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Abstract

Ecology’s Ambient Monitoring Section monitored several stations in the middle reaches of the
Little Spokane River and tributaries monthly from October 1993 to September 1994. Water
quality standards were exceeded at several stations, but in general, violations were not severe or
pronounced. Nutrients, especially inorganic nitrogen, were particularly high in Dragoon Creek.
There was a small declining trend in the mass of total phosphorus passing the mouth of the Little
Spokane River between 1978 and 1995, due as much to declining flows as to slight declines in
concentration. Phosphorus concentrations since 1986 have been increasing slightly, although flux
has been steady, probably also due to declining discharge during the period.

Introduction

Ecology’s Eastern Regional Office (ERO) has had several concerns about water quality in the
Little Spokane River in recent years. In 1989, the Little Spokane River was placed on
Washington’s 304(L) mini-list as water quality impaired due to mercury and cyanide
contamination. As a consequence, the region asked the Ambient Monitoring Section {AMS) to -
monitor mercury at several stations in the system. Mercury contamination was not found and the
river has not been listed in subsequent reports as having metals contamination. As part of the
mercury study, AMS monitored conventional water quality constituents at several stations in the
lower river (below river mile (RM) 14) and found water quality standards violations to be
relatively common, especially upstream of the Dartford Creek/Waikiki Springs area (RM 10)
(Hallock, 1991a). The Little Spokane River is currently listed in Washington’s 303(d) list
because of results exceeding water quality standards criteria for temperature, pH, and bacteria
(Anon., 1994). ‘

In 1991, the region asked AMS to evaluate trends in total phosphorus loading from the Little
Spokane River to Long Lake. No significant trends were found, but Hallock (1991b) noted a
possible increasing trend and recommended re-evaluation after more data were collected.

Although this report builds on those previous studies, the primary focus of data collection for this
study was on the middle reach of the Little Spokane River (RM 12 to 24). This area has been and
continues to be developed for private residences. Soltero ef al. (1987) reported that residential
development was implicated in fecal contamination in the lower Little Spokane River. There were
three objectives to this study:
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e to re-evaluate total phosphorus trends at our long-term station near the mouth,

e to document water quality conditions prior to additional development, and

e to identify current impacts on water quality which may be attributable to existing
development. .

Methods

In Wateryear (WY) 1994 (October 1, 1993 through September 30, 1994), AMS collected
monthly grab samples from five sites in the Little Spokane system (Table 1 and Figure 1). (Note:
The station at Deer Creek near Chattaroy was moved to Dragoon Creek after the October
sampling. Deer Creek is not included in the analysis in this report.) Thirteen water quality
constituents were measured at each station (Table 2).

Table 1. Ambient monitoring stations in the Little Spokane River basin and method of discharge

measurement.
Discharge

Station Station Description River Mile  Measurement Method
55B070  Little Spokane nr Mouth’ 1.1 Rated, stage-relationship
55B100  Little Spokane abv Deadman Cr - 13.5 ~ Not Available
55B200  Little Spokane at Chattaroy 23.1 Stage-relationship
55C065  Deadman Cr nr Mouth 0.1 “Orange” method (estimate)
55E070  Dragoon Cr nr Chattaroy 0.2 Same-day measurement

Table 2. Water quality constituents measured at ambient monitoring stations.

pH Turbidity Nitrate+Nitrite-Nitrogen
Temperature Total Suspended Solids Ammonia-Nitrogen
Conductivity Fecal Coliform Bacteria Total phosphorus

Oxygen Total Nitrogen Soluble Reactive Phosphorus

As indicated in Table 1, discharge was measured or determined from rating curves at the Little
Spokane River near the Mouth, Little Spokane at Chattaroy, and Dragoon Creek. Discharge was
estimated at Deadman Creek. Analyses based on discharge at this station should also be
considered estimates. Methods are discussed in more detail in Hallock and Ehinger (1995).

Statistical analyses and graphs were done with WQHYDRO (Aroner, 1995). Concentrations of
total phosphorus less than 0.02 mg/L. were replaced with 0.02 for trend analyses to maintain a
consistent detection limit. Growing season and post-1986 trend analyses were not corrected for
serial correlation because of insufficient data points.
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Schematic Representation of Ambient Monitoring Stations on the Little Spokane River
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Figure 1. Ambient Monitoring Stations in the Little Spokane River Basin. River miles are to
scale.
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Quality Control

Data quality was assured by the use of standard protocols in both the field and the laboratory.
Field data quality was assessed through field splits, sequentially collected duplicates, and field-
processed blanks. Laboratory quality was assessed by laboratory staff through manual review of
laboratory quality control charts, check standards, in-house matrix spikes, and laboratory blanks.

