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Waler-Quality, Bed-Sediment, and Biological Data (October 
1999 through September 2000) and Statistical Summaries of 
Data for Streams in the Upper Clark Fork Basin, Montana 

By Kent A. Dodge, Michelle I. ~ o r n b e r ~ e r ' ,  and Carlos Primo C.  avid' 

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 
stationa were located on the Clark Fork and maim 
tributaries. Water-quality data were obtained 
wridicallv at 15 statiunsdurine October 1999thrnugh 
~ e ~ t e m b e ; ? ~ ~ )  (water year 2000). Data for 14 bed- 
sednment and 14 blologlcal statlons were obtained in 
Se~tember 2WO. The priman/ constituents analyzed . . 
were trace elements associated with tailings from 
historical mining and smelting activities. 

Water-quality data include concentrations of 
selected maim ions, trace elements. and suspended 
sediment in stream samples. Daily valuea of 
streamflow, suspended-sediment concentration, and 
suswnded-sediment dischame are given for three . . 
\tmc,n\ B c d - d m c n t  dill* m h d c  tr.rr.lrnicnt 
ccurmtmt~tm tn the hne-~rmncd .mJ bull t r d l ~ u t \  
B~ological data include tracezlement concentrations in 
whole-body tissue of aquatic benrhic insects. Quahty- 
assurance data are reoorted for analytical results of 
wacr, k d  sedi~nent, and biota. Statistical summaries 
of waterquality. bed-sediment. and biological data are 
provided tor the period of record at each station since 
1985. 

INTRODUCTION 

The Clark Fork originates near Warm Springs in 
western Montana at the confluence of Sther Bow and 
Warm Springs Creeks (fig. 1). Along the 148-mi reach 
uf stlearn €tom Silver Dow Cteeh in Buttc to thc Clark 
Fork at Milltown Reservoir, six maim tributaries enter: 
tll.aLt.l#lCrr.r.l. H'sml Sprini!.Creel. Liltlc Rl:~,lt# 01 

K ~ \ c r .  I . I I IU  Crecl. K m l  Creel. .md Bl.aL~t~ut Kner 

' U S  Geologsal Survey. Menlo Park. Calrf 

Principal surface-water uses in the 6 . 0 ~ - m i 2  Clark 
Fork basin above Missouls include irrigation, stock 
watering, light industly, hydroelectric power 
generatton. and habitar forrrour fisherieb. Cumnt laud 
uses primarily are cattle production, logging, mining, 
and recreation. Lame-scale mining and smeltmg had 
been prevalent landkeb in the upper basin for more 
than one hundred years, but are now largely 
d~sontmued. 

Deposita of copper, gold, silver. and lead ores 
we= ertenswely mined, milled, and smelted in the 
dramages of Silver Bow and Warm Springs Creeks 

tributaes to the uooer Clark Fork. Tailmgs dmved 
from mineral processing commonly contain large 
quantitnes of trace elements such as arsenic. cadmium. 
copper, lead, and zinc. Tailingb have been eroded, 
mixed with stream sediment, and transported 
downstream since the late 18M's and redeposited in 
stream channels, on find plains, and in the Warm 
Sprmgs Ponds and Milltown Reservoir. me widely 
dispensed tailings continue to be eroded, transported, 
and redeposited along the stream channel and flood 
D ~ I .  esoeclallv during high Rows. The occurrence of . . . - -  
trace elements in elevated concentrations can pose a 
nsk to aquatic blot* 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 
com~rehensive effort by State, Federal, and private 
entitieb to characterize the aquatic resources in the 
upper Clark Fork basin to guide and monitor remedial 
cleanuo act~vtties A long-term data base was 

. , 
Survey (USGS) at selectedsites inthe u p p e r ~ l a r k ~ o r k  
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Fiiw 1. h a t i o n  of study area 

basin since 1985 (Lambing, 1987,1988,1989, 1990, 
ar~d1991,Llur~bi~rgandothas. 1994,1995: and Dcdge 
and others, 1996, 1997, 1998, 1999,2000). Trace- 
element data for bed sediment and biota (aquatic 
benthic insects) have been collected intermittently 
since 1986 at selected sites as part of studies on bed- 
Eediment CMltaminafi and bio~~cumUl.dtion of 
metals conducted by the USGS National Research 
P~ug~we (hlmann and Luma, 1991; Axtmmn and 
others, 1997; Cain and others, 1992, 1995; Homberger 
and others, 1997). In March 1993, an expanded 
sampling pragram for water, bed sediment and biota 
was implemented in cooperation with the US. 

Environmental Pmteclim Agency to provide 
systematic, long-term mmtonng to better qwt i fy  the 
seamal and annual variability in selected constituents. 

The purpose of this repoR is to present water- 
aualitv data for 15 stations and h'ace-element data For . . 
14 bed-sediment and 14 biological statims in the upper 
Clark Fork basin colkctedfmm October 1999 through 
Scptmbcr 2WO (water year 2000). Quality-asswancc 
data are presented for watwquality, b e d s e d  
b im.  Statistical summarim alsn are provided for 
water-quality. bed-sediment. and biological data 
collected since 1985. 



