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Ecological Indicators of Water Quality in the Spokane
River, Idaho and Washington, 1998 and 1999

The USGS, in cooperation with WDOE, sampled six
sites along the Spokane River during the summers of
1998 and 1999 to eval uate urban and mining impacts on

Background

Urban and mining activities have affected the Spo-
kane River that flows out of Coeur d' Alene Lake from

Idaho into Washington. This
large river (more than 150
feet wide) flows through the
city of Spokane to the 7
Mile bridge site and is
impounded by three dams
used to generate hydroelec-
tric power. From Spokane,
the river continues west and
joinsthe ColumbiaRiver 63
miles downstream. Histori-
cal and current mining
activitiesin the Coeur
d’Alene River Basinin
|daho have contributed large
guantities of metalsto
Coeur d’'Alene Lake (Gros-
bois and others, 2001). The
USGS has documented ele-

vated concentrations of cadmium, lead, and zinc entering
the river from Coeur d’ Alene Lake (Woods, 2000). The
WDOE has placed the Spokane River on its 303(d)

Overview

A water-quality investigation of the Spokane
River was completed during summer low-flow con-
ditions in 1998 and 1999 as part of the USGS
NAWQA Program, in cooperation with the WDOE.
(Abbreviations used in this report are defined on
the last page.)

Samples for analyses of water chemistry; bed
sediment; aquatic communities (fish, macroinverte-
brates, and algae); contaminants in tissue (fish and
macroinvertebrates); and associated measures of
habitat were collected at six sites downstream from
Coeur d’Alene Lake between river miles 63 and
100. These data provided baseline information to
evaluate the water-quality status of the Spokane
River and can be used to determine the ecological
risk to aquatic organisms from contaminants.

aquatic organisms (fig. 1).
This study of the Spokane
River was conducted as part
of the NROK NAWQA Pro-
gram to evaluate the status
and trendsin surface- and
ground-water quality in
parts of western Montana,
northern Idaho, and eastern
Washington (Tornes, 1997).

Ecological indicators
were evaluated to determine
the effects of multiple stres-
SOrs on aquatic organisms.
The ecological data col-
lected at these sites are out-
lined in the sampling matrix
table (table 1). The purpose
of this study was to:

e |dentify surface-water-quality and sediment-

quality constituents of concern and determine
whether those constituents were affecting
aguatic organisms.

impaired water list (Clean Water Act) for high concentra-
tions of trace metals that violate Washington’s water-
quality criteria (Washington State Department of Ecol-
ogy, accessed May 1, 2003, at http://www.ecy.wa.gov/
programs/wq/303d/1998/1998 by wrias.html. In addi-
tion, studies done by the WDOE (1995) and USGS o
(MacCoy, 2001) have identified elevated concentrations

of PCBsin fish and sediments.

» Conduct a baseline aguatic community assess-
ment at selected Spokane River sites.

» Compare aguatic community measures and met-
rics with those at least-impacted sites.

Analyze contaminants in aquatic organisms and
sediment and compare the results with estab-
lished criteria.
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EXPLANATION
A Sampling sitelocation; number, below, is mileage from mouth of river

63 SpokaneRiver at 7 Milebridge, Washington
77 spokaneRiver below Greene Street at Spokane, Washington

85 spokane River at Sullivan Road bridge near Trentwood, Washington (Plantes Ferry)
90 spokaneRiver at Greenacres, Washington (near Barker bridge)

96 Spokane River above Liberty bridge at Harvard Road near Otis Orchards, Washington (State line)
100 Spokane River near Post Falls, Idaho

Figure 1. Locations of sampling sites, Bunker Hill Superfund site, and the Spokane River Basin, Idaho and Washington.

Periphyton

Samples of periphyton (algae attached to bottom
substrate) were collected at all sites for analysis of
CHLA (fig. 2). The concentration of CHLA in asample
indicates the level of nutrientsin theriver that are avail-
able to promote algal growth. Concentrations of CHLA
between 100 and 150 milligrams per square meter
(mg/m?) have been suggested as an indicator of nuisance
algal conditions (Welch and others, 1989; Watson and

Gestring, 1996).

The Spokane River did not appear to be water-
quality limited as aresult of excessive algal growth at
sites sampled during this study; however, the down-
stream CHLA concentration approached the nui-
sance level. At the upstream sites in the Spokane
River, CHLA concentrations were between 2 and 10

Figure 2. Periphyton (algae attached to bottom substrate) were

collected from riffle areas using protocols described by Porter
and others (1993).

mg/mz, far below levels of nuisance algal growth. At
the downstream site at the 7 Mile bridge, below sew-
age-treatment facilities and other industrial inputs,
the CHLA concentration was 94 mg/m?, which is
approaching the nuisance level.



