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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain

cubic foot per second (fl3/s) 0.028317 cubic meter per second
foot (ft) 0.3048 meter (m)
gallon (gal) 3.785 liter (L)
inch (in.) 254 millimeter (mm)
inch (in.) 25,400 micrometer (Jlm)
mile (mi) 1.609 kilometer
ounce (0z) 28.35 gram (g)
part per million 1 microgram per gram (J4g/g)
square mile (mi?) 2.59 square kilometer
ton per day (ton/d) 907.2 kilogram per day

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by the following equation:
°F=9/5(°C)+32

Abbreviated water-quality units used in this report:
Mg/g  micrograms per gram
Mg/L  micrograms per liter
ng/mL  micrograms per milliliter
MUS/cm microsiemens per centimeter at 25 °C
mg/L  milligrams per liter

Water-year definition:

A water year is the 12-month period October 1 through September 30. It is designated by the calendar year in which it ends.

iv Water-quality, bed-sediment, and biological data and statistical summaries of water-quality data, upper Clark Fork basin, Mont.



WATER-QUALITY, BED-SEDIMENT, AND
BIOLOGICAL DATA (OCTOBER 1992 THROUGH
SEPTEMBER 1993) AND STATISTICAL SUMMARIES
OF WATER-QUALITY DATA (MARCH 1985 THROUGH
SEPTEMBER 1993) FOR STREAMS IN THE UPPER
CLARK FORK BASIN, MONTANA

By John H. Lambing, Michelle I. Hormberger, Ellen V. Axtmann, and Daryll A. Pope

Abstract

Water, bed sediment, and biota were sam-
pled 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.
Water-quality data were obtained periodically at
16 stations during October 1992 through Septem-
ber 1993 (water year 1993); daily suspended-
sediment data were obtained at six of these sta-
tions. Bed-sediment and biological data were
obtained at 11 stations in August 1993. Sampling
stations were located on the Clark Fork and major
tributaries. The primary constituents analyzed
were trace elements associated with mine tailings
from historic mining and smelting activities.

Water-quality data include concentrations of
major ions, trace elements, and suspended sedi-
ment in samples collected periodically during
water year 1993. Daily values of streamflow, sus-
pended-sediment concentration, and suspended-
sediment discharge are given for six stations. Bed-
sediment data include trace-element concentra-
tions in the fine and bulk fractions. Biological data
include trace-element concentrations in whole-
body tissue of aquatic benthic insects. Quality-
assurance data are reported for analytical results of
water, bed sediment, and biota. A statistical sum-
mary of water-quality data is provided for the
period of record at each station since 1985.

INTRODUCTION

The Clark Fork originates near Warm Springs in
western Montana at the confluence of Silver Bow and
Warm Springs Creeks (fig. 1). Along the 148-mi reach

of stream from Silver Bow Creek in Butte to the Clark
Fork at Milltown Reservoir, six major tributaries enter:
Blacktail Creek, Warm Springs Creek, Little Blackfoot
River, Flint Creek, Rock Creek, and Blackfoot River.
Principal surface-water uses in the upper 6,000-mi2
Clark Fork basin above Missoula include irrigation,
stock watering, light industry, hydroelectric power gen-
eration, and habitat for trout fisheries. Current land
uses primarily include cattle production, logging, min-
ing, and recreation. Large-scale mining and smelting
had been prevalent land uses in the upper basin for
more than one hundred years, but are now largely dis-
continued.

Deposits of copper, gold, silver, and lead ores
were extensively mined, milled, and smelted in the
drainages of Silver Bow and Warm Springs Creeks
from about 1860 to 1980. Moderate- and small-scale
mining also occurred in the basins of most of the major
tributaries to the upper Clark Fork. Tailings derived
from mineral processing commonly contain large
quantities of trace elements such as cadmium, copper,
lead, and zinc that can accumulate to potentially toxic
levels in aquatic organisms. Since mining began in the
basin, tailings have been eroded and transported down-
stream and redeposited in stream channels, on flood
plains, and in Warm Springs Ponds and Milltown Res-
ervoir. The river continues to erode, transport, and
redeposit tailings-laden sediment along the river corri-
dor, especially during high flows.

