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Ceriods adiubig.asmall plankionic daphrid was used to bicmoniipr
p@m: SOUFTES af iozacafy in wasiewater and nonpoini source loxicity in stream
samples obigined from the Clark Fork River Basin, MT. Brief descripiions, resulls,
and discussions are presented for studies of wastewater from g kraft mill near
Frenchiown, MT and potential toxicity of water samples from 19 sites along the
Clark Fork River in 1985, In 1987 dilutions of Missoula, MT municipal wastewater
fortified with ammonia were lested, as was the wastewater before and after
chiprination. Potential toxicity of water samples from eight sites along the upper
Clark Fork River were also sested.  All studies were cooperative efforis with the
Moniana Departments of Health and Environmental Sciences; and Fish, Wildlife
and Parks.,

eriodaphinia appear to be indicators of toxicity in a variety of test conditions
such as ammonia in wastewater and metals from pasi mining activities. The
daphnids indicated toxicity from other substances in the wastewater or perhaps the
influence of characteristics of the wasiewater that increased ammonia toxicity. An
example of nonpoint source gffects was foxicity in samples from Silver Bow Creek
MT, where impaired conditions to aquaiic life resulting from the presence of metals
have beenreportedfor years. During some of the 1ests with wastewater, toxicological
endpoints were observed using the actual number of daphnids that reproduced in
aiesi, nol the average number of young. There was circumstontial evidence in 1985
that copper alone was responsible for the loxicity in Silver Bow Creek. However,
the later studies performed under different hydrological conditions found toxicity
was probably due o a combination of metals, some of which had not been
measurable earliet. For well-defined “control” of “standard” conditions during
testing, there are indications thot waters o be used as reference media jor
Seriodaphnia need furiher research. Nevertheless, the use of daphnids to test the
ambient conditions described in this paper should encowrage environmenial
managers o consider approaches with this or similar species in the future.

INTRODUCTION

in 1985 and 1987, a plankionic dephnid, Ceriodaphnia dubia, was used by the
Eavironmental Protection Agency (EPA) Region VI Denver, CO, io determine
toxic conditions in various Moniana waters, Allof the tesling was conducted in the
Clark Fork River Basin, which has documented water quality problems resulting
from historic mining activities and poliniion by municipal wastewaters and indusiries
such as pulp processing {Anonymous, 1986). The approach used the daphnid as an
environmenial “sensor” or biomonitor in much the same way as a pH meter “senses”
the hydrogen lon concentration, except that the organisms integrate the toxicity of
all constituenis and their interactions within the matrix of the chemistry of the
sample.
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Results from some of these studies have been considered in management
decisions regarding permil Himits, reatment technologies elc., but all results were
used for the development of, or the validation of testing methods using Ceriodaphria
in field sifuations. The demonstration of the procedures 1o various siate and federal
agency personnel, tralning of agency personnel, technical assisiance o state and
tocal officials as well ag obtaining experience in waters of dif] fering characteristics
were considerations for conducting the tests.

The purposes of this paper are {1} to demonsirate how daphnids were used in
biomonitoring, (2} 10 note some lmporiant observations and giscoveries made
during the testing, and (3) 1o Include various (baseline) wxicological and chemical
parameters measured during the testing so comparison may be made in successive
siudies in the Clark Fork River Basin,

MATERIALS AND METHODS

Locations and Test Conditions

Mobile laboratories were located at Frenchiown, MT on property ownegd bva
kraft liner board mill {currently Stone Container), May through June, 1985 and at
the Missoula Wastewater Treatmeni Plant, May through June, 1987. Locations of
ambient sampling stations along the Clark Fork River and mobile Iaboratory sites
are shown in Figure 1.