Table 1. Sampling matrix of ecological data collected by the USGS during 1998 and 1999 from selected sites on the Spokane River, Idaho and
Washington, for a cooperative study with WDOE and for the NROK NAWQA Program.

[Locations of sampling sites shown in figure 1; O, samples collected in 1998; X, samples collected in 1999; X, data analyzed by WDOE®. Data analyzed

by USGS for this study can be accessed at http://idaho.usgs.gov/projects/spokane/index.html]

Site name
Otis Orchards Sullivan Road

Post Falls (State line) Greenacres bridge Greene Street | 7 Mile bridge
River mile 100 96 90 85 7 63
USGS site ID 12419000 12419500 12420500 12420800 12422000 12424500
Latitude 47°42'11" 47°40'56" 47°40'45" 47°40'40" 47°40'40" A47°44'25"
Longitude 116°58'37" 117°05'05" 117°09'25" 117°11'43" 117°22'20" 117°31'10"
Periphyton (chlorophyll- aand biomass) X X X X
Macroinvertebrate community OoX X X X
Fish community OX X X OX
Habitat assessment X X
Continuous (hourly) summer water
temperature OX X
Trace metals-macroinvertebrates X X
Trace metals—fish tissue X OX
Organochlorines—fish tissue X O
Trace metals—sediment (0)4 OoX
Organochlorines-sediment (0)4 OX
Trace metals and PCBs-whole rainbow trout,
largescale suckers, and mountain whitefish® X X X X

1See the WDOE home page (http:/iwww.ecy.wa.gov/) for further details about their sampling effort on the Spokane River.

Figure 3. Macroinvertebrates were sampled at all sites in the
Spokane River using protocols described by Cuffney and
others (1993).

Macroinvertebrate Community

M acroinvertebrates were collected from riffle

habitats for community assessment and analysis of
metal concentrationsin caddisflies (fig. 3). Even
though the total abundance of macroinvertebrates
collected in 1999 at the Spokane River sites was
higher than at |east-impacted sites (sites upstream
from urban and mining impacts sampled as part of
the NROK NAWQA) on the North Fork Coeur

d’ Alene River at Enaville and the St. Joe River near
Calder (Maret and others, 2001), the number of indi-
vidua taxa (indicating biological diversity) was much
lower. Infact, the number of mayflies (Ephemeroptera),
stoneflies (Plecoptera), and caddisflies (Trichoptera),

referred to as EPT taxa, was 2 to 3 times lower at Spo-
kane River sites than at |east-impacted sites (fig. 4).
Stoneflies that are found at most least-impacted sitesin
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Figure 4. Ephemeroptera, Plecoptera, and Trichoptera taxa collected
in the Spokane River, Idaho and Washington, compared with taxa
collected at least-impacted sites, Idaho. (Site numbers shown in
figure 1; data for least-impacted sites are given in report by Maret
and others, 2001)

Idaho were absent from the Spokane River. On the basis
of regional collections by Maret and others (2001), the
Spokane River should be ableto support at |east fivetaxa
of stoneflies. Even though measures of substrate (bot-
tom material such as gravel or cobbles) size and percent
embeddedness (amount of fine substrate surrounding
larger substrate) did not indicate habitat degradation and
were very low (less than 10 percent) for riffle habitats at
all sampling sites, the low numbers of EPT taxain the
Spokane River indicated impaired water quality.

Fish Community

Fish were collected at each site asindicated in table
1. The fish were weighed, measured, and examined for
anomalies (such as deformities, eroded fins, lesions, and
tumors) using protocols described by Meador and others
(1993). The fish species collected from the Spokane
River arelisted in table 2.

Salmonids will experience adverse health effects
when exposed to temperatures outside their optimal
range (U.S. Environmental Protection Agency, 2002)
because they are coldblooded and their survival depends
on external water temperatures. The Spokane River his-
torically supported a strong native salmonid population
(Youngs, 1996). The State of Washington has classified
the Spokane River as “excellent” between river miles 58
and 96 (below the 7 Mile bridge site to the |daho/Wash-

Spokane River near Post Falls, Idaho (river mile 100)
hourly temperature, August 1999
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Spokane River below Greene Street at Spokane, Washington
(river mile 77) hourly temper ature, August 1999
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Figure 5. Hourly temperature measurements at Spokane River near
Post Falls, Idaho, and Spokane River below Greene Street at Spokane,
Washington, August 1999.

ington State line), meaning that water quality in this
reach must meet or exceed goals for al uses, including
salmon migration, rearing, spawning, and harvesting. In
an effort to meet these goals, atemperature criterion of
20 degrees Celsius has been set for protection of coldwa
ter species in thisreach of the river (Washington State
Department of Ecology, 1997). Idaho’s criterion for the
protection of coldwater aquatic organismsis 22 degrees
Celsius (Idaho Department of Environmental Quality,
accessed January 28, 2003, at http://www2.state.id.us/
adm/adminrules/rules/idapa58/58index.htm).

