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Notice

The information in this document has been funded wholly or in part by the United States
Environmental Protection Agency under contract number 68-03-3249 and 68-03-
3050 to Lockheed Engineering and Management Services Company, Inc., No. 68-03-
3246 to Northrop Services, Inc., and Interagency Agreement Number 40-1441-84 with
the U.S. Department of Energy. It has been subject to the Agency’s peer and
administrative review, and it has been approved for publication as an EPA document.

The mention of trade names or commercial products in this report is for purposes of
illustration and does not constitute endorsement or recommendation for use.

This document is one volume of a set which fully describes the Western Lake Survey -
Phase . The complete document set includes the major data report (2 volumes), quality
assurance plan, analytical methods manual, field operations report, and quality assurance
report. Similiar sets are being produced for each Aquatic Effects Research Program
component project. Colared covers, artwork, and use of the project name in the
document title serve to identify each companion document set.

Proper citation of this document is:
Silverstein, M. E., M. L. Faber, S. K. Drousé, and T. E. Mitchell-Hall. Western Lake

Survey--Quality Assurance Report. EPA-600/4-87-037. U.S. Environmental
Protection Agency, Las Vegas, Nevada.




Foreword

The primary function of this quality assurance report is to assess the data quality for the
Western Lake Survey - Phase |. A known degree of confidence in the data quality is
essential to the initial data user, who must rely on the estimates of data quality in the
determination of subregional and regional population estimates (a major goal of Phase | of
the National Surface Water Survey). Confidence in data quality is also essential to future
data users, who can use this report as a reference guide in determining levels of
performance for their own research purposes.

This document is also directed to numerous individuals, contractors, and government
agencies that were involved in the planning and the day-to-day survey operations.
Each of these participants has a unique interest in the specific performance aspects of
the survey. The U.S. Department of Agriculture Forest Service, the National Park Service,
the analytical and preparation laboratories, the field sampling personnel, and the field
laboratory personnel all have interests in specific information on performance and
participation. The detailed discussions, however, are not included solely for the benefit of
individual participants or groups; they are intended to aid program managers and future
survey designers in refining data quality objectives and methods on the basis of past
performance and sampling design.

The final goal of the document is to ask questions that do not, at present, have answers.
These questions are directed toward present and future data users and survey designers.
Thus, the document is intended as a guide for present and future data users and as a
history of events that may prove valuable to designers of similar surveys. The specific
expertise that these individuals bring to their reading of this document will be the ultimate
source of more efficient and meaningful survey designs and quality assurance programs.




Abstract

The quality assurance program for the Western Lake Survey - Phase | was designed to
ensure that the data collected were of known and acceptable quality. The quality
assurance program was based on similar activities conducted for the Eastern Lake
Survey - Phase | and included the following major elements: selection of analytical
laboratories, training of field sampling and field laboratory crews, on-site evaluation of
field and analytical laboratories, daily communications with survey participants, and
verification and evaluation of data collected. Numerous quality assurance and quality
control samples (e.g., blanks, duplicates, audits, spikes, and check samples) were used
to identify, qualify, and quantify sources of sampling and analytical variability in terms of
precision, accuracy, bias, and analytical detectability. The relative importance of these
sources of variation was assessed by comparative statistical evaluations.

Until all of the phases of the National Surface Water Survey have been conducted and
their data sets are available for comparison, an assessment of Western Lake Survey -
Phase | data quality cannot be considered complete. It can be stated, however, that the
final data set represents data of high quality that can be used with confidence in the
calculation of population estimates. Precision, accuracy, and detectability estimates
generally met survey data quality objectives. Samples were complete, analyses were
performed within specified holding times, and 10 of 15 strata met sampling completeness
criteria. Quality assurance samples adequately characterized the routine lake water
samples, with the exception that field audit samples did not represent the midrange of the
lake water sample analyte concentrations.

For future surveys, refinement of data quality objectives and of the sampling design will
be necessary to improve partitioning of the components of variability and to account for
circumneutrality, differences in sample concentration, and differences in ionic strength of
lake waters. Data from the West can be compared to data from other elements of the
National Surface Water Survey; no calibration of data is necessary for procedural
differences in sampling or analytical methodology.

By its ability to identify trends and to isolate problems in the survey data, the quality
assurance program also confirmed the overall soundness of the survey design, execution,
and data generation process. The data verification process yielded numerous suggestions
for refining lake sampling, field laboratory, analytical laboratory, and data management and
analysis procedures. These suggestions are given in tabular form in the Conclusions and
Recommendations section, along with summaries of the associated findings, corrective
actions, and impact on data quality.




This report was submitted in partial fulfilment of contract number 68-03- 3249 by
Lockheed Engineering and Management Services Company, Inc., under the sponsorship
of the U.S. Environmental Protection Agency. This report covers a field work period from
September 10, 1985, to November 4, 1985; data evaluation and verification were
completed as of May 14, 1986.
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Section 1
Introduction

Purpose

This report reviews the quality assurance (QA) and
quality control (QC) activities and the analytical data
quality estimates associated with the Western Lake
Survey - Phase | (WLS-l). It is intended to provide
baseline information on WLS-l data quality. The final
report for the survey (Landers et al., 1987; Eilers et
al., 1987) provides an overview of WLS-| activities
and results. The WLS-[ QA plan (Silverstein et al.,
1987), the analytical methods manual (Kerfoot and
Faber, 1987), and the field operations report (Bonoff
and Groeger, 1987) provide detailed information about
specific aspects of WLS-l. These documents, in
turn, reference their Eastern Lake Survey - Phase |
(ELS-l) counterparts: Drousé et al. (1986), Hillman
et al. (1986), and Morris et al. (1986).