Two studies were conducied i 1985 (Table ix

a chronic 7-day static renewsl test of kraft mill wastewater, Fronchiown, MT:
ang

achronic 7-day static renewal test of 19 ambient samples obtained (daily) along
the Clark Fork River from Butte to Noxon Dam, MT.
Two studies were conducted in 1987 {Table 1%

48-hour acute and chronic 7-day static renewal tests of Missoula, MT, wastewster
fortificd with ammonia singly, and chlorine singly; the Iatier ag part of
standard weatment measures at the wastewater treatiment facility; and

a chronic 7-day siatic rénewal test of sight ambient samples obtained on four
separate days from the upper Clark Fork River, including Silver Bow
Creek (Butte 1o Missoula, MT

Sampie Collection, Preservation and Analvsis

For the studies of wastewater {rom both the krafimill atFrenchiown (1985) and
the city of Missoula (1987) grab samples were diluted with Clark Fork River water.,
italso servedas a reference water, The keafi mill samples were unaliered except for
preparation in a dilution series of 4.0, 2.0 1.5, LIZ,0.64, 0.36, 0.2 and 0%
wastewater (0% being 100% river water),
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Location of ambient sampling stations along the Clark Fork
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Tuble 1. Dates, test waters, lest conditions, and locations of 1985 and 19387

stadies using Cerindaphnia,

Sampie
Yested

Test
Comditions

focation:

iantey

Krafs Ml
Treated Wastewaler

Clark Fork River

Sutic-Renewal

Satic - Repawal

Stone Container
Frenchiown, MT

19 stations HBuie

May-fune
HE)

May-June
Ambien! Samples
plus Silver Bow
Drilutions

10 Moxen Dam, MT GRS

BMissouls Wastewaler Static-Renewal Missouln, MT May-dune
Treatment Plant ’ gy
Clark Fork Biver Static-Renewal
Ambient Samples
plus Silver Bow
Dilutlons

§ stations, Silver May-June
Bow to Missovla, MT 1987

For the Missoula wastewaier, two series of test dilutions were prepared, both
fortified with ammonia using the methods and procedures of Nimmo et al., (1989).
One series of dilutions was wastewater plus ammonia diloted with river waser for
a range of 100, 75, 36, 32, 18, 10 and 0% (the latier being river water without
ammonia). The other dilutions were river water and river water plus ammonia in
2 similar series; 100, 75, 56, 32, 18, 10 and 0% (the latier also river walar withow
~ ammonia). The reason for this design was to conduct the tesis within the matrices

of wastewater dilutions versus Clark Fork River water o provide information on the
poiential effects of other constituents in wastewaier compared 10 the effecis of
ammonia. A comparison of results from the two series of dilutions showed them 1o
be a fair simulation of conditions in the mixing zone of the Clark Fork River below
the waslewater ireatment plant. Because of the volaiility of ammonis, the dilutions
o g)rﬁpamé were immediately dispensed into 125t containers and resulis of the testing
- arereporied as milligrams-per-liter (mg/lippm) un-ionized (NH3). For the pre- and
e 'g}gsmhiﬁrmamﬁ iests, grabsamplesof wasiewater were obtained from the treatment
S plant gmms&i&ai@iy before chlorination and a1 the discharge point. Boih were dibuted
' ark_.Fs:;;'k River water in a series as above then dispensed imo the test
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Chronic tests were begun by placing one neonate, less than 24 hours oid,ineach
of ten 30-m1 beakers filled with iest sample, for 2 toial of 10 test organisms per

difution, Every day for seven consecutive days, organisms were transferred inlo
renewed lest solutions. A diet of commercially-prepared dried cereal leaves, mout - .
chow and bakers yeast supplemented with algae (Selenastrum capricornutum) was . E

fed daily to each neonate. Test temperature was 2594 19C and conditions of the
aimals {living or dead), pumber of young per female or any unusual behavior were
recorded daily

