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SITE INVESTIGATION REPORT
LOON LAKE
LOON LAKE, WASHINGTON
EXECUTIVE SUMMARY
Sediment cores and surface grab samples were visually examined to determine
the presence or absence of wood waste. Only minor visible identifiable bark,
wood chips, or sawdust was present in the samples collected. Large amounts of
organic-like material were present in both the cores and surface grab samples.
Some portions of this material could be visually identified as decomposing
leaves, roots, and stems, though other material present was too decomposed to
identify as other than organic plant material.
Chemical results for sediment samples indicate high levels of nutrients (organic
nitrogen and phosphorus) at concentrations within the range typically associated
with diatoms, other phytoplankton and aquatic vegetation.
Microscopic examination of samples indicated that the samples contained
decomposing leaves, roots, and stems with no apparent sawdust or wood waste.
Microscopic examination of samples revealed that diatoms and other
phytoplankton comprised 50 to 60 percent of the sample volume.
Comparisons between samples collected close to the historical sawmills, and
background samples from the opposite, western shore, indicate little difference
between the areas. The organic surface material was visually similar, down to
the microscopic level. The chemistry and density separation results comparing
the site locations and background samples were also similar showing little
variability. Similarities between visual microscopic characteristics, chemistry, and
density separation results indicate that there is no difference between organic
material from areas potentially impacted with wood waste and reference areas
unlikely to be impacted with wood waste.
Comparison of sediment samples near historical sawmills and background
samples showed no significant difference in chemical concentrations and analyte
ratios. This indicates that there is no discernable difference in visual, physical, or
chemical properties between areas near the former sawmills and background
locations unlikely to have been impacted by wood waste. The source of
organic-rich sediment “muck” appears to be decayed aquatic vegetation,
diatoms, and other phytoplankton.
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1.0 INTRODUCTION
This report presents the results of the sediment investigation performed for the
Washington State Department of Natural Resources (DNR) at Loon Lake,
located north of Spokane, Washington (Figure 1). The overall project objective
for the Loon Lake investigation was to assess whether there were sediment
impacts from historical sawmill operations adjacent to the lake (Figure 2).
Specific tasks conducted included:


Collecting, analyzing, and characterizing sediment from areas adjacent to
former sawmills located on the northeast part of the lake;



Collecting, analyzing, and characterizing sediment from background areas
on the lake distant from historical sawmill operations for comparison
purposes; and



Determining the presence or absence of wood waste in the sediment based
on visual and chemical characteristics.

The sediment characterization program was performed in accordance with the
April 9, 2008, DNR-approved Sampling and Analysis Plan (SAP) prepared for this
project (Hart Crowser 2008).

2.0 SITE BACKGROUND AND HISTORY
Much of the historical and site background information described below was
provided in the DNR Draft Loon Lake Sediment Study – Phase I Report (DNR
2007).
Loon Lake is an approximately 1,100-acre lake, approximately 2,382 feet in
elevation with an average depth of 46 feet and a maximum depth of 100 feet.
The lake has several unnamed intermittent streams as inflow and one outlet on
the northwest corner of the lake. As a result, the lake has no continuous inflow
of new water and stratifies during the dry months when inflow is minimal.
During years of normal precipitation, the lake receives large groundwater inputs
from the regional aquifer to reach full pool level. It has been noted that Loon
Lake and Deer Lake, approximately 3 miles northeast of Loon Lake, are
hydraulically connected. Outflow from the lake, as well as infiltration to its deepwater aquifer, form the headwaters of the Colville River.
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Sawmill Operations
Several sawmills were located on or near Loon Lake. Sawmills floated timber
from the cutting operations in the Deer Creek area (northeast of the town of
Lake Side) on a tramway to sawmills located on the shoreline of the lake (Figure
2). Historical research indicated that most sawmill operations concluded in the
mid-1920s to the mid-1930s.

Ice Production
Because of the quality of the water in Loon Lake, ice production became a
profitable business in the area. Ice houses were located around the lake
including the northeastern shoreline where sawmills and towns were located.
The Great Northern Railroad Company reportedly operated an ice block
collection and storage venture on the northeastern lakeshore between 1905 and
1916. The railroad shipped the ice for use in its cold storage facilities located in
Spokane County. Other firms continued ice production until the mid-1950s
when electric refrigeration became widespread. Sawdust from the nearby mills
was reportedly used to insulate ice during storage and shipping up until the time
the mills ceased operation in the mid-1930s.

Sawdust and Wood Waste
Based on historical photographs provided by DNR, it is known that sawmills
typically burned sawdust, wood debris by-products, or waste in “hog fuel
burners” to provide power for mill operations. In addition, sawdust was used as
insulation for ice transport and storage. Based on this information, it is thought
that much of the sawdust generated in sawmills may have been used rather than
disposed of as a waste.

Lake Levels
Lake levels have decreased steadily since its recorded history as a result of a
combination of human controls and drought. Water levels were lowered
through the creation of irrigation canals and raised through the construction of
control structures at the outlet. The first records of the lake level were from
1889 when a local rancher decided to cut a channel leading from the north end
of the lake, lowering the lake level approximately 3 feet. This started what
would be a lengthy controversy regarding the water level in Loon Lake. In 1973,
the Washington State Supreme Court ruled that the 1950 Steven’s County
Superior Court decision, which established the maximum lake level at 2,382 feet,
made the lake unavailable for additional water appropriations.
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Lake water level has been dropping naturally over the past 5 years due to
drought conditions in the Colville Drainage Basin.

Water Quality
Loon Lake is a deep, dimictic lake (water column mixes twice a year) with
relatively good surface water quality. The lake thermally stratifies from around
June through October, with warm surface waters (~20 oC) above a depth of
around 25 feet and cool, dense bottom waters (~8 oC) below a depth around 40
feet. Total phosphorus levels (~10 μg P/L) and chlorophyll levels (<2 μg/L) are
low and water transparency is high (Secchi depth ~20 to 25 feet). Based solely
on dissolved nutrient levels, phytoplankton levels in the water column, and water
clarity, the lake would be classified as oligotrophic (Ecology 1973 and 1980).
The lake exhibits hypoxia (dissolved oxygen levels below ~5 mg/L) in bottom
waters after the onset of thermal stratification. For example, data from 1971
showed that waters at a depth of 50 feet had 2.5 mg/L of dissolved oxygen in
late July and 1.5 mg/L of dissolved oxygen in mid-September. Summer oxygen
data from the late 1990s showed hypoxic bottom waters below a depth of
around 40 feet. Because of bottom-water hypoxia, a characteristic of eutrophic
lakes, Loon Lake is generally classified as oligo-mesotrophic (intermediate
between oligotrophic and eutrophic).
Bottom-water anoxia leads to the release of nutrients from deep, anaerobic
sediments and a stimulation of phytoplankton activity upon water column
overturn in the fall when these nutrients mix into the photic zone. Anoxia is also
likely impacting biota by not providing a well oxygenated cold water refuge for
fish and zooplankton during the summer. It is unclear why the lake has such
good surface water quality but poor bottom water quality. This could be a
legacy of historical nutrient pollution to the lake or the natural result of decaying
aquatic vegetation with resulting build-up of organic matter in deep sediments
over decades.

