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Water-Quality, Bed-Sediment, and Biological Data (October 
2000 through September 2001) and Statistical Summaries of 
Data for Streams in the Upper Clark Fork Basin, Montana 

By Kent A. Dodge, Michelle I. ~ornberger ' ,  and Carlos Primo C. ~ a v i d l  

Abstract 

Water. bed sediment, and biota were sampled in 
streams from Butte to below Missoula as part of a 
program to characterize aquatic resources in the upper 
Clark Fork basin of western Montana. Sampling 
statlons were located on the Clark Fork and major 
tributaries. Water-quality data were obtained 
periodically at I5 stations during October 2000 through 
Seotember 2001 (water "ear 2001). Data for 16 bed- . , 
sediment and 15 biological stations were obtained in 
Aueust 2001. The nrimarv constituents analvzed were . . 
trace elements associated with tailings from historical 
mining and amding a~tivities. 

Water-quality data include concenrrations of 
selected major ions, trace elements, and suspended 
sediment in stream samples. Daily values of 
streamflow, suspended-sediment concentration. and 
susoended-sediment discharee are given for three - - 
stations. Bed-sediment data include trace-element 
wnceotmtioos in the fine-graincd and bulk fractions. 
Biologicaldata in 
whole-badv tissue of aquatic benthic insects. Quality- 
assurance dam are renorkd for analvtical results of 
water, bed sediment. and biota. Statistical summaries 
of water-quality, bed-sediment, and biological data are 
provided ior the period of record at each &tion since 
1985. 

INTRODUCTION 

The Clark Fork originates near Warm Springs in 
western Montana at the confluence of Silver Bow and 
WarmSpringsCreeks (fig. I). Alongthe 148-mi reach 
of stream from Silver Bow Creek in Butte to the Clark 
Forhd hltlltou n Rcw\olr.\n rnalurtrthumrc. cnter. 
BLltnll Creel. \ V m n  SyrlnpC'rcel. L~ttlc Hlarhtml 
KIICT. rim ( k c L .  RcrL Creel 2nd Hlultout Rncl .  

'u.s. Geological Survey. Menlo Park. Calif. 

Principal surface-warn uses in the 6,000-mi2 Clark 
Fork basin above Missoula include irrigation, stock 
watering, light industry, hydmelectric power 
eeneration, and habitat for trout fisheries. Current land 
uses primarily are cattle production, logging, mining, 
and recreation. Large-scale mining and smelting were 
prevalent lnnduses in the upper basin for more than one 
hundred years. but are now largely discontinued. 

Deposits of copper. gold. silver, and lead ores 
were extensivelv mined. milled. and smelted in the . . 
drainages of Silver Bow and Warm Springs Creeks 
from about 1870 to 1980. Moderate- and small-scale 
tnmnp nlrnoccunwl I" thr h*,mhut mo~twl11 c mdlnr 
tr~hutmc* tu thc lupprr Clark hlrh Tnmng\ Jerncd 
from mineral processing commonly contain large 
quantities of trace elements such as arsenic, cadmium, 
copper, lead, and zinc. Tailings have been eroded. 
mixed with stream sediment, transporkd downstream, 
and redeposited in stream channels, on f l d  plains, 
and in the Warm Springs Ponds and Milltown 
Reservoir The widely dibpcncd Ldlings continuc Lobe 
eroded. transwrkd, and rede~osited alone the stream 
channel and flwd plain, especially during high flows. 
The occurrence of trace elements in elevated 
concentrations can pose a risk to aquatic biota and 
human health because they can accumulate to 
potentially toxic levels. 

Concern about the potential toxicity of tailings to 
aquatic biota and human health has resulted in a 
comprehensive effolt by State, Federal, and private 
entities to characterize the aquatic RSOUrCPS in the 
upper Clark Fork basin to guide and monitor remedial 
cleanuo activities. A long-term data base was 
, o n d c r J  n r r e ~ g  t g o  Jetrct tanAo\er tlmr mordcr 
181 ~ \ ~ l u n t c  the e t l ~ t l ~ c n e \ \  ot wrncdiatim \Vntcr- 
uudlm Jnta base hcencullcrtd h\ thc II S tirulug~wl . , 
Survey (USGS)at selected sites inthe upper ~ larkkork  
hasin since 1985 (Lambing. 1987,1988,1989, 1990, 

*brim I 



Figure I. Lueati"" of mdy -. 

and 1991; Lambing and others, 1994,1995; andDodge 
and others, 1996, 1997, 1998, 1999, 2w0, 2001). 
Trace-element data forbed sediment and biota(muatic . - 
benthic insects) have been callened intermittently 
bir~ce  1986 at selected sires as pan of studies on bed- 
sedimentcontaminationandbioaccumlationofmetals 
conducted by the USGS National Research Pmgram 
(Axtmann and T.n~oma, 1991: A x t m m  and others, 
1997; Cain and others, 1992, 1995; Hamberger and 
others, 1997). In March 19%. an expanded sampling 
program for water. bed sediment, and biota was 
implemented by the USGS incwpemtian with the US. 

Environmental Protection Agency to provide 
systematic, long-term monitoring to better quantify the 
seasonal and annual variability in selected constituents. 

The purpose of this report is to present water- 
quality data for 15 stations and trace-element data for 
16 bed-sediment and I5 biological stations in the upper 
Clark Rwk h.am mllccted inn  Ollobn 2WOthmugh 
Septcmbcn 2001 (uatu ,c.u 2UOI). Q~aliry-awxance 
data are presented for water quality, bed sediment, and 
biota. Statistical summaries also are provided for 
waterquality, bed-sediment and biological data 
collected since 1985. 



SAMPLING LOCATIONS AND TYPES OF 
DATA 

stations, types of data collected, and period of record 
for each data type are listed in table I. Mainstem 
sampling sites were selected to divide the upper Clark 
Fork into reaches of relatively uniform length, with 
each reach encomoassina either a maior tributaly or . - 
depositional environment (Warm Springs Ponds and 
Millluwu Re&ervuir). Tiibutaries w e ~ e  sampled to 
describe waterquality characteristics for maor 
hydrologic sources in the upper basin and to provide 
reference comparisons to the mainstem for bed 
sediment and biota Water-quality data were obtained 
priodically at 15 sations; daily suspended-sediment 
data were obtained at 3 of these stations. Trace- 
element d31n for 16 bed-sediment and 15 biological 
stations were obtained once-annually. Continuous 
streamflow daU were collected at 15 stations 

A list of properties measured onsite and 
constituenw analyzed in samples of water, hed 
sediment, and hi& is given in table 2. Results of 
analyses for water. bed sediment, biota and associated 
qua&-amurance data  fa^ water year2001 are listed in 
tables 4 through 20 at the back of the report. Statistical 
summaries of wateruualitv, hed-sediment and 
biological data collected &tween March 1985 and 
September 2001 aregiven in tables 21-24at the back of 
the report. 

Quality assuranceofdata wasmaintained through 
the use of documented orccedures designed to provide . ~ 

environmentally representative data. Acceptable 
performance of the pmcedures was verified with 
aualitv-control samoles that were collected .. . > 

systematically to provide a measure of the accuracy, 
orecision. and bias of the environmental data and to 
identify problems associated with sampling, 
prwessiog, or analysis. 

WATER-QUALITY DATA 

~ ~ 

dnaical coostitucnts analyzed in stream samples. . . 
Samples were collected 6 to 8 times per year on a 

schedule designed to describe s a o n a l  and hydrologic 
variability. 

Methods 

Cross-sectional water samples were collected 
from multiole verticals across the stream using depth- 

(1998). and Edwards and Glvsson (1999). These ~~ ~ ~ , .  . . 
methods provide a vertically and laterally dischame- 
weiehtedcommsite sample that is reprexnValiveolll~e 
entire flow through the cmss section of a stream. 
Sampling equipment consisted of standard USGS 
depth-intemating suspended-sediment samplers (DH- 
48, DH-81, andD-74TM). which areeitherconstructed 
of olastic or coated with a non-metallic ewxy paint. 

~ ~ 

and equipped with nylon nozzles. 
Onsite measurements ul air a d  wakr 

temperature, specific conductance, and pH were made 
during collection of oeriodic water-quality samples. 

Horowitz and others (1994) and Wilde and others 
(1998). lnstantancous streomflow at the tme of water 
sampling wasdeterminedat all stations, either by direct 
measurement or from stage-discharge rating tables 
(Rantz and others, 1982). 

Water samoles were analyzedforthe constiments 
listed in table 2 by the USGS National Water Quality 
Laboratory (NWQL) in Denver, Colo. The trace 
clcmcnts arsenic, cadmium, c o ~ m r ,  iron, lea4 
manganese, and zinc were analyzed for both dissolved 
and total-recoverable concentrations. Analytical 
methods are dexribed by Fishman and Friedman 
(1989) and Fishman (1993). 