Lethal concentrations (1.C50s), or effective concentrations (EC50s) and their
corresponding 95% confidence intervals for acule tests were computed by the
rimmed Spearman Karber method (Hamiklionet al,, 1977). Forthe ambient lests of
stream water, significance of survival was analyzed by Student’s 1™ test. Data from
reproduction {number of young per fomale) were first tested for homogencily of
variance, then analyzed by the Analysis of Variance (ANOVA) procedure. In the
case of unequal numbers of replicates (survivors in the seven-day tesis), 2 1™ test
with Bonferroni’s Adjustment was used t identify differences in reproduction of
test animals among sampling sites compared 1o those from a control site, When

there was an equal number of replicates, Dunnett’s procedure was performed. Hthe
data were not normally distribuied, 2 nonparametnic test such as the Wilcoxon's
Rank Sum Test with Bonferonni Adjustment was used, {Florence Kessler, 1.8,
EPA, personal communication),

RESULTS AMND DISCUSSION

Kralt Mill Wastewater Stady, Frenchiown. MT, 1985

Due 10 public concern about water quality in the middie and Jower Clark Fork
River, in particular the release of treated wastewsater from the kraft mill, a chronic
toxicity test was conducted. Resulisof this effort were considered along with other
relevant data for modification of a discharge permit originally issued by the state of
Montana, April 1984, Ceriodaphnia were tested for seven days on dilutions of
wastewater ranging from 4% wastewater 1o control (Clark Fork River water) as
previously discussed. To provide a range of dilutions bracketing discharge
volumes, the 4% dilotion was chosen as a doubling of the 2% dilution, the latter
being a permit Himit for the facility based on fow fow conditions in the receiving
siream.

Draphnids produced significantly fewer young in the 4% dilution (4% wasie-
waler, 96% river water) but there wasno significant effect of wastewater on survival
of daphnids {Table 2) at a dilution of 2%. Analysis of priority poliumanis were
conducied on two different occasions on both the wastewater and river water, b
they dad not reveal any chemical constituents that appcareé responsible for chronio
L st 54% {Nsmm@ e ai %S}
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Table 2. Results of 1985 seven-day chronic test with Ceripdaphnia showing
survival and reproduciion in Frenchiown, MT kraft mil wastewater dilaled
with Clark Fork River water.

Percent Percent Average 95% Confidence
Wastewsier Survival MNumber o] Young Interval
per Pemale

6.5-14.7
12-126
RAGD
434948

72172
£.0-130
45.14 8

j4R58

¥ Significantly differeat from control (0.0} a1 P 2 G835

Missoula, MT Wastewater Study, 1987

For a number of years there were concems about operational problems at the
Missoula Wastewater Treatment Plant, particularly about dairy wastes, and the
potential for providing meatment of sewage from outlying arcas. Data coliected by
ihe Montana Water Quality Bureau in 1984 and 1985 indicaied the possibility of
ammonia ioxicity in the mixing zone of the Clark Fork River, especially during jow
fiows. There was also concern about chiorine, which was seasonally added asz
disinfectant beginning in June and ending in Sepiember of each year. The
timitations on chlorine and ammonia were part of a permit renewal in Sepiember of
1987, afier substantial expansion of the plant bad been compleied May, 1987,

Results of the 48-hour Ceriodaphnia test in ammonia-fortilied dilutions of
wasiewater mixed with Clark Fork River water and ammonia-foriified Clark Fork
River water are shown in Table 3. Significantly more daphnids died in dilutions of
wastewater than inriver water (LC50 1.93 mg/l ammonia in wastewater vs, anLU50
>1.95 mg/l in river waier), The later value refers to insuflicient fethality at a
measured 1.95 mg/l in river water 1o calculate a lethal concentration; and, that
increased loxicity, other than can be aiributed o ammenia, is occurring in the
wastewater. Another possibility is that the characiéristics of wasiewaler mixed with
the riverwater, compared 1o riverwater aione, enhance the soxicity of ammenia;.
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Table 3. Results and LCSE's from 1987 48-hour acule test with Cerisdaphnia in
dilutions of Clark Fork River water and Missonla, MT wastewsier fortified
with unionized ammonis,

Clork Fork River Water Mssonln Wastewnter

Perrent Eineionized Percent Percent Usn-funized Paroent
Drilution Ammonia' Survival Dilotion Ammonia’ Survivil
{mg/l {mg/h

Control . Cantro!
1
18
iz
56
75
el

F Forty-eight hour LCS0 was > 1.95 mp/! un-ionized ammonia.