Nutrient Inputs and Sewage Treatment
Water quality studies (Ecology 1973 and 1980) indicated that eutrophication
(decreased dissolved oxygen levels and increased nutrient levels) of Loon Lake
was being accelerated by the introduction of nutrients (nitrogen and
phosphorus) to the lake, possibly the result of seepage from private on-site
sewage disposal systems surrounding the lake. In addition, the arrival of fruit
orchards into the area in the 1910s with a subsequent increase in agricultural
fertilizer runoff into the lake may have also altered the lake’s water chemistry.
As a result of increased nutrient loading, concentrations of algae increased
Hart Crowser
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subsequently reducing water clarity. In addition, aquatic vegetation and noxious
weeds became established in the lake. As vegetation dies back in the fall and
sinks to the lake bottom and decays, it forms an organic rich “muck” and
nutrients bound up in the vegetation are released and recycled through the
water column.
The Loon Lake sewer district was established in 1981 to install sewer facilities to
protect water quality of the lake. Between 1983 and 1986, a septic tank
pumping program was installed to serve a majority of residences around the lake
and, in 1986, the district sewage treatment system began operation (Esvelt
1998). A private sewer system (septic) still serves the Granite Point area on the
southeast portion of Loon Lake.

3.0 SEDIMENT SAMPLING AND ANALYSIS
3.1 Sample and Survey Location Control
Twenty-one sediment core samples and nine surface sediment grab samples
were collected from Loon Lake near the locations of the former sawmills (Figure
3). Of the samples collected from Loon Lake, four core samples (LL-04, LL-06,
LL-08, and LL-20) and six grab samples (LL-05, LL-06, LL-07, LL-09, LL-14, and
LL-20) were analyzed. Four core samples and three grab samples were collected
from the west side of Loon Lake at locations unlikely to be impacted from
historical sawmill operations (Figure 3). Of the background samples collected
from Loon Lake, two core samples (LLBG-01and LLBG-02) and three surface
grab sample (LLBG-01 Grab, LLBG-03, and LLBG-04 Grab) were analyzed.
These sediment samples were collected between September 8 and 11, 2008.
Actual sample locations were modified from locations proposed in the SAP
based on observations of organic material in the cores and input from the
community. The majority of sample locations were moved closer to shore than
initially proposed, under the assumption that wood waste would be present
closer to the historical sawmill operations located near the northeastern corner
of the lake (Figure 2). Core and grab sample location LL-20 was advanced in the
area where local residents had reported suspected wood waste. Core and grab
sample location LL-21 was selected to attempt to define the outer boundary of
possible wood waste.
Target and actual sampling locations are presented in Table 1.
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3.2 Sediment Sampling
3.2.1 Sediment Core Samples
Piston cores (3-inch-diameter) or vibracores (4-inch-diameter) were collected
from 21 locations in the vicinity of the former sawmills (Figure 3) and from four
reference locations (Figure 3). Piston cores were the preferred method of
sediment collection to obtain good recovery of very soft sediment. At locations
where the piston core method met refusal, vibracore samples were collected.
Samples were collected to a depth of up to 8 feet. Cores were collected using
clear rigid Lexan tubes, and were examined and evaluated in the field. Each
core was photographed, and representative photographs are provided in
Appendix E. Visual observations and sediment descriptions are summarized in
Table 2.
Sample volume for chemical analyses was collected from selected cores
extruded and homogenized aboard the vessel. Sample LL-04 was collected from
approximately 5- to 7-foot depth, within an organic material layer. Sample LL-06
was collected from 5- to 7-foot depth, in a fibrous organic material layer. Sample
LL-08 was collected from 3.2- to 4.7-foot depth, within the organic material layer
immediately above a silty sand layer. Sample LL-20 was collected from 4- to
5.7-foot depth, within a fibrous organic layer.

3.2.2 Surface Sediment Grab Samples
A hydraulically powered vanVeen grab sampler was used to collect surface
samples at five locations (LL-05 Grab, LL-06 Grab, LL-20 Grab, LLBG-01 Grab,
and LLBG-03) selected for chemistry and potential bioassay testing (Figures 2
and 3). Due to mechanical problems with the powered sampler, an Ekman
mechanical hand grab sampler was used to collect samples at three locations
(LL-07 Grab, LL-09 Grab, and LL-14 Grab). Samples were collected from the
upper 10 cm, and volume from multiple grabs was combined and homogenized.
Upon retrieval of the sediment grab and core samples, the acceptability of each
grab and core was assessed relative to the criteria established in the SAP
Sediment descriptions are summarized in Table 2.

3.2.3 Sediment Testing
After sample collection, sample containers were placed in a cooled ice chest for
transport to the analytical laboratory under chain of custody procedures
described in the SAP (Hart Crowser 2008). Samples were analyzed for total
organic carbon (TOC), total sulfide, total solids, total volatile solids (TVS), total
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Kjeldahl nitrogen (TKN), nitrate, nitrite, phosphorus, and biological oxygen
demand (BOD). Selected samples were analyzed for grain size. Analytical
Resources, Inc. (ARI) in Tukwila, WA, performed the sediment chemical and
conventional analysis.
Wet sieving was initially attempted in the field to match grain size between site
and reference test sediment. Attempts were made based on the procedure
described in the SAP. However, due to the overall fine-grained nature of the
lake bed sediments and the high volume of organic plant material and
phytoplankton (up to 100 percent) in the samples, reference samples were
selected based on similar sediment grain size and visual appearance at locations
deemed unlikely to be affected by potential wood waste.
Samples were collected and submitted to Dr. Mark Beutel at Washington State
University. Dr. Beutel took photomicrographs (photographs taken through a
microscope to see sediment details) and conducted density separation tests to
estimate the amount of wood and plant material following the procedure
described in the SAP (Hart Crowser 2008). Dr. Beutel’s findings are presented in
Appendix C.
Microscopic evaluation and identification of the types and relative amounts of
organic material present in the samples was performed by Hart Crowser
biologists following the procedure described in the SAP (Hart Crowser 2008).
The results of these efforts are presented in Appendix D.
Sample volumes were also collected for bioassay toxicity testing and Microtox ®
testing to assess potential toxicity to benthic organisms due to wood waste.
However, visual observations in the field and subsequent microscopic
observations and chemical analysis indicated that little or no wood waste was
present in the samples. Therefore, bioassay toxicity testing and Microtox® were
not conducted on the samples.