Organization

This QA report describes QA and QC activities
related to collecting, processing, analyzing, and
handling samples and data. General conclusions and
recommendations concerning data quality, as well as
supporting conclusions and recommendations
concerning QA program design and aperation, are
presented in Section 2. The QA program used during
WLS-I sampling and sample analysis is described in
Section 3. Data review and data verification
procedures are described in Section 4. Results and
discussion related to the operational aspects of the
QA program are given in Section 5. Subsequent
sections present the statistical evaluations and quality
assurance results for three primary analytical data
quality objectives (DQOs): precision (Section 6),
accuracy (Section 7), and detectability (Section 8).
Sections 6 through 8 also provide guidance for using
the QA and QC data in interpreting WLS-1 overall
results. Section 9 summarizes the special studies
conducted in conjunction with WLS-I and presents
QA and QC results associated with those studies.
The appendices provide supporting data, and a
glossary at the end of the document defines
abbreviations and terms used throughout.

Specific Applications

The sampling and QA designs of WLS-l were
complex. As a result, this document contains detailed

information about situations that may have affected
data quality. Readers interested solely in the impact
of data quality on population estimates are directed to
the following sections, tables, and figures:

e Section 2, "Lake Water Characteristics," is an
analyte-by-analyte synopsis of the QA and
QC data interpretation.

® Appendix J summarizes data quality analyte by
analyte. The figures illustrate data detectability
and the variability of the data used to calculate
the population estimates for all analytes over the
range of concentrations of WLS-| iake waters.

e Tables 15 and 21 present precision statistics
that indicate how variability affects the routine
lake sample results.

® Table 16 interprets the statistical results of
Tables 15 and 21.

¢ Table 20 summarizes the success of the major
precision components by sampling method and
by analytical laboratory.

® Table 29 presents estimated accuracy statistics.

e Table 30 summarizes Table 29 by presenting
analytes that exhibit a high degree of
inaccuracy.

® Table 31 presents the statistical relation
between detectability and the routine sample.
The system decision limit (Pgs) should be of
particular interest.

Readers interested in assessing whether or not the
DQOs were met and in determining how WLS-I|
experience can be applied to future surveys are
directed to the following sections, tables, and figures:

e Tables 4 through 7 present significant findings
concerning WLS-I sampling, sample
preparation, sample analysis, and data analysis.
The problems, corrective actions, effects on the



data, and recommendations for future surveys
are described for each aspect.

® Tables 22 and 23 present statistical results of
the intralaboratory precision estimates, which
relate directly to the DQOs for precision.

® Table 25 presents an interpretation of Tables 22
and 23.

® Table 29 presents a statistical analysis of
accuracy estimates.

® Table 30 summarizes Table 29 by presenting
analytes that exhibit a high degree of
inaccuracy.

e Section 8, "Estimating Detectability from
Calibration and Reagent Blanks"compares the
results of analytical instrumental detection limits
to the required detection limit, the DQO for
detectability.

® Appendix D, Table D-3 presents the statistical
results of the instrument detection and
calibration blank data discussed in Section 8.

® Section 9, “Special Studies," presents results of
the calibration study and nitrate-sulfate stability
study.

Survey Design and History

WLS-l was conducted during fall 1985 as a part of
the National Surface Water Survey (NSWS). NSWS,
which was initiated by the U.S. Environmental
Protection Agency (EPA) in 1983, is a project within
the National Acid Precipitation Assessment Program
(NAPAP). The goals of NSWS are (1) to describe and
evaluate, through a series of regional field surveys
and monitoring projects, the present chemical status
of lakes and streams in areas of the United States
that are potentially susceptible to the effects of acidic
deposition, (2) to study the temporal variability
associated with the chemical status of these waters,
(3) to identify associated biological resources, and (4)
to monitor changes over time in a representative
subset of the aquatic systems studied (Landers et al.,
1987).

Between mid-September and mid-November 1984,
the U.S. Department of Agriculture - Forest Service,
in conjunction with EPA Region 8, conducted a pilot
study to test the procedures that would be used in
WLS-Il. The Forest Service selected 62 lakes from
among those in the Weminuche Wilderness (San
Juan Mountains, Colorado), the Uintas Wilderness
(Utah), and the Cloud Peak Wilderness (Big Horn
Mountains, Wyoming). When the pilot study lakes
proved difficult to reach from the ground within the
time constraints imposed by the sampling design,
concern arose that some of the approximately 900

lakes scheduled for sampling in WLS-I could not be
accessible from the ground. As a result, helicopters
were introduced as an alternative method of reaching
WLS-| lakes.

The pilot study helped anticipate problems that might
be encountered during WLS-I and contributed to the
refinement of procedures used to reach wilderness
lakes from the ground. Pertinent results from the pilot
study are summarized in Table 1.

In most respects, WLS-I followed the survey design
and protocols used for ELS-I. The major difference
between the two surveys was that WLS-| used two
access methods. Ground crews sampled the lakes
from boats; helicopter crews landed the helicopters
on the lakes in order to conduct sampling activities.
ELS-I crews used helicopter access only. Because
two methods of access were used, it was necessary
to develop a method for quantifying differences
between them. To provide this comparative
information, a calibration study (Section 9) was
incorporated into the WLS-I sampling design.

