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Executive Summary

The objectives of Ecology’s Lake Water Quality Assessment Program are 1o identify lakes that
are exhibiting water quality problems, to assess significant publicly-owned lakes by estimating the
trophic status of monitored lakes, and to promote public awareness of lake ecology and
protection. :

In 1994, volunteers participating in Washington’s Citizen Lake Monitoring Program measured
Secchi disk transparency and surface water temperature in 55 lakes; volunteers monitored their
lakes bimonthly from May through October. Most volunteers also completed a questionnaire on
lake and watershed uses. To supplement volunteer-collected data, Ecology staff collected water
samples and profile data from all volunteer-monitored lakes, as well as 18 lakes that were not
monitored by volunteers, Water samples were collected in May and August from both the
epilimnion and hypolimnion of stratified lakes, and were analyzed for total phosphorus, total
nitrogen, and chlorophyll a. Samples for total suspended solids, total nonvolatile suspended
solids, and fecal coliform bacteria were also collected from selected lakes. ’

Carlson’s Trophic State Index (1977) was calculated for volunteer-collected Secchi depth data
and Ecology-collected phosphorus and chlorophyll @ data. Trophic state estimations based on
these calculations and an evaluation of other data were assigned to a total of 73 lakes: 32 lakes
were oligotrophic or oligo-mesotrophic, 26 lakes were mesotrophic or meso-eutrophic, 14 lakes
were eutrophic, and one lake was hyper-eutrophic. |

Statistical trend in water clarity was evaluated for 29 lakes that were monitored by volunteers for
at least five consecutive years. Using the seasonal Kendall test for trend, ten lakes exhibited
statistically significant increasing trend in water clarity, and five lakes exhibited statistically

significant decreasing trend in water clarity. For many of the monitored lakes, water clarity was
better in 1994 than during previous years, which appears to be reflected in the results of trend
analysis.

This report includes a compilation of the 73 lake assessments (reports) which were written in
laypersons’ terms and include data results from 1994.
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Introduction

The purpose of this report is to describe the 1994 Lake Water Quality Assessment Program, and
to present data and individual lake assessments from 73 lakes which were monitored by volunteers
and/or Ecology staff in 1994. For expediency, this report is much abbreviated compared to past
reports. A more thorough evaluation of the data is planned for future reports.

Program Objectives

The goal of the Lake Water Quality Assessment (LWQA) Program is to assess the current water
quality of publicly-owned lakes in Washington, and to maintain a relationship with volunteers of
monitored lakes for data exchange, education, and technical assistance. Specific objectives for the

1994 program were as follows:

1) determine the trophic status of monitored lakes;

2) assess water quality in lakes not evaluated in the last five years and determine the degree
to which beneficial uses are supported;

3) promote public awareness of lake processes and lake protection measures and foster a
conservation ethic;

4) determine trends once a sufficiently long period of record is established; and

5) establish a data set for analysis and dissemination.

H'istory of LWQA Program

Ecology’s LWQA Program was established in 1989 to gather general water quality information
from significant, publicly-owned lakes. Data collected from the program are used primarily to
assess each monitored lake for the state’s biennial Water Quality Assessment (305 (b)) Report.

I ake water quality assessments are required under Section 314 (a)(2) of the Clean Water Act, as
amended by the Water Quality Act of 1987. For the purposes of reporting water quality
assessments, significant, publicly-owned lakes cover at least 20 acres, have a public access, and
support or have the potential to support the fishable-swimmable goals of the Clean Water Act
(Ecology, 1992). : :

Since the program began in 1989, it has-been funded from federal grants--Federal 314 Water
Quality Assessment grants, and 205(j) Water Quality Management and Planning grants--as well as
matching state monies. As a result, program elements have varied each year due to varying
funding levels. The following reports describe program activities and results for each year of the
monitoring program:

1989 Lake Water Quality Assessment Project, 1989 (Rector and Hallock, 1991).

 Water Quality Survey of 25 “Citizen-Volunteer “ Lakes From Washington State
(Brower and Kendra, 1990). '
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1989 Lakes and Reservoir Water Quality Assessment Program: Survey of
Chemical Contaminants in Ten Washington Lakes (Johnson and Norton, 1990).