4.0 SEDIMENT PHYSICAL CHARACTERISTICS
4.1 Field Observations
Visual descriptions of the core samples were recorded in the field and are
documented in core logs presented in Appendix A. Visual descriptions of the
sediment grab samples are summarized and presented in Table 2. Specific
attention was paid to any material or layers that appeared to be potential wood
waste.
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Except for LLBG-03, the cores had a surface layer consisting of very soft to soft,
wet, soft, light brown to brown Peat with a high organic content, which
appeared to be composed of decaying aquatic plant material. Cores at most
locations had 3 to 7 feet of Peat with a high organic content overlying a harder
substrate (silty Sand or sandy Silt). The core collected from LLBG-03 consisted of
soft, black, sandy Silt with moderate organic content.
The core and surface grab sample from LLBG-03 had significant visual
differences from other locations in the lake. As described in Section 5.0,
chemical results from this location also differed from other reference locations in
the lake. Sample LLBG-03 consisted of coarser material (sandy silt) with little
aquatic vegetation. In addition, sample LLBG-03 was located in a small cove, in
deeper waters (30 foot water depth) than the majority of the locations sampled
(approximately 3 to 24 feet). Therefore, LLBG-03 was not used as a reference
location.
Surface grab sediments were comparable to the observed surface layer in the
corresponding cores sediments. No visual signs of sawdust, wood debris, or
wood waste were observed in surface grab or core samples; however, quantities
of aquatic plant material, included decayed leaves, stems, and roots, were
present in surface grab and core samples. One piece of bark was identified in
core LL-09, and a wood stick about 1/4 inch in diameter was identified in core
LL-20. In both instances, the material appeared to come from terrestrial runoff,
not historical sawmill activities.

4.2 Density Separation
Samples were submitted to Dr. Mark Beutel of Washington State University for
density separation to estimate the percentage of vegetation, followed by
microscopic examination to determine whether wood waste was present.
Density separation is based on the fact that wood debris and vegetation will
float on the dense, hydrophobic solvent trichloroethylene (TCE), while sediment
will sink. This allows for a qualitative estimation of the total amount of wood
waste, aquatic vegetation, and other materials less dense than TCE in a sample.
The less dense material is filtered, dried, weighed, and then examined
microscopically.
The percent of separated material in each sample was quantified as the weight
of air-dried and separated material divided by the total weight of air-dried
sediment. Results of the density separation evaluation are presented in Appendix
C.
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Visual inspection of density-separated material from the samples evaluated
showed that all samples appeared fairly similar. Microscopic evaluation of the
wet sediments showed high levels of organic material. No obvious wood waste
or sawdust was observed, though some material showed linear morphology
characteristic of wood lignin or plant cellulose.
Visual inspection of the reference samples showed that LLBG-02 and LLBG-03
were very different in appearance and texture from the other reference samples
and the subsurface and grab samples. LLBG-02 was very watery and light brown,
while LLBG-03 was sandy and blackish, and both samples appeared to not have
much aquatic plant material. This was in contrast to LLBG-01 and LLBG-04,
which, similar to the subsurface and grab samples, had visible pieces of aquatic
plants include roots and small seed pods. In general, the surface sediment grab
samples were more watery than the more cohesive subsurface samples core
samples. No sawdust or wood waste was identifiable in any sample. Visual
inspection of sediments showed that all samples (excluding LLBG-02 and -03)
contained plant organic matter, and most of the separated material consisted of
this plant matter. In addition, microscopic and visual inspection of separated
material did not yield substantial differences in appearance between subsurface
samples, background samples, and surface grab samples. The percentage of
separated material was not substantially different between subsurface samples
(range of 2.5 to 31.8 percent with an average of 11.7 percent), background
samples (5.2 to 20.5 percent excluding LLBG-02 and -03), and surface grab
samples (2.1 to 32.4 percent with an average of 11.8 percent).

4.3 Microscopic Evaluation
Microscopic evaluation to identify types of vegetation present in samples was
performed by Hart Crowser biologists. The complete report is presented in
Appendix D.
Each sample was examined upon opening for surface characteristics and mobile
fauna before a brief stirring to homogenize. After homogenization a 2.0 ml
subsample was taken using a clean glass pipette and placed into a small petri
dish at which point 2.0 ml of deionized water was added to create a loose slurry.
From this mixture, two slides per sample were prepared to be viewed under a
compound microscope.
Slides were generally surveyed using the 100x magnification and 400x
magnification was used to examine individual particles of interest. Two slides
from each sample were prepared and examined looking for general evidence of
sawdust particles and bacterial load that may be associated with the decay of
large amounts of cellulose material.
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Examination of the samples indicated greater than 50 percent diatoms and the
presence of marsh vegetation including milfoil and bulrushes. In addition, a
whitish gelatinous material, which appeared to consist of diatom skeletons, was
present in background and site sediment samples. Overall, the samples
appeared to be typical of a low energy aquatic system with presence of
emergent shoreline or marsh vegetation. There were a few particles noted that
could be cellulose material potentially derived from sawdust. This distinction is
based on the small cell structure typical of wood rather than large, flat cell
structure associated with emergent plant structures. However, these possible
wood particles were only a very minor portion of the sample. No differences in
appearance or apparent composition were noted among surface grab sediment
samples and deeper core samples collected near the vicinity of the former
sawmills and background samples collected from the western side of the lake.

4.4 Grain Size
Grain size distribution was determined for each sample following PSEP
protocols. Sediment was fine-grained and consisted primarily of silt and clay.
Grain size results are summarized in Table 3.

5.0 SEDIMENT ANALYTICAL RESULTS
Chemical concentrations and analyte ratios from areas located near historical
saw mills and from reference areas unlikely to be impacted by potential wood
waste were compared to assess whether there were chemical differences in the
upper, biologically active zone. Samples from organic-rich “muck” layers were
analyzed from select sediment cores to establish chemical signatures potentially
indicative of wood waste.
Samples were collected from four reference locations (Figure 4). As discussed
earlier, LLBG-03 was not deemed an appropriate reference location since its
characteristics did not match samples collected from other reference locations.
Discussions of analytical results are presented below and tabulated laboratory
results are presented in Table 3.

5.1 Total Solids
Total solids results are used to correct sample results to a dry-weight basis. The
preserved total solids is a total solids measurement obtained from the sample
container for sulfide analysis, which is preserved with a chemical agent.
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Samples contained high water content typical of fine-grained, organic-rich
sediment. Total solids concentrations ranged from 5.4 to 13.7 percent.

5.2 Total Organic Carbon
TOC is a measure of the total amount of organic matter in a sample and includes
wood, aquatic vegetation, bacteria, algae, diatoms, and other phytoplankton.
Samples were very organic-rich as expected from their “mucky” appearance.
Carbon content ranged from 12.7 to 24.6 percent in reference samples
(excluding LLBG-03) and ranged from 6.38 to 28.4 percent in samples collected
from the vicinity of the former sawmills. As discussed previously, grain size and
physical appearance and chemical results for sample LLBG-03 were different
from other reference samples collected; therefore, LLBG-03 results are not
appropriate for comparison to other locations.

5.3 Total Volatile Solids
Total volatile solids (TVS) is a measurement of sample weight loss at elevated
temperature and is used as an indicator of wood, aquatic vegetation, algae,
plankton, and other non-refractory organic matter.
TVS concentrations in reference samples ranged from 13.3 to 58.2 percent.
Excluding results for sample LLBG-03, TVS reference sample concentrations
ranged from 32.2 to 58.2 percent.
TVS concentrations in samples collected from the vicinity of the former sawmills
were comparable to reference area concentrations ranging from 28.0 to 51.2
percent, essentially the same range measured in reference locations unlikely to
have been impacted by sawmill operations.