The upstream part of the Spokane River receives
water from the surface of Coeur d’ Alene Lakethat is
warmer than the river water. Coeur d’Alene Lakeisa
natural lake and outflow is controlled by Post Falls Dam.
During the summer months, water temperature in the


http://www2.state.id.us/adm/adminrules/rules/idapa58/58index.htm

Table 2. Number of fish species collected at selected reaches on the Spokane River, Idaho and

Washington, 1998 and 1999

[Samples collected in 1998 unless otherwise indicated]

Family

Site name

Post
Falls

Post
Falls
(1999)

Otis
Orchards
(State line)

Sullivan
Road
bridge

Greene
Street

7 Mile
bridge

7 Mile
bridge
(1999)

Salmonidae
(trout and
whitefish) 1

Cottidae
(sculpins) 1 1

Catostomidae
(suckers) 1 1 1

Cyprinidae
(minnowsand
carp) 3 3 3

Centrarchidae
(sunfish) 4 1

Ictaluridae
(catfish and
bullheads) 2 1

Percidae
(perch) 1

river downstream from Post Falls Dam exceeds |daho’s
and Washington's coldwater criteria (fig. 5). Thefishery
at this site consists mostly of warmwater species such as
sunfish, minnows, and bullheads. During the summer,
the Spokane River loses water to the SVRP aquifer inthe
upper parts of the study reach and receives cooler water
from the SVRP aquifer in the downstream reach (Box
and Wallis, 2002). Near river mile 85 at Sullivan Road
bridge, cool SVRP aquifer water with temperatures

Shorthead sculpin

Figure 6. Sculpin (a bottom-feeding native fish), which are especially
sensitive to metals (Maret and MacCoy, 2002), were found at only a
few sites and in low numbers in the Spokane River.

between 8 and 10 degrees Celsius (Rod Caldwell, U.S.
Geologica Survey, written commun., 2002) flows into
theriver, providing habitat for coldwater salmonids such
as chinook salmon, cutthroat, brown, and rainbow trout
(table 2).

Fish abundance was analyzed for individuals
and species, and a population summary was cal cu-
lated using 10 fish metrics (Mebane and others, 2003)
that are useful for evaluating river conditionsin the
Pecific Northwest. The metrics are number of cold-
water native species, number of cottid (sculpin) age
classes (fig. 6), percent sensitive native individuals,
percent coldwater individuals, percent tolerant indi-
viduals, number of alien species, percent common
carp individuals, number of salmonid age classes,
catch per unit effort (fish per minute of electrofish-
ing), and percent selected anomalies. Each metricis
given avalue and al are summed to provide an Bl
score ranging from 0 to 100 for each site. According
to Mebane and others (2003), sites with IBI scores
between 75 and 100 exhibit high biotic integrity with
minimal disturbance and possess an abundant and
diverse assemblage of native coldwater species. Sites
with scores between 50 and 74 exhibit somewhat lower
quality where alien species occur more frequently and
the assemblage is dominated by coolwater, native spe-
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Figure 7. 1Bl scores for sites where fish were collected, Spokane
River, Idaho and Washington, and for least-impacted sites, Idaho.
(Site numbers shown in figure 1; data for least-impacted sites are
given in report by Maret and others, 2001; scores based on 10
fish metrics given in report by Mebane and others, 2003)

cies. Siteswith scores less than 50 indicate poor biotic
integrity where coldwater and sensitive species arerare
or absent, and where tolerant fish predominate. Sites
with scores below 50 generally do not support a coldwa-
ter fishery. The Spokane River fish index scoresindicate
poor biotic integrity at all sites and sculpinswere rare or
absent. Index scores for the Spokane River, aswell as
those for least-impacted sites, are shown in figure 7.