SAMPLING LOCATIONS AND TYPES OF 
DATA 

Sampling stations in the upper Clark Fork hasin 
are located on the Clark Folk mainstem and maim 
tributari~s from Butte to below Missoula (fig. I). 
Mainstem sampling sites were selected to divide the 
uooer Clark Fork into reaches of relativelv uniform 
length, with each xach encompassing either a major 
tributary or depositional environment Warm Springs 
Ponds and Milltown Reservoirl. Tributaries w m  
sampled to describe waterquality characteristics for 
maiw l ~ , J ~ u l u g c  w u r r e s  in the u o ~ c r  basin and to . .  - 
provide reference comparisons to themainstem for bed 
sediment and biota. Waterquality data were obtained 
periaiically at I5 stations; daily suspended-sediment 
dam were obtained at 3 of these stations. Trace- 
element data for 14 bed-sediment and 14 biological 
stations were obtained m-annually (table 1). 

A list of properties measured onsite and 
constituents analyzed in samples of water, bed 
sediment, and biota is given in table 2. Results of 
analyses for water, bed sediment, biota, and assacinred 
qualitv-assurance data f a  water year2000 are listed in 
lables-4 h u g h  20 at the backoithe report. Stafistical 
summaries of water-quality, bed-sediment, and 
bioloeical data collected between March 1985 and 
~ep&ber ~ W O  are @en in tables 2I-Xat the backaf 
the report. 

Quality msuranmulJ2llnwiu rrrnir~tai~led tluough 
the use of documentedpmdures designed to provide 
environmentally representative data Acceptable 
oerfomance of the oracedu~s was verified with 
qualityamtral samples that were collected 
systematically to provide a measure of the a c c u ~ ~ y ,  
orecision. and bias of the environmental data and to 
idcntify problema associated with sampling, 
processing, or analysis. 

WAIER-QUALITY DATA 

Waterquality dataconsist of measurements of 
phystcat properties and concentrations of chemical and 
physical constituents analyzed in sueam samples. 
Samples wee  collected 6 to 8 times per year on a 
schedule designed to describe seasonal and hvdrolo~ic . - 
variability. 

Methods 

Cmss-sectional water samoles were collected 
t m  multiple verticals across the stream using depth- 
and width-integration methods described by Knapton 
(1985). Wad and Hm(l990). Wilde and others 
(1998). and E d d s  and Glysson (lW9). These 
methods omvide a verticallv and laterallv dischame 

2 - 
weighted composite sample that is repsentative of the 
entire How Uuough the cross section of a stream. 
Sampling equipment consisted of standard USGS 
depth-integrating suspended-sediment samples (DH- 
48. DH-81, and D-74TM). which are either constructed 
of plastic or coated with a non-metallic epoxy paint, 
and equipped with nylon nozzles. 

Onsite measurements of air and water 
temperatnre, specrhc conductance, and pH were made 
during collection of periodic water-quality samples. 
Onsite samde omcessin~, including filtration and 
presematioh. was perfo&ed accor&~g to procedures 
descrikd by Knapton (1985), Ward and Harr (1990). 
and Horowitz and others (1994). Instantaneous 
streamflow at the time of wata sampling was 
determined ill all btatiuns, cilllcr by k t  nleasluwncnl 
or from stagedischarge rating tables (Rantz andothers, 
1982). 

Water samples were amlyzedfor the constituents 
listed in taMe 2 by the USGS National Water Qualitv 
Laboratory (NWQL) in Denver, &lo. The ma& 

. 

elements arsenic, cadmium. copper, iron, lead 
maneanese. anrl zinc we; a r a l v ~ d  fui both dissokd " .  
and total-recoverable concenwtions. Analytical 
methods are described bv Fish- and Friedman 
(1989) and Fishman (1963). 

Qoss-sectional water samples also were 
collected for analysis of suspended sediment whenever 
~eriodic water-aualiw samoles were collected. These . .  . 
samples were u d y d  Cur urnuspr~dsd-sedimcnr 
concentration and the percentage of suspended 
sediment finer than 0.062-mm diameter (silt size and 
smaller) by the USGS sediment laborat& in Helena, 
Mont., according to methods described by Guy (1969) 
andLambing and Dodge (1993). 

At the three daily suspended-sediment stations 
(table 1). suspended-sediment samplra wulr cullcclcd 
2 to 8 times k week. These samvles were collected 
by local contract obselvers using the depth-integration 
method at a sinzle vertical near mid-smam. The 
samples w m  analyzed for suspended-sediment 

SAMPLING LOCATIONS AND TKPFS OF DATA 3 



Table 1. 5 p e  and period of data collection at sampling stations in the upper Clark Fork basin, Montana 

[Abtaeri8tions: P, present. Symbal. --. no data] 



Table+ Pmperties messuted mite and mnatituenta analyzed m samples of water. 
bed sediment, and biota h m  the upper Clark Fork bash Montana 

concentration and were used to determine daily mean 
suspended-sediment concentrations acwrding to 
methods -ted by Porterheld (1972). 

Results 

Warer-quality data for samples collected 
periodically dming October 1999 through September 
2000 (water year 2WO) are presented in table 4. The 
types of data include instantaneous sfreamflow, onsite 
measurements of waterquality properties, and 
analytical results for chemical constituents and 
suspended sediment. 

Daily streamflaw and suspended-sediment data 
for water vear UlW at the three dailv suspended- 

oruvided alonewith totals for the ann& discharee of 
water and suspxded sediment. 