5.4 Biological Oxygen Demand
Biological oxygen demand (BOD) measures the oxygen consumed by microbial
degradation of organic material over a 5-day period. BOD results were nondetected in the samples analyzed. However, laboratory reporting limits were
elevated due to the low percent solids content of samples and the small sample
size used (based on the organic-rich nature of the sediment).
The laboratory provided estimated results (below the reporting limit) for samples
where oxygen depletion and residual oxygen concentrations at the end of the
test did not meet method criteria but where BOD could still be estimated.
These results are included in Table 3 and qualified as estimated (J). The BOD
spreadsheet calculations are included in Appendix B.
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The low oxygen depletion rates indicate that even though samples appear to be
organic-rich, the organic matter is not rapidly degraded, which would be
expected for cellulose or lignin from aquatic plants or wood.

5.5 Nitrogen
Nitrate and nitrite, water soluble forms of nitrogen often associated with fertilizer
or sewage, were non-detect in reference location samples and samples collected
in the vicinity of the former sawmills. Since these forms of nitrogen are water
soluble, they would not be expected to be present in sediment samples.
Total Kjeldahl nitrogen (TKN) measures ammonia and organic nitrogen
compounds and is often indicative of biological (sewage, plant, or animal
sources) nitrogen. With the exception of location LLBG-03, TKN in reference
samples ranged from 12,200 to 24,900 mg N/kg, with the highest concentration
detected in surface sample LLBG-02 Grab. The TKN concentration in sample
LLBG-03 was 6,100 mg/kg, the lowest concentration detected in the samples
analyzed.
TKN concentrations in samples collected from the vicinity of the former sawmills
were comparable to reference locations and range from 11,700 to 19,300
mg N/kg, with the highest concentration detected in sample LL-06.
To determine whether the sediment nitrogen source was associated with wood
waste, aquatic vegetation, or some other source, total nitrogen concentrations
were TVS-normalized by dividing the total nitrogen concentration by the TVS
concentration. This normalization process accounts or corrects for varying
concentrations of organic matter present in individual sediment samples.
Direct comparisons can be made between sediment TVS-normalized nitrogen
concentrations and the nitrogen content of wood, aquatic vegetation,
phytoplankton, and other organic nitrogen sources since the TVS for these
potential sources of nitrogen is almost 100 percent (slightly less due to small
amounts of ash).
The TVS-normalized total nitrogen content (Table 4 and Figure 5) is relatively
consistent among the samples suggesting a common nitrogen source. TVSnormalized nitrogen content is essentially the same at all locations, ranging from
3.6 to 4.6 percent in reference samples and ranging from 3.6 to 4.8 percent in
samples collected from the vicinity of the former sawmills.
For comparison, total nitrogen content in conifer heartwood ranges from 0.045
to 0.227 percent with an average concentration of 0.098 percent (Table 5 and
Hart Crowser
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Figure 5). Ponderosa pine, historically the predominant species in the Loon Lake
area, has a nitrogen content of only 0.052 percent.
Nitrogen content in aquatic plants and phytoplankton is typically higher than
those in wood. Concentrations in milfoil are reported to range from 1.48 to
2.81 percent (Nichols and Keeney 1973). Diatoms and other phytoplankton
have reported nitrogen content ranging from 4 to 9 percent (Reynolds 1984).
Nitrogen content (TVS-normalized) in Loon Lake samples is higher than
concentrations associated with wood and aquatic vegetation (milfoil) but within
the range reported for diatoms and phytoplankton (Figure 5). This finding
suggests that diatoms and phytoplankton are the source of the “muck” in the
lake and that wood waste has not significantly impacted lake sediment. This
result is also consistent with results of the microscopic evaluations described in
Sections 4.2 and 4.3 and Appendices C and D.

5.6 Phosphorus
Phosphorus, similar to nitrogen, is often associated with fertilizer, sewage, and
detergents/cleaners and is also in plants and living organisms, though typically at
lower concentrations than nitrogen.
Reference location phosphorus concentrations ranged from 398 to 547 mg/kg.
The phosphorus concentration in sample LLBG-03, which was not used as a
reference location, was 1,070 mg/kg, the highest concentration detected in all
samples.
Phosphorus concentrations in samples collected from the vicinity of the former
sawmills were comparable to reference locations with concentrations ranging
from 234 to 598 mg/kg, with the highest concentration detected in the surface
sediment sample collected at location LL-14.
As for nitrogen, direct comparisons can be also be made between sediment TVSnormalized phosphorus concentrations and the phosphorus content of wood,
aquatic vegetation, phytoplankton, and other organic phosphorus sources.
With the exception of LLBG-03, TVS-normalized phosphorus concentrations
were similar (Table 4 and Figure 6), ranging from 0.09 to 0.12 percent in
reference samples and 0.05 to 0.18 percent in samples collected from the
vicinity of the former sawmills again suggesting little or no difference in chemical
characteristics.

Hart Crowser
17453-00 January 23, 2009

Page 13

Phosphorus content in aquatic plants and phytoplankton is typically higher than
those in wood, ranging from 0.3 to 0.43 percent in milfoil (Nichols and Keeney
1973) and 0.03 to 0.8 percent in diatoms and other phytoplankton (Reynolds
1984). For comparison, ponderosa pine typically contains only about 0.001
percent phosphorus (J.P. Kaye et al, 2005).
Similar to TVS-normalized nitrogen results, phosphorus content (TVS-normalized)
in Loon Lake samples is also within the range reported for diatoms and
phytoplankton (Figure 6). This finding provides additional supporting evidence
that diatoms and phytoplankton, and not wood waste, are responsible for the
“muck” present in the lake sediment.

5.7 Sulfide
Sulfide is an indicator of anaerobic (low oxygen) sediment conditions. Elevated
sulfide concentrations are usually associated with microbial degradation of
organic-rich sediment.
Excluding results for sample LLBG-03, sulfide was not detected in reference area
samples. The sulfide concentration in sample LLBG-03 was 555 mg/kg, the
highest concentration detected in the samples analyzed.
Sulfide was detected in only five of ten samples collected from the vicinity of the
former sawmills. Detected sulfide concentrations ranged from 14.2 to 87.3
mg/kg with the highest concentration in the surface sediment sample collected
from location LL-05.

5.8 Data Quality Review
Overall, the data for this project are acceptable for use, as qualified. No results
were rejected as a result of the QA/QC review; therefore, data for this project
are 100 percent complete. Results for a few analytes were qualified as
estimated concentrations based on minor exceedances of quality control criteria.
A detailed chemical data quality review and laboratory certificates of analysis are
presented in Appendix B.