Concemn about the potential toxicity of tailings to
aquatic biota and human health has resulted in a com-
prehensive effort by State, Federal, and private entities
to characterize the aquatic resources in the upper Clark
Fork basin to guide and monitor remedial cleanup
activities. Establishment of a long-term data base was
considered necessary to statistically detect trends over
time in order to evaluate the effectiveness of remedia-
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Figure 1. Location of study area.

tion. Water-quality data have been collected by the
U.S. Geological Survey (USGS) at selected sites in the
upper Clark Fork basin since 1985 (Lambing,
1987,1988,1989,1990, and 1991). Trace-element data
have been collected annually since 1986 for bed sedi-
ment and biota (aquatic benthic insects) at selected
sites as part of research studies on bed-sediment con-
tamination and bioaccumulation of metals conducted
by the USGS (Axtmann and Luoma, 1991; Cain and
others, 1992). In March 1993, an expanded sampling
program for water, bed sediment, and biota was imple-
mented in cooperation with the U.S. Environmental
Protection Agency.

The purpose of this report is to present water-
quality data for 16 stations and trace-element data for
bed sediment and biota at 11 stations in the upper Clark
Fork basin collected from October 1992 through Sep-
tember 1993 (water year 1993). Quality-assurance data

are presented for water quality, bed sediment, and
biota. Statistical summaries also are provided for
water-quality data collected since 1985.

SAMPLING LOCATIONS AND TYPES OF
DATA

Sampling stations in the upper Clark Fork basin
are located on both the Clark Fork mainstem and major
tributaries from Butte to below Missoula (fig. 1).
Mainstem sites were selected to divide the upper Clark
Fork into reaches of relatively uniform length, with
each reach encompassing either a major tributary or
depositional environment (Warm Springs Ponds and
Milltown Reservoir). Tributaries were sampled to
describe water-quality characteristics and to provide
reference comparisons to the mainstem for bed scdi-
ment and biota from major hydrologic sources in the

2 Water-quality, bed-sediment, and biological data and statistical summaries of water-quality data, upper Clark Fork basin, Mont.



upper basin. Water-quality data were obtained period-
ically at 16 stations; daily suspended-sediment data
were obtained at six of these stations; bed-sediment and
biological data were obtained once-annually at 11 sta-
tions (table 1).

A list of properties and constituents analyzed in
samples of water, bed sediment, and biota is given in
table 2. Results of analyses for water, bed sediment,
and biota for water year 1993 are listed in tables 4
through 23 at the back of the report. Statistical summa-
ries of water-quality data collected since 1985 are
given in table 24 at the back of the report.

Quality assurance of data was maintained
through the use of documented procedures designed to
provide environmentally representative data. Accept-
able performance of the procedures was verified with
quality-control samples that were collected systemati-

and bias of the environmental data and to identify prob-
lems associated with sampling, processing, or analysis.

WATER-QUALITY DATA

Water-quality data consist of measurements of
physical properties and concentrations of chemical and
physical constituents analyzed in stream samples.
Samples were collected 6 to 10 times per year at a
schedule designed to adequately describe seasonal and
hydrologic variability.

Methods

Cross-sectional water samples were collected
from multiple verticals across the stream using depth-
integration methods described by Guy and Norman

cally to provide a measure of the accuracy, precision, (1970), USGS (1977), and Knapton (1985). These
Table 1. Type and period of data collection at sampling stations in the upper Clark Fork basin, Montana
[Abbreviation: P, present. Symbol: --, no data]
Station Continuous-  Periodic Daily :‘:: ig::(
number Station name record water suspended Biota?
(fig. 1) streamflow  quality’ sediment sedi- sedi-
’ ment? ment?
12323230  Blacktail Creek at Harrison Avenue, - 03/93-P - - - -
at Butte
12323250  Silver Bow Creek below Blacktail 10/83-P 03/93-P - - - --
Creek, at Butte
12323600  Silver Bow Creek at Opportunity 07/88-P 03/93-P 03/93-P 07/92-P 08/93 -3
12323750  Silver Bow Creek at Warm Springs 03/72-09/79,  03/93-P 04/93-P 08/93 08/93 08/93
04/93-P
12323770  Warm Springs Creek at Warm 10/83-P 03/93-P - - - --
Springs
12323800  Clark Fork near Galen 07/88-P 07/88-P - 08/87-P 08/93 08/87-P
12324200  Clark Fork at Deer Lodge 10/78-P 03/85-P  03/85-09/86,  08/86-P 08/93 08/86-P
04/87-P
12324590  Little Blackfoot River near Garrison 10/72-P 03/85-P -- - -- -
12324680  Clark Fork at Goldcreek 10/77-P 03/93-P - 07/92-P 08/93 07/92-P
12331500  Flint Creek near Drummond 08/90-P 03/85-P -- 08/86-P 08/93 08/86-P
12331800  Clark Fork near Drummond 04/93-P 03/93-P - 08/86-P 08/93 08/86-P
12334510  Rock Creek near Clinton 10/72-P 03/85-P - 08/87-P 08/93 08/87-P
12334550  Clark Fork at Turah Bridge, near 05/86-P 03/85-P 03/85-P 08/86-P 08/93 08/86-P
Bonner
12340000  Blackfoot River near Bonner 10/39-P 03/85-P  07/86-04/87,  08/86-P 08/93 08/86-P
06/88-p
12340500  Clark Fork above Missoula 03/29-P 10/89-P  07/86-04/87, - - --
06/88-P
12353000  Clark Fork below Missoula® 10/29-P 10/78-P -- 08/86-P 08/93 08/86-P