Quality Assurance 

Quality-assurance procedures used far the 
collection and field pmcessing of water-quality 
samples are described by Ward and Harr (1990). 
Knapton and Niiick (1991). Horowitz and others 
(1994), Wnlde and others, (1998). and Edwards and 

Glysson (1999). Standard pr-dures used by the 
NWQL for internal sample handling and quality 
assurance are described by Friedman and Erdmann 
(1982). Jones (1987), and Prim and Raese (1995). 
Quality-assurance procedures used by the Montana 
District sediment laboratory are descrikd by Lambing 
and Dads (1993). 

The quality of analytical results reported for 
warn-quality samplcs was evaluated by quality-control 
samples that were submitted f m  the field and 
analyzed concurrently in the laborarmy wlth roudne 
samoles. These aualitvconml samoles consisted of . . 
replicates, spikes, and blanks which provide 
quantitative information on the ptccision and bias of 
the overall field and laboratory pmcess. Each type of 
quality-conml sample was submitted at a proportion 
eauivalent to about 5 rretcent of the total number of 
waterquality samples. Thcrcforc, the total numbcrof 
qualify-control samples represented about 15 percent 
if thetotal number of waterquality samples. 

In addition to aualitv-control m d e s  submitted . . 
fm rhe field, internal quality-assurance practices at 
the NWOL are oerfmed svstematicdv to provide - .  . . 
quality control of analytical procedures W t t  and 
Raese, 1995). These intemal pracuces include 
analvses of aualitvcantral samoles such a- calibration , . .  
standards, standard mference water samples, ~pl ica te  
sam~les, deionized-water hlanks, or spiked samples at 
a proportion equivalent to at least 10 p e n t  of the 
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sample load. The NWQL participates in a blind- 
sample propram where standard refemce water 
samples prepared by the USGS Branch of Quality 
Systems are routinely inserted into the sample Line for 
each analytical method at afrequency proportional to 
the sample load Thc labordtny also participates in 
external d u a i o n  studies twice-yearly with the US. 
Emironmental Pmotection Agency, the Canadian 
Center for Inland Wmr, and the B m c h  of Quality 
S y a m s  Lu a s s s  analytical per~orrnmce. 

Replicate data can be obtained in different ways 
to provide an assessment of precision (reproducibility) 
of analytical results. Replicate samples me two or 
more samples wnsidexd to be essentially identical in 
composition. Replicate samples can be obtained in the 
field (field replice by either repeating the collection 
process to obtain two or more independent composite 
samples, or by splitting a single composite sample into 
two or more subsamples. Tne individual replicate 
samples me then analyzed separately. Likewise, a 
single sample can be analyzedtwo or more times i 
laboratory to obtain a measure of analytical variability 
O a b o r a  replicate). 

Precision of analytical results for field replicates 
is affected by numerous sources of variability within 
the field and labordtory environments. including 
sample wllection, sample processing, and sample 
analysis. To provide data on precision for samples 
exposed to all sources of variability, replicate stmm 
samples for chemical analysis were obtained in the 
field by splitting a wmposite stream sample and 
replicate stream samples for suspended-sediment 
analysis were obtained in the field by wnmmntly 
wllecting two indepdent cross-sectional samples. 
Analyses of Ulese field replicates indicate the 
reproducibility 0fenVironmentaJ data that are affected 
by the combined miability potentially introduced by 
field and laboratny processes. 

Analytical precision was evaluated with 
laboratory replicm, 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 sepamk analysis of the sample was made a t h e  
beginning and end of each analytical tun to provide 
information on the reproduclblhly ot laboratory 
analytical lesults independent of possible variability 
caused by field wllection and processing of samples. 

Spiked samples are usedto m111m the ahility of 
an analytical method to accupdtely measure il known 

amount of andyte tldded to a sample. Because some 
wnstituents in sneam water can potentially interfere 
with the analysis of a w r e d  analyte, it is important to 
determine whether such effects me causing inacctuate 
analyses. Deionized-wmr blanks and diquas of 
s m m  samples were spiked in the Ialwtatory with 
known amounts ofthe same Wce elements analyzedin 
wata samoles. Analvses of soiked blanks indicate if 
the spiking procedkandanaiyticalmethod are within 
wntml fur a water mdhix that ib prebumably fre 
chemical interference. ~ n a l ~ s e s  i f  spiked aliquots of 
stream samples indicate if the chemical matrix ofthe 
s t e a m  water interferes with the analytical 
measurement and whether these interferences wuld 
contribute significant bias to reported traceelement 
wncenhdtions for stream samples. 

Blank snmplcs ofdcianizcd wahx wcre routinely 
analyzed to identify the presence and msgnitude of . . 
wntamination that porntially wuld biac walytical 
~rrults.'lhr particular Qqx of hlwk ramplr nlutlnrly 
tcctcd was a " f ~ r l d  hlwk. Ikld b l a h  ;ur almuoh of 
deionized w m r  that are certified as wce-element free 
and are processed thmugh the sampling equipment 
used to collect stream sampler. These Ma&% are then 
subjected to the same processing (sample splitting, 
filtration, preserv&ion, Vansporration. and laboratory 
handling) as s m  samples. Blank samples are 
analyzed for the same wnstitusnts as those of smam 
samples to identify whether any defectable 
concentrations exist 

All water samoles were handled in accordance 
with chair-of-custody prccaiures t h a  provide 
domentation of sample identity. shipment. receipt, 
and~ab~~amryhancuing. AU saiples submitted& a 
sampling cpisadc were stared and amlyzed n. a 
discrete sample group, independent of other samples 
submitted to the NWQL. Therefore, scatistical 
descriptions of quality<ontrol data generated for this 
mvram are directlv amlicabk to the analytical results . - . .. 
lur btream bamplcs ~ p u n c d  hcrcin. 