6.0 RESULTS AND CONCLUSIONS
Sediment cores and surface grab samples were visually examined to determine
the presence or absence of wood waste. Only minor visible identifiable bark,
wood chips, or sawdust was present in the samples collected. Large amounts of
organic-like material were present in both the cores and surface grab samples.
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17453-00 January 23, 2009

Page 14

Some portions of this material could be visually identified as decomposing
leaves, roots, and stems, though other material present was too decomposed to
identify as other than organic plant material.
Chemical results for sediment samples indicate high levels of nutrients (organic
nitrogen and phosphorus) in concentrations greater than those typically
associated with wood. Nutrient concentrations were within the range typically
associated with diatoms and other phytoplankton.
Density separation of the sediment material collected from near historical
sawmills and reference areas showed little variability, implying that the material is
similar from both areas of the lake.
Microscopic examination of samples indicated that the samples contained
decomposing leaves, roots, and stems with no apparent sawdust or wood waste.
Microscopic examination of samples revealed that diatoms and other
phytoplankton comprised 50 to 60 percent of the sample volume.
Comparisons between samples collected close to the historical sawmills, and
background samples from the opposite, western shore, indicate little difference
between the areas. The organic surface material was visually similar, down to
the microscopic level. The chemistry and density separation results comparing
the site locations and background samples were also similar showing little
variability. Similarities between visual microscopic characteristics, chemistry, and
density separation results indicate that there is no difference between organic
material from areas potentially impacted with wood waste and reference areas
unlikely to be impacted with wood waste.
Comparison of sediment samples near historical sawmills and background
samples showed no significant difference in chemical concentrations and analyte
ratios. This indicates that there is no discernable difference in visual, physical, or
chemical properties between areas near the former sawmills and background
locations unlikely to have been impacted by wood waste. The source of
organic-rich sediment “muck” appears to be decayed aquatic vegetation,
diatoms, and other phytoplankton.
.

Hart Crowser
17453-00 January 23, 2009

Page 15

7.0 REFERENCES
DNR 2007. Draft Loon Lake Sediment Study – Phase I Report. October 16,
2007
Ecology 1973. Loon, Deer, and Diamond Lakes Water Quality Study. Ecology
Report No. 73-036.
Ecology 1980. An Assessment of the Tropic Status of Deer, Loon, and Diamond
Lakes. July 1980. Ecology Report No. 80-9.
EPA 2004. USEPA Contract Laboratory Program National Functional Guidelines
for Inorganic Data Review. EPA 540-R-04-004, October, 2004.
Esvelt 1998. Comprehensive Sewer Plan Update and Engineering Report.
Prepared for Loon Lake Sewer District No. 4 by Esvelt Environmental
Engineering. August 1998.
Hart Crowser 2008. Sampling and Analysis Plan. Loon Lake, Loon Lake,
Washington. April 9, 2008. Prepared for the Washington Department of
Natural Resources.
Kaye, J.P. et al. 2005. Intial Carbon, Nitrogen, and Phosphorus Fluxes Following
Pondrosa pine Restoration Treatments. Ecological Applications, Vol. 15, pp 1581
– 1593.
Nichols, Dale S. and Dennis R. Keeney, 1973. Nitrogen and Phosphorus Release
from Decaying Water Milfoil. Hydrobiologia, Vol 42, pp 509 – 525.
Plumb, Russell 1981. Procedures for Handling and Chemical Analysis of
Sediment and Water Samples. Technical Report. EPA/CE-81-1.
Reynolds, C.S, 1984. The Ecology of Freshwater Phytoplankton, Cambridge
University Press. 1984.
Ververka, P.J., et al. 1993. On The Form of Nitrogen in Wood and Its Fate
during Kraft Pulping. Institute of Paper Science and Technology, IPST Technical
Paper Series Number 460, January 1993.

Hart Crowser
17453-00 January 23, 2009

Page 16

8.0 LIMITATIONS
Work for this project was performed, and this report prepared, in general
accordance with generally accepted professional practices for the nature and
conditions of the work completed in the same or similar localities, at the time
the work was performed. It is intended for the exclusive use of the Washington
State Department of Natural Resources for specific application to the referenced
property. This report is not meant to represent a legal opinion. No other
warranty, express or implied, is made.
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Table 1 - Sample Location Coordinates
Sample ID
LL-01
LL-02
LL-03
LL-04
LL-05
LL-06
LL-07
LL-08
LL-09
LL-10
LL-11
LL-12
LL-13
LL-14
LL-15
LL-16
LL-17
LL-18
LL-19
LL-20
LL-21
LLBG-01
LLBG-02
LLBG-03
LLBG-04

Date
9/10/2008
9/10/2008
9/8/2008
9/10/2008
9/10/2008
9/10/2008
9/8/2008
9/8/2008
9/8/2008
9/8/2008
9/8/2008
9/9/2008
9/9/2008
9/9/2008
9/9/2008
9/9/2008
9/9/2008
9/9/2008
9/9/2008
9/10/2008
9/10/2008
9/10/2008
9/10/2008
9/10/2008
9/9/2008

Time
9:05
9:25
13:55
10:50
11:50
12:15
15:35
11:52
14:50
16:40
14:15
9:10
9:35
10:40
11:30
13:25
13:55
14:30
15:25
10:00
14:40
12:45
16:00
17:00
15:45

Proposed
Northing
Easting
1006065.0
2344167.2
1005772.0
2344661.4
1005385.3
2345198.6
1005504.8
2344124.9
1005207.0
2344643.3
1004843.1
2344263.0
1004783.8
2344854.5
1004272.8
2344593.5
1003937.0
2344981.7
1003551.2
2344806.1
1003504.0
2345445.8
1003065.1
2344937.4
1002888.8
2345559.7
1003055.6
2346220.2
1002317.4
2347029.6
1001549.7
2347622.1
1000375.9
2348116.0
999560.4
2347514.1
998303.0
2348058.1
TBD
TBD
TBD
TBD
1004928.0
2339458.1
1001093.4
2340842.4
1000251.0
2343197.5
997248.0
2345508.5

Actual
Northing
Easting
1006250.4
2344205.4
1005813.1
2344798.6
1005395.4
2345203.8
1005324.0
2344435.3
1004749.8
2344528.7
1004640.4
2343843.3
1004778.8
2344949.1
1004267.4
2344591.9
1004000.7
2345029.3
1003522.3
2344785.2
1003528.0
2345495.0
1003084.5
2344942.3
1002854.9
2345589.1
1003084.3
2346228.4
1002429.9
2347093.4
1001609.3
2347723.6
1000334.3
2348100.2
999554.1
2347663.3
998343.8
2348032.8
1005701.7
2345040.9
1004525.0
2343615.0
1004991.5
2339292.6
1004525.6
2343622.2
1000192.0
2343256.7
997313.0
2345301.5

Coordinates are Washington State Plane South NAD83
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Table 2 - Sediment Grab Sample Descriptions
Sample Number
LL-05 GRAB