1990 Lake Water Quality Assessment Project, 1990 (Rector and Hallock, 1993)

Water Quality Survey of 15 “Volunteer-Monitored” Lakes n Was}nngton State
(Coots, 1991).

1991- Lake Water Quality Assessment Program. 1991-1992 (Rector, 1994).
1992

Survey of Chemical Contaminants in Ten Washington Lakes (Serdar et al., 1994).

1993 Lake Water Quality Assessment Program. 1993 (Rector, 1996).

1994 Statewide Water Quality Assessment Lakes Chapter, Comvén,ion Document

to Washington State’s 305(b) Report (Rector and Hallock, 1995).

Methods

Methods for lake selection, data collection, sample analysis, and data analysis are described
below. Methods for quality assurance and quality control (QA/QC) of data collected for the
program are discussed in the “QA/QC Evaluation and Results” section that follows thls
“Methods” section.

Volunteer Recruitment and Lake Selection

All Washington lakes that cover at least 20 acres and have a public access are eligible for inclusion
in the volunteer monitoring program. Approximately 1,000 lakes in Washington meet these
criteria, although the exact number is unknown (Rector and Hallock, 1995).

The main factor for selecting lakes was whether someone volunteered to monitor a lake for the
program. Volunteers were recruited through press releases, or were referred to the program by
Ecology staff, county offices, or from other volunteers. Potential volunteers were accepted into
the program if they indicated that (1) they wanted to monitor an eligible lake, (2) they were.
willing and able to collect monitoring data for the six-month momtonng period, and (3) they had
access to a boat to use while collecting data

Ecology coordinated lake selection with local volunteer lake monitoring programs in King County
(coordinated by METRO) and Snohomish County (coordinated by Snohomish County
Department of Public Works). Some lakes were monitored by Ecology as well as King County’s
Small Lakes ?rogram and Snohomish County’s Volunteer Lake Monitoring Pro;ect with the
intent of comparing information for QA/QC purposes.
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To support the monitoring phase of Ecology’s watershed approach to water quality management,
18 lakes were sampled by Ecology staff within the Spokane, Lower Yakima, Cedar/Green, and
Eastern Olympics basins.

In summary, each year of monitoring includes a group of lakes which have been monitored by

- volunteers over a long period (which allows for trend analysis), a group of lakes relatively new to
the program whose volunteers may or may not continue over a long period, and a group of lakes
monitored by Ecology staff for watershed-based permitting and planning purposes. Only the
latter group of lakes are selected primarily because of a lack of data and geographical
considerations.

Field Methods

There were two separate field data collection efforts for the program: (1) Volunteers measured
Secchi depth and surface water temperature on a relatively frequent basis; and (2) Ecology staff
collected water samples, profiles, and qualitative information on algae and macrophytes during -
two field visits with the volunteers. Each of these data collection efforts is described below,

Vblunteer-—Collected Data and Information

All volunteers measured Secchi disk transparency and surface water temperature from one lake

~ station (the deepest site). Data were collected between 10 a.m. and 2 p.m., approximately every
two weeks from mid-May through mid-October. Water clarity was measured by leaning over the
shady side of a boat, lowering 2 20 cm diameter limnological style Secchi disk until it was no
longer visible, and then slowly raising the disk until it was just barely visible. This depth was then
read from the line attached to the Secchi disk (which is marked at one-foot intervals) and
recorded to the nearest 1/4 foot. The procedure was performed twice during each sampling trip.
If the Secchi disk hit the lake bottom and was still visible, or was obscured by macrophyte
growth, this was indicated on the data reporting card (Appendix A). The Secchi disks used by
volunteers were made by Ecology staff, using methods described in Rector and Hallock (1991).

Surface water température was measured using red alcoho! pocket thermometers. Two styles of
pocket thermometers were used: a BCR model (range -40 to 50°C) and a model from Bacharach
Instrument Company (range -35 to 120°F). Surface temperature was measured by holding the
thermometer six to eight inches below the water surface until temperature equilibrated. The
temperature was then quickly read, and recorded on the data card to the nearest 0.5 degree.
Subjective assessments of weather conditions and water color were also reported on the data
cards.