Dala-qullr) ohlwtirrr (tahlr 3) wewrstahl~shrd 
for water-aualiwfY& as DW ofthe studv o h  for the 

. . 
ryurcment.. of dnu.lab~l~ty and serve a a gudr for 
Ihntltylng quecuonable data by ectrbhshmg 
acceptable limits for precision and bias of ~ & r m t y  
results. Comparisons of quality-wntrol data to d m -  
qnality nhjehves are nscd to evaluate whether 
sampling and analytical procedures are producing 



Table 3. Dam-qualify objectives for analyses of waterquality samples collected in the heupper Clark Fork basin, Montana 

e n v i m e m l l y  representative dam in a consistent 
manner. Data that did not meet the objectives were 
evaluated for acceptability, and corrective action was 
taken, when a p p m p ~ t e .  

During water year 1999, the NWQL began 
implementatimafanew, statistically ba~edconvention 
for establishing reporting levels and far reporting low- 
concenvation data (Childress and others. 1999). 
Quality-control dammcollectedonamtinuing basis 
to determine long-term method detection levels (LT- 
MDLs) and laboratory reporting levels (LRLs). These 
values are reevaluated each year and, consequently, 
may change fmm year to year. The methods are 
designed to limit the possible murrence of a false 
positive M false negative ennr to 1 percent or less. 
Accordingly, cancentrations are reported as less than 
the LRL for samples in which the analyte was either not 
detected or did not pass identification criteria. 
Analytes that are detected at concentrations between 

thr LT-MDL ad LRL ad IIUL pbs ider~tificdan 
criteria are mtimated. Estimated concetdmtions are 
noted with a remark code of"E." These data need to 

The precision of analytical r e d &  for a 
mt i tuent  canbe determined bv estimating a standard 
deviation of the differences between replicate 
measurementr for several sets of samples. These 
replicate measurements may consist either of 
individual analyses of a pair of samples considered to 
be essentiallv identical (field redicates) or multiple 
analyses of an individual sample (laboratory 
replicates). The differences in concentmion between 
replicate analyses can be used to estimate a standard 
deviation according to the following equation (Taylor. 
1987): 



S = standard deviation ofthe d~fference 
h cancentration kMieen 
replicate analyses, 

d = difference in cancentration between 
each pair of replicate analyses. 
and 

k = number of pain of rerrlicate analyses. 
Precision also can be expressed as a relative 

standard deviation (RSD). in percent, which is 
computed fmm the standard deviation and the mean 
concenh~alion far all the replicate analyses. Expressing 
 recision relative to amean comrra6on standardizes 
comparison of precision among individual 
constituents. m e  RSD. in percent, is calculated 
accodmg to the following equation (Taylm, 1987): 

RSD = i x  100 

where 

RSD= relative standard deviation, 

S = standard deviation, and 

f = mean of all replicate concentrations. 

Paired analyses of field re~licates are mesented in 
table 8. The estimated far each knstituent 
based on these paired results, which include both field 
and labaratmy sources of variability, is reported in 
table 9. Statistics far precisian of field-replicate 
analyses were baed on the values reported in table 8, 
which are munded to standard USGS reoartine levels . u 

for the particular constituent and its analytical method 
mmme, 1994). 

Dataquality objectives for precision are not 
directly amlicable to field rerrlicates because d the 
inabil& todetermine whether the Mliability results 
fmm helrl snrnple cnllertinn and pracrssing, ax 
labommy handling and analysis. However, a 
statistical calculation of precision for the field 
replicates is provided in table 9 to illustrate overall 

reproducibility of envimenta l  data that incorporates 
both field and labaratmy sources of variability. The 
data-quality objective used to evaluate precisian of 
results far field replicates was a maximum relative 
standard deviation of 20 percent. Precision estimates 
for the field replicate analysis were withii the ZU 
percent relative standard deviation limit far d l  
constituents except dissolved copper. The exceedance 
for dissalved capper was aresult ofpaor comparisonin 
one xplicate sample set; therefore. results far held 
replicates indicated acceptable reproducibility. 

Analytical precision far chemical constituents 
bascd on replicate laboratory analyses of individual 
samples. which includes only laboratory sauces of 
variability, is re- in table 10. Statistics for 
analytical precision of laboratory-replicate analyses 
arebased on unmunded values stored in laboratmy data 
files. The data-quality objective for analytical 
precision of labaatory-replicate analyses is a 
maximum relalive standard deviation of 20 percent. 
Precision estimates far laboratory-replicate analyses 
(table 10) were within the U1-percent relative standnrd 
deviation limit for all constituents except total- 
recoverable cadmium and dissolved lad .  The 
exceedance of both constituents was an artifact of 
comparing analytical results !ha were below 
laboratory equipment defection capabilities. 

Analyses of an urnpiked sample and a spiked 
aliquot ofthe same sample pmvide a measure of the 
recovery efficiency forthe analytical methad within the 
chemical matrix of the sample. The data-quality 
objective for acceptable spike =very of trace 
elements in water samples was a maximum deviation 
of 25 p c n t  f m  n theoretical 100-pcrccnt rccovny 
of added constiment. At the labormry, a spiked 
deionized-water blank and a spiked aliquot of a stream 
sample were prepared and analyzed along with the 
originaJ unspiked sample. The differences between the 
spiked and unspiked sample concenrmtions were 
determined and used to compute recovery, in percent, 
according toequation 3 below. If thespike recoveryfor 
a tram element was outside a range of 75 to 125 
percent, the instrument was recalibrated and the entire 
sample set and spiked samples were reanalyzed far that 

percent = spiked sample cancenuation - unspiked sample cancentration 
spike cancentratim 

r l W  



particular trace element until recoveries were improved 
to the extent possible. 