Collection
Date
9/11/2008

LL-06 GRAB

9/11/2008

LL-07 GRAB

9/11/2008

LL-08

9/11/2008

LL-09 GRAB

9/11/2008

LL-14 GRAB

9/11/2008

LL-19

9/11/2008

LL-20 GRAB

9/11/2008

LL-21

9/11/2008

LLBG-01 GRAB

9/11/2008

LLBG-03

9/10/2008

LLBG-04 GRAB

9/10/2008

Visual Sediment Description

Comments

Saturated, very soft to soft, light brown
PEAT (PT) with high organic content.

van Veen power grab. Combined
two grabs for chemistry, physical
properties, and bioassay.
Saturated, very soft to soft, light brown
van Veen power grab. Combined
PEAT (PT) with high organic content.
two grabs for chemistry, physical
properties, and bioassay. Water
plants.
Saturated, very soft, light gray-brown
Ekman van Veen. Combined four
PEAT (PT) with high organic content.
grabs for chemistry, physical
properties, and bioassay. Water
plants, swimming organisms at
surface.
Saturated, very soft, light brown PEAT
van Veen power grab. Did not
(PT) with high organic content.
collect sample for analysis due to
water plants, and low recovery.
Saturated, very soft, light brown PEAT
Ekman van Veen. Combined four
(PT) with high organic content.
grabs for chemistry, physical
properties, and bioassay. Water
plants, swimming organisms at
surface.
Saturated, very soft, light brown PEAT
Ekman van Veen. Combined three
(PT) with high organic content.
grabs for chemistry, physical
properties, and bioassay. Water
plants, swimming organisms at
surface.
Saturated, dense, light brown, clayey SILT Ekman van Veen. Did not sample
(ML).
for analysis due to water plants, and
low recovery.
Saturated, very soft to soft, light brown,
van Veen power grab. Combined
PEAT (PT) with high organic content.
two grabs for chemistry, physical
properties, and bioassay.
Saturated, very soft to soft, light brown
van Veen power grab. Did not
PEAT (PT) with high organic content.
collect sample for analysis due to
water plants, and low recovery.
Saturated, very soft to soft, light brown
van Veen power grab. One grab for
PEAT (PT) with high organic content.
grain size and bioassay. Water
plants.
Saturated, soft, black, sandy SILT (OL)
van Veen power grab. One grab for
with moderate organic content.
chemistry, and physical properties.
Saturated, very soft to soft, light brown
PEAT (PT) with high organic content.

van Veen power grab. Combined
two grabs for chemistry, physical
properties, and bioassay. Water
plants.
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Table 3 - Analytical Results for Loon Lake Sediment Samples
Sample ID
Sampling Date
Depth below Mudlines
Conventionals in mg/kg
Biological Oxygen Demand
Sulfide
Total Phosphorus
Nitrate + Nitrite (NO3+NO2)
Total Kjeldahl Nitrogen
Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids
Grain Size in %
8-9 Phi Clay
9-10 Phi Clay
> 10 Phi Clay
Very Fine Silt
Fine Silt
Medium Silt
Coarse Silt
Total Fines
Very Fine Sand
Fine Sand
Medium Sand
Coarse Sand
Very Coarse Sand
Gravel

LL-04
9/10/08
5 to 7.25 ft

LL-05 GRAB
9/11/08
0 to 10 cm

9420 U
14.5 U
335
1.81 U
18500

10100 U
83.7
404
8.37 U
16700

6.6
28.4
5.4
51.18

6.1
18.8
5.8
43.48

40.8
2.4
4.3
7.4
13.1
20.4
11.6

28.5
6.7
8.2
10.4
15.9
20.5
9.7

LL-06
9/10/08
5 to 7.05 ft

6820 U
10.7 U
348
1.12 U
19300
9.1
15.7
8
40.5
8
5
8.2
6.9
10.7
4.4
0.1 U
43.1
5.1
6.4
7.7
11
15.1
11.6

LL-06 GRAB
9/11/08
0 to 10 cm

LL-07 GRAB
9/11/08
0 to 10 cm

LL-08
9/8/08
3 to 4.7 ft

LL-09 GRAB
9/11/08
0 to 10 cm

1673 J
36.3
553
1.67 U
18500

3154 J
14.3 U
519
4.38 U
11700

5340 U
9.56 U
251
0.94 U
17000

5.9
23.6
5.5
49.39

6.8
11.3
10.2
28.03

10.3
15.5
9.6
39.52

7.2
9.76
6.5
39.9

9.2
15.3
7.7
32.52

23.3
11.5
14.5
9.5
13.8
21.4
6.1

8.3
6.3
10.2
9.1
7.4
3
0.6
45
4.1
5.1
6.7
9.8
14.7
14.7

25.2
6
8.7
12.6
20.7
21.9
4.9

14
8.3
13.6
9.8
15.1
22.7
16.4

36.6
5.1
7.2
11.2
16.4
17.8
5.8

787 J
14.2
564
7.27 U
15800

LL-14 GRAB
9/11/08
0 to 10 cm

140 J
38.4
598
5.97 U
15100
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Table 3 - Analytical Results for Loon Lake Sediment Samples
Sample ID
Sampling Date
Depth below Mudlines
Conventionals in mg/kg
Biological Oxygen Demand
Sulfide
Total Phosphorus
Nitrate + Nitrite (NO3+NO2)
Total Kjeldahl Nitrogen
Conventionals in %
Preserved Total Solids
Total Organic Carbon
Total Solids
Total Volatile Solids
Grain Size in %
8-9 Phi Clay
9-10 Phi Clay
> 10 Phi Clay
Very Fine Silt
Fine Silt
Medium Silt
Coarse Silt
Total Fines
Very Fine Sand
Fine Sand
Medium Sand
Coarse Sand
Very Coarse Sand
Gravel

LL-20
9/10/08
4 to 5.7 ft

LL-20 GRAB
9/11/08
0 to 10 cm

LLBG-01
9/10/08
0 to 0.5 ft

LLBG-01 GRAB
9/11/08
0 to 10 cm

LLBG-02
9/10/08
0 to 0.5 ft

LLBG-03
9/10/08
0 to 10 cm

LLBG-04 GRAB
9/10/08
0 to 10 cm

3470 U
7.11 U
234
3.64 U
11900

1220 J
26.7
510
6.56 U
14700

5260 U
15.3 U
401
5.99 U
14100

20800 U
25.8 U
547
3.19 U
24900

1594 J
555
1070
5.51 U
6100

5910 U
7.35 U
398
5.11 U
12200

13.7
8.08
13.1
30.73

11.2
6.38
7.6
30.66

6.6
16.7
7.5
39.41

4.3
24.6
2.7
58.22

16.6
5.31
16.4
13.27

13.1
12.7
8.9
32.21

6.4
4.4
6
7.6
8.1
5.4
1.9
39.7
7.2
7.1
7.9
10.4
13.4
14.4

38.7
6.9
8.6
10.6
13.2
14.8
7.1

22.8
6.7
8.3
7.8
16.1
23.6
14.7

6.4
3.7
5.9
9.8
9.9
7.9
0.5
44.1
4.7
5
6.2
8.7
14
17.4

U = Not detected at the reporting limit indicated.
J = Estimated value.
Blank indicates sample not analyzed for specific analyte.
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Table 4 - TVS-Normalized Nitrogen and Phosphorus Concentrations in Sediment Samples

