5

“9*

At Hazleton Raltech, fish tissue samples were ground and blended with

methyl cyanide. C%?@?€nai%ﬁ hydrocarbons were partiiioned into petroieum ether,
dried ogver eﬂhgéféﬁa Ka 5 JJ and etuted throuoh 2 Florisi] cotumn with 157 ethyl
nr g g A

ether to petroleum ether [volume/volumel, Finally, residues were quantified
usi ﬁg a gas chromatograph equipped with ﬁﬂ electron capture detector {Horiwitz
et al. 1975). A1l results are reported on g wet tissue basis,

b

Resyl

o
2

]

Fertunately, most of the chior
12} at concentrations below analyti
thing except PLR for which the de
were detected, the concentrations
for human consumphion.
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Fish from the Boulder River downstream of the fown of Boulder and from Big
Spring Creek most frequently contained detectable residues of chlorinated
hydrocarbons. A1l six fish that were analyzed from the Boulder River contained

& n
éet&ata,?m concentrations of DDE and three of those contained modest amounts of
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ACID DEPGSITION: MONTTORING OF LAKES IN SOUTHWESTERN MONTANA

gne of cur ﬂatésa‘ high ﬁriﬁr%?y
rogen oxides, ariginating ﬁrima?ﬁs%

Acid depesition has been identifis S
i

h metals smelting industry, form sul-
tm
1

poliution Qr@b%ems. QQEEKY dinxide and n
from burning of fossil fuels and from
feric and nitric &ﬁ“ entering t
carried and deposited hundreds of w

d a
ity

""5 e

rﬁﬁﬁﬁ@rw, These materials are then

ds
&y e from their source.

upan
ofhen

rain or snow or as a fallout of dry material.
deposition have been documented in the industrial
conters of the midwestern and northeastern United States and in northern Lurope
where hundreds of Tow alkalinity lakes have been affected. However, acid
deposition has also been demonstrated %o be occurring in other portions of the
world, including the western b?%ieﬁ States.

Acid deposition may 0C
The most severe cases of ac

Acid deposition in the form of acidic snowfall has recently been documented
in southwestern Montana (5CS E?SE; 5CS 1987: SCS 1983, That portion of the
state contains numercus alpine lakes, many of which overlie granitic substrates
and thuys have Timited @aﬁafgtg to haffgr atmospheric acids that may be deposit-
ed, Unfortunately, very little previous information has been col es%eﬁ on the
chemical characteristics of these lakes. Conseguently, we do not have a refer-
ence against which to gauge changes in water chemistry that may have occurred
duye to acid deposition,

o ’“"?“

11t
f

e

C”&

Lab

affice of the Montana Department of Fish, Wildlife
surveys of Takes in southwestern Montana
sment strategies, inciuding fish stocking
swald, unpublished).

Since 1981, the Region
and Parks has b%ﬁﬁ conducting fishery
to 3id in development of fishery manag
programs (Wells 1981; McMullin 19833 {izy

5o +bat we could begin fto accumulate baseline information on the chemistiry
ﬁ§ alpine lakes, both McMullin ﬁuw1ﬁ§ the summer of 1982 (13 lakes in hoth the

act and West Digneer Mountains) and Oswald during the summer of 1983 {11 Jakes
in the Fast Pioneer Mountains), were furnished with containers for collecting
surface water samples [Tables 13-14 and Figs. 19-20). Additionally in 1983 we
sampled 5 ?axés in the West Pioneer Mountains and 15 @a%es in the Beaverhead
Mountaing (Table 15 and Fig. 21). These Tatter 20 Jakes were seiected for
monitoring because the U.S. Forest Service had collacted water guatity informa-
tion on the same lakes in the early 1970's ?hdgﬁ there was an opportunity to
compare present water cuality to that wﬁﬁfﬁ exicted approximately a decade ago.
Wells {1981) has also summarized i g%ery E“gﬁ?mﬁT§G? on the 15 lakes in the
Reaverhead Mountains as has McMullid 1883Y on 13 lakes in the East and VFest
Pigneers. This should prove to be ase%§? future reference information, partic-
ularly in those lakes that support natural reproduction of fish.