!Onsite measurements of physical properties and laboratory analyses of major ions, trace elements, and suspended sediment. Prior to
March 1993, laboratory analyses included only trace elements and suspended sediment, with the exception of Clark Fork below

Missoula.
2Laboralory analyses of trace elements.

38ite sampled, but insufficient number of insects obtainable for analysis.
“Bed sediment and biota sampled about 30 miles downstream from water-quality station to conform to previous sampling location.
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Table 2. Properties and constituents analyzed in samples of water, bed sediment,
and biota from the upper Clark Fork basin, Montana

Bed

Water sediment Biota
Property Constituent! Constituent Constituent

Streamflow Hardness Cadmium Cadmium
Specific conductance  Calcium Chromium Chromium
pH Magnesium Copper Copper
Temperature Sodium Iron Iron

Potassium Lead Lead

Alkalinity Manganese Manganese

Sulfate Nickel Nickel

Chloride Silver Zinc

Fluoride Zinc

Silica

Dissolved solids

Arsenic

Cadmium

Copper

Iron

Lead

Manganese

Zinc

Suspended

sediment

1Prior to March 1993, water-quality constituents included only trace elements and

suspended sediment.

methods provide a vertically and laterally discharge-
weighted sample that is representative of the entire
flow through the cross section of a stream. Sampling
equipment consisted of standard USGS depth-
integrating suspended-sediment samplers (DH-48TM
and D-74TM) which are equipped with nylon nozzles
and coated with a non-metallic epoxy paint.

Onsite measurements of water temperature, spe-
cific conductance, and pH were made during collection
of periodic water-quality samples. Onsite sample pro-
cessing, including filtration and acidification, was per-
formed according to Ward and Harr (1990), USGS
(1977), Knapton (1985), and internal agency memo-
randa (A.J. Horowitz, U.S. Geological Survey, written
commun., 1993). Instantaneous streamflow at the time
of water sampling was determined at all stations, either
by direct measurement or from stage-discharge rating
tables (Rantz and others, 1982).

Water samples were analyzed for the major ions
and trace elements listed in table 2 by the USGS
National Water Quality Laboratory (NWQL) in Den-
ver, Colo. Trace elements were analyzed for both dis-
solved and total-recoverable concentrations. Analytical
methods are described by Fishman and Friedman
(1989) and Fishman (1993).

Cross-sectional water samples also were col-
lected for analysis of suspended sediment whenever
periodic water-quality samples were collected. These
samples were analyzed for suspended-sediment con-
centration and particle-size distribution (percent less
than 0.062 mm diameter) by the USGS sediment labo-
ratory in Helena, Mont., according to methods
described by Guy (1969) and Lambing and Dodge
(1993).

At the six daily suspended-sediment stations
listed in table 1, suspended-sediment samples were col-
lected 2 to 7 times per week. These samples were col-
lected by local contracted observers using depth
integration at a single vertical near mid-stream and
were analyzed for suspended-sediment concentration.
Suspended-sediment samples were collected by
observers at a frequency sufficient to determine daily
mean concentrations according to methods described
by Porterfield (1972).

4 Water-quality, bed-sediment, and biological data and statistical summarles of water-quality data, upper Clark Fork basin, Mont.



Results

Water-quality data for samples collected period-
ically during October 1992 through September 1993
(water year 1993) are presented in table 4. The types of
data include instantaneous streamflow, onsite measure-
ments of water-quality properties, and analytical
results for chemical constituents and suspended sedi-
ment. Missing data for anions on March 8, 1993 at two
stations (stations 12323250 and 12323600) were the
result of incorrect sample preservation in the field.
Other missing data are described under “Quality Assur-
ance” later in this section.