Sample
Number
LLBG-01
LLBG-02
LLBG-03
LLBG-04
LL-04
LL-05 GRAB
LL-06
LL-06 GRAB
LL-07 GRAB
LL-08
LL-09 GRAB
LL-14 GRAB
LL-20
LL-20 GRAB

TVS
Concentration
39.4%
58.2%
13.3%
32.2%
51.2%
43.5%
40.5%
49.4%
28.0%
39.5%
39.9%
32.5%
30.7%
30.7%

Nitrogen Concentration
(TVS Normalized)
3.58%
4.28%
4.59%
3.79%
3.61%
3.84%
4.77%
3.74%
4.18%
4.30%
3.96%
4.65%
3.88%
4.79%

Phosphorus Concentration
(TVS Normalized)
0.10%
0.09%
0.83%
0.12%
0.06%
0.09%
0.10%
0.10%
0.18%
0.05%
0.15%
0.18%
0.07%
0.16%
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Table 5 - Measured Nitrogen Levels in Wood
Type of Wood
Percent Nitrogen
Douglas fir
0.051
Douglas fir
0.1
Loblolly pine
0.068
Monterey Pine (inner sapwood)
0.09
Monterey Pine (outer sapwood)
0.148
lodgepole pine
0.071
Shortleaf pine
0.13
Slash pine
0.05
Sugar pine
0.124
Western white pine
0.113
Longleaf pine
0.038
Ponderosa pine
0.052
White pine
0.087
White fir
0.045
Red fir
0.227
Red cedar
0.139
Engleman spruce
0.118
Western larch
0.18
California incense cedar
0.097
Redwood
0.06
Redwood
0.1
Cypress
0.057
Eastern hemlock
0.106
Western hemlock
0.1
Average
0.098
From Veverka et al., 1993
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APPENDIX B
CHEMICAL DATA QUALITY REVIEW AND
CERTIFICATES OF ANALYSIS
Chemical Data Quality Review
One sediment sample was collected from Loon Lake on September 8, 2008.
Seven sediment samples were collected from Loon Lake on September 10,
2008. Six sediment samples were collected from Loon Lake on September 11,
2008. The samples were submitted to Analytical Resources, Inc. (ARI) for
analysis. The samples were analyzed for total organic carbon (TOC), sulfide,
grain size, total solids, total preserved solids, total volatile solids (TVS), nitrate
and nitrite, total Kjeldahl nitrogen (TKN), total phosphorus, and biological
oxygen demand (BOD). Sample volume for bioassays and Microtox were also
collected, but the tests were not performed. The laboratory reported results as
Sample Delivery Group (SDG) NP00.
Quality assurance/quality control (QA/QC) reviews of laboratory procedures
were performed on an ongoing basis by the laboratory. Hart Crowser
performed the data review, using laboratory quality control results summary
sheets and raw data, as required, to ensure they met data quality objectives for
the project. Data review followed the format outlined in the National Functional
Guidelines for Inorganic Data Review (EPA 2004) modified to include specific
criteria of the individual analytical methods. The following criteria were
evaluated in the standard data quality review process:







Holding times;
Method blanks;
Laboratory control sample/laboratory control sample duplicate (LCS/LCSD)
recoveries;
Matrix spike/matrix spike duplicate (MS/MSD) recoveries;
Laboratory duplicate relative percent differences (RPDs); and
Reporting limits.

The data were determined to be acceptable for use, as qualified. Full laboratory
results are presented at the end of this appendix. Results of the data reviews,
organized by analysis class, follow.

Total Solids and Total Preserved Solids
Total solids and total preserved solids were determined following EPA Method
160.3 modified. Reported detection limits were acceptable. The samples were
prepared within the holding time limits of 14 days. No target analytes were
Hart Crowser
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detected in laboratory blanks. The RPD between replicate measurements met
quality control limits.

Total Volatile Solids (TVS)
Total volatile solids were determined following EPA Method 160.4. The samples
were prepared within holding time limits of 7 days. Reported detection limits
were acceptable. No target analytes were detected in laboratory blanks. The
RPD between replicate measurements met quality control limits.

Nitrate and Nitrite
The samples were extracted using 2N KCl. Nitrate and nitrite were then
determined following EPA Method 353.2. The samples were prepared and
analyzed within holding time limits of 28 days. Reported detection limits and
analytical results were adjusted for moisture content and any required dilution
factors. No target analytes were detected in laboratory blanks. MS and SRM
recoveries were within QC limits. The sample and duplicate were non-detect at
the reporting limit. RPD results, therefore, were not applicable.

Total Kjeldahl Nitrogen (TKN)
TKN was determined following EPA Method 351.4. The samples were prepared
and analyzed within holding time limits of 28 days. Reported detection limits
and analytical results were adjusted for moisture content and any required
dilution factors. No target analytes were detected in laboratory blanks. LCS and
MS recoveries were within QC limits. The RPD between replicate
measurements met quality control limits. The Standard Reference Material
(SRM) recovery was within QC limits.

Total Phosphorus
Total phosphorus was determined following EPA Method 365.2. The samples
were prepared and analyzed within holding time limits of 28 days. Reported
detection limits and analytical results were adjusted for moisture content and
any required dilution factors. MS and SRM recoveries met QC limits.
Total phosphorus was detected in the method blank above the reporting limit.
The samples had concentrations of total phosphorus greater than 5 times the
amount present in the blank, and no corrective action was taken.
The RPD between replicate measurements exceeded 50 percent. The results for
sample LLBG-01 were qualified as estimated (J).
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Total Sulfide
Total sulfide was determined following EPA Method 376.2. The samples were
prepared and analyzed within holding time limits of 7 days. Reported detection
limits and analytical results were adjusted for moisture content and any required
dilution factors. No target analytes were detected in laboratory blanks. LCS and
MS recoveries were within QC limits. The sample and duplicate were nondetect at the reporting limit. RPD results were not applicable.

Biological Oxygen Demand (BOD)
BOD was determined following EPA Method 405.1. The samples were prepared
within holding time limits of 7 days. No target analytes were detected in
laboratory blanks. LCS recovery was within QC limits.
Reporting limits were elevated as no sample dilution passed the dissolved
oxygen depletion criteria of at least 2 mg/L. However, review of the laboratory
data indicated that some estimated BOD results were available. These results
are reported in the associated table and qualified as estimated (J).