Methods

i pH, total alkalinity, hardness,
. Su E§§?§9 nitrate, specific

Parameters measured at all lakes incl
calcium, magnesium, sodium, potassium, chi
conductivity, and aluminum, Parameters me d in the field included pH (with
a Cornino model 620 pH meter), alkalinity lby titration with 0,020 N sulfuric
acid and using bromo- Cfesa? green, methyl-red indicator), hardness {by titration
with 0.01 ¥ EDTA and using Hach Man Ver-? indicator powder nillows}, and specif-
ic conductivity {with a %?? model 33 conductivity meter). The remaining

N
=3
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Table 15. Locatd
alpine lakes moni
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Drainage
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Hamby

Geneva

Berry

Timberline

dannke

Aidge
Lower
MHorth
Upper
Upper
Lower
Upper

Biax

Littie

Lena

Sand

Bock Isiand
Miner
Jpper Miner

Slag-a-melt
Slag-a-meit
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parameters were measured by t
of Health and Environmental Sci
Agency procedures (USEPA 1983)

e Chemistry Laboratory of the Montana Depariment
i ing

approved g????ﬁﬁf&ﬂ tal ?f@tﬁwbzwh

we monitored in 18983, water was taken from the
hotton with & Van Dorp sampler. We did this to
were stratified in the water column. Peri-
om vocks or logs in each of these lakes and
fied to genera by Dr. Loren Bahlis of the
tment of Health and Environmental Sciences.

For the twenty lakes that
surface, mid-water, and near th
determine if any of the parame!
phyton samples were alse s¢rap
soft bodied algas were later 1
Water Quality Bureau, %Gﬁiﬁﬂ&

Results

A1T of the 44 lakes surveyed had relatively low buffering capacities; 38
have fotal alkatinities of less than 20 mg/Y {as Lall.), 3@ were lower than 10
mg/1, and 13 gaﬁigé@ 2d 4 mg/t oor less (Tables 16-20).7 The latter has been
designated as the "extremely sensitive” threshold by EPA, Yhé Towest alkal %ri;y
found was only 1 mg/1 in Timberline Lake, a high elevation lake (9,180 ft; in

the Beaverhead Mountains,

er Mountains, northern ends of the West
“and Beaverhead Mountains {STag-a-meit
Creek drainaye) had more buffering capacity than Takes in the southern ends of
the West Pioneer Mountains {Pattengail Creek and Lacy Creek drainages) and
Peaverhead Mountains (Hamby Creek and Jahnke Creek drainages). We do not have
sufficient information at this time to determine whether this trend is due to
natural differences in the chamistry of the watersheds or has some relation to
the direction from which acid deposition enters Montana. OSnow survey data
indicate that atmospheric acids enter Montana from the southwest (SCS 1881; SCS
1682: SCS 19837, thus lakes located in the southern ends of mountain ranges
could conceivably receive more acid deposition. This is worth expioring fur-
ther,

In general, lakes in the East Pion

Pignear Mountains {Alder Creek drainage

3 ("} e (U

on
g
pal
]
g

In most of the lakes 3;rvéjed5 calcium s the predominant cation and
bicarbonate is the predominant anion {Tables 16-20) although sodium and calcium
were equally abundant in the five lakes sampied in the southern end of the West
Pioneer Range {Sang, Qdell, Baldy, Bobcat, iaéw%a%ga?; Equivalents of cations
and anions from a given Eﬁiaiéﬁﬁ balanced well within the acceptable range of
plys or minus one standard deviation, lending further credibility to the accura-
cy of the datla.