The mountainous areas studied were categorized as
subregions as shown in Figure 1, and the subregions
were divided into alkalinity classes. WLS-l ground
crews and helicopter crews collected samples from
757 of the 920 lakes originally scheduled for
sampling. (Bonoff and Groeger [1987] and Section 5
of this QA report discuss the reasons that some lakes
were not sampled.) This sample represented nearly
10,400 lakes in the target population. Most of the
lakes sampled were chosen randomly for use in
population estimates (Landers et al., 1987); these
lakes are referred to as the probability sample (719 of
the 757 lakes). Other lakes were chosen as special-
interest lakes; these lakes were not part of the
probability sample and were not used in population
estimates. For WLS-I, the term "population
estimate” refers to an estimate of the number of
lakes in the target population that have a particular
characteristic (i.e., alkalinity class of a subregion).
The estimate is extrapolated from the number of lakes
sampled (the probability sample).

Each lake was represented by a single routine
sample, for which 24 chemical and physical
characteristics were measured at the lake sites, field
laboratories, or analytical laboratories (see Table 2).
Descriptions of these characteristics and of the
analytical methods are given in Hillman et al. (1986)
and in Kerfoot and Faber (1987). The WLS-|
sampling design was based on the premise that
measurement of 24 variables for a single routine
sample from each lake would provide information
sufficient to evaluate the present chemical status of
the lakes studied. See Landers et al. (1987) for a

‘detailed discussion of population estimates.




Table 1. Summary of Results, Western Lake Survey Pilot Study

Pilot Activity Situation Encountered Application to WLS-|
Lakes Access was by ground (boat) Bad weather (snow storm) closed trails in Emphasized need for (1) helicopter
only Wyoming; 75% of lakes could not be access and (2) coordinating sampling
sampled time with weather forecasted
Lakes selected for proximity to Phase | lakes were selected randomly; Emphasized need for helicopter
trailhead some were far from trailhead : access
Lake samples preserved and High risk of contamination Emphasized need for central,
processed in tents or outdoors . accessible field laboratory
Lake samples processed without Unable to process extractable Al aliquot, Emphasized need for central field
electricity perform sample filtrations, or analyze for laboratory
DIC (closed system), pH (closed system), or
turbidity
Ground crews used a Hydrolab for in ~ An extra pack animal was needed to carry Emphasized complex logistics
situ measurements of conductance, CO, tank for Hydrolab calibration necessary to obtain in situ
pH, and temperature ' measurements by ground access
Samples shipped from field every Protocol stated that extractable Al, NO3', Emphasized need for daily shipments
three days and pH had to be analyzed within 7 days; as in ELS-I

improbable that analytical laboratory could
perform analysis within holding times

Field communications Considered inadequate; possibility of safety ~ Emphasized need for coordinated
hazards for sampling crews communications network

Data not collected on standardized Inability to compare pilot survey data to Emphasized need for data base