? Forty-eight hour LOS was 193 mg/ un-ionized ammonin (95 percent confidence nterval,
1.77-2.18)

* Twenty-four hour average measured concentration.

Compared 0 the acuie tesis above, results of chronic lests in Missonls’s
ammonia-fortified wastewater and ammonis-fortified Clark Fork River waier were
not significantly different, with a seven-day LCS0 in wastewater of 1.68 mg/l
ammonia and inriverwaier,2.36 mg/l (Table 4). However, survival and reproduction
{average number of daphnids produced per female) of daphnids in wastewater was
significantly different at 1.33 mg/l ammonia compared 1o 1.74 mg/l in river water,
1t was also noted that the number of daphnids that did not reproduce in seven days
in the river water was directly comrelated with the concentration of ammonia:
therefore, using this endpoint, the effective concentration or ECS0 was 0.44 mg/l.
A similar endpoint was not observed in the lests in wastewater.

Results of the pre- and post-chlorination study where ammonia was not added,

.. showed the LS50 for unchlorinated wastewater was approximately 68% wastewater;

' whereas, the ECS0 based on reproductive success was 79% wastewater {Table 5}

- Resulisof the posi-chiorinated test showed the LC50and EC50 10 be about the same,

both greater than 75% wastewater (Table 6). In these tesis the number of young

y&xﬁnw@ per fomale daphnid was between 32 and 35 in reference waters, or

S §§g?§i?§€1&ﬁ§i§ greater than in reference walers from previous studies at the krafi mill
s ::'{’?‘a% 2 2} anﬁ in MiSS()Eﬁ& wasiewaicr {Table 4%,
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Ambient Testing of the Clark Fork River. 198 )

The purpose of this study was o determine and document RONPOIN sources of
toxicity from meals or other constituents in the Clark Fork River. Resulis of
toxicily testing and chermical constituents arg shown in Table 7 ang suggest the
following:

i, Using survivalof daphnids as a criterion, 2!l stations on Silver Bow Creek were

aculely woxic,

2. Analysis of Variance {ANOVA) of the reproduction data {average number of
young produced per female in water from each site) showed all siations were
significantly less than the Taylor Creek conol except the siation ai Huson,
However, hased on the 959 confidence interval around the mean, daphnids
reproduced as well in water from the confluence of the Linle Blackfoot and
Clark Fork Rivers, as in Taylor Creek water used as a reference.

When Silver Bow Creek sampies were diluied with Taylor Creek water angd
tesied for seven days, the toxicity of Silver Bow Creek waler decreased
downstream (Tabie 8). For instance, the effecifno effect dilution at the
Colorado Tailings was between 18% and 10% ambient water aiRameay, it was
32% and 18%; finally, jusi above Warm Springs Ponds, 75% and 56% Silver
Bow Cresk water {Fig. 1.

An association appears between toxicity of the dilutions discussed in {3)above
and copper concentrations. At the effect/no effect ditutions, estimated con-
centrations of copper measured in 1009 Silver Bow waler ranged from
geometric meansof 7.2 10 112 1gft, or a fairly resiricted range. By conirasy,
the geometric mean of zine ranged from 65.3 ugd at Colorado lailings 1048.9
e/t sl Ramsay; bot was only 10.2 g/l jusi above Warm Springs Ponds (Fig,
1}. Hispossible that the interaction of the copper and zinc or other constituenis
of the water influenced 1oxicity.