Daily streamflow and suspended-sediment data
for water year 1993 at the six daily suspended-sediment
stations are given in tables 5 to 10. Monthly descrip-
tive statistics for each parameter are provided along
with totals for the annual or partial-year discharge of
water and suspended sediment.

Quality Assurance

Quality-assurance procedures used for the col-
lection and field processing of water-quality samples
are described by Ward and Harr (1990), Edwards and
Glysson (1988), Knapton (1985), Knapton and Nimick
(1991), and A.J. Horowitz (U.S. Geological Survey,
written commun., 1993). Standard procedures used by
the NWQL for internal sample handling and quality
assurance are described by Friedman and Erdmann
(1982), Jones (1987), and Pritt and Raese (1992).
Quality-assurance procedures used by the Montana
District sediment laboratory are described by Lambing
and Dodge (1993).

The quality of analytical results reported for
water-quality samples was evaluated by quality-control
samples that were submitted concurrently from the
field. These quality-control samples consisted of repli-
cates, spikes, and blanks which provide quantitative
information on the precision and bias of the overall
field and laboratory process. Each type of quality-
control sample was submitted at a proportion equiva-
lent to about 5 percent of the total number of water-
quality samples. Therefore, the total number of
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
within the laboratory are performed systematically to
provide quality control of analytical procedures (Pritt
and Raese, 1992). These internal practices include
analyses of quality-control samples such as calibration
standards, standard reference water samples, replicate

samples, deionized-water blanks, or spiked samples at
a proportion equivalent to at least 10 percent of the
sample load. The NWQL participates in a blind-
sample program where standard reference water sam-
ples prepared by the USGS Branch of Quality Assur-
ance are routinely inserted into the sample train for
each analytical method at a frequency proportional to
the sample load. The NWQL also participates in exter-
nal evaluation studies twice-yearly with the U.S. Envi-
ronmental Protection Agency, the Canadian Center for
Inland Water, and the USGS Branch of Quality Assur-
ance to assess analytical performance.

Replicate samples are two or more samples con-
sidered to be essentially identical in composition.
Analyses of replicate samples indicate the precision
(reproducibility) of results. Precision 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, replicate samples were obtained in
the field by splitting a composite stream sample. The
replicate samples were submitted concurrently for
analysis. Analyses of field replicates document overall
precision of environmental data, which is affected by
the combined variability of field and laboratory pro-
cesses to which the sample is exposed. Another means
to evaluate precision is to make replicate analyses of an
individual sample. Replicate analyses were made in
the laboratory on a single stream sample selected ran-
domly from the group of samples comprising each ana-
lytical run. A separate analysis of the sample was made
at the beginning and end of each analytical run to pro-
vide information on laboratory analytical precision
independent of field collection, processing, and expo-
sure.

Spiked samples are used to evaluate the ability of
an analytical method to accurately measure a known
amount of analyte added to a sample. Deionized-water
blanks and aliquots of stream samples were spiked in
the laboratory with known amounts of the trace ele-
ments 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 pre-
sumably free of chemical interference. Analyses of
spiked aliquots of stream samples indicate if the chem-
ical matrix of ambient stream water interferes with the
analytical measurement and whether these interfer-
ences could contribute significant bias to reported
trace-element concentrations for stream samples.

Samples of deionized-water blanks were rou-
tinely analyzed to identify the presence and magnitude
of contamination that potentially could bias analytical
results. The particular type of blank sample routinely
tested was a “field” blank. Field blanks are aliquots of

WATER-QUALITY DATA 5



ultra-pure deionized water that are processed through
the same sampling equipment used to collect stream
samples and subjected to the same processing (sample
splitting, filtration, preservation, transportation, and
laboratory handling) as stream samples. Blank samples
are shipped to the laboratory with stream samples and
analyzed for the same constituents.

All water samples were handled in accordance
with chain-of-custody procedures that provide docu-
mentation of sample identity, shipment, receipt, and
Iaboratory handling. All samples submitted from a
sampling episode were stored and analyzed as a group
independent of other samples submitted to the NWQL.
Therefore, quality-control data generated to assure the
quality of environmental data for this program are spe-
cific to the analytical results reported herein. Internal
laboratory quality-control data provide additional evi-
dence of the performance of the analytical process.