Cross-sectional water samples also were 
collected for analysis of suspended sediment whenever 
periodic waterquality samples were collected. There 
samples were analyzed for suspended-sediment 
conEentration and the oercentaee of sumended 
sediment finer than 0.062-mm diameter (silt size and 
smaller) by the USGS sediment laboratory in Helena, 
Mont., acEording to methods described by Guy (1969) 
and Lambing and Dodge (1993). 

At the three dolly suspended-sediment stations 
(tahk I), suspended-sediment samples were collected 
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Wsler BPddimmt Bnta -- 
Pmp~rty Conrlitlrnt I'nslil"e"1 Cmstiluat 

Streamflow Hardness Cadmium Cadmium 
Specific mnductance Calcium Chmmium Chromium 

pH Marnesium Copper Copper 
Temperature Arsenic Imn Irm 

Cadmium Lead Liead 

W F r  Manganese Mansane-e 
lrun Nickel Niclrl 
Lead Silver Zinc 

Manganese Zinc 
Zinc 

Suspended scdimem 

2 to 8 times per week. These samples were collected 
by I d  contrwt observers using the depth-integration 
method at a single vertical near mid-stream. The 
Samples were analyzed f w  suspended-sediment 
con&ntration and were used todetermine daily mean 
suspended-sediment concentrations according to 
method? described by Porterfield (1572). 

Results  

Warer-quality data for samples collected 
periodically during October 2000 thmugh September 
2001 (wotcr year 2001) ae mesenled in table 4. The . . 
types of data include instantaneous streamflow, onsite 
measurements of water-quality properties. and . ~~ ~ 

analyfical results for chemical constituents and 
suspended sediment. 

Daily streamflow and suspended-sediment data 
for water year 2001 at the three daily suspended- 
scdimcnt stntions att given in tables 5 through 7. 
Monthly descriptive statistics for each patamerer ax 
orovided alone with totals for the annual dischame of 
warer and suspended sediment. 

Quali ty Assurance 

Qualiy-assurance pmcedures used for the 
collection and field processing of water-quality 

samples are described by Ward and Harr (1990), 
Knapton and Nimick (1991). Horowitz andothers 
(1994). Wjlde and othels. (1998). and Edwards and . . 
blyss& (1599). Siandard procedures used by the 
NWQL for internal sample handling and quality - ~ 

assurance are described by Friedman and Erdmann 
(1582). Jones (1587). and Pritt and Raese (1995). 
Quality-assurance p d u r e s  used by the Montana 
District sediment labomlory are described by Lambing 
and Dodge (1553). 

The quality of analytical result! reported for 
water-quality samples wasevaluated by quality-control 
samples that were submitted from the field and 
nnnlyzcd concurrently in the laboratory with mutine 
samples. These quality-control samples consisted of 
redicates, spikes, and blanks which provide 
quantitative information on the precision and bias of 
the overall field and l aha to ry  process. Each type ot  
quality-control sample was submitted at a proportion 
equivalent to about 5 percent of the total number of 
water-quality samples Thwefwe, the total numkrof 
quality-control samples represented about 15 percent 
of the total number of water-quality samples. 

In addition to quality-control samples submitted 
from the field, internal quality-assurance practices at 

. . ~ ~ 

he=, 1955). Th~.se iruernal pmclices include 
analyses of qualitycontrol samples such as calibration 
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standards, standard refermce wata samples, replicate 
samples, deionized-water blanks, or spiked samples a# 
a proportion equivalent to at least 10 percent of the 
sample load. The NWQL participates in a blind- 
sample program where standard reference water 
samples prepared by the USGS Branch of Quality 
Systems are routinely inwrted into the sample line far 
each analytical method at a frequency proportional to 
the sample load. The laboratory also participates in 
external evaluation studies twice-yearly with the US. 
Environmental Pmtection Agency, the Canadian 
Center for Inland Water, and the USGS Branch of 
Qrality Systems to assm analytical performance 

Replicate data can be obtained in different ways 
to provide an assessment of precisian (cepraducibility) 
of analytical results. Replicate samples are two or 
more samples considered to be essentially identical in 
composition. Replicate samples can be obtained in the 
field (field replicate) by either repeating the collection 
process to obtain two or more independent composite 
samples. or by splitting a single composite sampleinto 
two or more subsamples. The individual replicate 
samples are then analyzed separately. Likewise. a 
single sample can be analyzed two or more times in the 
laboratory to obtain a measure of analytical variability 
(laboratory replicate). 

hrcisiun uf analytical results far field replicates 
is affected by numerous sources of variability within 
the field and laboratory environments, including 
sample collection, sample processing, and sample 
analysis. To provide data on precision for samples 
exposed to all sources of variability, replicate s w a m  
samples for chemical analysis were obtained in the 
field by splitting n ~ m p 0 ~ i t c  strcam samplc, and 
replicate stream samples far suspended-sediment 
analysis were obtained in the field by concurrently 
collecting two independent cross-sectional samples. 
Analyses of these field replicates indicate the 
repraducibility of environmental data that are affected 
by the combined variability potentially intraduced by 
field nnd laboratory processes 

Analytical precision was evaluated with 
laboratory replicates, which excluded field sources of 
variability. Two independent analyses were made of an 
individual sample selected randomly in the laboratory 
from the group of samples comprising each analytical 
run. A separate analysis of the sample was made at the 
beginning and end of cach nnolytieal run to provide 
information on the reproducibility of laboratory 

analytical rebulb independent uf wbbiblr variability 
caused by field collection and pmcessing of samples. 

Spiked samples are used to evaluate the ability of 
an analytical method to accurately measure a known 
amount of analyte added to a sample. Because some 
~ns t i tuen t s  in stream water can potentially interfee 
with the analysis of a targeted analyte, it is important to 
determine whether such effects are causing inaccurate 
analyses. Deionized-water blanks and aliquots of 
stream samples were spiked in the laboratory with 
known amountsaf the same trace elements analyzed in 
water samples. Analyses of spiked blanks indicate if 
the spiking procedure and analytical method are within 
control for a water matrix that is presumably free of 
chemical interference. Analyses of spiked aliquots of 
stream samples indicate if the chemical matrix of the 
stream water mterferes wlth the analytml 
measurement and whether these interferences could 
contribute significant bias to reported trace-element 
concentrations for stream samples. 

Blank samples of deionized water were mutinely 
analyzed to identify the presence and magnitude of 
contamination that potentially could bias analytical 
reaulb. Thr: parlicular type uEblar~k sample wtinely 
tested was a "field" blank. Field blanks are aliquots of 
deionized water that are certified as traceelement free 
and are processed through the sampling equipment 
used to collect stream samples. These blanks then 
subjected to the same pmcessing (sample splitting, 
filtration, preservation, transportation, and laboratory 
handling) 3s stream samples. Blnnk samples ore 
analyzed for the same constituents as t h a x  of stream 
samples to identify whether any detectable 
concentrations exist. 

All water samples were handled in accordance 
with chain-of-rustady procedures that pmvide 
dacumentation of sample identity, shipment, receipt, 
and lahorntory handlinz. All samples submitted fmm a 
sampling episode were stored and analyzed as a 
discrete sample group, independent of other samples 
submitted to the NWQL. Therefore. statistical 
descriptions of quality-contml data generated for this 
program are dkc t ly  applicable to the analytical results 
for stream samples reported herein. 

Dataquality objectives (table 3) wereestablished 
for water-quality data as pan of the study plan for the 
expanded long-term monitoring program that was 
initiated in 1993. The objectives identify analytical 
requirements of detectability aud serve as a guide for 
identifying questionable data by establishing 



Table 3. Data-quality objectives for analyws of water-quality samples collected in the upper Clark Fork basin. Montana 

Calcium. dissolved 
Magnesium. dissolved 
Amnic. lotal recoverable 
AN",". dissolved 
Cadmium to l l  recoverable 
Cadmium, dissdved 
coppec, tD(a1 recoverable 
Copper disolved 
Iron, t m l  recoverable 
Imn, dissolved 
LCsd. Lotal reeovrrnb1e 
Lead. dissolved 
Maneanere. lu l l  recov&le 
Manganese. dissolved 
zinc, tola1 ranverablr 
Zinc. disrolved 
sediment susnended 

acceptable limits for precision and bias of laboratory 
results. Comparisons of quality-control data to data- 
quality objectives are used to evaluate whether 
sampling and andyticd procedures are producing 
environmentally representative data in a consistent 
manner. Data that did not meet the objectives were 
evaluated for acceptability, and corrective action was 
taken, when appropriate. 