NSWS form; no QA/QC data other data bases confidently management and QA/QC input

documentation

Survey Participants

The EPA Environmental Monitoring Systems
Figure 1.  Subregions studied, Western Lake Survey - Laboratory in Las Vegas, Nevada (EMSL-LV), had
Phase I. . Lcrs .
primary responsibility for the WLS-1 sampling
operations and QA program. EMSL-LV received
assistance in these areas from its prime contractor,
Lockheed Engineering and Management Services
Company, Inc. (Lockheed-EMSCO). Lockheed-
EMSCO personnel performed the helicopter-access
sampling activities, and Forest Service personnel
performed most of the ground-access sampling
activities. State agencies and EPA regional offices
also were involved in the sampling activities.
Environmental Monitoring and Services, Inc., in
Thousand QOaks, California, and Versar, Inc., in
Alexandria, Virginia, provided analytical laboratory
services. The two laboratories were selected
N according to procedures established for the EPA’s
~~~~~ : Contract Laboratory Program (CLP). Oak Ridge
‘ National Laboratory (ORNL) in Oak Ridge,
Tennessee, was responsible for data base
management. The EPA Environmental Research
Laboratory in Corvallis, Oregon (ERL-C), had
primary responsibility for survey design, data
validation, and data interpretation.

Northern Rocky

~ — Subregion Boundary Data Quality Objectives

WLS-| analytical data quality objectives (DQOs)
established the measurement criteria for the 24
variables studied. The statistical design, sampling and
analytical methods, and QA activities for WLS-| were




Table 2. Chemical and Physical Characteristics Measured, and Associated Data Quality Objectives for Detectability, Precision, and Accuracy, Western Lake
Survey - Phase |
Intralaboratory
Detectability (Laboratory Duplicate)
Precision
Accuracy
Measure- Variable Expected Required Percent Relative Maximum
ment (dissolved ions and Analytical Range (for lake Detection Standard Deviation Absolute
Site2 metals unless noted) Method Unit waters) Limit (%RSD), Upper Limitb Bias
A Al, extractable Complexation with 8-hydroxyquinoline mg/L 0.005-1.0 0.005 10 (if Al conc. > 0.01 mg/L) 10%
and extraction into methyl isobutyt 20 (if Al conc. = 0.01 mg/iL) 20%
ketone followed by atomic absorption °
spectroscopy (furnace)
A Al, total Atomic absorption spectroscopy mg/L 0.005- 1.0 0.005 10 (if Al conc. > 0.01mg/L) 10%
) (furnace) 20 (if Al conc. = 0.01 mg/L)
20%
A Acid Neutralizing Titration and Gran analysis peg/L -100 - 1,000 c 10 10%
Capacity (ANC)
A Base Neutralizing Titration and Gran analysis peq/l -10 - 150 c 10 10%
Capacity (BNC)
A Ca Atomic absorption spectroscopy (flame) mg/L 0.5-20 0.01 5 10%
or inductively coupled plasma atomic
emission spectroscopyd
A Cr lon chromatography mg/L 0.2-10 0.01 10%
AL Conductance Conductivity cell and meter uS/icm 10 - 1,000 € 2 5%
(at 25°C)
AF Dissolved Inorganic Instrumental (acidification, CO5 mg/L 0.05 -15 0.05 10 10%
Carbon (DIC) generation, IR detection)
A Dissolved Organic Instrumental (uv-promoted oxidation, mg/L 0.1 -50 0.1 5 (if DOC conc. > 5 mg/L) 10%
Carbon(DOC) CO; generation, IR detection) 10 (if DOC conc. < 5 mg/L) 10%
A F", total dissolved lon-selective electrode and meter mg/l. 0.01 -0.20 0.005 5 10%
A Fe Atomic absorption spectroscopy (flame) mg/L 0.01 -5.0 0.01 10 10%
or inductively coupled plasma atomic
emission spectroscopy ¢
A K Atomic absorption spectroscopy (flame) mg/L 0.1-1.0 0.01 10%
A Mg Atomic absorption spectroscopy (flame) mg/L 0.1-7.0 0.01 10%
or inductively coupled plasma atomic
emission spectroscopy?
A Mn Atomic absorption spectroscopy (flame) mg/L 0.01 -5.0 0.01 10 10%

or inductively coupled plasma atomic
emission spectroscopy @

(continued)




Table 2.

(Continued)

Intralaboratory
Detectability (Laborliitrc;ré/i Sli):nphcate)
Accuracy
Measure- Variable Expected Required Percent Relative Maximum
ment (dissolved ions and Analytical Range (for lake Detection Standard Deviation Absolute
Site2 metals unless noted) Method Unit waters) Limit (%RSD), Upper Limitd Bias
A Na Atomic absorption spectroscopy (flame) mg/L 0.5-7.0 0.01 5 10%
f A NH4* Automated colorimetry (phenate) mg/L 0.01- 2.0 0.01 5 10%
1 A NOj~ fon chromatography mg/L 0.01- 5.0 0.005 10 10%
A P, total Automated colorimetry (phospho- mg/L 0.005 - 0.070 0.002 10 (if P conc. > 0.01 mg/lL) 10%
molybdate) 20 (if P conc. < 0.01 mg/L) o
20%
F,L pHf pH electrode and meter pH units 3-8 N/A + 0.1 (pH unit) +0.05 pH
A pHf pH electrode and meter pH units 3-8 N/A +0.05 (pH unit) +0.05 pH
A Si0; Automated colorimetry (molybdate mg/L 0.2-25 0.05 5 10%
blue)
S0,42- ton chromatograpy mg/L 1.0 - 20.0 0.05 5 10%
F True Color Comparison to platinum-cobalt color platinum- 0 - 200 0 +5 (PCU) N/A
standards cobalt units
(6)] (PCV)
F Turbidity instrument (nephelometer) nephe- 2-15 2 10 10%
lometric
turbidity
units (NTU)

a A = analytical taboratory, F = field laboratory, L = lake site.
b This limit was the %RSD at concentrations 10 times the required detection limit, uniess otherwise noted.
¢ Absolute value of each blank had to be < 10 peg/L.
d Atomic absorption spectroscopy used by Laboratory if; inductively coupled plasma atomic emission spectroscopy used by Laboratory |.
e The mean of six nonconsecutive blank measurements had to be < 0.9 pS/cm.
f Although more than one sample preparation procedure was used {e.g., air equilibration, closed system, open system), the data quality objectives were identical.
NOTE: No specific data quality objectives were set for in situ Secchi disk transparency and temperature measurements.




structured to meet the DQOs for reporting population
estimates and chemical variability. The DQOs also
were applied to the statistical assessment of
sampling, field laboratory, and analytical laboratory
performance.

The primary DQOs were measures of precision,
accuracy, and detectability (see Table 2). Precision
was expressed as (1) standard deviation, (2) percent
relative standard deviation (%RSD), and (3) the
root-mean-square (RMS) of the %RSD, that is, as
a "pooled” precision or coefficient of variation. (See
Section 6 and Glossary for further explanation of
RMS and %RSD.) Accuracy was expressed as
maximum absolute bias, in percent. Detectability was
expressed in applicable units as an expected range of
values and as a detection limit. Each laboratory had
to meet the detection limit specification, which is