Ambien! Testing of the Clark Fork River 1987

Some observations from the 1985 ambient iesting of the upper Clark Fork River
prompied a repeat study in 1987, In 1985, only Silver Bow Creek samples were
acuicly toxic o the daphnids and their reproduction in samples from the remaining
stations was less than in the Taylor Creek control water {(Table 4) except at Huson
and perhaps in waier from the Linle Blackfooi River, Surprisingly, lethality was not
found in water from some upper stations of the Clark Fork River such as the
confluence below Warm Springs Creek, Deer Lodge and siations below the Liuie
BlackToot River confluence {Fig 13 Iiwas hypothesized that due 1o unusually diy
conditions of the scason, meials in the watershed were not mobilized. Mo
Drecipitation occurred immediately prior io- or during the period of study,
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Table 7. Results of 1985 seven-day chronie test wiih Cerisdaphnia showing
survival, reproduction and analysis of ambiens samples from the Clark Fork
River. {umits expressed as mg/l;ppm)

Deseription Fersent Toumgsd . Bigsoived o
Survival Femaie Quygpen
153 ; sty

Fayior Dreek £33
soove CFR

Silver Sow
Cale. fnilings

Sitver Bow
2t Hamsay

Siiver fow
shove W5P

Hars Springs 28.2-35.8
Pored A7 disch.

LFR Delow . 2R.F-33.7
Harm Springs
Creek

£FR et
Deer iodge

3% beiow
titete Bl 81

LFE at
¢ ummond

LIE ar ] 28.6-31.1
fursh

iR below 3. 25.2-55.8
MiTitown Sam

SR above 2B.4-31.6
sissouls MNP

Li8 at 2750854
Harper Br idoe

£FR At Huson

beiow Stome fone.

CFE ol
Superior

LFE zhove
1. wead River

£sa py . &7.5-32.%
Thomp. falis

TR Delow i 28.%-33.1
Ihemo. faiiz

CEF Holow % 28.7-35.%
Hanon e
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Fabie 7 {continued)

Beseription

Tayioer Treek
above CFR

Sitver Sow 20.3 - - <G.802 -
Iolo. taitines

Silver Baw 43.8 . <8902
@t Remsay

Silver Souw . - <G 302
above WER

Marm Springs . i, < 2
Pond #2 disgh,

£FR betou B <. 002

Werm Springs

gresk

CFR a3 . <0002 <G.02% <0025
Beer Lodge

TFR Delow £1.3 <B.9%2 «3.025 <0025
iLiztie Bl. Ft

IR =2 4.3 <0, B <Q.0RF <0.02%
Gr st

LI st R 2%.502 «5.02%  «D.82%
Turah

LR below . <0967 <0075 <R.023
Ri{itown am

LFg above . 2. 007 <0.92% <0023
#Higsouia WP

7R el . . <l 07 =0.925  <0.02%
Hprpar Bridge

£FR a1 Buson . <¢.002 <0, 025 =0.475
balow Stone Lont.

Cre at 3.1 B <3.802 Rk =0.82% <D,
Sugrer bor

TIR zbeve 16,6 . <. 687 <025 <.
El, Gepd River

£FR 83 1%.5 . <5.007 <045
Thampe, Felis

TFR beigw 15.% 3 942 «.02%
Thows, Fails

U ER betow 9.8 . 5,902 <023
Hpaen Daw
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Table 8. Resulis of 1985 seven.-day chronic fest with Ceriodaphnia
showing survival, repreduction and metal concentrations in dilutions
of waler from three Silver Bew Creek, MT sampling sisilons
showing toxicity, : :
Station ang sﬁiuzicng Percent Byarsge 238 £s(!mis€2 {ongenirstions of

survival Hushar Caonf idence Fitzpred Metals, pofl
YoungfFemale frtarvat n e fits EH

faylor Crask {tonirci} 26.4 9.4-21.8

0% $£8, Loio. tsiilngs 8.8 $7.1-28.3
8% SBE, Colo. zabiings 22.0°
33% SBU, Colo. rabiings
’ 56% SBL, fele. taiiings
5% 3BC, Tolo. taiilngs
100% 58L, Coio. fallings
3O% FHC, Remssy : WA . =5, 585
$8% SBC, Ramisy . B 8. G0%
32% $BL, Sawsey .- . B 0os
35% 3L, Ramzay
T8E SBL, Rawsay
0% 580, Zamsay

10% sac, wusP’

26.5-25.8
8% SBC, WSP . 15.6-22.0
3125 S8, wEP t i7.9-22.8
55T SRT, WSF 13.8-22.3
FSE 2L, WEP

100% 580, USP

P giiver Bow Oreek water diluted with Tayier Treek fcomtral}.