Contaminants

Metals and organic contaminants have been mea-
sured at varying concentrations in water, sediment, and
tissue of fish in the Spokane River. Elevated zinc has
been measured in surface water between Post Fallsand 7
Mile bridge at concentrations above the acute water-
quality criteria of 35 micrograms per liter in water with a
hardness value of 25 milligrams per liter (U.S. Environ-
mental Protection Agency, 1987; Clark, 2003). Low
concentrations of pesticides and VOCs a so have been
measured in surface water at the 7 Mile bridge site
(Craig Bowers, U.S. Geologica Survey, written com-
mun., 2002).

Historical mining in the Coeur d’ Alene River Basin
has caused increased metal concentrations downstream
in the Spokane River water, sediment, and fish tissue
(Kadlec, 2000; Grosbois and others, 2001; Box and Wal-
lis, 2002). Metals such aslead and zinc in streambed

sediment can be harmful to aguatic organisms (Maret
and others, in press). The PEL at which lead exposure
would cause frequent adverse effects to aquatic organ-
ismsis 91.3 milligrams per kilogram, or ppm dry weight
(Washington State Department of Ecology, 2002). The
concentration of lead measured in 1998 in sediment
smaller than 63 microns at Post Falls was 1,620 ppm dry
weight, which exceeded the PEL. A lead concentration
of 47.3 ppm measured in sediment at the 7 Mile bridge
site that same year was below the PEL but still consid-
ered elevated. In 1998, the concentration of zinc in sedi-
ment at Post Falls (3,210 ppm) and 7 Mile bridge (319
ppm) exceeded the PEL of 315 ppm (Washington State
Department of Ecology, 2002).

Concentrations of lead and zinc in tissue of caddis-
flies (the main diet of many fish species) from the Spo-
kane River were 5 times the average concentrationsin
tissue of caddisflies from |least-impacted sites. The con-
centrations in caddisflies collected in the Spokane River
in 1999 were 3 micrograms per gram for lead and 180
micrograms per gram for zinc (Maret and others, in
press) (figs. 8 and 9).

Elevated concentrations of metals from mining and
PCBsfrom industrial and urban sources have been mea-
sured in tissue of fish from the Spokane River over the
past 10 years (Johnson and others, 1994; Johnson, 1999;
Johnson, 2000; Kadlec, 2000; MacCoy, 2001; Maret and
MacCoy, 2002). Meta concentrationsin whole fish were
elevated compared with concentrations in fish measured
during national surveys (Johnson and others, 1994).

Figure 8. Collection trays for caddisfly (Hydropsyche sp.) tissue
analyzed for metals.
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Figure 9. Concentrations of lead and zinc measured in tissue of
caddisflies collected from sites on the Spokane River, Idaho and
Washington, 1999, compared with average concentrations in tissue
of caddisflies collected from least-impacted sites, Idaho. (Site
numbers shown in figure 1; data for least-impacted sites are given
in report by Maret and others, 2001)

Concentrations of lead and PCBsiin fish tissue pose a
threat to the public who eat fish caught between the
|daho/Washington State line and 7 Mile bridge site.
PCBs in sportfish ranged from 70 to 1,610 micrograms
per kilogram, or ppb (MacCoy, 2001), during this study
and exceeded the human consumption criterion of 5 ppb
for edible fish tissue (U.S. Environmental Protection
Agency, 1999). In response to these high concentrations
of lead and PCBs in fish tissue, a fish advisory for sec-
tions of the Spokane River wasissued by the Washington
State Departments of Ecology and Health (1999).

PCB concentrations in tissue of whole fish from the
Spokane River near Post Falls (270 ppb) and Otis
Orchards (500 ppb) ranked in the top 25 percent of con-
centrations in the 205 fish collected from streamsin
mixed land-use areas across the Nation but ranked far
below the highest concentrations (in excess of 10,000
ppb) in tissue of fish from riversin the Northeast (Lisa
Nowell, U.S. Geological Survey, written commun.,
2002, NAWQA datafrom 1991 and 1994 study units).

Conclusions

» Aquatic organismsin the Spokane River are affected
by multiple stressors (metals, PCBs, and temperature).

» Exposurerisk of aguatic organismsto elevated temper-
ature and contaminants, such as metals and PCBs,
depends on where impairment occurs in the river and
the type of organism exposed.

* Magjor groups of native aquatic fauna, such as stone-
flies and sculpins, are rare or absent in the Spokane
River.

» Thebrevity of sampling for this study did not allow
adequate determination of the extent or permanence of
contamination or impairment, nor did it allow for
determination of the most important stressors. Further
studies targeting specific ecological indicators of vari-
ous pollutants are needed to identify those stressors
that are most limiting to agquatic organisms.

—Dorene E. MacCoy and Terry R. Maret
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