Results of recovery efficiency for individual trace 
elements in spiked deionized-warn blanks and spiked 
stream samples are presented in tables 1 1 and 12, 
respectively. The mean spike recovery for deionized- 
water samples spiked with vace elements ranged from 
97.4 to 107.8 p a n t .  The mean spike recovery for 
spiked swam samples ranged from 94.6 to 105.3 
percent. The 95-percent confidence intervals mylor. 
1987) for the mean of spike recovery for each 
constimen1 analyzed in stream samples (table 121 did 
no1 exceed a 25percent deviation limn an expected 
I W-percenl recavery. 

High or low bias is indicated if the confidence 
interval does not include IW percent recovery. All 
labmtory-spiked stream samplcs (tablc 12) had 
confidence intervals for percent recovery that included 
100 percent, except total-recoverable lead which 
ranged from 103 to 108 pacent. Because the mean 
spike recoveries for a11 constituents met dataquality 
objectives, no adjustments were made m analytical 
resulm for stream samples on the basis of spike 
recoveries. 

Analytical result sfor field blanks are presentedin 
table 17. A field blank with constituent concentrations 
equal to or less than the laboratory repoRing level 
(LKL) tor rhe analyocal method indicates that the 
entire pmcess of sample collection, field processing, 
and laboratory analysis is presumably free of 
significant mntaminakion. If detectable concenwations 
in field blanks were equal to or wter than twice the 
LRL (typical measurement precision at the detection 
level), the cancentrations were noted during dam 
review. Analyli~al rrsulls from h e  field blank for the 
next sample set were evaluated for a consistent trend 
that may indicate systematiccontamination. Sporadic, 
infrequent ex-dances of twice the LRL pmbably 
represent random contamination or instrument 
calibration e m  that is not pemistent in the p m s s  and 
which is not likely to c a w  significant positive bias in 
a long-term record of nndytical results. However, if 
concentrations for aparlicularconstituent exceed twice 
the LRL in field blanks from hvo consecutive field 
Uips, blank samples are collected limn individual 
canponents of the processing sequence and are 
submitted for analysis in order to identify the source of 
contamination. 

ConstiNed concenmtions in field blanks w ~ r e  
almost always less than the LRL. Total-recoverable 

zinc had two consecutive eaceedancer of twice the 
LRL. Because the exceedances were only slightly 
hipher than the LRL. occurred at the time of an 
analytical medmd change, and were followed by mom- 
detectable concentrations in subsequent blanks, these 
occurrences were mnsidered sporadic, and nor 
persistent in the field or analytical process. Therefore, 
the analytical results for field blanks indicate no 
systematic contamination that would bias the reported 
water-quality data for b u w n  samplw. 

BED-SEDIMENT DATA 

Bed-sediment data consist of analyses of uace- 
element cancentrations in the fine-grained and bulk 
(fine plus c o w )  fractions of the bed-sediment sample. 
Bed-sediment samples are collected once-annually 
during low, stable flow conditions to facilitate data 
compuisons among years. 

Bed-sediment samples were collected in 
September 2WO using p t c a l s  described by E.V. 
Axtmann (US. Gealogical Survey, written commun.. 
1994). Sawk~ea were collected from the surFaces of 
streambed deposits in low-velocity areas near the edge 
of the stream using an acid-washed polwmpylene . .. .. 
scoop. ~henever~ossible,  samples were collected 
from both sides of the stream. h composite 
samples of fine-grained bed sediment and two 
composite samples of bulk bed sediment were 
collected at each site. 

Individual samples of line-grained bed sediment 
were collected by scooping material from the surfaces 
of three to five mndomlv selened deoosits alone ~ o a l  
or low-velocity areas. ' h e  three to dve individiaj 
samples were combined to f m  a single composite 
sample. T%is collection p-ss was &tGthree 
times to obtain three composite samples. F x h  
wmposite satn~le was wet-sieved onsite thmuph a 

sample that war h e r  than 0.064 m was transferred m 
an acid-washed 5W-mL polyethylene bottle and 
transported to the laboratory on ice. 

lndividnal samples of bulk bed sediment also 
were collected by scooping material fmm the surfaces 
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of t h e  to five randomly se laed  deposits Because 
the streambed at most sampling l o ~ a t i m  is 
predominantly gnwel and cobble, deposits were 
sdected where cobbles u d  grwd wuld kc ~nduded 
from the samples. Bulk bed-sediment samples were 
not sieved and generally were composed of particles 
smaller than about 10 mm in diameter. The individual 
unsieved samples were wmposited into an acid- 
washed wlyethylene bottle and transported to the 