During water year 1999, the NWQL began 
implementation of a new. statistically basedconvention 
for establishing reporting levels and for reporting low- 
concentration data (Childress and others, 1999). 
Quality-control data are collectedon acontinuing basis 
to determine long-term method detection levels (LT- 
MDLs) and laboratory reporting levels (LRLs). These 
values are re-evaluated each year and, consequently, 
may change from yearto year. The methods are 
designed to limit the pbbibk UCLUIICIILC. of a fake 
positive or false negative error to 1 percent or less. 

Accordingly, concentrations are reported as less Ihan 
theLRLforsamples inwhich the analyte was either not 
detected or did not oass identification criteria. ~ ~~ 

Analyter that are detccted at conrmlralinns hctwren 
the LT-MDL and LRL and that pass identification 
c~iteria iuz estimated. Estimated concentrations are 
noted with a remark code of "EEEE These data need to 
be used with the understanding thar rheir uncertainry is 
greater than that of data reported without the " E  
remark code. 

replicates). The differences in concentration between 
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reolicate anailvses can be used to estimate a standard 
deviation according to the following equation (Taylor, 
1987): 

where 
S = standard deviation of the dfference 

in concentration between 
replicate analyses. 

= difference in concentration between 
each pair of replicate analyses, 
and 

k = number of pain of replicate analyses. 

Precision also can be expressed as a relative 
standard deviation (RSD), in percent, which is 
computed from the standard deviation and the mean 
concmtration for all the replicate analyses. Expressing 
precision relative to amean concentration standardizes 
cornoarison of orecision amone individual 
~on~tituents. The RSD, in per&, is calculated 
according to the follow~ng equatmn ('laylor, 1987): 

RSD = :x 100 (2) 

where 
RSD = lelative standard deviation, 
S = standarddeviation, and 
i = ruean of all replicate concentrations. 

Paired analysesof field replicates are presented in 
table 8. The precision estimated for each constituent 
baced on these mi& results. which include both field 
and laboratory sources of variability, is reported in 
table 9. Statistics for orecision of field-replicate 
snsljws $sere bxcd UII the talues r c p 1 1 d  In table 8. 
u h ~ r h  arc mundd to 4.mhrJ 1 SGS rcpunlng Ics<l, 
for the oarticular conaituent and its analvtical method 
(~imm;, 1994). 

Data-aualitv obiectives for mecision are not 

from fleld sample collection and processing, or 

IilburaLury handling and analysis. However, a 
statistical calculation of precision for the field 
replicates is provided in table 9 to illustrate overall 
reproducibility of environmental data that inwlporates 
both field and laboratory sources of variability. The 
data-quality objective used to evaluate precision of 
results for field replicates was a maximum relative 
standard deviation of 20 percent. Precision estimates 
for the field replicate analysis were within the 20- 
percent relative standard deviation limit for all 
constituents. 

Analytical precision for chemical constituents 
based on replate laboratory analyses ot lndlvldual 
samples, which includes only laboratory sources of 
variability, is reported in table 10, Statistics for 
analytical precision of laboratoly-replicate analyses 
are based on unrounded valuesstored in laboratory data 
files. The data-quality objective for analytical 
precision of laboratory-replicate analyses is a 
maximuw dative alandanl drviativn uf 20 percent. 
Precision estimates for laboratory-replicate analyses 
(table LO) were within the 20-percent relative standard 
dev~ation limit for all constituents except total- 
recoverable cadmium and dissolved lead. The 
exceedance of the data quality objective for both 
constituents does not necessarily impact precision as 
both exceedances were anifnca of comparing 
analytical results that were below detection capabilities 
of laboratory equipment and methodology. 

Analyses of an unspiked sample and a spikrd 
aliquot of the same sample provide a measure of the 
recovery efficiency for the analytical method within 
the chemical matrix of the sample. The data-quality 
ubjativr fur acceptable spike recovery of trace 
elements in water samples was a maximum deviation 
of 25 percent from a theoretical 100-percent recovery 
of added constituent. At the laboratory, a spiked 
deionized-water blank and a spiked aliquot of a stream 
sample were prepared and analyzed along with the 
original unspiked sample. The differences between the 
spiked and unspikcd sample concentrations were 
determined and used to compute recovery, in percent, 
according to equation 3 below: 

spike rccovev, in 
= spiked sample concentration - unspiked sample mncentration 

spike concentmtlon 
r IW 



If the spike recovery for a trace element was outside a 
range of 75 to 125 perced, the instrument was 
recalibrated and the entire sample set and spiked 
samples were reanalyzed for that particular trace 
element until recoveries were improved to the extent 
mssiblc. 

Results of recovery efficiency for individual trace 
elements in spiked deionized-water blanks and spiked 
stream samples a x  presented in tables I I and 12. 
respectively. The mean spike recovery for deionized- 
water samvles sviked with trace elements ranged from 

percent. The 95-percent confidence intervals (Taylor, 
1987) for the mean of spike recovery for each 
constituent analyzed in stream samples (table 12) did 
not exceed a 25-percent deviation from an expected 
100-percent recovery. 

High or low bias is indicated if the confidence 
interval d a s  not include 100 percent recovery. 1\11 
laboraton-s~iked stream samples (table 12) had 

95.9). dissolved comer (104-1 10). and total. .. . 
recoverable lead (95.3-99.3) percent. Because the 
mean spike recoveries for all constituents met data- 
quality objectives, no adjr~stments wew made to 
analytical results for stream samples on the basis of 
mike recoveries. 

equal to or less than the LRL for the analytical methcd 
indicates that the entire process of sample collection, 
field processing, and laboratory analysis is presumably 
free of significant contamination. If detectable 
concentrations in field blanks were equal to or greater 
than twice the LRL (typical measurement precision at 
the detectiou level), the concentrations were naed 
during data review. Analytical results from the field 
blank for the next sample set were evaluated for a 
consistent trend that may indicate systematic 
contamination. Sporadic, infrequent exceedances of 
twice the LRL probably represent random 
contamination orinstmmentcalibrationenorthat is not 
persistent in the process and which is not likely tocause 
significant positive bias in a long-term record of 
analytical resulta. However, if concenIrations for a 
particular constituent exceed twice the LRL in field 
blanks from two consecutive tield trips. blank samples 
are collected from individual components of the 

vmcessine seauence and are submitted tor analvsls m - .  
order to identify the source of contamination. 

Constituent concentrations in field blanks were 
almost always less than the LRL. Total-twoverable 
zinc had one minor exceedance of the LRL. There 
were no enceedances of LRLs for the same constituent 
in consecutive samples. Therefore, the analytical 
results for field blanks indicate no systematic 
contamination that would bias the reported water- 
quality data for stream samples. 

RED-SEnlMENT DATA 

Bed-sediment data consist of analysa of tracc- 
element concentrations in the fine-grained and bulk 
(finepluscoane) fracrronsofrhebed-sedlment sample. 
Bed-sediment samples are collected once-annually 
during low, stable flow conditions and the same season 
(typically August) to facilitate data comparisons 
among years. 

- ~ 

Geoloeical Survev. written commun.. 1994). Samvles . . 
were collected from the surfaces of streambed deposits 
in low-velocity areas near the edge of the stream using 
a) acid-washed polypropylene scoop. Whenever 
possible, samples were collected from both sides of the 
stream. Three comvosite samoles of fine-grained bed 
sedimenr and two composite samples of bulk bed 
sediment were collected at each site. 

Individual samples of fine-grained hed sediment 
were collected by scooping material from the surfaces 
of thrce to tivc indomiy s&td deposits dong pool 
or low-velocity areas. The t h e  to five individual 
samvles were combined to form a sinele comvosite 
sample. This collection process was repeatedthree 
times to obtain three composite samples. Each 
composite sample was wet-sieved onsite through a 
0.064-mm nylon-mesh sieve using ambient stream 
water '& fraction of bed sediment in each cnmmsite 
sample that was finer than 0.064 mm was transferred to 
an acid-washed 500-mL polyethylene bottle and 
transported to the l a b o ~ o r y ~ o n  ice. 

lndlvldual samples of bulk bed sediment also 
were collected by scooping material from the surfaces 
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of three to five randomly selected deposits. The 
individual samples w e n  combined to f o m  a single 
composite sample. Because the streambed at most 
sampling locations is predominantly gravel andcobble, 
deposits were selected where cobbles and gravel could 
be excluded from the samples. Bulk bed~sediment 
samples were not sieved and generally were composed 
of particles smaller than about lOmm in diameter. The 
individual unsieved samples w e n  composited into an 
acid-washed polyethylene bottle and transported to the 
laboratory on ice. 