Concentrations and values of chemical parameters measured in the 19707¢
wWere Compared z@ those that we measured during 1983. In general. s mpEQS *aksa
in 1983 were s} g%i?v higher in saﬁ%am and w ﬁégﬁes?um; siightly lower in calcium,
alkaiinity and chloride; considerably lower in suylfate; and sémiéa? in pH
{Tables 21-22). It is tempting to cenclude that the lTower alkalinity is due
acid deposition that has occurred over the last decade; however, this conclu EEGﬂ
is not justified for a L“§§f of reasons, Any number of factors including
timing of ice-off, spring turnover, run- ﬁff Bio Eegéga% prﬁdaatz ity peaks and
other factors related to C?;mgie could influence the amounts and distribution of

the variocus chemical g¢;313 tuents that we measured. {ver the next several
years, we intend to select three or four lakes and conduct more intensive
nonitoring so that we can distinguish between diurnal or seasonal changes and
Tong-term irends.
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. Comparison of measurepenis of pH, totel alkalinity and speoitic conduriivity of
i es i 5 ing, samiles were coliected

froand
. 25
Conductivity (umhos/om

iake 1871 1383 1871 ov 73 1983
Hamby 6.7 £.9 5 4 13 13
Geneva £.7 7.0 7 4 [ 13
Barry &.7 6.7 5 z & 13
Timheriins 5.3 G,3 Z i & 10
Jahnks 6.8 5.9 g & 15 i8
Ridge 6.5 £.9 5 E g 14
Lower Rozk istand 7.3 7.5 16 iz 33
Horth Rock isiand 7.z 7.6 17 i5 36 75
Uppay Miner 5.8 & 7 18 13
Upper Upper Mine 6.5 &8 & 4 iz iz

&.3 7.2 i g 23 7

7L 7. 10 G 24 %5

£.8 £.8 7 ] 14 20

7.3 iZ 14 £ 20 14
Lena 7.0 7.3 10 H Z1 ig
Sang g.8° 7.0 7 6 19 21

5.8 6.5 g 4 14 16

5.5 6.8 5 1 1 16
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For the most uart, there was very little difference between the concentra-
tigns of commen ions in a gf?fﬁ laks at the surface, m@* maief§ or near the
bottom. The pH was slightly lower near the bottom of some lakes than 1n over-
lying water, indicating a more reduci ng enyironment near tk@ hotiom; however,

the difference was usually small and in some lfakes did not exist.
ad ang West ?zaﬁef¥ Mountains had
betfow 0.1 mg/l However, Upper Miner
wtained 0,23 mg A1/1 at the bottom and
t the bottom.
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A wide variety of algae were present in the 2
the Peavernhead Mountains. ldentified {Table 23) w
{Chio r@ahgié}s z gene*a J? ye Vlow-green algae {Chry
blue-green algae s dnag one genera of di
Of the twenty %akez “éﬁ;éea %%% contained greens
greens and 10% dinofla es., {Bacillariophy
lakes sampled, but t /e niot yel been identi
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There was no ég?ﬁ“éﬁi trend between lake pH or
algae present (Table 24;. The two Takes having the
Tine and Berry) 3v§pkfien conspicucusly Tow numbers
there were several pther Takes with higher pH's and
few aigal genera present. Thus ig ﬁ@? a$§gf»ﬁi
was the reggét of incressed aci Al
are exiremely sensilive 1o ac
two lakes.
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Giatoms have a?sg ”?@a@? to be sensitive indicators of acidity in some
Tekes [Stokes 1984). IHowever, diatoms collected during this survey have not yet
been identified. ?ﬁfg?Q jdentification of the diatoms may reveal a good indi-
cator speciss Tor gauging changing acidifty in Montana's alpine lakes.

med in the Tield unfortunately were

The pH measurements
f iater learped that the pH probe we wer

invalidated due to the

mszﬁg does not respond to low jonic strength solutions, Therefore, the pH

tues reported in the texi are for Teboratory measurements in which a probe
€§8£’§ awsév 385%@&8& for low tonic sirengih a@?a ions was emploved. It should
be yh%ﬁtkﬁ out that laboratory measurenents of g% taken several weeks after
3&%5:8; are coilected may be altered by ?E%??g cal activity occurring within the
sample or by the dissoiution of atmospheric carbon dioxide into the water,
Therefore, measurements of pH should idealiy be taken in i? field within a fTew
hours after sampling, Interpreters of the pH measurements reported should take
this into account.
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gd the fish spawning potential of several of the lakes

Beaverhead Mountains., He concliuded that Hamby, Lower

d Jahnke have good yﬁi&ﬁ??ai for matural reproduction; Geneva,

ge only Tair potential; and Lower Stag-a-melt, Upper Miner, Upper

per Rock Island, Upper Slag-a-melt, Ajax, Berry, Lena, and
marginal, poor, or no potential for spawning.