referred to throughout this report as the required
detection limit, for each analyte. For the variables
studied, measurements taken at the lake sites, in the
field laboratories, and in the analytical laboratories
were compared directly or indirectly to the values and
the ranges of values established for the DQOs.
During the survey, these comparisons were used to
locate potential sampling, analytical, and reporting
errors so that problems could be identified and
corrected early.

The values and the ranges of values originally were
determined on the basis of known instrument
performance as specified by the manufacturers,
standard laboratory practices (U.S. EPA, 1979), and
practical knowledge applied to statistical modeling of
chemical population estimates. The WLS-I values
and ranges were identical to those used in ELS-I
(Drousé et al., 1986), except that the precision
requirement for conductance was changed from 1
percent in ELS-l to 2 percent in WLS-I.

Three other DQOs, completeness, comparability, and
representativeness, also were considered in the
survey design. Completeness is a measure of the
quantity of data actually collected in relation to the
quantity that is expected to be collected. On the basis
of ELS-l results, completeness for WLS-l was set
at 90 percent or better for all variables. That is, of the
lakes selected for sampling, 90 percent or more were
expected to yield samples that would meet the QA
criteria and that could be used to estimate
populations. In addition, completeness refers to the
relation between the number of QA samples analyzed
and the number of routine samples analyzed.
Completeness also refers to the percentage of
samples that meet internal consistency checks and
that are analyzed within required holding times.

Comparability is the confidence level with which one
data set can be compared to another. For WLS-I,
comparability was ensured by requiring all sampling
crews and laboratory analysts to use uniform

procedures and by ensuring that a uniform set of
units was used for reporting the data. The calibration
study quantified the comparability of the helicopter-
access and ground-access sampling methods.
Comparability between WLS-1 and other NSWS
surveys and between WLS-| and surveys conducted
under non-NSWS programs is discussed further in
Landers et al. (1987). In addition, significant design
and protocol changes that were implemented for
WLS-| as a result of ELS-I experience are given in
Table 3.

Representativeness, defined as the degree to which
data accurately and precisely represent a
characteristic of a population, is an important concern
of NSWS. The sampling scheme for WLS-l was
designed to maximize representativeness. A
systematic, random sample drawn within each
stratum ensured good geographic coverage without
bias (Landers et al., 1987). Other aspects of
representativeness apply to (1) the degree to which a
subset of lakes sampled represents the subregional
and regional population of lakes and (2) the degree to
which a single lake sample characterizes the
chemistry of the lake spatially or temporally.
Theseaspects of representativeness are discussed in
Landers et al. (1987). Finally, representativeness
applies to the degree to which QA and QC samples
represent routine lake samples. The ranges of analyte
concentrations in the QA and QC samples and in the
routine samples are evaluated to assess this aspect
of representativeness.

Sampling, Analytical, and Data
Management Operations

Field sampling activities conducted by ground crews
and by helicopter crews included locating and
describing lake sites, collecting lake water samples,
and collecting and recording physical and chemical
lake data at the sampling sites (see Figure 2).
Detailed field sampling procedures are given in Bonoff
and Groeger (1987). Ground-access and
helicopter-access sampling protocols are described
in Silverstein et al. (1987).

Sampling support facilities and mobile field
laboratories were located at the five WLS-I field
bases in Carson City, Nevada; Wenatchee,
Washington; Missoula, Montana; Bozeman, Montana;
and Aspen, Colorado. The primary goals of the field
laboratory operations were to receive samples, to
prepare sample batches, to perform selected
chemical analyses, and to preserve the integrity of
samples until their analysis at the analytical
laboratories. WLS-I analytical laboratories received
samples from the field laboratories, analyzed the
samples, and generated a report on the analytical
data (see Figure 2). The WLS-I analytical methods
are discussed in Kerfoot and Faber (1987); these




Table 3. Changes in Protocol Between Eastern Lake Survey - Phase | and Western Lake Survey - Phase |
Sampling Method and Field Data Collection

Protocol Change

ELS-I

WLS-|

Effect on Data

Recording lake site
locations (latitude and
longitude) on lake data
form

Van Dorn sampling
apparatus dimensions

In situ lake
measurements
(conductance, pH,
temperature)

Access to lakes for
sampling

Only Loran-C guidance
system coordinates recorded

Length 43 cm (volume
6.21)

Hydrolab used for all
measurements

Only by helicopter

Loran-C and map (USGS;
Forest Service) coordinates
recorded

Length 81 cm (volume 6.2 L)

Only helicopter crews used
Hydrolab; ground crews used
indicator strips for pH, used
thermistor for temperature,
and did not take conduc-
tance measurement

By helicopter and by boat
{(ground crew)

Easier to confirm that lake
sampled was the correct lake

Shallow lakes sampled in
ELS-I could be as much as
0.5 m shallower than shallow
lakes sampled in WLS-I

No in situ conductance
measurements for 362 lakes;
questionable in situ pH
measurements for 362 lakes

No apparent effects on
population estimates

Protocol Change

Field Laboratory Protocols

ELS-I

WLS-

Effect on Data

Sampling filtering
procedures

Preparation of aliquots
analyzed for total
aluminum

Color of labels used on
aliquot bottles

Reanalysis of field
duplicate pair samgles
when precision not
within control limits for
turbidity, true color, and
closed-system DIC

and pH

Safety check for MIBK
in ambient laboratory air

All aliquots of each sample
filtered in one filtration
apparatus

Aliquots prepared (poured)
at workbench

All labeis one color

Only the duplicate sample
reanalyzed

Organic vapor monitors

Segregated aliquots filtered
for NO3™ analysis from
apparatus that was washed