Bed-sediment samoles were onvared for analvsis . . 
at the USGS National Research Pmgram laboratory in 
Menlo Park, Calif. Fine-grained and bulk bed- 
sediment samples w e n  oven-dried at 60°C and ground 
using an acid-washed ceramic mortar and pestle. 
Duplicate aliquots of approximately 0.6 g of sediment 
from each of the three composite fine-grained bed 
sediment samples w e n  digested using a hot, 
concentrated, nirric acid reflux according ro methods 
described by Luoma and Bryan (1981). Two aliquots 
were similarlv dieested From the sinele comvosite 
sample of buik bed sediment. ~ f t e r a  diges&n perid 
of up to several weeks, the aliquots were evaporated to 
drynessan a hot plate. Thedjresidue was redissolved 
with 20 mL of 0.6N (normal) hydrochloric acid. The 
reconstituted aliquotsthen were filtered thmueh a0.45- 

acid. These final solutions were analyzed for 
cadmium, chromium, copper, iron. lead. manganese, 

Results 

Concentrations of w e  elemenu measured in 
samoles of fine-erained and bulk bed sediment 
collected dunng AugustlWl are summarized m tables 
14 and 15, respectively. Liquid-phase concentrations. . . . .  
in l.g/nlL. thst ucre *nsl)md I I I  the m ~ u w t o t a l  
itltywe ut Jtgc,tcJ ta! 4 i m c n t  acre z m m l  a* 
solid-phase wncentrations,in Ilg/g, using the following 
equation: 

p& = ppglmL x volume of digested sample, in mL (4) 
dry weight of sample, in g x dilution ratio 

The reverted solid-vhase wncenmtions in table 
14 and 15 are the meansbf all analyses of replicate 
aliquots from each composite sample collected at the 
site. Because the conversion from liauid-vhase to . . 
solid-phase concentration is dependent on both the 
dilution ratio and the dry weight of the sample, 
minimum reporting levels for some trace elements may 
differ among stations and among years. 

Quality Assurance 

The protacols for field collection and processing 
of bed-sediment samples are designed to prevent . . 
contamination from metal sources. Non-metallic 
sampling and processing equipment was acid-washed 
and rinsed with deionized water vrior to the f m t  
sample collection. Nylon-mesh sieves were washed in 
a laboratory-grade detergent and rinsed with deionized 
water. All equipment was given a final rinse onsite 
with stream water Sampling equipment that was 
rwsed at each site was rinsed between sites with 10- 
percent nitric acid, deionized water, and stream water. 
Separate sieves were used at each site and, therefore, 
did nut q u i r e  between-site cleaning. 

Quality assurance of analytical results for bed 
sediment included laboratory instrument calibration 
with standard solutions andanalvsis of aualitv-control , . ,  
samples designed to identify the presence and 
mnmitudc of bins (E.V. Axtmann. US. Gcologicnl 
Survey, written wmmun., 1994). Quality-control 
samples consisted of standard reference materials and 
procedural blanks. Each type of sample was analyzed 
in a proportion equivalent to about 10 to 20 percent of 
the total number of bed-sediment samples. 

Standard reference materials (SRMsl are . . 
commercially prepared materials that havc certified 
concentrations oftraceelements. Replicate analyses of 
SRMs are used to indicate the reproducibility of 
analytical results and the ability of the method to 
accuratelv measure a known auantitv of a constituent. . . 
Recovery efficiency of trace-element analyses of 
SRMs for bed sediment is summarized in table 16. 
Two SRMsconsisting of agricultural soils representing 
b w  and high concentrations of trace elements were 
analvzed tu test recuverv efficiencv fur a ranre uf 
concentmions generally similar to those occurring in 
the upper Clark Fork basm. 'The digestion process used 
to analyze bed-sediment samples is not a "total" 

10 wetergullity, M 4 i m n ' s n d  b*hl dalll (Oclokr m Lhmw Sptmbpr m1, and slcist'ilsummukofdataCrsVpsmF in the 
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digestion (does not liberate elements associated with 
crystalline lattices); therefore, 100-percent recovery 
may not be achieved for elements strongly bound to the 
sediment. The percent recovery of trace elements in 
SRMs when using less than a total digestion is useful to 
indicate which trace elemen@ display smng sediment- 
binding characteristicsand whether analytical recovery 
is consistent between multiple sets of analyses. 

Although dataquality objectives have not been 
established for bed sediment, percent recoveries are 
shown in table 16 to illustrate analytical performance. 
Chromium for both low-concentration range (SRM 
2709) and higll-concentration range (SRM 271 1) 
showed consistently low recoveries (76.4 and 47.6 
percent, respectively). Zinc in SRM 2709 also 
displayed low recovely (71.8 percent). Cadmium and 
silver werebelow the analytical detection limit in SRM 
2709. The reason for the lack of measurable recoveries 
for the low-range cadmium and silver is believed to be 
the result of analyzing concentrations very close to the 
detection limit coupled with signal enhancement 
resulting from matrix interference. Mean recoverieb 
for all other constituents in both low and high 
concentration SRMs ranged fmm about 80 to 103 
percent; thus. they were within 20 percent of complete 
recovery. No adjustments were made to trace-element 
concentrations in bed-sedimenf samples on the basis of 
recovery efficiencies. 

Procedural blanks for bed-sediment samples 
consisted of the same reagents used for sample 
digestion and reconstitution. Concentrated nitrlc acid 
used for sample digestion was heated and evaporated to 
dryness. After evaporation, 0.6N hydrochloric acid 
was added to the dry residue. Procedural blanks. 
therefore, represent the same chemical matrix as the 
reagents used to digest and reconstitute bed-sediment 
samples. No dilution of the reagenU is made prior to 
malysis in order to maximize and detect any potential 
contamination associated with sample handling and 
analysis in the laboratory environment. Results of 
trace-element analyses of procedural blanks for bed 
sediment are in table 17. 

Analytical results of procedural blanks are 
reported as a liquid-phase concentration. in pgImL, 
which is equivalent to pa t s  per million. Determination 
of the significance of a detectable blank concentration 
is based on the magnitudeolthe equivalent solid-phase 
concentration, in pglg, relative to the ambient 
concentration ot the trace element ln bed-sedlment 
samples. If adetectable blank concentration represents 

10 percent or more of the ambient solid-phase 
concentration, then the blank concentration is 
subhacted to remove potential contamination bias. 
n o  procedural blanks showed metal concentrations 
(foriron and zinc) above the analytical detection limit. 
However, both represented less than 1 percent of the 
ambient concentration in environmental samples; 
therefore, no adiustments were made to trace-element 
concentrations in bed-sediment samples on the basis of 
procedud blanks. 

RIO1,OGICAI. DATA 

Biological data consist of analyses of trace- 
element concentrations in the whole-bodv tissue of 
aquatic benthic insects. Insect samples are collected 
once-annually at the same sites and dates as bed- 
sediment samples (table I), allowing for a direct 
comparison of biological dam among yean and with 
bed-sediment data. 

Methods 

Insect samples were collected using protocols 
described in Hombereer and others (I 997). lmmamre . . 
stages of benthic insects were collected using a large 
nylon-mesh kick net. A single riffle at each station was 
sampled repeatedly until Ladequate number of 
individuals was collected to provirle sufficient maaa Cur 
analvsis. Targeted taxa for collection were . - 
Hydropsyche spp., Brachycentrus spp., and 
Arcropsyche ~randis of the Order Trichoptera 
(caddisflies). and Clmssenia sabulosa of the Order 
Plecoptera (stoneflies). Samples of each taxon were 
sorted bv genus and olaced in acid-washed ~ las t i c  . - 
innamer.. Snmpk, u m  lv.mn un Jr) IW u ~ h u  ?(I 
tnmutc\ o t ~ o l l c d o ~ ~  ~n 4 wrsll amount 01 3tnbl;nt 
rhrr  aster In orc\~uu\ \car* I IYMI-YLI. h m t h  . 2 .  

insects were depurated for a period of 6-8 hours in an 
effort to evacuate gut contents. In 1998, a comparison 

benthic insects, with the exception of copper Average 
copper concentrations in depurated samples were 8-25 
Dement lower than samoles frozen within 30 mlnutes of 
collection (M.I. ~ o m G r g e r ,  unpub. data, 2000). The 
change in the field protocol minimires the chance of 
metal loss through cell membranes during depuration 



and is consistent with methods established by Can and 
Luoma (1998). However, caution should be exercised 
in comparing recent copper data for insects with earlier 
data because of the possibility of higher concentrations 
resulting from the change in field protocol. 