Each new volunteer was trained by Ecology staff at his or her monitoring site during the May
surveys (see discussion below). New volunteers were provided with a summary of monitoring
instructions, monitoring equipment (Secchi disk and thermometer), a bathymetric map showing
the location of their monitoring site, and business-reply data cards for mailing in data. Each
volunteer was also provided with a vial containing a small amount of Lugol’s solution, to be used
for collecting an algae sample. Collecting algae samples was optional, but having the vial readily
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available made it easier for volunteers to collect and preserve a sample from an algae bloom.
Algae identification was provided by Ecology. '

To reduce the effect of reflections and wave action on Secchi depth, volunteers were provided
with viewing tubes made by Ecology staff. The materials and methods used for these tubes are
shown in Appendix B. Volunteers were asked to measure Secchi depth without the viewing tube,
and then with the tube, on each of their regular monitoring days. The greatest attainable depth,
either with or without the tube, is considered to be closer to the true Secchi depth. It is this depth
we are attempting to record for lake assessment purposes. Secchi depths measured with and
without the tubes were also recorded during the onsite visits with Ecology staff, so that a
determination could be made whether use of the viewing tube increased Secchi readings. Results
of these evaluations are in the “QA/QC Evaluation and Results” section of this report.

All volunteers were mailed a questionnaire near the end of each monitoring season on lake and
watershed uses (Appendix C). The purpose of these questionnaires was to gather additional
information from the monitored lakes that may be used when assessing the lakes. Several
questions required the volunteers to make additional observations around their lakes (e.g.,
counting the number of nearshore homes). Questionnaire results for each lake are presented with
the individual lake assessments at the end of this report.

Data Collected by Ecology Staff

Ecology staff visited most of the volunteers twice in 1994; the first visit occurred during late May
or early June, and the second occurred during late August or early September. The purpose of
these visits was to: (1) observe the volunteer’s Secchi disk reading technique and compare to the
Ecology staff reading, to determine whether the volunteer needed suggestions for improving his
or her technique; (2) collect profile data and water samples from the volunteers’ sampling sites;
(3) collect macrophyte and/or algae samples for identification; and (4) answer questions or discuss
lake issues with each of the volunteers. '

During each field visit, the volunteer took staff from Ecology to their monitoring site, and
anchored if possible. The volunteers and Ecology staff each measured Secchi depth.
Temperature, pH, dissolved oxygen, and conductivity were profiled using a Hydrolab® ‘
Surveyor II or Sonde 3/Surveyor III. Temperature profile data were used to determine whether
the lakes were stratified, and if they were, to determine depths within the epilimnion and
hypolimnion for collecting water samples. Weather conditions, water color, and general
observations about the lake were recorded. If an obvious algal bloom was occurring, a sample
was collected for later identification. Plant samples were either identified onsite, or collected for
later identification. Algae and macrophyte samples were collected for qualitative purposes only,
and results are not inclusive of all species present. l :

During each onsite visit, water samples for total phosphorus (TP), total persulfate nitrogen (TN),
and chlorophyll a were collected using a Kemmerer style water sampler, and were composited
from two to three equidistant depths within the strata (epilimnion or hypolimnion) sampled
(Table 1). The epilimnion and hypolimnion are both determined by using the hydrolab profile
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data. The top layer of water before water temperatures begin to fall at a rate of 1° C/meter is
designated as the epilimnion. The bottom layer of water where the temperature is no longer
falling at 1° C/meter is designated as the hypolimnion. Lakes that were not thermally stratified
were sampled from the epilimnion only. Samples for turbidity were collected from the epilimnion
of the lakes at the same sites and sample depths as the nutrient samples. Lakes to be sampled for
turbidity were selected, in part, by the likelihood that the turbid waters observed in the field are
largely due to sedimentation as opposed to algal growth. Sedimentation would decrease Secchi
depth, thereby distorting Secchi TSI values. ‘

Table 1.  Analytical methods used for samples collected for the LWQA Program.