Bed-sediment samples were prepared for analysis 
at the USGS National Research Progmn laboratory in 
Menlo Park. Calif. Fine-mined and bulk ted- ~ -~ 

sediment samples were oven-dried at 60°C and ground 
using an acid-washed ceramic mortar and pestle. 
Duplicate aliquots of appmximately 0.6 g of sediment 
lm~u r ; d t  d l l ~  llm curnpmite fine-ened bed 
sediment s m ~ l e s  were digested "sine a hot, 
concenmted nitric acid r d u x  accadinp to methods 
described by Luoma and Bryan (1981). Two aliquots 
were simil&ly digested from the single composite 
sample of bulk bed sediment. Aft= a digestion period 
of UD to several weeks. the aliquots were evaporated to 
dryness on a hotplale. Thedjresiduowns redisso1vcd 
with 20 mL of 0.6 N (normal) hydrochloric acid The 
reconstitutedaliauom then were filteredthroueh a0.45- 
pm filter using a syringe and in-line disposable filter 
catridge. The filhate was subsequently diluted to 
either a 1 5  or 1:10 ratio with 0.6 N hydrochloric acid. 
These final solutions were analyzed f a  cadmium 
rhmrniom. r o .  imn. lead. maneanese, nickel, 
silver, and zinc usmg Inductively Coupled Argon 
Plasma Emkion Spectmswpy (ICAPES). 

Results 

Cuncr;l~lrauns of tmce elements measured in 
samples of fine-gained and buk bed sediment 
coll&d durine Sentember 2000 are summarized in 
t a b h  14 and 15, r&pecriYely. Liquid-phase 
wncenmtions, in ppJmL, that w e  analyzed in the 
reconstituted aliquofs of digested k d  sediment were 
mwerted to solid-phase mncenmtions, 
in kdg, using the following equation: 

pdg= kg/mL X volume of digested sample, in mL 
dry weight of sample. in g x dilution ratio 

(4) 

The reported solid-phase concentdons in table 
14 and 15 are the means of all analvses of reulicate 
aliquots fmm each composite sample collected at the 
bite. Because the mnversion fm liquid-phase to 
solid-phase concentmaon is depende& &both the 
dilution ratio and the dry weight of the sample, 
minimum reporting levels for some hate elements may 
differ among stations and among years. 

Quality Assurance 

of bed-sediment samples are desiped to prevent 
contamination from metal sources. Non-metallic 
sampling and pess ing  equipment was acid-washed 
andrinsed with deionilod water prior to the fimt sample 
collection. Nylon-me& sieves were washed in a 
laboratoly-grade detergent and rinsed with deionized 
water. AU equipment was given a find rinse mitt with 
stream water. Sampling equipment that was reused at 
each site was r i n d  bctween sites with 10-percent 
nieic acid, deionized water, and sueam water. Separate 
sieves were used at each site and, therefore, did not 
require between-site cleaning. 

Oualihi assurance of analytical results for bed 

samoks d e s i d  to identifv the DRsence and 
mahtude $bias (E.V. US. Geological 
Survey, written wmmun., 1994). Quality<ontml 
samoles consisted of standard Rference materials and 

the &tainumber i f  bed-sediment samples. 

Standard reference matenals (SRMs) are 
commercially pregared matelids that have cenilied 
wncenmtions oftraceelements. Reolicate analvses of 
SRMs are used to indicate the ~pmducibility of 
analytical ~ s u l t s  and the ability of the method to 
accurately measure a known quantity of amnstituent. 
Rexwety efficiency of trace4ement analyses of 
SRMs for bed sediment is s u d z e d  in table 16. 
Two SRMs wnsistingof agricultural soils representing 
low and high wncenmtions of trace elements were 
analyzed to test recovery efficiency for a mnge of 
concentrations g e n e d y  similar m those occurring in 
the upper Clark Fork hasin. Thedieestion pmccrr used 
to analyze bed-sediment samples is not a "total" 



digestion (does not liberate elements associated with 
crystalline lattices); therefore, l W-percent -very 
may not be achieved for elements strongly bound tothe 
sedment. The percent -very of w c e  elements in 
SRMs whenusing Less than a total digestion is useful to 
indicate which trace elements display stmng sediment- 
binding characteristics and whetheranalytical recovery 
is consistent between multiple sets ofanalyses. 

Although dam-quality objectives have not been 
estabhshed for bed sediment, percent w v e r i e s  are 
shown in table 16 to illustcate analytical performance. 
Chromium f a  both low-concenhation range (SRM 
27W) and high-concentration range (SRM 271 1) 
showed mean recoveries outside a 25-pelcent deviation 
fron complete ( lW percent) recovery. Chromium 
recovery was consistently low f a  both SRM27W and 
SRM2711 (72.2 ard 50.7 percent. naspeclively). 
Cadmium and silver were below the analytical 
detection limit in the low-range SRM (2709). The 
reason for the lack of measurable recoveries fa the  Low 
range cadmium and silver is believed tobe the result of 
analyzing concentrations very close to the detection 
limit, coupled with signal enhancement resulting fmm 
mauix interfemnce. Mean recoveries for all other 
constituents in bdh the low and high concenmtion 
range were within 25 percent. No adjustments were 
made to trace.element concentrations in bed-sediment 
samples on the h i s  of recovery efficiencies. 

Pmcedud blanks for bed-sediment samples 
consisted of the same reagents used for sample 
digestion and reronstihltim. Cmcmmts=d nitric acid 
used for sampledigestion was heated andevaporated to 
dryness. A h  evaporation, 0.6 N hydrochloric acid 
was added quantitatively to Ihe dry residue to obtain the 
same dilution ratio as that used in the analysis of bed 
sediment. h e d u d  blanks, therefore, represent the 
same chemical matrix as the reagents used to digest and 
reconstitute bed-sediment samples. Analytical results 
f a  pmcedural blanks can indicate the presence and 
magnitude of potential contamination associated with 
sample handling and analysis in the laboratory 
environment. Resule of trace-element analyses of 
pmedwal blanks for bed sediment are in table 17. 