Imecr auuplea were prwmsd and a n a l y d  a1 
the USGS National Research Program laboratory in 
Menlo Park, Calif. Insects were thawed and rinsed 
with ultra-pu~ deionivd warn to remove particulate 
matter. then salted to their lowest mssible taxonomic 
Ictel When lnrp t lumkr\  ( 4  .pcctmem Stcrc 

~dlcclcd h m  n\Int~on, \~rnilnr-\v~I in&\ idmk \<ere 

composited into replicate subsamples. Subsamples 
were placed in tared scintillation vials and oven-dried 
at 70°C. Subsamples were weiehed to obtain a final 
dry weight and digested by reflux using concentrated 
nitric acid (Cain and others, 1992). After digestion. 
insect samples were evanorated to dniness on a hot 
plate. The dry residue was reconstituted in 0.6N 
hydrochloric acid, filtered througha0.45-lun filter, and 
analvzed undiluted bv ICAPES~O~ cadmium 
chromium, copper, imn, lead, manganese, nickel, and 
zinc. 

Results 

Concentrations of trace elements in whole-body 
tissue of aquatic insects collected during August 2001 
are summarized in table 18. The variability in the 
number of composite samples amone species and . . 
among sites reflects diffemces in insect abundance, 
with the number of composite samples increasing with 
the relative abundance of insects. Liauid-~hase . . 
concentrations analyzed in the reconstituted samples 
were converted to solid-phase concentrations using 
muation 4. As with bed sediment. minimum renortine . 
levels may differ among sites as a result of variable 
sample weights. In general, the smaller the biological 
sample weight (a function of insect abundance), the 
higher LIE tinimuta rwurtin* level. Tl~rrlurr,  ltirl~rr . . 
minimum reponing levels do not necessarily imply a 
higher trace-element concentration in tissue. 

Two s ~ i e s  of HyfropyrhP were targeted fnr 
collection in this study due to their occurrence at most, 
but not all, sites: Hydropsyche occidenrolis and 
Hvdro~svche cockerelli. Hvdro~svche s w i e s  thal . . .  . . .  . 
could not k positively identified were considered to 
belong to the momso group and are categorized as 

Hydropsyche spp. or Hydropsyche m o m  group. 
Arc1op.vyche gmndis, Brachycmrw spp., and 
Clansenio sobulosa also were collected, where 
available, to represent additional insect taxa that are 
fairly widely distributed in the upper Clark Folk basin. 

Quality Assurance 

The protocols for field collection and prmssing 
of biota samples are desiened toprevent contamination - .  
from metal sources. Non-mctallic ncts, sampling, and 
processing equipment were employed in all sample . . .  . . 
collection. Equipment was acid-washed and rinsed in 
ultra-pure deionized water prior to the first sample 
colle&n. Nets andeauio&ent were thorouehlvrinsed . . - .  
in ambient stream water at each new mainstem station. 
New nets were used for the tributary stations. Biota 
sampler were collected along an increasing 
concentration gradient to minimize effects from 
potential statinl-trrstatim cartyaver cmtaminatian. 

Oualitv assurance of analvtical results for hiota 

samples designed to identify the presenfe and 
magnitude of bias. Quality-control samples consisted 
of SRM and procedural blanks. Each type of sample 
was analyzed in a proportion equivalent to about 10 to 
20 percent of the total number of biota samples. 

Recoveryefficiency fortrace-element analyses of 
the SRM for biota is summarized in table 19. m e  
reference material tested was lobster hepatopancreas. 
Data-quality objectives have not been established for 
analytical recovery in biota, but percent recoveries are 
shown to illustrate analytical performance. Mean 
recoveries were within I I percent of certified values 
for cadmium, copper, nickel, and zinc. Recoveries for 
chromium. iron, and manzanese were within 21 

standard (less than 10 Darts oer billion). Additionallv. . . 
a quality-control standard with a similar solution 
cnncentmtinn as thr SRM snrnplrs was analyzd 
thmughout the analysis. Recoveries for all reported 
elements were within 10 percent of the quality-control 
standard. No adjustments were made to the trace- 
element concentrations for the insect samples on the 
basis of recovery efficiency. 



Results of Vaceilement analyses of procedural averaged. The abundance of aauatic inseca at a 
blank? for biota are tn tabk 20. ~ & e d u i  blanks for 
biota consisted of the same rements used to dl~est and 
reconstitute tissue of aouatic insects. llx blanks were 
analyzedundilutedata proportion of one blank persite. 
Analytical results for all blanks were less than 
detection; thus, no contaminatlo" bias was indicated. 

STATISTICAL SUMMARIES OF DATA 

Statistical summaries of water-quality, bed- 
srdimrnt, and hinlngical dataare provided in tables 21- 
24 for the periodof record at each station since 1986. 
Thesummaries lnclude the period ofrecord, numberaf 
samples, maximum. minimum, mean. and median of 
concentrations. 

Statistical summaries of water-quality data (table 
21) are based on results of crobb-sectional samples 
collected ~ericdicallv bv the USGS during the station's 

results targeted for high-flow conditions or 
maintenance drawdowns of Milltown Reservoir would 
disproportionately skew the long-term statistics at 
these three sites relative to the other sites m the 
network. Statistical summaries of bed-sediment (table 
22 and 23) and biological data ( a l e  24) 3re based on 
results of samples collected once-annually duriw the . . 
indicated years. Because not all stations were sampled 
for bed sediment and bmta every year, these datadonot 
represent a consecutlve annual record. 

Sample sires and statistics for bed-sediment data 
are based on a comoilation of sinele annual mean 
oonoenmtions determined fmm the combined results 
of multiple composite samples for a given year. . . 
  he ref&, Sam& srzes f& bed sedmcnt represent the 
number of years sampled. Incontrast, sample slzesand 
statistics for biological data are based on mdlvldual 
analyses for each composite sample collected in an 
mdividual year, rather than on a single annual mean 
roncentmtion frnm all mmpsttes combined. Blota 
sample slzes reflect differences in species abundances 
at each site and among all years. As a result, the 
statisticsfor biota describe a wider range of variation in 
trace-element concentrations than would be evident if 
results fmm individual composite samples were 

particular site m a given year h i t s  the biomass of the 
sample whlch, in turn, may result in variable analvtical 
demtionllm~ts. Whereminimumrepoltinglevelsvary 
among years, statistical summaries are provided only 
as a general indication of the range of detection. 

The presence or absence of insect species at a 
given site can vary among years and may result in 
different taxabeing analycedin the long-term perid of 
record. Because Hyd~opsyche ,"sects were not sorted 
to the species level between 1986-89, statistics for 
stations sampled during those years are based on the 
results of all Hvdromvche swcies combined. At some . . .  . 
sites, statistm for the Hydropsyche morosa group are 
based on the combined reauk for two or more scecies 
because these samplescould not be ~dentified clearly to 
the species. but had momso charactenstlcs. 
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12323770-WARM SPRINGS CREEK AT WARM SPRINGS. MONT 
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TshleC Wmr-qualiry d m  for the uppr Clark Fork hadn. Monrang. Cktnhpr2(1*1 thrmgh Sepremkr 2W1 (Continued) 

12331800-CLARK FORK NEAR DRUMMOND. MONT 
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TabkS. Drily streamflow and s~pended~dediiiiidaff for Clark Fork at Deer Lodge. M m t t t ,  Odobcr2000 Ihhhhhgh 
September 2WI (Continued) 
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3 
I 
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TOTAL 
MEAN 

MAX 
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Tablp 5. Dally streamnow and ~ ~ ~ ~ ~ d e d - s e d i r n e n t d s t a  for Clark Fork at Deer Lodge. Monfma, October ZOOO lhmugh 
September 2W1 (Continued) 



TABLE 5 1 



[~bt-,.t,..~. ~ ' I ~ ~ U ~ ~ C  &tprumnd. ~ , ~ s ( ~ ~ t ~ d :  m& mrlllgramspu ~m. tanid ions paday symbol: -. ~datal 
M a  

m - m  
Mun 

Surpolpddirne", 
MI." 

m w d t m u n l  

Ilrnrn. D* am- M a n  Dis SUI .~  

,XI -= -.-. mu a,-,. DC 

(&, Olmld) 
&, lnlm 

(.@, (Idd) 

MIN -a 
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hk." 
dm, Slapndedsdinmt 
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smam M a n  DL 
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TABLE 7 41 



(810 I9 
4.m 20 
JWO 22 
7670 > A  

5.m 26 
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Calcium, dissoced. m d L  
Magnesium. dissolved. m g n  
Arsenic. t a d  recoverable, p& 
Arsenic, dissolved. p a  
Cadmium. ma1 recoverable. p a  
Cadmium. dissolved. MIL 
copper, tots1 recoverable, p g n  
C-r. dissolved. p d L  
Im", total rrcoverablc, Irgn 
I",". dkro1ued. pglL 
Lead. total recoverable. llglL 
Lead, dissolved. pglL 
Manganese, taal recoverable, p d L  
Msngonese, disrolved, p& 
Zinc. mtal recoverable, wIL 

Zinc. dirmlued. p a  
Sediment, suspended. mglL 
Sdilllrnl, surp~&JJ ytrytytnf C h r  than0062 mm 

TABLE 9 45 





97.7 Yes 
W 2  Yes 

1079 Yes 
102 9 Yes 
% 8 Yes 

105.2 Yes 
101 3 Yes 
98.3 Yes 
%.4 Yes 
97.3 YW 

101.9 Yes 
103 7 Yes 
99 1 Yes 

1020 Yes 
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TABLE 15 51 



[Abbrsvlstlm: llglg, mlcmmms pcr m m  ofdly ram& weogh~ SRM. rtandard mfmnce m m r l  Symbol. ... -very could na k d m m m d  becsw 
all analyaea vers 1es Ulan the rdyllcal &talon lirnill 



Tehk 17. nace-element analyses of procdmal blanks for bed sedinmt 

[Abkmiation: @mL, r n i c r o ~  p r  miliilirr. Dilunon ratio is thc papomon of initial volume d c o n c e n ~  nlaic arid usmi a9 a ugesling 
q n t  a find volume of d u t i m  after addidon d 0 . 6  N hydmchlaic add uud for mvndxling dried raidus. Symbols: <.less lhan 

Silver Bmv Creekat W m  Sp'ings 

ClnrL Fmk m Galen 

CLuL Fmk blow b s l  Cmk, nerr(jaler. 