Results from the WY 1994 River and Stream Ambient Monitoring Program were generally
acceptable. There were no substantial measurement or contamination errors due to water
collection, processing, or laboratory analysis. Quality control requirements are discussed in more
detail in Ehinger (1995) and results are discussed in Hallock and Ehinger (1995).

Results and Discussion

Total Phosphorus Trends in the Little Spokane River near the
Mouth

There was a small but significant (p=0.01) declining trend in total phosphorus concentration in the
Little Spokane River near the mouth (Figure 2) between WY 1978 and WY 1995, Trends in
concentration are indicative of changes in instream conditions. These changes may be caused by
watershed or climatic changes, or, for flow-related constituents, the trend in concentration may be
- due to changes in flow. When the effect of flow on phosphorus concentration was removed, the
trend was still significant (p=0.07). However, most results were only two to four times the
detection limit and it is possible the trend in the data is due to improvements in low-level
analytical methods since 1991 or to a change in laboratories in mid-1985 rather than to changes in
instream concentration. Also, even though the seasonal Kendall test indicated a significant trend,
the Sen slope test reported zero slope (this can happen when there are a large number of identical
values such as occurs when values below the detection limit are censored). A trend analysis of
growing season phosphorus concentrations (June through October) between 1978 and 1995
yielded similar results: a significant trend (p=0.009), but zero slope.

Hallock (1991b) reported indications of a small increasing trend in flow-adjusted concentrations
of total phosphorus during the growing season between 1986 and 1991. Results for the period
1986 through 1995 were essentially the same. Growing season phosphorus, adjusted for trends in
discharge, increased slightly but the increase was not significant. However, there was significant
seasonality in the monthly trends and a re-evaluation for trends in July and August identified a
sighificant increasing flow-adjusted trend in phosphorus concentration (p=0.02, slope=

0.5 ug/L/yr).

The trend in total phosphorus flux (mass per unit time) had a measurable and significant
downward trend of 1.96 Ibs/day annually between 1978 and 1995 (p=0.01; Figure 3). This trend
magnitude equates to a decline of 2.3% of the median flux annually. Trends in flux do not
necessarily indicate in-stream conditions, but rather are indicative of changes in loading to a
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receiving body. The downward trend in concentration (whether real or an analytical artifact)
contributed to the downward trend in flux, but so did a downward trend in discharge (a decline of
3.4 cfs annually; p=0.07). Flux during the growing season declined less than the total annual flux:
0.879 Ibs/day or 1.9% of the median concentration for that period.

Hallock (1991b) also reported lower growing-season phosphorus flux after 1986 than before,
although the linear trend between 1986 and 1991 was not significant. The trend in flux between
1986 and 1995 was not significant either, however discharge did decline (p=0.04).

In summary, both concentration and flux decreased slightly between 1978 and 1995, however
since 1986, concentration has been increasing slightly and there is essentially no trend in flux,
perhaps because discharge has been declining. The trend in phosphorus concentration is not great
enough or statistically significant enough to warrant concern. The downward trend in discharge
may be climatic or it may be due to increased withdrawal or watershed changes. The cause of
trends in discharge is beyond the scope of this report. Past trends do not necessarily indicate
future trends. Flux may increase if discharge increases, perhaps in response to a wet climatic -
cycle. E

Water Quality Standards

Water quality relative to standards was generally fair in WY 1994; some standards violations were
observed (Table 3). As discussed in Hallock (1991a), standards were more likely to be exceeded
at upstream stations than at the mouth of the Little Spokane River, probably due to the influence
of Griffith and Waikiki Springs.

Table 3. Number of results exceeding water quality criteria (and total number of samples) for
monitored stations in the Little Spokane River basin. Tributaries are shaded and placed
in river mile order. No results exceeded oxygen or unionized ammonia criteria. All
reaches are class “A.”

Station Temperature  pH Fecal Coliform
Number  Station Name 1991 1994 1991 1994 1991 1994
Class A Water Quality Criteria: =18 °C 6.5<pH<8.5 <200 org./100mL"
558070  Little Spokane R ar Mouth 0¢11) 0(12) 012y 012y 1(11) 0(12)
55B080  Little Spokane nr Griffith Springs 01D 012 3(9

55B082 Little Spokane abv Dartford Cr 2(11) 3(12) 2 (8)

558100  Little Spokane R abv Deadman Cr ~ 2(11) 1(12) 0(12) 0(12) 2(9) 0(12)

35B200  Little Spokane @ C”I;attaroy 2(12) 0(12) 1(12)
*Ninety percent of samples must be below this criteria. (This table lists individual results exceeding the criteria.)
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No single tributary or mainstem reach was indicated as being an unusually important contributor
to degraded water quality in the mainstem Little Spokane River, based on exceedences of
standards criteria. However, Deadman Creek had high pH during both sample periods (WY 1994
and ~WY 1991-actually July 1990 through June 1991) and two high fecal coliform bacteria

" counts in WY 1994, Deadman Creek’s watershed is about 130 square miles and is mostly rural,
but includes the town of Mead. Deadman Creek is also the receiving water for an aluminum
smelter.