Data-quality objectives (table 3) were estab-
lished for water-quality data as part of the study plan
for the long-term monitoring program. The objectives
identify analytical requirements of detectability and
serve as a guide for identifying questionable data by
establishing limits for precision and bias of laboratory
results. Comparisons of quality-control data to objec-
tives are used to evaluate whether sampling and analyt-
ical procedures are producing environmentally
representative data in a consistent manner. Data that
did not meet the objectives were evaluated for accept-
ability, and corrective action was taken, when appropri-
ate.

The precision of analytical results for a constitu-
ent can be determined by estimating a standard devia-
tion from the differences of several sets of replicate
measurements. These replicate measurements may
consist either of individual analyses of a pair of sam-
ples considered to be essentially identical (field repli-
cates) or multiple analyses of an individual sample
(laboratory replicates). The differences in concentra-
tion between replicate analyses can be used to estimate
a standard deviation according to the following equa-
tion (Taylor, 1987):

rd*

where:

S = standard deviation of the difference in con-
centration between replicate analyses,

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

k =number of pairs of replicate analyses.

Precision can also be expressed as a relative stan-
dard deviation (RSD), in percent, which is computed
from the standard deviation and the mean concentra-
tion for all the replicate analyses. Expressing precision
relative to a mean concentration standardizes compari-
son of precision among individual constituents. The
RSD, in percent, is calculated according to the follow-
ing equation (Taylor, 1987):

RSD = ‘% X (100) )
where:
RSD = relative standard deviation,
S = standard deviation, and
x = mean of all replicate concentrations.

Paired chemical analyses of field replicates are
presented in table 11 and the overall precision esti-
mated for each constituent based on these results is
reported in table 12. Analytical precision for constitu-
ents based on replicate analyses of individual samples
by the laboratory is reported in table 13. Statistics for
precision of field-replicate analyses were based on the
values reported in table 11 which are rounded to stan-
dard USGS reporting levels for the particular constitu-
ent and its analytical method (Timme, 1994). Statistics
for precision of laboratory-replicate analyses are based
on unrounded values stored in laboratory data files.
Concentrations less than the minimum reporting level
(censored values) were included in the calculations by
arbitrarily substituting a value of one-half the reporting
level.

The data-quality objective for precision, based
on laboratory-replicate analyses, is a maximum relative
standard deviation of 20 percent. Precision estimates
for laboratory-replicate analyses were within the 20-
percent relative standard deviation limits for all constit-
uents (table 13). The precision data, therefore, indicate
acceptable reproducibility of analytical results.
Although the data-quality objectives are not directly
applicable to precision estimated from analyses of ficld
replicates owing to the additional potential of variabil-
ity in the field environment, relative standard devia-
tions estimated from analyses of field replicates also
were within 20 percent for all constituents except dis-
solved iron and dissolved lead (table 12). One replicate
sample pair (Blacktail Creek at Harrison Avenue,
August 1993) accounted for the exceedance of 20 per-
cent for dissolved iron. Elimination of this replicate
pair from the data set results in a relative standard devi-
ation of 9.6 percent for dissolved iron. The other ele-
ment that exceeded 20-percent precision for analyses
of field replicates was dissolved lead. This exceedance
resulted from substituting one-half the minimum

6 Water-quality, bed-sediment, and biological data and statistical summaries of water-quality data, upper Clark Fork basin, Mont.



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

Montana

[Abbreviations: pg/L, micrograms per liter; pS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter.

Symbol: --, not determined]

Data-quality objectives

Detectability Precision Bias

. Maximum relative
Property or constituent Minimum standard deviation Maximum
reporting deviation of
of laboratory
level, spike recovery,
replicate analyses,
in units in percent
in percent
Specific conductance 1 pS/em 2 --
pH 1 units 5 -
Hardness 1 mg/L as CaCO, 20 --
Calcium, dissolved 02 mg/L 20 --
Magnesium, dissolved .01 mg/L 20 --
Sodium, dissolved .1 mg/L 20 -
Potassium, dissolved 1 mg/L 20 --
Alkalinity, dissolved 1 mg/L as CaCO4 20 --
Sulfate, dissolved 1 mg/L 20 --
Chloride, dissolved 1 mg/L 20 -
Fluoride, dissolved 1 mg/L 20 --
Silica, dissolved .1 mg/L 20 --
Arsenic, total recoverable 1 ug/l 20 25
Arsenic, dissolved 1 uglL 20 25
Cadmium, total recoverable 1 ug/l 20 25
Cadmium, dissolved 1 pgL! 20 25
Copper, total recoverable 1 uglL 20 25
Copper, dissolved i upglL 20 25
Iron, total recoverable 10  pg/L 20 25
Iron, dissolved 3 uglL 20 25
Lead, total recoverable 1 ugl 20 25
Lead, dissolved 5 puglL! 20 25
Manganese, total recoverable 10 g/l 20 25
Manganese, dissolved 1 ug/l 20 25
Zinc, total recoverable 10 upg/L 20 25
Zinc, dissolved 3  ug/L 20 25
Sediment, suspended 1  mg/L -- --
Sediment, suspended, 1 percent -- --
(percent finer than 0.062 mm)