Total Organic Carbon (TOC)
TOC was determined following Plumb (1981). The samples were prepared and
analyzed within holding time limits of 28 days. Reported detection limits and
analytical results were adjusted for moisture content and any required dilution
factors. No target analytes were detected in laboratory blanks. LCS, MS, and
SRM recoveries were within QC limits. The RPD between replicate
measurements met quality control limits.
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CERTIFICATES OF ANALYSIS
ANALYTICAL RESOURCES, INC.
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APPENDIX D
SEDIMENT MICROSCOPIC EVALUATION
LOON LAKE SEDIMENT SAMPLES
Introduction
Loon Lake is an approximately 1,100-acre lake located in Stevens County in
northeastern Washington State. Known for its water clarity, the lake provides
habitat for many aquatic and water-dependent species. Historically, the
northeastern shore of the lake was the location of a succession of sawmills and
ice production plants operating in the area from the late 1800s to the mid1900s. Served by the railroad line, the old town site was also located in this area
of the lake and the current Town of Loon Lake developed around the sawmills.
In recent years, large quantities of organic muddy debris have been perceived to
be accumulating on the bottom of the lake, affecting its water clarity. Local
residents suspect that the debris may result from accumulations of sawdust and
sawmill debris related to the former sawmill operations. Pursuant to this line of
investigation, several sediment samples from Loon Lake were characterized
biologically by an experienced biologist using light microscopy. Particular
attention was given to identify historically deposited wood waste, if present, and
to assess any associated alterations to the micro-scale ecology of the sediments.

Sample Investigation
Methods
Fourteen samples of sediment from the Loon Lake investigation were delivered
to the Pentec office of Hart Crowser, of which seven were examined using light
microscopy. The samples were refrigerated until they could be examined. Of
the seven samples, two (background sample LL-BG-04 and site sample LL-20)
were deemed of high importance based on resident input. The remaining five
samples were selected to be representative of sediment collected from the lake.
Each sample was examined upon opening for surface characteristics and mobile
fauna before a brief stirring to homogenize. After homogenization a 2.0 ml
subsample was taken using a clean glass pipette and placed into a small petri
dish at which point 2.0 ml of deionized water was added to create a loose slurry,
which was examined using a dissecting microscope under 50x magnification to
view macro-scale features. In addition, two slides per sample were prepared to
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be viewed under an Olympus BH2 compound microscope to examine individual
particles.
Features of interest were generally surveyed using the 100x magnification and
400x magnification use used to examine individual particles of interest. From
these two levels of examination evidence of sawdust particles and bacterial load
that might be associated with the decay of large amounts of cellulose material
could easily be detected.

Observations
Background Samples
This group of samples includes sediment collected in areas that are assumed to
be unaltered by sawmill impacts and serve as reference or “background”
samples indicative of no direct point source impacts. This includes samples LLBG-01, LL-BG-02, and LL-BG-04. Surficial examination of the samples revealed a
fairly uniform consistency with a moderate amount of organic detritus derive d
from emergent marsh vegetation and submerged aquatic vegetation as well as
terrestrial plant inputs (Photos 1 and 2). No redox layer or hydrogen sulfide had
developed in the sample container since collection of the sample. Generally the
sediment appeared typical of organic-rich lake sediment.
Under magnification (100x), it was very clear that a majority of the sediment was
composed of diatom frustules (Photos 3 and 4). For a given field of view, over
50 percent of the observable particles were diatoms of some form. Diatoms
ranged from chain forming to large raphid forms most of which would be
considered benthic in nature. Motile flagellates were the only highly mobile
organisms noted, but only made up a small proportion of the sample. Pine
pollen was also noted (Photo 5) though it made up a very minor fraction of the
overall particle load.
There was little evidence of sawdust or bacterial colonies. There were possibly
some bacteria colonies detected (Photo 4), but were a very minor portion of any
given field of view.
Potential Wood Waste Area Samples
This group included grab samples from areas suspected to have been impacted
by wood milling and log storage. This includes samples LL-04, LL-05, LL-06, and
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LL-20. Surficial examination of the samples revealed a varied consistency with a
high degree of organic detritus. Given the general appearance and composition
of the organic detritus, it seemed likely to have originated from emergent marsh
vegetation in the vicinity. No obvious large sawdust particles were noted in the
detritus (Photos 6 and 7). As with the background samples, no redox layer or
hydrogen sulfide had developed in the sample container since collection of the
sample. Generally the sediment seemed indicative of sediment taken near a
marsh setting and/or some other highly productive/depositional environment
associated with emergent vegetation. There were several mobile invertebrates
noted on the surface of the sample including isopods and ostracods.
Under magnification, it was very clear that large portion of the sediment was
composed of diatom frustules (Photos 8, 9, and 10) with a marginally higher
concentration than the background samples. . Diatom diversity was very high
with pennate, chain forming, and large raphid forms, most of which would be
considered benthic. Motile flagellates and rotifers were noted throughout the
sample as well as several gastrotrichs (Photo 11). Pine pollen was also noted in
all survey samples (Photo 12) though it made up a minor fraction of the particle
load. There were a few particles noted that could be cellulose material
potentially derived from sawdust (Photo 13). This distinction is based on the
small cell structure typical of wood rather than large, flat cell structure associated
with emergent plant structures (Photo 14). However, these possible wood
particles were only a very minor portion of the sample.

Conclusions
From the observations based on these samples, there appears to be a thriving
benthic diatom community capable of sustaining the base of a moderate aquatic
foodweb along with the phytoplankton community. The sediments seemed
typical of a low energy aquatic system that is mostly depositional in nature.
There was organic detritus noted, but this detritus was likely generated locally
through emergent shoreline or marsh vegetation and possibly submerged
aquatic vegetation. There was very little incidence of noticeable bacterial
colonies and no record of filamentous bacteria in these samples. Based on the
samples examined, there seems to be little or no sawdust or wood waste debris
in these sediments. The few wood particles that were observed may have been
generated as part of the natural detrital flux from terrestrial sources.
J:\Jobs\1745300\Final Loon Lake Investigation Report\Appendix D.doc
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Photo 1 Typical sediment components from background samples including detritus
derived from terrestrial and emergent marsh sources.

Photo 2 Typical sediment components from background samples including detritus
derived from submerged aquatic sources.

Photo 3 Typical diatom compliment for sample LL-BG-04.

Photo 4 Typical diatom compliment for sample LL-BG-02 with possible bacterial colony
(circled portion).

Photo 5 Pine pollen in sample LL-BG-02 (circled portions).

Photo 6 Typical sediment components from wood waste survey samples.

Photo 7 Typical sediment components from wood waste survey samples including
detritus derived from emergent marsh sources.

Photo 8 Typical diatom compliment for sample LL-04

Photo 9 Typical diatom compliment for sample LL-05

Photo 10 Typical diatom compliment for sample LL-20

Photo 11 Gastrotrich (circled) observed feeding in sample LL-05

Photo 12 Pine pollen in sample LL-05 (circled portions)

Photo 13 Cellulose material (circled portion) possibly from sawdust. Note dense, small
cell structure.

Photo 14 Cellulose material (circled portion) most likely from emergent vegetation. Note
thin, flat cells.

APPENDIX E
PISTON AND VIBRACORE PHOTOGRAPHS
LOON LAKE, WASHINGTON
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Photo 1:
Piston Core LL-20, very soft to soft, wet, light brown Peat with a high
organic content.

Photo 2:

Piston Core LL-04, Peat with a high organic content.
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Photo 3:

Vibracore LL-03 sample within clear Lexan core tube.