Other noteworthy stations include Dragoon Creek which had an extremely high bacteria count in
January (2200 colonies/100 mL; Appendix). Temperatures were high at Little Spokane near
Chattaroy, probably due to natural causes -- the Little Spokane River is fed by numerous lakes.
Note: Results from the two sample periods should not be compared. Not only were different
stations sampled, but there were much higher flows during the first period than in WY 1994
(Appendix).

Nutrients and Sediment

With the exception of Dragoon Creek, nutrient and total suspended solids concentrations were
similar to stations monitored statewide in WY 1994 (Table 4). For Dragoon Creek, the 90th
percentiles for nutrients were nearly three times higher than the next highest station in the Little
Spokane River basin. Nitrate plus nitrite-nitrogen was particularly and consistently high

(Figure 4). Other nutrient {(and fecal coliform bacteria) concentrations in Dragoon Creek were
especially high in January 1994; however, high values were not chronic (Appendix). Conductivity
was also higher in Dragoon Creek than at other stations. Dragoon Creek drains a fairly large area
(about 180 square miles) which is mostly rural but includes the town of Deer Park.

Deadman Creek had somewhat higher suspended solids concentrations than other stations
(Appendix). Except for temperature, most water quality impacts to the Little Spokane River
appeared to occur downstream of Chattaroy.

Table 4. Nutrient and sediment 90th percentiles for stations monitored in the Little Spokane
River basin in WY 1994 and for all stations statewide monitored in WY 1994.
Tributaries are shaded and placed in river mile order. Units are mg/L. '

Total Nitratet
Station Suspended Total Ammonia  Nitrite Total
Number Station Name Solids Phosphorus  Nitrogen  Nitrogen  Nitrogen

All Stations in WY 1994 20
"Little Spokane R nr Mouth 22

S5BGT70

338100

Page 7



L
o
]

Cr

&
o
!
}

]
o
]

[}
o
¥
;

4]

I

e
Deodman Cr

o
!
Lo

Nitrate+Nitrite-Nitrogen (mg/L)

s j

1Y) i | | | H 1 i 1 } 1 | 1 | L

TT26 14 12 10 8 5] 4 2 o]
RIVER MILE

Figure 4. Box plot of nitratetnitrite nitrogen in the Little Spokane River basin in WY 1994
~ The line connects medians at mainstem stations. Fifty percent of the data are within
the range bounded by the box and the “tails” extend to the 10th and 90th percentiles.
Circles indicate data points beyond the tails.
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Flux (Concentration per Unit Time)

The flux of material at stations where discharge was measured is shown for selected water quality
constituents in Table 5. The average daily flux is indicative of the amount of material being
passed downstream while the flux per unit area is of interest in evaluating watershed conditions.
These data are presented for comparative purposes only, however. Sampling was not designed to
allow an evaluation of “loading.” Inter-annual variation from monthly sampling can be extremely
high (an order of magnitude is not unusual) and the results reported below are based on a single
year.

For the Little Spokane River near the Mouth, flux per unit area was very high relative to other
stations, even though most concentrations were low. Mostly, this is a reflection of high discharge
per unit area (due to springs) and not watershed sources. Most of the discharge at the mouth
(about 300 cfs or 72 percent) was not accounted for at upstream stations. However, the high
relative discharge does not explain all of the high flux for nitrate plus nitrite nitrogen, total
nitrogen, and, to a lesser extent, suspended solids. For nitrate plus nitrite, 966 kg/day (83 percent
of the flux at the mouth) are not accounted for at monitored upstream stations. This equates to
an average concentration for the unmeasured sources of 1.4 mg/L. Potential sources upstream of
the station at the mouth and downstream of Deadman and Dragoon Creeks and the Chattaroy
station include Dartford Creek, residential development, the Fairwood wastewater lagoons, and
the Spokane Fish Hatchery. However, groundwater concentrations alone may be sufficient to
account for the increase in nitrate plus nitrite. Groundwater concentrations ranged from <1 mg/L
below the fish hatchery to > 5 mg/L west of Mead (Molenaar 1988).

Dragoon Creek also had very high nitrate plus nitrite and total nitrogen flux, especially given its
relatively low discharge per unit area. Joy (1981) reported nitrate plus nitrite flux of 14 kg/day at
RM 15.3 and 38 kg/day at RM 14.5 from a synoptic survey. Joy was uncertain whether the
source of nitrates was agricultural or geologic (i.e., groundwater). Juul (1991) sampled two
stations on Dragoon Creek (both in Stevens County, well upstream of our station) and attributed
higher nutrients at the lower station to “1) a residual effect from the load entering the stream
above the [upper] station, 2) manure that was applied to fields between the two sampling stations,
and 3) the concentration of dairies between the [upper] and [lower] sample stations.” Median -
nitrate plus nitrite concentrations at Juul’s lower station were one quarter those found in our
study near the mouth.