Clrk Fa* near Rsc& 

Clark Fakat Dunpsey Creek diversim,na 

CwFmkntDcaLodge 

Link Blac!&oi R i w  nea.Ganisvn 

Clark F a k n  Ooldcnck 

Flint CRek near Drummond 

Chk Fmk war hummad 

RockCreek nearCliemn 

ad ~ a r l ; u ~ s h  a"*, WBO- 

BlackfoMRivernear B m e r  

CluL Fakrbmc hiissou$ 

Clark Fak below Missmla 



Table 18. Tm-elemem analyses of biota upper Clark Fnk basin. Montana A w r  2M1 

[~~Iy~~~areofwhole-body ussueof quq lx  ~ ~ ( F c I .  Compwesarnpln ma& by mmbinmg smdarrnrd inwc~sdtksarne qecin nnto a 
mmpled~ufflrlenlms~sforanalyris. Conrenlrat~cnr fabrnaslmplrscompaaedof~.ommmccompos~tesamplsareUwmeanrofall 
m d l w .  ~ b ~ s n a C w r ~ s .  Ma, mirmgmm W g n m o f  dry Jsmplcwel8bt; rppspeclrs Symbol: <. las Ulan mlnlmumrepmme level] 



Table IS Tracc-clanent nnnlyses of bio* upper Clark Fork basm. Montana, August 2001 (Continued) 

TABLE 18 55 



Cadmium 

Chromium 

Copper 
Iron 

Lead 

Mangmse 
Nickel 

Zinc 12 180 89.5 83.1-%.O 

'Crnified I n d  mncenlratm m SRM war below the nndpcal deleclirn Ihrml. 



clark FWL b ~ l o w ~ i - ~ ~  I:I cm cos 4 2  <.lo a1 c.m ~ O S  em 



Streamflow, instanraneo~s (ft3/s) 

Spffific conductance, onsitc (@/cm) 

lemperature, water ("C) 

pH, onsite (standard uniu, 

Hardness. ma1 (mgR as CaC05) 

Cal~i",,,, J iw lved (mgR) 

Magnesium dissolved ( m a )  

Arsenic, Ida1 recoverable ( p a )  

Arsenic, dissolvd (IlgR) 

Cadmium, lMal recoverable ( p a )  

Cadmium dissolved ( p a )  

Copper, cold recoverable @ a )  

Copper, dissolved &YL) 

Imn teal remverable (llpn) 

Imn. dissohed (W) 
Lead, lMal recwerable (rrpn) 
Lead, dissolved (wR) 

Manganese, lotal remvnnbk (p&) 

Manganese, dissolved ( P C )  

Zinc. t a d  remverable @ a )  

zinc, dissolved ( p a )  

Sediment, suspended mncentmion ( m a )  

Sediment, suspnded dischuge (tanld) 

Sediment. susoended loerunt finer than O W 2  mm) 67 



98 £8 

1'1 Z'b 

PI Pt 

II2P f 6s 

OLS LIL 

WS 6LS 

065 L65 

I> Lz 

01 n 
P8 L4 

09L OSZ'I 

Lb 65 

'X)I 8L1 

PI 8'1 

z P'Z 

L L 

ZI PI 

II 01 

LP Zb 

051 LO1 

ZL 9'L 

0'6 W01 

UL* iw 
92 ZL 

Zb 

bl' 

E 

811 

8LI 

LC I 

091 

5'> 

I 

01) 

06 

9 

91 

Z 

1 

b 

L 

Sb 

61 

99 

Z'L 

BI 

922 

El 

86 

OL 

SOP 

MZ'Z 

WZ'Z 

WL'I 

w1 

PZ 

052 

OLZ 

Wb'L 

M( 

055 

2'9 

9 

El 

SP 

LI 

25 

081 

1'8 

BOZ 

169 

Ptl 



Sueamflau, instantanmus (A31s) 

Specific canducfance, onrite W l c m l  

Temperature, water (OC) 

pH, onsite (standard unils) 

Hardness. lola1 ( m a  as Taco,) 

Calcium, dissolved ( m a )  

M a w s i u m  dissolved ( m a )  

Arsenic, taal moverable (W/L) 
Arsenic. dissolved ( p a )  

Cadmium. total recoverable @ a )  

Cadmium dissolved (&) 

Copper. told recoverable 

copper. dissolved ( p a )  

Lmn, ,ma1 m v e r a b l e  @ a 1  

Imn, dissolved (W) 
Lead, l aa l  reewaable (,&) 

Lead. dissolved (II& 

Manganne, t aa l  moverable I,,&) 

Mangane .  dissolved G g L )  

Zmc, taal recoverable (pgL) 

Zinc, diasolved @gL) 

Sedimes, suspended c m c e a d o n  (mgn)  

Sediment suspended discharge ( t d d )  

Sediment, suspended (pereea fmer than 0 ub2 mm) 



Property or eonstilurntand r q ~ r t i n g  unil semplPs Of MPximum Minimum Mean Median 

TABLE 11 61 



Table 21. Statistical summary of water-qualily dala for the upper Clark Fork hndn, Monmnn. Marrh 1985 
through Seplemher ZWI (Continued) 

h o p ~ ~ t y  or cons~tuonl and p~~typorting unit NUmrror samples Maximum Minimum Mean Median 

2 7 7  - A CREE RIN M 1 
Streamflow, instanlaneas (ff3/sls) 52 4 m  2.8 104 57 

Spsitic onductance, onsite (Wan) 51 795 139 304 269 

Tempmure, water C'C) 52 18 5 8.9 9.0 

pH, onsite (sundad units) 51 8.7 7.4 8.3 8.3 

Hardness, total (mgn as Cam3) 51 420 64 147 130 

Calcium, dissolved (mgn) 51 130 20 45 40 

Magnesium, dissolved (mgn) 51 22 3.6 8.5 7.4 

Arsenic, a d  recoverable (flgn) 51 n 3 8 6 

Arsenic. dissolved ,I@) 51 14 2 5 4 

Cadmium. taal recoverable ( p a )  51 2 <.I 1 

Cadmium. dissolved ( p a )  51 < I  <.I <.I 
Copp. 1-81 r aove~a l c  (!A&) 31 97 2 11 IU 

Copm dissolved (n&R) 51 16 I 4 3 

Iron, lotal recoverable (WL) 51 1.7W 40 336 I M  

Imn. dissolved (w&) 51 30 d '14 10 

Lead, lad recoverable (WL) 51 22 I 14 tl 

Lad,  dissolved (pgn) 51 1.8 '5 t .5  

M a n ~ a n * . ~ ,  tnal wovmhle (IL&R) 51 I.4W 57 241 1W 

Manganese. dissolved UIgn) 51 570 29 148 110 

Zinc. taal nsoverable (WL) 51 60 <I0 1 2 

Zinc, dissolved ( p a )  51 23 ~ 2 0  10 < I  

Sediment. suspended concentratioo ( m a )  52 100 2 20 10 

Sediment. suspended discharge ( l d d )  51 87 .05 11 1.2 

Sediment, suspended (percent fina than 0062 mm) 52 88 55 74 75 





Table 21. Stasissical summary of wsrerguality dam for the tmpper Clark Fwk barin, M o n a n a  March 1985 
fhmughsepremkr 2WI (Continued) 

~roprrty  or rons~ituenl and reportingunit Numberof ssmplpr Maximum Minimum Mean Median 