? roncentrations of metals were estimated by snelysis of o composited 7-doy sanple ond calguisting thr perocent
difution of thap apmpie.

3 yarm Springs Pordds,
* Significenily differzny Irom gcontrol at 7 £ 9.95 besed on survivel.

5 me gaphnid produted 22 young then disd on the seventh dey of the siudy.

The purpose of the 1987 study was 1o repeat the 1983 study during conditions
of precipitation, which foriunately occurred during the sampling. Precipitation
recorded 2t Butte, MT was 0.19 inches 0n 5/25, 0.620n 526, 084 on 5/27, 0.06 o
5/28; wace on 5/2%; none on 5/30; 0.26 on 5/31; and wace on 6/1. Resulis again
indicaied thas Silver Bow Creek was acutely woxic to daphnids (Table 9), and that
toxicity was associated with zinc, copper and other metals, However, there wasno
significant toxicity at any of the other stations sampied in the upper Clark Fork
River, despite increased concentrations of metals. For example, all the daphnids
survived, and produced an average of 41 young per female in water from the Mill-
Witiow Bypass above the Warm Springs Creek confluence that had 31 pgfizinc and
29 ugft copper {Table 9). By comparison, in the 1985 siudy none of the daphnids
survived in Silver Bow water that had only 20 g/l zinc and 20 ug/fi copper {Table .
7). Though an apparent mebilization of metals occurred due 1o runoff during the .
1987 siudy compared to 1985, based on nickel, chromium, and arsenic found in’
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upper Clatk Fork River samples, there was no indication of acute or chronic loxicity
except in waler from Silver Bow Creek (Table 9). It was noted that the sample from
Silvar Bow Creek collecied on 5/27/87, after épg;mximggely 1.5 inches of rain the
twoprevious days, showed a peak concentration of 502 pg/lzincand 117 ugfcopper.
The only samples consistently having chromium were those of Silver Bow Creek’
and the only site where arsenic was measured on each of the sampling dates was the’
Mill-Willow Bypass sbove Warm Springs Creek.

Samples from Silver Bow Creck and Mill-Wiliow Bypass, 1aken above the
confluence with Warm Springs Creek, were used to determine the sffect/no effect
dilutions with Ceriodaphnia {Table 10). This threshold was found o be between
5G% and 25% with metal concentrations measured as 102 pg/l zine, 18 ug/l copper
and 19 pgA nickel (Table 10). Nickel, perhaps mobilized by the rain showers in
1987, was not measured at any of the three Silver Bow Creek stations in 1985 {Table
7). 1tis possible that nickel could be more waic (o Ceriodaphnia than previcusiy
considered, especially in combination with other metals,. Again, differences in the
reproductive success of the daphnids were noted in reference water from different
sources: an average of 41 in Taylor Creck (Table 7); an average of 21 in another
study using Taylor Creek water (Table 8); and an average of 41 in water from Mill-
Wiliow Bypass (Table 9). In anificially-produced “control” water in the 1987
study, an average of 31 young per female were produced (Table 9).