IMinimum reporting level prior to March 1993 was 1 pg/L.

reporting level for several censored values where the
concentration for the paired replicate sample was at or
slightly greater than the minimum reporting level.
Replacing one-half the value with the actual minimum
reporting level results in a relative standard deviation
of 8.0 percent for dissolved lead.

Analyses of paired spiked and unspiked samples
enable calculation of the spike recovery for each trace
element and thereby provide a measure of the recovery
efficiency for the analytical method. Spike recovery, in
percent, was calculated using the following equation:

Spike recovery in percent = spiked sample concentration — unspiked sample concentration x 100 (3)
spike concentration
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The data-quality objective for acceptable spike
recovery of trace elements in water samples was a max-
imum deviation of 25 percent from a theoretical 100-
percent recovery of added constituent. If the spike
recovery for a trace element is outside a range of 75 to
125 percent, the sample set for the analytical run is
reanalyzed for the trace element. Results of spike
recoveries of individual trace elements in spiked
deionized-water blanks and spiked stream samples are
presented in tables 14 and 15, respectively. The mean
spike recovery for all deionized-water and stream sam-
ples spiked with trace elements ranged from 93.4 to
106.5 percent. The 95-percent confidence intervals for
the mean (Taylor, 1987) of spike recovery for each con-
stituent did not exceed a 25-percent deviation from an
expected 100-percent recovery. Consequently, spike
recoveries for each trace element were within the limits
of data-quality objectives and indicate acceptable ana-
lytical performance. However, bias is indicated if the
confidence interval does not include 100 percent. Con-
fidence intervals for analytical recoveries of dissolved
arsenic, dissolved copper, total recoverable lead, total
recoverable manganese, and total recoverable zinc did
not include 100 percent. For these elements, the bias
was slightly low in every instance, with mean spike
recovery ranging from 94.0 to 97.4 percent of com-
plete recovery. Because all identified bias was small
and mean spike recoveries met data-quality objectives,
no adjustments were made to analytical results for
stream samples on the basis of spike recoveries.

Analytical results for field blanks are presented
in table 16. A field blank with constituent concentra-
tions equal to or less than the minimum reporting level
for the analytical method indicates that the entire sam-
ple collection, processing, and analytical process is
presumably free of significant contamination. If
detectable concentrations in field blanks were equal to
or greater than twice the minimum reporting level (typ-
ical measurement precision at the detection level), the
concentrations were noted. Sporadic, infrequent
exceedances of twice the minimum reporting level
probably represent random contamination that is not
persistent in the process and which is not likely to cause
significant positive bias in analytical results. However,
the field blank for the next sample set is evaluated for a
consistent trend that may indicate systematic contami-
nation. When concentrations for a particular constitu-
ent exceeded twice the minimum reporting level in
field blanks from two consecutive field trips, archived
blank samples collected for individual components of
the processing sequence were submitted for analysis in
order to identify the source of contamination.

Constituent concentrations in field-blanks were
almost always less than the minimum reporting level.