Method Analy-

Parameter . Strata Sample Analytical - Detection Holding = tical
Sampled" Prescrvation®  Method Limit Time Lab®

Total epilimnion, H,80, SM 4500-F D 3 pg/l 28 days EWU

FPhosphorus hypolimnion o pH<2

Total ;. epilimnion, H,S80, EPA 353.2 0.010 mg/L. 28 days MEL

Nitrogen hypolimnion to pH<2

Chioro- epilimnion MgCOs° SM 10200H 0.5 pg/LL 28days EWU

phyll &/ (2,B)

Turbidity gpilimnion 1 NTU MEL

Fecal nearshore grab SM 9222D 1 colony/ 30h MEL

Coliform . samples (2 sites) 100 mL

Bacteria

1 Al samples within a strata, except fecal coliform bacteria were composited
2 All samples were kept on ice or stored at 4°C until delivery to the lab, or until filtered
3 Manchester Environmental Laboratory (MEL), or the Limnological Laboratory at Eastern ‘Washington

University (EWU)
4  Corrected for pheophytin
5  Approximately 2 mL saturated MgCO; added with last of filtrate onto filter. Packaged filters were iced, or
‘ frozen, until delivered to the lab. :

Two fecal coliform bacteria samples were collected from selected lakes during May and August
1994. Samples were collected approximately 20-35 feet from shore, in areas which appeared (to
the sampling staff) to have some potential source of bacteria. Fecal coliform bacteria sample
bottles were filled by “scooping” water from about eight inches below the water surface, to avoid
surface films.

All samples, except those for chlorophyll a, were traﬁsported onice to the lab and stored at 4°C.
Chlorophyll a samples were filtered through Whatman 4.7 cm GF/C filters as soon as possible
after collection. For most samples, 1,000 mL aliquots were filtered. About 2 mL of saturated
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MgCOs was added to the last of the filtrate to preserve the sample on the filter. Filters were
placed in small plastic petri dishes, then wrapped in foil, and the lab number and volume of sample
filtered was written on the foil. Packaged filters were bagged and stored in ice while in the field,
and kept in a freezer until transported to the lab for analysis:

Sample Analysis Methods

Methods used for sample analyses are listed in Table 1. Sample preservation and énalytical
methods used by Manchester Environmental Laboratory (MEL) are from Huntamer and Hyre
(1991).

Keys used for algal identifications were Smith (1950), Edmondson (1959), Prescott (1962; 1978),
and VanLandingham (1982). Keys used for macrophyte identifications were Hitchcock and -
Cronquist (1973), Tarver ef al. (1978), and Prescott (1980).

Methods Used for Estimating Trophic Status

Carlson’s (1977) trophic state indices (TSI) for Secchi depth (TSIsp), total phosphorus (TSIrp),-
and chlorophyll a (TSIcu ), tempered with some professional judgment, were used to estimate the
trophic status of the monitored lakes. In general, TSIs of 40 or less indicate oligotrophy, TSIs
between 40 and 50 indicate mesotrophy, and TSIs greater than 50 indicate eutrophy (Carlson,
1979). To describe lakes which appeared to be between trophic states, the terms “oligo-
mesotrophic” and “meso-eutrophic” were used.

TSIsp values were calculated from a time-weighted mean Secchi depth calculated from all Secchi
data collected between May and October 1994, The rationale for using a time-weighted TSIgp is
discussed in Rector (1994). A minimum of five Secchi depth measurements separated by at least
two weeks was used to calculate the TSIgp for each lake. Data invalidated by the QA/QC
evaluation (below) were excluded from the TSIgp calculations. TSItp and TSIey values were
calculated separately for each of the May and August results.

1t is not legitimate to average TSI values from different trophic state parameters and to use that
average to summarize a lake’s trophic status. According to Carlson (1977), “the best indicator of
trophic status may vary from lake to lake and also seasonally, so the best index to use should be
chosen on pragmatic grounds.” Therefore, a subjective assessment of all data collected during the
monitoring season was used to determine which index to use for assigning trophic states. Then
monitoring data, other available survey information', and information from the volunteers

(e.g., information on aquatic herbicide use), were used to temper the trophic state assessment for
some lakes. As a result, the trophic state estimations were not based on TSI alone, and were not

! sources of other information included the water quality surveys from 1989 and 1990 (Brower and Kendfa,

1890, Coots, 1991), consultant reports from Ecology-funded lake restoration activities, and lake surveys conducted
by universities.
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necessarily based on the same parameters for all lakes. The basis for each trophic state
assessment is discussed in the Comments section of the Individual Lakes Assessments at the end
of this report.