Conclusions

1. Temperature, pH, and fecal coliform bacteria exceeded water quality criteria at several
stations in the Little Spokane River basin. However, there were only three instances
where criteria were exceeded more than once: temperature at Little Spokane at
Chattaroy, pH at Deadman Creek, and fecal coliform bacteria, also at Deadman Creek.

2. High temperatures in the mainstem Little Spokane may be attributable to natural causes
(lakes in the drainage).

Page 9



Table 5.  Average flux for selected water quality constituents in WY 1994. The flux calculation
is the average of one sample per month, weighted by the number of days represented by

the sample.
Watershed Avg. Daily Avg Daily  Number

Station Area - Flux Flux/Area of Samples
Number Station Name (sq. mi.) (kg/day) (flux/sq. mi.)

DISCHARGE '
55B070 [Little Spokane R nr Mouth 700 417.3° 0.60 12
55B200 Liitle Spokane @ Chattaroy 300 83.2° 0.28 12
55C065 Deadman Cr nr Mouth 133 28.7° 0.22 12
55E070 Dragoon Cr nr Chattaroy 177 22.7 0.13 10

SUSPENDED SOLIDS
55B070 Little Spokane R nr Mouth 700 0484.42 13.5 12
55B200 Little Spokane @ Chattaroy 300 1077.92 3.6 12
55C065 Deadman Cr nr Mouth 133 1122.87 8.4 12
558070 Dragoon Cr nr Chattaroy 177 323.30 18 10

TOTAL PHOSPHORUS
55B070 Little Spokane R nr Mouth 700 20.76 0.030 12
55B200 Little Spokane @ Chattaroy 300 451 0.015 12
55C065 Deadman Cr nr Mouth 133 3.03 0.023 12
5SE070 Dragoon Cr nr Chattaroy 177 4.14 0.023 10
55B070 Little Spokane R nr Mouth 700 1166.94 1.67 12
55B200 Little Spokane @ Chattaroy 300 55.70 0.19 12
55C065 Deadman Cr nr Mouth 133 33.14 0.25 12
55E070 Dragoon Cr nr Chattaroy 177 112.04 0.63 10

AMMONIA
55B070 Little Spokane R nr Mouth 700 - 17.11 0.024 12
55B200 Little Spokane @ Chattaroy 300 4.02 0.013 12
55C065 Deadman Cr nr Mouth 133 1.28 0.010 12
55E070 Dragoon Cr nr Chattaroy 177 2.01 0.011 10

TOTAL NITROGEN ‘ _
55B070 Little Spokane R nr Mouth 700 1211.82 1.73 12
55B200 Little Spokane @ Chattaroy 300 98.03 0.33 12
55C065 Deadman Cr nr Mouth 133 42.72 0.32 12
S5EQ70  Dragoon Cr nr Chattaroy 177 123.29 0.70 9

* Discharge has units of cubic feet per second.
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3. The source of the high pH in Deadman Creek is unknown.

4, Nitrate plus nitrite nitrogen and total nitrogen were higher than expected at the Little
Spokane River at the mouth given upstream conditions, possibly due to high groundwater
concentrations.

5. Most nutrients, but especially nitrate plus nitrite nitrogen, were higher than expected at

Dragoon Creek. Sources of nutrients to Dragoon Creek should be investigated further
and ambient monitoring stations on Dragoon Creek are a possibility for “basin stations”
during the next data collection effort in the Spokane basin (WY 1999).

6. Nonpoint sources may be responsible for higher than expected suspended solids at
Deadman Creek and the Little Spokane at the mouth and for occasional high fecal
coliform bacteria counts, With the possible exception of Dragoon Creek, serious nonpoint
source problems were not evident in WY 1994, however.

7. There was a declining trend in the flux of total phosphorus between 1978 and 1995 at the
Little Spokane River near the mouth due as much to declining flows as to slight declines in
concentration. Concentrations since 1986 have been increasing slightly, although flux has
been steady, probably also due to declining discharge during the period.
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Appehdix

Data listed in this appendix are available in electronic format by contacting

David Hallock
Washington Department of Ecology
300 Desmond Drive
Olympia, WA 98502-7710
360 407-6681
dahad61@ecy.wa.gov

Ambient monitoring data from the most recent complete wateryear will soon be available over the
internet on Ecology’s web page (http:/fwww.wa.gov/ecology/).
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