Exceedances of twice the minimum reporting level
generally were infrequent and random, thereby indicat-
ing no systematic positive bias of reported water-
quality data. However, exceedances of twice the mini-
mum reporting level for lead occurred in two consecu-
tive blank samples, which warranted testing for a
potential source of contamination. Although the two
consecutive field blanks indicated only low-level lead
contamination, unusually high concentrations of lead
and moderately high concentrations of copper relative
to historic data were noted sporadically in several
stream samples collected during water year 1993. This
potential contamination was investigated with a series
of blank samples collected during several field tests to
verify if elevated concentrations measured in stream
samples represented actual environmental conditions
or were an artifact of contamination. On the basis of
field notes, all elevated lead concentrations were deter-
mined to have occurred in samples collected with the
D-74TM sampler. The results of tests conducted on
sampling equipment, field processing, and laboratory
analyses indicated that elevated concentrations of lead
and copper resulted from random field contamination.
The specific source of contamination was determined
to be the interior metal surface in the vent portal of the
D-74TM sampler. Leaching of lead and copper appar-
ently occurred during between-site rinsing of the
D-74TM sampler with 5-percent hydrochloric acid.
Acid-rinsing of D-74TM samplers was discontinued
immediately upon confirmation of the source of con-
tamination.

Review of lead and copper data relative to previ-
ous baseline concentrations, hydrologic conditions at
the time of sampling, and results for samples collected
from nearby stations identified 17 samples for lead and
7 samples for copper collected from March through
September 1993 that were potentially affected by con-
tamination. These lead and copper values were deleted
from the data base and are indicated as dashes in table
4.

BED-SEDIMENT DATA

Bed-sediment data consist of analyses of solid-
phase concentrations of trace elements in the fine and
bulk fractions. Bed-sediment samples were collected
once-annually during low, stable flow conditions to
facilitate data comparisons between years.

Methods

Bed-sediment samples were collected using pro-
tocols described by E.V. Axtmann (U.S. Geological
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Survey, written commun., 1994). Samples were col-
lected using an acid-washed polypropylene scoop from
the surfaces of exposed streambed deposits near the
edge of the stream. Samples were collected from both
sides of the stream whenever possible. Three compos-
ite samples of fine-grained bed sediment and one to
three composite samples of bulk bed sediment were
collected at each site.

Individual samples of fine-grained bed sediment
were collected from the surfaces of 3 to 5 randomly
selected deposits along pool or low-velocity areas. The
3 to 5 individual samples were combined to form a sin-
gle composite sample. This collection process was
repeated three 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. The fraction of bed sediment in each composite
sample that was finer than 0.064 mm was transferred to
an acid-washed 500 mL high-density polyethylene bot-
tle and transported to the laboratory on ice.

Individual samples of bulk sediment also were
collected from the surfaces of 3 to S randomly selected
deposits. Because the streambed at most sampling
locations is predominantly gravel and cobble, deposits
were selected where cobbles and gravel could be visu-
ally excluded from the samples. The individual sam-
ples were composited and, where possible, the
collection process was repeated to obtain multiple
composite samples. The material in each composite
sample was homogenized by stirring in a 1-L, acid-
washed, polyethylene beaker. The unsieved, mixed
material was split into two subsamples using a
stainless-steel sediment splitter pre-rinsed with ambi-
ent stream water. One subsample was archived for
grain-size analysis. The other subsample was stored in
an acid-washed polyethylene bottle and transported to
the laboratory on ice.

Bed-sediment samples were processed at the
USGS National Research Program laboratory in Boul-
der, Colo. Bed-sediment samples were oven-dried at
60 oC and ground using an acid-washed ceramic mortar
and pestle. Duplicate aliquots of approximately 0.6 g
of sediment from each composite sample were digested
using a hot, concentrated nitric acid reflux according to
methods described by Luoma and Bryan (1981). After
a digestion period of up to several weeks, the duplicate
aliquots were evaporated to dryness on a hot plate. The
dry residue was redissolved with 20 mL of 0.6 N (nor-
mal) hydrochloric acid. The reconstituted aliquots then
were filtered through a 0.45-um filter using a syringe
and in-line disposable filter cartridge. The filtrate was
subsequently diluted to either a 1:5 or 1:10 ratio with
0.6 N hydrochloric acid. These final duplicate solu-
tions then were analyzed for cadmium, chromium, cop-

per, iron, lead, manganese, nickel, silver, and zinc
using Inductively Coupled Argon Plasma Emission
Spectroscopy (ICAPES) at the USGS National
Research Program laboratory in Menlo Park, Calif.

Results

Solid-phase concentrations of trace elements
measured in samples of fine bed sediment and bulk bed
sediment collected during August 1993 are summa-
rized in tables 17 and 18, respectively. Liquid-phase
concentrations, in pug/mL, that were analyzed in the
reconstituted aliquots of digested bed sediment were
converted to solid-phase concentrations, in pg/g, using
the following equation:

pg/g =ug/mL X volume of digested sample, in mL
dry weight of sample, in g X dilution ratio

@

The reported solid-phase concentrations in table 17
and 18 represent the means of all analyses of duplicate
aliquots from each composite sample collected at the
site. Because the conversion from liquid-phase to
solid-phase concentration is dependent on both the
dilution ratio and the dry weight of the sample, mini-
mum reporting levels for some trace elements may
differ between stations.