QA/QC Evaluation and Results

The following section summarizes data quality evaluations of Secchi depth data collected by the
volunteers, profile data measured by Ecology staff with the profiling instrument, and water
chemistry results from water samples analyzed by laboratories. A more detailed discussion of
QA/QC methods used for this program is in Lake Water Quality Assessment Program Quality
Assurance Project Plan (Hallock, in draft). Table 2 summarizes the LWQA Program’s data
quality objectives. Laboratory QA/QC results for all parameters are listed in Appendix D.

Table 2. Summary of data quality objectives for the Lake Water Quality Assessment Pfogram.

Parameter | Detection Precision Accuracy
' Limit . (Bias) -
Secchi Depth - CV <10% (daily pairs) CV <10%
median CV <5% (all pairs/ (volunteer/Ecology)
lake)
Total Phosphorus 5 pg/L ‘median CV £ 7.5% (lab splits) < 2.5% relative bias

median CV < 21% (field dups)  (lab check standards)
80-120 % recovery

(matrix spikes)
Total Persulfate 0.050 mg/L median CV < 7.5% (lab splits) < 5% relative bias
Nitrogen median CV £ 30% (field dups)  (lab check standards)
" Chlorophyli a 0.5 ug/L median < 10% (field splits) - < 2.5% relative bias
- (lab check standard)
Profile parameters
Temp. -- -~ + 0.5 degree C
pH - - +0.2 SU
. DO - - +0.30 mg/L,
spec. cond. -- - + 5 umho/cm
Fecal Coliforms 1 colony/100 mL CV < 35% (lab splits) m
Turbidity 1 mg/L + 0.5 NTU (lab sphits) - -

Source of information: Hallock (1995, in draft)
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Volunteer-Collected Secchi Data

On each sampling date, volunteers measured the Secchi depth two times. The coefficient of
vatiation (CV) was calculated for each pair of Secchi depth readings, to evaluate the volunteers’
abilities to reproduce their measurements. Although this is summarized as “precision” in Table 2,
it should be apparent that the two sets of readings cannot be collected independently of each
other, so the estimation of precision may be biased. Pairs which exceeded the requirements in the
data quality objectives were not used in calculations of trophic state indices (TSIsp).

For volunteers who measured Secchi depth using one method (7.e., with tube for both or without
tube for both), overall variability for each volunteer was evaluated using the median CV for all
pairs of duplicate readings. Overall variability could not be evaluated for volunteers who
measured Secchi depth once with and once without the view tube on each sampling day. In these
cases the quality assurance evaluation relied mainly on the side by side comparisons with Ecology
staff.

During the two field visits with the volunteers, Secchi depth was measured by both Ecology staff
and the volunteers. The CV was calculated for Secchi depths measured during these field visits to
evaluate the “accuracy” of the volunteers’ measurements (assuming the Ecology staff reading was
the “standard”). The Ecology staff reading is considered the standard since it is the only
consistent observer from lake to lake. '

Overall it was apparent that the majority of volunteers cannot see the disk as deep as Ecology
staff.  (This was also documented in Rector (1995 draft); Rector and Hallock (1993).) In an

- attempt to improve Secchi depth readings collected by volunteers, viewing tubes were made by
Ecology staff and distributed to volunteers in 1993 (Rector, 1995 draft). Comparisons between
volunteer-measured Secchi depths and Ecology staff-measured Secchi depths were made during
the field visits. Based on improved “accuracy” using the viewing tubes, a few volunteers were
asked to use a viewing tube for all their Secchi disk readings. Other volunteers use the tube as
needed, indicating on the reporting card when the tube was used, or consistently report readings
collected with, and without, the tube. Except for those volunteers who need to use the tube to
increase “accuracy,” most measurements made without tubes were used when both “with” and
“without” readings were reported. This allows for readings collected before 1994 (including
historical data) to be compared to readings collected for the current program. One exception is
" Lake Wenatchee, which is frequently choppy due to high winds in the area. The viewing tube has
made it much easier for the volunteer to measure Secchi depth at this lake.