2324 -- K A T D  E MONT 
Perid-r 2001 
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Table 21. Statistical summary of wateriludiry data for the upperCId Fork basin. Montana, March 1985 
Ulrough September 2WI (Continued) 

lramflow, instantal~mus (f&) 75 

spcif ic conductance. onsite (@icm) 74 

Temperature, water PC) 75 

pH. onsite (standard units) 74 

Hardness tola1 (mgn as CaCO,) 74 

Cakium, dissolved ( m a )  74 

Magnesium. dissolved (mpn) 74 

Arsenic, t a d  moverable (pgngn) 74 

Arsmia di&wlvcd ( p a )  74 

Cadmium, tad recoverable (ppn) 74 

Cadmium, disrolved (w) 74 

Copper. totill recoverable ( p a )  73 

Copper diswlved (p*) 73 

Imn. t m l  recoverable (p*) 74 

Iron, di%vllved (18pfl ) 74 

Lead total recoverable ()lgR) 73 

Lead dissolved ( p a )  73 

Manwnese, lad recoverable (pen) 74 

M~W...SC assolved 74 

Zinc. total recoverable (pp/L) 74 

Zinc, dissolved (W) 74 

Sediment, suspended concentmion (m*) 75 

Sediment, ruqcnhd discharge (tonld) 75 

Sediment, suspended (percent finerthan 0.062 mm) 75 



Tabk 21. Sotistical summary ofwaterquahry daa for the upper &k Fak barin. Monlann. Mnrrh 19R5 
Ulmugh Septemh 2WI (Conlmued) 

Propony ormnslituont end reprting unit sample Of Maximum Minimum Mem Median 

l.ZUlm-KBuT- NT 
Pead of ~ m r d  forwsteguslity &(n: Marc- 2001 

Streamflow, rnstanlaneous (@IS) 123 892 2.8 IS9 121 

speclflc conductance, onsile Wlcm) 112 301 3W 529 134 

Temperatu~ walm(S1) 121 21.0 0 0  9.0 9.5 

pH, onsle (s!mdard units) 109 8.8 7.5 8.3 8.3 

Hardness, ma1 ( m a  as C a C q )  102 2M 59 141 140 

Calcnum, dissolved (m*) l m  73 16 38 38 

Magncsam, d~mlued (mgL) 102 20 4.3 I I 11 

Anenr, total recoverable (wpnl I09 57 7 18 13 

A ~ m c  dmolved (p&) 109 20 T Y 8 

Csdmlum, rota1 rrcoverabk (p&) lW 3 <.I l.2 I 

Cadm-um, dissolved WgL) 109 1 < <. 1 

copper, mrffoverabk (pgn) 1u8 32 I 7 5 

Copper, dissolved w#L) 109 7 <I 3 2 

Irm, m!A remverable (p&) 109 7.Zo 60 928 4M 

Imn, dissolved (p&) 109 240 4 0  24C 26 

Lead, total recoverable (w&) 109 87 <I 212 7 

led, dissolved Wpn) IW 7 '5 2.7 I 

Mugam-, ttlcd t n w r a b l c  (w&) 109 1 . W  Y) 216 132 

Manganese. dtssolved WgL) 109 140 14 42 34 

Zmc. total remverabk (pSn.1 109 2'33 <lo I39 28 

z,m, dissolved (w*) 109 77 <I 3 

Sediment suspended concentration (m&) 123 556 3 53 n 
Sediment. suspended discharge (mold) 120 924 .M 48 8 6 

Srdsment. stlrprndpn (pmnf finer r h n  n.M2 mm) 123 98 28 80 84 

TABLE 11 67 



TaMe 21. Smtistical summary of ~BLer-q~ality dm for the upper Clark Fak basin, Montana, March 1985 
lhmugh September 2031 (Continued) 

-ny ormnsarwnt pnd reporting unit N:.",TPSnr Maxlmum Minimum M a n  Median 

ILUBCib-CLARK F O R K U M M O N D .  MONT. 
Period or w r d  ror waterquality d m  March lm2-Soplpmbrr ZW1 

St~amflow, msrantaneous (ft3/s) 75 3,8M 149 1.100 817 

Speciticconducrance, onsire (pSlcm) 74 630 189 406 429 

lempemwe, w a  (TI 75 22.5 5 104 110 

pH. onsite (standard unit4 74 8.5 7.8 8.3 8.3 

Hardness. tad ( m a  zs CaCq) 74 300 74 183 190 

Cd~ium. diraulved (mgiL) 14 83 21 52 55 

Magwsium, dmolved ( m a 1  74 22 5.2 I3  13 

Arsenr, ma1 recoverable IpgiLI 74 62 8 17 14 

Arsenic, disrolved IpgL, 74 20 7 I I I" 

cadmium. totat recoverable (@) 74 2 <.I 2.2 I 

Cadmnm, dmolved (WLJ 74 .2 <I 2<.l <.I 

Copper. total reovnable ( p a )  72 360 5 50 24 

C o p p ~  dmolved ( p a )  72 21 I 7 5 

Imn, t a d  recoverable (pgn) 74 8.800 20 1,180 540 

Imn. dissolved Illen.) 74 1% 4 '25 20 

Lead, total recoverable (pgL1 70 '9 4 56 4 

Lead. dissolved ( p a )  70 1.2 <5 2.3 c 5 

Manganere, tbal recoverable (pen.) 74 880 R 167 IM 

Manganse, desolved ( p a )  74 61 4 18 15 

Zc, tad moverable (pgiL) 74 490 3 74 42 

Zinc. lssolved (Ugn) 74 21 0 27 5 

Sediment. suspendedcmentratim ( m a )  75 530 2 75 29 

Sediment, susyewleddru'hrrge (tmld) 75 4,720 1.7 393 64 

Selmmt, suspended (pmmt Cmm than 0.062 mm) 75 92 38 74 75 





Table 21. Stalisfical summary of water-quality dam f a t h e  upmr Clark Fork basin. Mmtana. March 1985 
thraugh September2001 (Continued) 

Stramflow, inxantam~s (@IS) 

Specific conductance, mrite (~~Slcm) 

Tempemure, water ("C) 

pH. onrile (standard units) 

Hadnas, teal (m&as CKD,) 

c a a m ,  dissolved (mgRJ 

Magnesium. dissolved (m&) 

Anenic. total remveraMe @ a )  

A L S ~ C ,  &,,01"~ (W&) 

Cadmium, told recoverable (wgL) 

C&i"m, di...l"ed (p&) 

copps  t-1 rrcovemble (p&J 

Coppo: dissolved (wgL) 

Imn, tola1 recoverable (w&) 

h", dirsnlued (p&) 

Lead, total recoverable (pgL) 

Lead, dissolved ( p a )  

Manganese, total nmverable (ug/Ll 

Manganese, dissolved (wglL) 

tir, 1-1 recoverable ( w a )  

k, dissolved (!a) 
Sediment. suspended cmcentration (mgn) 

Sediment, suspended discharge (ronld) 

Scdimeng suspended (percen finer than 0.062 mm) 161 98 27 73 73 



Tnble21. Stdstical summary of waterquality data for the upper C l s l  F o l  barin, Mcntmn. Msrch 1985 
through September WOI (Conlmued) 

TABLE 21 71 



Table 21. Slalislical summary of uatpr-qonlity dnta for the u p C l a r k  Fmk barin, Moocaw, March 1985 
through Septemkr 2WI ICmtinued) 

Pmprty orms(itum1 and rrporting unit samplm Maximum Minimum Mean Median 

Streamflow, instantaneous (ft31s) 

Spsific conduaance, msice @S/cm) 

Tempmure. water (T) 
pH, oa iC  (standard unifs) 

Hardness, teal ( m a  as CaCO,) 

Calcium. dissolved ( m a )  

Magnesium. dissolved (m&) 

Anemic, real rsoverable (!A@) 

h n r ,  eesolvm @UL) 

Cadmium, total rs~ouerable (pa) 

Cadmium, dissolved (@gR) 

C-r, ,"la1 m"verab1e (,Lgn) 

Copper. dissolved (Wa)  

Iron, teal recoverable @ a )  

Imn, dissolved ( p a )  

read, row1 rsovRaMe (pa) 

Lead, dissolved ( p a )  

Manganese. total moverable @ a )  

Manganese. dissolved (IrgR) 

Zinc, total rec~verable ( p a )  

Zinc. dissolved (EL) 

Sediment, suspended coocentralion ( m a )  

Sediment suspended discharge (tonld) 

Sediment, suspended (percent finer than 0.062 mm) 133 99 44 87 m 





Tnble 22. Stntinticnl summary of fine-grained ted-sdimcnt data fa the uppcrchk Fnk b-b, Mojriu~n. 
August 1986 through Septemkr2M)I (Continued) 