Quality Assurance

The protocols for field collection and processing
of bed-sediment samples are designed to prevent con-
tamination from metal sources. Non-metallic sampling
and processing equipment were acid-washed and
rinsed with deionized water prior to the first sample
collection. Stainless-steel equipment and 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. Samples were
collected along an increasing contamination gradient
from the least contaminated sites (downstream tributar-
ies and mainstem) to the most contaminated sites
(upstream mainstem) to minimize any effects from
potential station-to-station carryover contamination.
Sampling equipment that was reused at each site was
rinsed between sites with 10-percent nitric acid, deion-
ized water, and stream water. Separate sieves were
used at each site and therefore did not require between-
site cleaning.

Quality assurance of analytical results for bed
sediment included laboratory instrument calibration
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with standard solutions and analysis of quality-control
samples designed to identify the presence and magni-
tude of bias (E.V. Axtmann, U.S. Geological Survey,
written commun., 1994). Quality-control samples con-
sisted of standard reference material and procedural
blanks. Each type of sample was analyzed in a propor-
tion equivalent to about 10 to 20 percent of the total
number of bed-sediment samples.

Standard reference materials have certified con-
centrations of trace elements. Replicate analyses of
standard reference materials are used to indicate the
repeatability of measurements and the ability of the
method to accurately measure a known quantity of a
constituent. Recovery efficiency of trace-element anal-
yses of standard reference materials for bed sediment is
summarized in table 19. Two standard reference mate-
rial samples of agricultural soil were analyzed to test
recovery efficiency for a range of trace-element con-
centrations similar to those occurring in the upper
Clark Fork basin. The digestion process used to ana-
lyze bed-sediment samples is not a “total” 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 standard ref-
erence materials under such conditions serve to indi-
cate which trace elements display strong sediment-
binding characteristics and whether analytical recovery
is consistent between multiple sets of analyses.
Although data-quality objectives have not been estab-
lished for bed sediment, only chromium had a mean
recovery (53 percent) that was outside a 25-percent
deviation from complete recovery.

Procedural blanks for bed-sediment samples
consisted of 0.6 N hydrochloric-acid samples that were
processed using the same digestion method as that used
for analysis of bed-sediment samples. After digestion,
0.6 N hydrochloric acid was added quantitatively to
obtain the same dilution ratio as that used in the analy-
sis of bed sediment. Procedural blanks, therefore, rep-
resent the same chemical matrix as the solution used to
reconstitute bed-sediment samples. Analytical results
for procedural blanks indicate the presence and magni-
tude of 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 20.

Analytical results of procedural blanks are
reported as a liquid-phase concentration, in ug/mL,
which is equivalent to parts per million. Determination
of the significance of a detectable blank concentration
is based on the magnitude of the equivalent solid-phase
concentration, in pg/g, relative to the ambient concen-
tration of the trace element in bed-sediment samples.

Because sample weights of individual aliquots may
vary, the relative significance of blank concentrations
may differ among samples. If a detectable blank con-
centration, after conversion to a solid-phase concentra-
tion, represents 10 percent or more of the ambient
solid-phase concentration, then the blank concentration
is subtracted to remove potential contamination bias.
The maximum solid-phase bias identified by blank
samples represented less than 3 percent of the lowest
ambient trace-element concentration in bed-sediment
samples. Therefore, no adjustments were made to
trace-element concentrations in bed-sediment samples
on the basis of procedural blanks.

BIOLOGICAL DATA

Biological data consist of analyses of solid-phase
concentrations of trace elements in the whole-body tis-
sue of aquatic benthic insects. Biota samples were col-
lected once-annually at the same stations where bed
sediment was sampled (table 1). Biota samples were
collected concurrently with bed-sediment samples to
facilitate comparisons of results between years and
between the two media.

Methods

Biota samples were collected using protocols
described by M.I. Homberger (U.S. Geological Survey,
written commun., 1994). Immature stages of aquatic
benthic insects were collected using a large nylon-
mesh kick net. A single riffle at each station was sam-
pled repeatedly until an adequate number of individu-
als was collected to provide sufficient mass for
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