with 5% HNO3 (used for
aliquots filtered for metals
analyses); procedure used
first in NSS-Pilot after
development during ELS-|
Aliquots poured under
laminar-flow hood

Color-colored labels used
to distinguish aliquots
preserved with nitric acid,
with sulfuric acid, and by
refrigeration only

Routine and duplicate
samples both reanalyzed

Photoionization detector

Reduced the level of NO3
background contamination
detectable in field blank
samples

Minimized chance of sample
contamination from dust
particles in ambient air of
field laboratory

Minimized chance of analyst
switching or improperly
preserving aliquots of one
sample or of multiple
samples

Better assessment of which
sample may have caused
the poor precision.

None; immediate response
time of photoionization
detector minimized health
risks

(continued)




Table 3. (Cor.tinued)

Protocol Change

Analytical Laboratory Protocols

ELS-|

WLS-I

Effect on Data

Calculating the starting
date of analytical
laboratory sample
holding time

Began on date sample was
collected

Began on date sample was
processed and preserved in
field laboratory

Affected some ground-
access samples only; no
apparent effect on data (see
results of calibration study,
Section 9)

Protocot Change

Data Verification and Data Analysis

ELS-i

WLS-i

Effect on Data

Use of laboratory
synthetic audit samples

Synthetic audit
concentrations

Determination of field
btank control limits in
AQUARIUS program

AQUARIUS program
developed to compare
extractable and total
aluminum concentra-
tions for each sample

Anion-cation balance
program in AQUARIUS

Identifying erroneous or
unreliable data in the
verified data set (e.g.,
pH = 15.2)

Applying data qualifier
flags to raw data set

System of QA staff
requesting confirmation
and reanalysis of
analytical laboratory
data

Data tape transfer
among ORNL, EMSL-
LV, and ERL-C

Employed; possible
problems in sample
preparation

Low and high concentrations
used

Based on QA chemists’
experience with
environmental sample
analysis

Not a part of the
AQUARIUS system

All ANC vaiues in the ion
balance calculation used as
they were reported by the
analytical laboratory

No mechanism

Employed

No systematic tracking
system used

Approx. 10 tapes used to
transfer data from raw to
verified data set

Not employed due to results
obtained in ELS-|

Only low concentrations
used; WLS-! lakes
expected to be dilute

Based on ELS-I field blank
data results (Appendix B)

Employed in WLS-|

All ANC values between
-10 peg/l- and +10 peg/L
changed to 0 peg/L for the
ion balance calculation only
(Section 4)

Creation of the “X0” data
qualifier fiag

Not employed

Application of a new NSWS
standardized form for
tracking requests (Appendix
A)

Two tapes used to create a
verified data set from the raw
data

Unable to estimate accuracy
of analytical laboratory
performance only

Without a variety of
concentrations, bias
calculations cannot be
performed

Historic NSWS data
provided a priori information
unavailable in ELS-I;
provided more confidence in
assessing blank data for
acceptable background
concentrations

Minimized possibility of
overlooking reporting or
analytical errors evident from
examining the
total/extractable aluminum
relationship

Eliminated unnecessary
flagging of data

Easier for data user to isolate
questionable data in
statistical analyses

Minimized confusion
concerning source of data
problems

Easier to track requests;
established documentation
system for data changes

Eliminated confusion in data
transfer by minimizing
number of iterations

(continued)




Table 3. (Continued)

Data Verification and Data Analysis (continued)

Protocol Change ELS-I WLS- Effect on Data
Preparation of natural Prepared samples as Prepared total lot volume en  Ensured homogeneity of lot
audit lot as 2-L needed masse as 2-L samples by eliminating chance of
samples at Radian day-to-day contamination
Corporation

Not necessary, only
helicopter access used

Use of sample codes to
distinguish samples
collected by helicopter
and ground crews

Data quality objective 1%
for conductance
(intralaboratory

precision goal)

Employed

2%

Ease of statistical analysis to
detect potential differences in
data collected according to
different sampling methods
Probably none; 1% may
have been too strict

methods paralleled ELS-l methods (Hillman et al.,
1986) to ensure data comparability.

Standardized, multicopy, field data reporting forms
were developed for use in recording site descriptions
and data collected at the lakes and the field
laboratories. One copy of each form was sent by
overnight mail service to ORNL for entry into the
NSWS data base, and a second copy was sent to the
EMSL-LV QA staff (see Figure 2). The field forms
are illustrated in Drousé et al. (1986) and in Bonoff
and Groeger (1987).

Data management and data review activities were
coordinated by EMSL-LV, ERL-C, and ORNL (see
Figure 2). A description of the data base management
system is given in Kanciruk (1986). Data review and
data verification procedures are described in
Silverstein et al. (1987) and are summarized in
Section 4 of this QA Report. Data validation
procedures are described in Landers et al. (1987) and
are summarized in Section 4.




Figure 2. Overview of activities, Western Lake Survey - Phase I.
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Section 2

Conclusions and Recommendations

Data Quality Objectives

Precision

For most analytes, system precision met the
DQOs for intralaboratory precision. This is the
only precision goal established before the survey
and, therefore, is the only gauge applicable for
comparing system precision results. Precision
for 19 of the 28 analytical laboratory and field
laboratory variables met or approached the DQO
(see Table 16 in Section 6). Poor precision for
most of the remaining analytes was attributed to
the low analyte concentration levels or the
circumneutrality of most WLS-| lake samples.
The few remaining poor precision estimates
were related to procedural (method or analytical)
problems.

Field laboratory precision was acceptable for
analyses performed in all five WLS-I field
laboratories. Acceptable field laboratory
precision is especially critical for the closed-
system dissolved inorganic carbon and pH
measurements, which are used in population
estimates.

Analytical laboratory precision met the DQOs for
all analytes except manganese.