Constltva" 
Numbr of Max& 

ssmp*s m m  M i n i m m  Moan Median 

~ F O R K * L C R F . F . K W * R . M O N F .  
Rrid ofmord tor&-ysirrd kd**i.mtdsh: IWC2001 

Cadmium 6 10.5 65  8.1 
Chmm,vm 

7.9 
6 U.5 22.3 29.1 

cupper 
2% 

1mn 
6 2,050 1.360 1.610 1.510 

Lead 
6 32.800 26- 10.900 II.fK 
6 

Manganese 
200 168 185 186 

6 
NlCkl 

5.903 3.540 4.800 4.8W 
6 19.9 13.4 17.5 18.3 

Sikcr 6 
Zim 

7.8 4.2 6.3 6.6 
6 1.680 1.280 1.450 1,470 

~ ~ I S ~ ~ I ~ ~ ~ ~ ~ O I - C I . ~ C F T R A C K ,  M O M  
firad a f m r d  for ~ n y p i w d  wspd immf  bh: 15~4.m1 

Cadmium 6 8.6 5.0 6.9 7.n 
a ran ivm 6 33.3 19.1 26.3 27.5 
Capper 6 1.610 933 1.220 
IN" 

1.210 
6 31.700 23.100 27,800 

Lead 
28.W 

6 
Mxngnarr 

186 128 148 IM 

N U W  
6 4.120 2,390 1,210 3.m0 
6 18.4 10.5 15.3 16.6 

Silvcr 6 
Zinc 

6.1 4 3  '4.9 '5.3 
6 1,550 1.030 1.210 1.1Xl 

rn 
Paid or record for nnegn lwd bod-ardimnt dats: I W ~ I  

Cadmium 6 10.3 4.3 6.7 6.4 
Chmni"," 6 
Copper 

341  16.0 26.4 27.6 
6 1.550 7 1.070 990 

1mn 
Lcad 

6 33.700 22 .m 27.700 28.m 
6 

Maogaaw 
152 115 131 126 

Nickel 
6 6.410 1.810 3 3 0  
6 16.9 9.5 14.1 

2.660 

*,"a 
15.5 

6 6.2 2.7 4 8  s.0 
zinc 6 1.570 903 1.170 1.14C 

p 
mriodof m r d  ror 6-glinrd b r d ~ t n m t  dab; 1m.87, l m - m ~  

Cadmium I4  10.0 4.4 6.9 6.8 
Chmmium 9 43.9 19.5 11.5 32.5 
'==OF- I4  4.180 X37 1.40 1.130 
1mn 
Lead 

14 35,300 22.600 28.300 
I 4  242 121 158 

28,900 

mngilas 
I53 

14 6.mO 1 . M  2.800 
Nickel 

2380 
9 21.1 12.2 16.7 16.8 

Silver 14 7.9 2.4 4.7 4.5 
22°C 14 1.7M 940 1.310 1.310 



Table 22. Smtistica smmary of fme-grained bed-sediment dara fw the upper clark ~urk barin, M U I ~ ~ I ~ ~ .  

August 1986 through Sepemter 2WI (Continued) 

FORK AT WWCRFFK.MONT. 
&od d m o n l f o r  f lwmimd b d d i n x n t  dab: 19912MI 

10 8.1 3 I $ 5  
9 48.9 24.9 33.8 

I0 l;u80 393 780 
10 M.WO 19.900 25,100 
10 152 61 108 
10 2.610 i.IW 1.850 
9 18.6 11.7 16.0 

10 4.8 2.3 3.5 
10 1.320 590 1 . M  

Periodofmrd ror f i W ~ ! ~ d h d d i m m t d d C :  1984 1989, I99t2MI 
12 7.0 4 '3.0 
9 29.2 20.4 21.7 

I2  73 55 62 
12 28.IW 19.PW 23.700 
12 240 149 176 

Wl8Nb-CLARK FORK 
miod ofmordfor 0-ind bal4lnxnl dab: 1966-81. I W I - ~ I  

13 7.7 2.6 4.7 
9 3 5  17.0 29 5 

13 747 387 534 
13 27.m 16.m 22 .m 
13 135 72 97 

TABLE 22 75 



1234WO-R- NEAR BON- 
Paid d - d  forfinmrined b 6 1 4 l n m t d s t a :  198681.1991.1973.%. 1W6mOI 



Table22 Staustral summary of fine-mined bed-sediment data for the upper Clark Fork basin, Montana, 
August 1986 thmugh Sepmkr 2WI (Conlmued) 

TABLE 22 77 



8 5,480 5 M  1.W 
8 9.2 6 0  7.3 
8 7.4 3.2 4.7 
8 5 . m  lam 2970 



C d m t  # Mud- Midmum M e n  M d m n  
-prs - 

1Y1511L450801-alRK LCST CREE& 
Period d m  lor bus hd+dhem dsts: 19%-ZOO1 

Csdmlum 6 3.3 <.Y '2.4 'LI 
Chmmium 6 17.5 9.3 12.5 121 

coppa 6 763 238 4W 426 
lmn 6 21.W 12.W 17.IW 16.m) 
T A  6 LW 41 74 75 
Mangsnese 6 1840 1 . m  1.490 1,4W 
Nickel 6 8.2 4 2  6.5 6.8 
Silrcr 6 2.8 8 '1.7 '1.6 
Zlm 6 787 365 554 5M 

NT. 
R l i n d d d l " r o r b u l L M ~ d i I 1 P " t ~  IW6rnl 

6 6.6 c.9 '2.8 
6 19.1 10.1 14.2 
b w3 361 475 
6 ~ 1 . 9 ~  i 6 . m  19.m 
6 87 59 75 
6 1.710 759 1,3W 
6 9.9 5.5 7.3 
6 2.9 IA '22 
6 781 472 616 

6 9.2 15 3.7 3.0 
6 21.1 13.0 17.1 16.8 
6 1 .W 244 530 Y)I 
6 25.W 16.M 21.9W Z.WO 
6 l l5 47 76 71 
6 4,930 RZS 1.930 1.490 
6 12 8 5.5 8 6  8.2 
6 4.4 <.8 '2.4 '2.4 
6 1.ZPO 368 651 526 



TaMe 23. Slnlistical summary of bulk bed-sediment dam for the upper Clark Fork basin, Montana, 
August 1993 through September2001 (Continued) 

comrtuen# 
Numkr of M s i .  

sampks mum 
minimum M- mc-iiall 

I U 2 4 N n n . A R K T  G 0 L D C R E E K . W  
Period o l m o r d  1 o r W  k d 4 i r n m t d s t s :  1993-2001 

9 7.6 I I '3.3 

Cadmium 
Chromium 
COPW 
1mn 
Lead 
Manganese 
Nirkd 
Silver 
Zinc 

P M M O N D .  MONT. 
Rrid*"mwd forbut b e d - d i d  data: 1593-rnl 

9 3.8 <.2 
9 13.9 4 9  

m 

~ O - - R ! X K  CREEK NEAR C1.NO- 
~ r i o d d m d  C ~ L L  ~ r d d i m w t  dsm IM*, ZWI 

8 CIS 4 '~~ 
X 14 1 6 b  PO 
8 7 3 5 
8 II.IW 5.290 7,930 
B 4 3  3 5 
8 270 72 160 
8 8.2 3.6 
8 c l . 6  I 4 

5.3 

8 a 7 I7 



Cadmium 
Chromium 
capper 
1- 
Lrsd 
Manganese 
Nkkd 
Sliver 
zinc 

TABLE 23 81 





Lend 
MMgwsss 
Nickel 
nnc 

Manganrae 
NicLrl 
Zinc 

I 
I., 

IW 

1.m 76 
2.190 

1.6 
218 





TABLE U 85 



Tnblr 24. Statistical summary of biological dafafor ths uppcrclark Pa* barin, Monfaum hgust 1986 thrn~gh 
Seplernter 2COl (Continued) 



Tsbk 24. Smistical biological data tbrthe upper Clark Fork basin. Monlana. August 1986 th-~gh 
September 2001 (Continued) 

Nvlnlwr or 
ComtilwM rrmwdte Msrlmum M'inbwm Mmn Mcdirn 

- 
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cadmium 
Chmmium 

coppn 
1m Lead 



TABLE 24 8P 



cadmium 
Chromium 

2- 
Lead 
Manganese 
Nickel 
zinc 

Cadmium 
Chromium 
c o s r  
1.0" 
Lvld 
Manganese 
Nickel 
Zinc 



TABLE 24 91 







&~svrhr &PeIli 
34 1.1 
34 3.4 
34 45.7 
34 2 . m  
34 3.6 
14 1.210 
34 1.7 
34 ~n 

H,&%w& mcilil","la 
16 1 . 1  
16 3.5 
16 38.2 
16 1.420 
16 4.2 
16 ICM 
16 2.2 
16 193 
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