Analytical results ofpmcedural blanks are 
reported as a liquid-phase concentration, in p&L, 
which isequivalent topartspermillion. Determination 
of the significance d a  detectable blank concentration 
is based on the magnimde of the equivalent solid-phax 
concentcation, in pglg, relative to the ambient 
concentcation of the wce element in bed-sediment 

samples. Because sample weights of individual 
aliouotq may vary. the relative simificance of blank 

A . .. 
concentrations may differ among samples. If a 
detectable blank concentration, after conversion to a 
solid-ohase concentration. mresents 10 Dercent or 
more ofthe ambient solid-phase concenwtion, then the 
blank concenwtion is subtracted to m o v e  potential 
conlarninmon hiah All pnrdurdl blanks had 
conccntrmonr lerr than walpra l  dctwzion Incls 
None of the detectable concentrations in b l a n k  
greater than 10 percent of the ambient concentration; 
therefore, no adiustments were made to trace-element 
concentrations kbed-sediment samples on the basis of 
p m e d u d  blanks. 

RIOI.OGICA1. DATA 

Biological data consist of analyses of trace- 
element concentrations in the whole-b& tissue of 
aquatic benthic insects. lnsect samples are collected 
once-annually at the same sites and dates as bed- 
sediment samples (table I), allowing f a  a direct 
comparison of annual results. 

Methods 

Insect samples were collected using pmtccols 
described in Hammer and others (1997). Immature 
smges nf aquatic henthic in- were collected using a 
large nylon-mesh kick net. A single rime at each 
s m o n  was samoled receatedlv until an adeouate 

c o l l d o n  wereHydropsyche spp., BrachycenhlF spp., 
andhctopsyche grandis of the Order Trichoptera 
(caddisflies), and Claassenia sabulosa ofthe Order 
Plecoptm (stoneflies). Samples ofeach t a m  were 
sotled by genus and placed in acid-washed plastic 
containen. Samples were fmzen on dry ice within 30 
minutes of collection inn small mount of ambient 
river water. In p i o u s  years (1986-98). benthic 
insects were depurated for a period of 6-8 hours in an 
effm m evacuate gut contents. In 1998, a comparison 
ofsamoles collected using both methods showed no 
significant difference in metal concentcations in 
benthic i n m .  with the exception of copper. Average 
coooaconcenwtiom in deourated samoles were 8-25 . . 
pacent lower than samples frozen within 30 minutes of 
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collection IM.1. Hombemer. umub. data. 2WO). The 
change in the field prouml minimizes the chance of 
metal loss thmugh cell membranes during depuration 
and is consistentwith methcds e s t a b l i s h e d b y b  
Luama (1998). 

Insect samples were processed and analyzed at 
the USGS National Research Pmgram laboratory in 
Menlo Park, Calif. Insects were thawed and rinsed 
with ultra-om deionized water to remove paRiculate 
maner, then sorted* their lowest possible taxonomic 
level. When large numbers of specimens were wllected 
fmm a station, similar-sized individuals were 
composited into replicate subsamples. Subsamples 
were &xed in tared scintillation vials and oven-dried 
at 70%. Subsamples were weighed to oblain a final 
dry weight and digested by reflux using wncenuated 
nitric acid Kain and others. 1992). After dl~estion, 
insect samples were evaporated to dryness on a hot 
plate. The dry residue was reconstituted in 0.6 N 
hvdrachloric&id. filteredthroueh a0.45-urn filter. and 

undiluted by ICAPES'~~~ cadmium, 
chmmium, copper, iron, lead, manganese, nickel, and 
dnc. 

Results 

Concentrations of trace elements in whole-body 
ri\\ur uf aquatic i n u m  ro l l sad  during Srpternkr 
ZlQ3arewm1nan~ed in table 18. The\anah~l~ty in the 
number of cornpasite samples among species and 
among sites reflects differences in insect abundance, 
with thenumber of compasite samples increa-ing with 
the relative abundance of insects. tiquid-phase 
wncenuations analyzed in the rernnstituted samples 
were converted to solid-phase conrentrations using 
equation 4. As with bed sediment. minimum reporting 
levels may differ among sltes as a mult of variable 
sample weights. In general, the smaller the biological 
sample weight (a function of insect abundance), the 
higher the minimum reporting level. Therefore. higher 
minimum reporting levels do not necessarily imply a 
higher Uacedement conmtration in tissue. 

lko soecies of Hvdrmvchr w e e  meted for . . .  
wllectian in this study due to theiroccumce at most. 
but not all, sites: Hydropsyche occidentalis and 
Hydropsyche cockwelli. Hydropsyche species that 
could nnt he paitively identified were conside~d to 
belong to the m o m  group and are categorized as 

H?dropsychr spp. or Hydropsyche rnorosa group. 
Arctopsyrhe grandis. Brackycentrus spp.. and 
Clmsenia sa6ulosa also were collected, where 
available, to represent additional insect taxa Ihb at 
fairly widely distributed in the upper Clark Fark basin. 