G iﬂ

H
that we sam
kock Istand, a
M%tﬁées and Ri
Upper Miner, U
Timperiine hgy

Reduced reproduction rates are of the first symptoms of excessive lake
acidification experienced by fTish populations (Fritz E?SSj, Menendez [1976)
showed that hatchability of brook trout eggs was reduced at il pH levels below
6.5. 0F the lakes in the Beaverhead Mountains that support natural reproduction
of brook trout, Hamby and jg er Miner had pH values near the botiom that are
already near the threshold (6.5) for fg??@duﬂt?dﬁg 6.66 and 6.71 respectiveiy.
These natural rﬂgf@dagégg populations will be threatenad if the pH of these

jakes continues to decrease. These populations should be monitored every 2-3
years 1o determine reprocuciive sucgess.



METALS IN RCAD S

Road sanding crews in & e Counties commonly use slag
from the fnaconda smeliter to impro ction during winter driving con-
ﬁ%@ ons, ?%@ uge af iﬁig m%ﬁe&’-; has e t1y besn the subiect of much con-
cern, : nd hom in the Geprgetown Lake area and
é@“%ﬁ ? fk f?@@? wﬁg fear %naw slag entering the lake or creek may damage fish

Experiments conducted by FPA in 1983 (unpublished data} during which slag
wWas §€1é3§%§§§ showed that Teach waler was enviched n dren, zinc, copper,
arsenic, lead, chromium and cadmium,

%8 conducted similar experiments during 1982, but ug ing slag collacted from
roads in the Bock Creek drainage, Our obiectives were to determine if metals
concentra tions in slag leachate from Rock Creek slag were similar to those found
using Georgetown Lake slag {at similar spike rates) and to observe if concen-
tration of metals in leachate increased linearly as stag concentration in-
creased,

Mathods

Dried slag of the same texture as that used on the roads was spiked in
distilled water at concentrations of 0.5, 1.0, 5.0, 10.0 and 50.0 mg/] and
swirled on a mechanical table at 140 rpm for 24 h; each siag ﬁ@ﬂgeﬁfrgzéaﬁ was
prepared in triplicate. Samples were finally filtered and total recoverable
metals concentration were determined by hydride ﬁ%ﬁ@wa% ion and atomic absorpiion
ﬁgész?gﬁﬁ@tﬁwﬁ%fy for arsenic, by cold vapor atomic absorption spectrophotmetry

for mercyry, and by atomic emissien speciroscopy gsr cadmium, copper and zinc,
Resulfs are reporied on a dry weight basis.

Resylts

&3

cadmium and zinc were all enriched in slag leachate water
zing, in aari%su%a?ﬁ increased in proportion to the
¢, The relationship was highly Tinear for all four metais,
tents ranged from %guf ?@ cadmivm to 0,87 for arsenic.

Moving waters of any agp?eb?aﬁ?ﬁ size would Tikely provide sufficient
lution to prevent metals that could originate from read slag from exceeding
iteria for protection of aguat tic 1ife, However, a problem could result in

akes, such as Georgetown Lake, where the turnover rate is very siow. The
Department of Health and Environmental Sciences has recommended that slag not be
used within a quarter mile of Georgelown Lake, or within 100 vards of bridges.
This recommendation appears prudent in view of the above,
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Waters referred to:

B1g Spring

Boulder Ri

FPred Burr

Germanr Gul

Crasshopper

Laks Creek

Mariasg River

Madison River Sec 01
Madison River 3Sec 02
Miasouri River Sec (5
Missouri River Sec 08
Migsouri River Sec 09
Migsouri River Sec 10B
Silver Creek
Yellowstone River Sec 04
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