Profile Data

The Hydrolabs were pre- and postcalibrated daily for pH and dissolved oxygen. The
manufacturer’s instructions were followed for pH calibration, using pH 7 (low ionic strength) and
pH 10 (high ionic strength) standard buffer solutions. Postcalibration readings <0.2 pH unit of
the standard buffer values were considered acceptable. Dissolved oxygen of the Hydrolab |
Surveyor II was checked against the mean of three azide-modified Winkler titrations; dissolved
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oxygen concentrations from the Sonde 3/Surveyor III unit were checked against the theoretical
water-saturated air method as well as field samples collected for Winkler titrations.
Postcalibration results <0.3 mg/L of the comparison methods (Winkler or theoretical) were
considered acceptable. Specific conductance, a more stable parameter on the Hydrolab, was
checked periodically using the manufacturer’s instructions. Potassium chioride standards used for
conductivity calibration ranged from 101 to 105 umhos/cm at 25°C (the molarity varied between

individual solutions used). Postcalibration values <5 umhos/cm of the standard value were
considered acceptable. Temperature was also checked periodically against a National Institute of
Standards and Technology (NIST) thermometer. Values within 0.5°C were considered
acceptable.

Hydrolab postcalibration data were outside acceptable ranges for the following lakes and sﬁrveys:

- May Survey August Survey
Dissolved Oxygen pH Dissolved Oxygen pH
Byron (none) Wenatchee North Pattison
Bosworth ‘ Cortez * Phillips
Buck Lone ' - . Sawyer
Island Goss . - Tiger
Limerick Cranberry - Wooten
Long {Kitsap County) Ellen Wye
Mason
Nahwatzel
Roesiger
Stevens
Summit
Trails End
Wooten

Data for the parameters and lakes listed above are not reported here. Hydrolab post-calibration
data are compiled in Appendix E.

Total Phosphorus Data

Methods used in this report for evaluating the quality of TP data (Hallock, in draft) were specified
after the 1994 samples were collected. As a result, some evaluations are not complete. The

- following discuss laboratory quality control (QC) and total vanability determined from results of
field duplicates.

Laboratory QC'

Total phosphorus data from both surveys were acceptable, based on results from lab blanks, lab
duplicates, and lab check standards (Appendix D). However, a few high values for blanks (one
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total phosphorus transport blank, and a chlorophyll post-filter blank) suggest that one of the
distilled water carboys was contaminated. In the future, clean containers will be used for carrying
distilled water in the field. '

An additional check on laboratory quality control was to submit diluted standards as “blind”
samples. Results from these blind standards were compared against the 95% confidence intervals
provided in the literature with the samples. However, because the standards had to be diluted

considerably to be in the expected range of lake samples, the ranges of the extrapolated
confidence intervals {calculated from equations provided with the standards) were extremely wide
(e.g., 6.9 ug/L to 53.8 ug/L for a known TP concentration of 15 pg/L). Results from both sets of
blind standards were considered acceptable (Appendix D).

Field Variability Evaluated from Field Duplicates

Samples were collected at a second site from 10 lakes during each survey. The ten lakes were
chosen according the requirements of the QAPP which essentially require the 10 lakes to
represent the broad spectrum of phosphorous concentrations found in lakes throughout the state.
The second site was chosen to represent a second deep site on the lake with a distance of at least
100 meters from the first site (if possible, depending on the size of the lake). These samples were
collected to evaluate the representativeness of collecting epilimnetic data from a single lake
station. Results from the two stations are evaluated using the median CV from all pairs.

Results in Table 3 show that the median CV value was higher during the May survey than during
the August survey. Also, the median CV for the May survey exceeded the program’s limit of

< 21% for field duplicates. As stated in the quality assurance project plan (QAPP) to achieve
spatial plus analytical variability within +5 TSI units using one sample per lake, the median CV of
10 duplicate samples must be <21%. The majority of the total variability in Table 3 was likely due
to field variability, because lab variability was relatively small; laboratory precision, which was
calculated from field duplicate samples analyzed by the lab in duplicate, was 3.1% for the May
survey, and 2.8% for the August survey (Appendix D).

Table 3. Total precision of field duplicates.

Field Duplicates n min, max CV%  median CV%

~ May survey ' 10 10.9-857 344
August survey g% 3.0 -63.3 13.5
_both surveys 20 3.0-857 29.4

* result for one lake was not used; the site one result was 103.0, and site two was 3.8; the result
from the lab splits from the site two sample was 3.8 and 4.1.
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A nested analysis of variance was used to evaluate the relative contribution of lake, season, and
station to overall variability in TP concentration