Precision differences between helicopter-
access and ground-access methods were
minimal.

DQOs for precision must be developed to
account for different sample concentrations,
different ionic strengths, and circumneutrality of
lake water samples.

DQOs must be developed that differentiate
between system (field related) precision and
laboratory precision.

Audit sample precision estimates are most
useful if the mean concentrations of audit
samples are similar to the analyte
concentrations of the lake samples in the
subregion. WLS-l audit sample concentrations
did not always bracket the concentrations of the
lakes in WLS-I subregions.

Accuracy

On the basis of field synthetic audit sample data,
accuracy could only be estimated for 15 of the
28 variables analyzed in WLS-| laboratories. Of

11

those 15 analytes, only calcium and total
aluminum exhibited levels of inaccuracy that
were higher than the DQO criteria.

Accuracy estimates can be affected by analyte
concentration. WLS-l used one synthetic audit
sample at one theoretical concentration to
estimate accuracy for each analyte. Varying
analyte concentrations that represent the range
of concentrations in the routine lake samples
could improve the estimation of accuracy. For
future surveys, DQOs must account for this
relationship. Concentrations of analytes in the
synthetic audit samples and the number of
synthetic audit samples at different
concentrations should be established
accordingly.

It is difficult to ensure the theoretical values for
the analyte concentrations in WLS-1 synthetic
audit samples. Methodological changes in the
preparation of synthetic audit samples or use of
applicable samples certified by the National
Bureau of Standards (NBS) will be necessary if
future surveys require accuracy estimates for
acid neutralizing capacity, base neutralizing
capacity, dissolved inorganic carbon, and pH.

For WLS-I, synthetic audit samples were
processed in the field laboratory only; therefore,
there is no means of isolating analytical
laboratory accuracy by using the data collected.
To provide an estimate of analytical accuracy in
future surveys, reliable audit samples (such as
those certified by NBS) must be sent directly to
the analytical laboratory. Conversely, if an
estimate of system accuracy is desired, a
synthetic audit sample must be processed
through the sampling apparatus at the lake site,
as are field blanks and field duplicates.

Detectability
® For most analytes,

system background
contamination was within expected and
acceptable limits. Significant exceptions were
calcium, nitrate, and silica (see discussions later
in this section and in Section 8).

Background contamination contributed by the
field laboratories was negligible for most



analytes; nitrate, silica, and sulfate were
exceptions. In future surveys, trailer blanks
should be used regularly to allow estimation of
the effect of the sample processing component
on the sampling and analytical system.

On the basis of calibration blank and reagent
blank analyses, both analytical laboratories met
the required detection limit criteria (see Table 2)
for every applicable analyte. Background
contamination and instrumental signal variability
contributed by the analytical laboratories,
therefore, was negligible.

Helicopter crews and ground crews had similar
success in minimizing contamination in lake
water samples.

DQOs were not set for field blank and trailer
blank concentrations prior to the survey; they
were set for analytical instrument detection of
calibration blanks and reagent blanks only.
Consequently, DQOs did not apply to field blank
or trailer blank analyses in WLS-I. Objectives
for field blank and trailer blank analyses should
be developed for future surveys.

Representativeness

Duplicate pair samples adequately represented
the sampling methods and the ranges of
concentrations found in lake samples.

One portion of the lake samples was not
adequately represented by field audit samples
because there were no audit samples with
concentrations of analytes in the midrange of
the routine lake water samples analyzed during
WLS-I. This lack of representativeness affected
the ability to quantify possible biases attributable
to the analytical laboratories.

The field synthetic audit was used to estimate
accuracy, but it represented a single theoretical
concentration.

Field blank samples adequately characterized
background contamination.

Matrix spike percent recovery analyses indicated
that the reported concentrations were
representative of the analytes in the samples.

Completeness

Each of the five WLS-| subregions represented
three alkalinity classes (strata) for a total of 15
strata. Fifty lakes were to be sampled within
each stratum. Of the resulting 750 lakes that
were expected to be sampled, (referred to in
Landers et al. [1987] as probability sample
lakes), 720 were sampled. (When population
estimates were performed, one of the 720 lakes
was deleted from the statistics because it was
too large.) The completion rate of 90 percent
(45 lakes) per strata was met for 10 of the 15
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strata. Two strata in the 4D (Central Rocky
Mountain) subregion were undersampled to the
point that confidence in the population estimates
could be low. Most of the unsampled lakes in
these two strata were high-altitude lakes that
were frozen when visited by the sampling crews.

Most WLS-I samples were complete in internal
consistency; 99.1 percent were within QA
criteria for anion-cation balance, and 97.6
percent met the conductance balance criteria.

Of the 39,400 analyses performed in the
analytical laboratories, 98.6 percent were
completed within prescribed holding times.

Each type of QA and QC sample was
represented by a large enough population to
allow statistical analyses of data quality to be
performed. Field blanks, field duplicates, field
audits, and the extra samples collected to
perform the calibration study constituted 54
percent of the WLS-| field samples analyzed.

All on-site laboratory reviews were completed.
Both analytical laboratories, all field laboratories,
and all helicopter crews were evaluated. Five of
the sixty ground crews also were evaluated. No
criteria were set for the percentage of field
crews that should have been evaluated. This
aspect of completeness should be assessed if