Quality Assurance 

The orotocals far field wlkction and mmessing 
of biota samples are designed to prevent wntamination 
from metal sources. Non-metallic nea, sampling, and 
pmessing equipment were employed in all sample 
collection. Equipment was acid-washed and rinsed in 
ultra-pure d&&d watx prior to the first sample 
collection. Nets andequipment were tharoughly rinsed 
in ambient stream water at eachnew mainstem station. 
Ncw nce wcrc uwd for the lnhular) staturn* Ihnta 
sampler unr rullcctcd along an Inrwi.a\tng 
conccntrntion dent to minimizc cffccts from 
potential station-ta-station carryover contamination. 

Quality assurance of analytical results for biota 
samoles included labaratory instnunent calihation 

mabitude ofbias. Quality-conno1 samples consisted 
of SRM arid piwedud b l a h .  Each type of saruple 
was analyzed in apmpohon equivalent to about 10 to 
20 percent of the total  umber of biota samples. 

Kso,er) cfticiency for traceelen~enl dyhe.5 af 
the SKhl fur hmta 15 rummawed m tahlr 19. llir 
reference material tested was lobster hepatopancreas. 
Data-quality objectives have not been established for 
analytical recovery in biota but percent recoveries are 
sham to illustrate analytical performance. Mean 
recoveries were within 6 percent of certified values f a  
cadmium, imn. mamanese. and zinc. Recoveries far 
copper and nickel were within 12 percent. The high 
bias repond for chromium may be due lo an inter- 
element matrix interference within the SRM. Lead 
recoveries could not bc mcnsurcd duc to thc very low 
solution concentration of lead in the bima standard 
(less than 10 p m  per billion). However, a quality- 
connol standard commercially prepared, available 
t h u e h  the National Institute of Standards and 
lerhnulugy, wAh a \~m~lar  v,lullm c,nenmtmn a. 
the SKhl \ampler \\a\ analyml tliruughuut the 
analysis Recoveries for all reported elements w m  
within 10 percent of the quality-wnud standard. No 



collected in individual vews rather rhan rhe combined adjustments were made to the fPdCe4ement concen- 
trations for the insect samples on the basis of recovery 
efficiency. 

Results ot trace-element analyses ot procedural 
blanks for biota are in table 20. Pmcedural blanks for 
biota consisted of the same reagents used to digest and 
reconstitute tissue of aquatic insects. The bl&$ were 
analyzed undiluted ata proportion of one blank per site. 
Analytical results for blanks indicated no significant 
contammanon blas. With the exception of chromium 
all concentrations in the blanks were below detection 
levels. The detectable concentrations of chromium are 
within the range of instrument vaiability and are 
insimificant in relation to the measured concentrations 
in the in,ct samples; thus, no adjustments were made 
to trace-element concentrations in biota. 

STATISTICAL SUMMARIES OF DATA 

Statlsncal summaries ot water-qualitv. bed- . . 
SctJnncnL and b n ~ l ~ g i ~ a l  data aw pmvidcd in Ulhleb2 1 
24 Wu the (lrriod of rcrord a1 each %Durn m c c  15186. 
The s u m m k s  includethe~eriod of record. number of 

~ .~ 
samples, maximum, minimum, mean, and median of 
concenmions. 

Statistical summaries of water-quality data (table 
21) are based on results of cross-sectional samoles 
u~llrrted fiodirally b) the 1 BGSduringtl~ nation'\ 
wnod of r n ~ m l .  The, do not include supplementd 
&de-vertical samole~collected bv acnnhact observer 
at nark  Fork at TU.& Bridge near ~onner,  Blackfwt 
River near Bonner, and Clark Fork atave Missoula 
fmm 1997 to 1999. Inclusion of supplemental sample 
results targeted for high-flaw conditions would 
dismooortionately skew the lone-term statistics at 

22 and 23) and biological data (table 24) are based on 
results of samples collected once-annually during the 
indicated years. Because not all stations were sampled 
far bed sediment and biotamery year. these datado not 
represent a consecutive annual record 

Sample sizes and statistics for bed-sediment data 
are based on the annual mean concentrations 
determined fmm the combined resuh of composite 
samples for a given year. Therefore, sample sizes for 
bed sediment remesent the number of wars samoled. 
Sample E ~ Z ~ E  andstatistics for biological data are ba%d 
on individual analyses for each composite sample 

annual mean concentration. Biota sample sizes 
therefore reflect differences in s m i e s  abundances at 
each sire and among all years. The amistics for biota 
describe the full range of trace-element concentrations 
measured amone all available wmwsite samples. The 
ahundmre of aquatic m c c L \  at a pwi~ular site in a 
gnen ywr limtr. the humas  uf thc umpk uh~rh, ~n 
&,may result in different tam analyzed among years 
or in variable ludylicd drkution Iirniol. Where 
minimum reponing levels vary among years, statistical 
summaries are provided only as a general indication of 
rhe range of b t i o n .  

The presence or absence of insen species at a 
given site can vary among years and may result m 
different taxa k i n e  analyzedin the lone-tetmoeriod of - - - .  
record Beeause llydmp8yche insccm WCTC not 8-d 
to the species level between 1986-89. statistics for 
stations sampled during those years are based on the 
results of all Hydropsyche species combined. At some 
sites, statistics for the Hvdrup~che morosu mouo are 
h\ed on the umhhmcd &uli\ tor two or morc s&,rb 

k a u c  these bmpks  ~ ~ ~ l d n o t  be ident,fiel clearly to 
the species, but had momso chamferistics 
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