DISCUSSION AND CONCLUSIONS

Ceriodaphnia are believed 1o be a sensitive indicajor of ceriain kinds of 1ox icity
judging from the tests with wastewater. Daphnids were significantly affecied
(based on number of young per female) in a ditution of 4% kraft mill wastewater bt
not al 8 2% dilution {Table 2) and were also more affected by exposure 10 the
Missoula, MT wastewaier (L.C50, 1.93 mg/! ammonia) than 10 Clark Fork River
water, with an LC50 greater than 1.95 mg/l ammonia (Table 3). These findingsare
similar io those reported for ammonia as nitrogen {expressed as MHz-N)ina stady
in Colorado (Nirmmo, ef gk, 1989} where the 48-hour LOSO of Cerindaphnia in
ammonia-fortified wastewater from the city of Longmont was 1.06 mg/l; whereas,
the LC50 in ammonia-fortified Si. Vrain River waier was greater than 1.43 mgfh,
Resulis from both studies suggest that approximately equal conceniations of
ammonia in each of the wastewaier dilulions versus the ammonia in the respective
river water dilntions do not necessarily produce the same oxic responses. There-
fore, other constitenis in the wastewater apparently contributed 10 its oxicity,

This difference was also observed in 7-day chronic iesting in which survival and
reproduction of daphnids werereduced in dilutionsof ammonia-fonified wastewater
compared 10 ammonia-fortified Clark Fork River seference water,
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For example, survival and reproduction were less in eguivalent concentrations of

ammonia in wastewater (50% survival in 2.4 mg/l ammonia) than in Clark Fork
River waler {0% survival in 2.45 mg/l ammonia) (Table 4), and were similar to
resulis from the Longmont, OO study. (Nimmo et al., 1989)

Une intriguing finding during the chronic testing of Missoula wastewster was
an apparent inverse relationship between the absolute number of daphnids that
reproduced and concentrations of ammonia. This was especially noted in the
dilutions of river water (Table 4}. An inverse association was expecied between
average number of neonales produced per female and the concentrations of am-
monia in both wasiewater and river water, Tt is believed that ihe yeast - trout chow
-cerephyl diet prepared for the organisms at Missoula was nuts tionally inadequaie;
but, this situation was apparently corrected in successive tesis because reproduction
based on young produced per female increased in successive ests (Tables Sand 6),

Ambientiesis of water from Silver Bow Creck using Cericdaphniaconfirm the
obvigus-—ihat the creck is toxic oader dry or wet conditions (Tables 7 and 9 and
apparenily during dry conditions it is less loxic as the water wavels downsiream,
This finding is based on the decreasing percent of dilution necessary for daphnids
o survive andreproduce and the conresponding amount of copper in those dilutions
(Tabie €). For instance, in 1985, during & period of dry conditions, daphnids
survived and reproduced in dilutions of Silver Bow water with zine COnCenirations
between 9 and 65.3 pg/l but 2 narrow range of only 54 10 9.5 pgfl of copper,
suggesting that the latter is the metal responsible for the ioxicity. However, under
conditions of increased runoff in 1987, where concentrations of both metals were
greater, loxiclty was not observed: suggesting that additional characteristics {ie.
alkalinity, hardness, concentrations of organic acids) of the waters may have
influenced toxicity (Tables 9 and 10), Daphnids survived and reproduced in waters
with copper concenirations of 20 g/ (Tabie 9) and 18 ug/l (Table 10}, During the
later study however, nicke!, chromium and arsenic were also measured (Table 9),
which confounds the issue of the specific meial atiributabie 1o toxicity in Silver Bow
Cresk.

A guestion arising from these studies is st being addressed in laboraiory
studies and field testing with Ceriodaphnia. What should be the selection of - or
nature of - acceptable reference or “control™ waters? Was Tayior Creek the
appropriaie reference in the 1985 ambient study (Table 731 Was an antificially-
prepared water an adequaie reference water in 1087 {Table 9) or should it have
been from the Mill-Willow Bypass above the conflucnce with Warm Springs
Creek or Clark Fork River below the conflnence with the Little Blackfoot River?
While these questions do not invalidaie the results of the stadies in which waters
within 2 basin are compared, they suggest that further research on this imporiant
guesiion should be underiaken,
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