future surveys warrant the use of a large
number of sampling crews.

Comparability

® The WLS-l data base can be compared to

other National Surface Water Survey data
bases. For most protocols, the field sampling
and analytical methodologies were identical to
those used in ELS-l. Where protocols differed
(i.e., helicopter access versus ground access),
no calibration of data was necessary (see
Section 9). Differences between data collected
by helicopter-access and ground-access
sampling methods were determined to be of
small enough magnitude that they do not affect
data interpretation or population estimates.

Little difference between measurements was
indicated for samples preserved at the lake site
and at the field laboratory for nitrate and sulfate
(Section 9).

Some biases between the two analytical
laboratories were detected for some analytes,
but the biases were relative, as well as small, in
most cases. The ability to quantify bias at
different analyte concentrations and to
compensate for those biases should be
investigated for future surveys.




Lake Water Characteristics

Extractable Aluminum

o All detectability data for extractable aluminum

met the DQOs; contamination was not a
significant factor.

The low concentrations of extractable aluminum
found in the lake water samples made it difficult
to compare the precision results to the DQOs.
Only 2 of 210 field duplicate pairs had mean
concentrations above 0.04 mg/L, and only 1 of 6
audit sample lots had a mean concentration
above 0.01 mg/L. The data user should take
note of the low extractable aluminum
concentrations when assessing data quality.
Accuracy could not be estimated because of a
methodological problem caused by the instability
of the extractable Al species in the field
synthetic audit sample solution. Methodologies
for preparing field audit samples should be
modified, or an alternative method should be
investigated for future survey efforts.

Total Aluminum

® Most of the field routine, duplicate, and audit

samples used in calculating precision estimates
were near or below the detection limit for total
aluminum.

Although accuracy can be estimated, the low
theoretical concentration of the synthetic audit
(0.02 mg/L) was also near the detection limit.

Because precision and accuracy estimates are
concentration dependent (especially for low
concentrations), the DQOs did not account for
most total Al sample concentrations that were
near the detection limits. Data for concentrations
that were sufficiently above the detection limits
(usually, about 10 times the required detection
limit) are more useful for the calculation of
population estimates.

There was good agreement in the QA check
comparing total aluminum and extractable
aluminum concentrations: 99.8 percent of the
1,642 samples analyzed for both variables had
total aluminum concentrations that were higher
than the respective extractable aluminum
concentrations.

Acid Neutralizing Capacity

® All quality assurance data estimates indicated

that resuits for acid neutralizing capacity are of
acceptable quality and are suitable for use in
calculating subregional population estimates.

The analysis of field blank data indicated that
the required detection limit was met for acid
neutralizing capacity.

For measurements of acid neutralizing capacity,
precision met the DQOs over the range of
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routine sample concentrations. A method should
be developed for determining a quantitation limit
for use in assessing laboratory duplicate
(intralaboratory) precision.

The WLS-| quality assurance program did not
include methods applicable to the estimation of
accuracy for acid neutralizing capacity. A means
of estimating accuracy should be developed for
use in future surveys.

All computer software that the analytical
laboratories use to calculate ANC should be
checked to ensure that the programs are
calculating the titration data results correctly.
This procedure would minimize the possibility of
miscalculating ANC results, as did one analytical
laboratory during the initial stages of WLS-I.
Performing standardization checks on the
computer programs before survey. analytical
activities commence will ensure consistent data
reporting and comparability among data bases.

Base Neutralizing Capacity

Detectability estimates were higher than the
required detection limit for about 50 percent of
the field blank samples measured.

Precision improved as concentration increased;
many of the field duplicate pair and field audit
sample mean concentrations were near or below
the detection limits.

Accuracy could not be estimated by using the
QA samples employed in WLS-Il. A means of
calculating accuracy estimates should be
developed for future surveys.

The DQOs for base neutralizing capacity may be

. too stringent. Alternatively, modifications to the

measurement system may be needed. Base
neutralizing capacity was not assessed for
population estimates. The uncertainty of the
estimation of base neutralizing capacity results
for WLS-I should be noted by the data user
concerned with this analytical measurement.

in the future, all computer software that the
analytical laboratories use to calculate BNC
should be checked to ensure that the programs
are calculating the titration data results
consistently and correctly.

Calcium

QA data for calcium indicated that data for the
routine samples are of acceptable quality and
can be used with confidence.

Background contamination (as much as 0.07
mg/L) may be related to the fact that high
concentrations of Ca (mean of 3.7 mg/L) were
found in routine lake samples, which may have
resulted in the analyte carryover indicated in the
field blank sample. This carryover may relate to
residual analyte concentrations (i.e., inefficient
rinsing of the sampling apparatus or the filtration
apparatus) or to the way in which the instrument




analyzes the sample and interprets the findings.
This slight contamination should not affect
population estimates.

® Precision estimates met the DQOs.
® A relative analytical bias of 4 percent to 8

percent was indicated for the two analytical
laboratories on the basis of calibration study
data. Field audit sample data indicate a bias of 8
percent. Measurements from Laboratory | were
higher than those from Laboratory Il. When
assessing population estimates by subregion,
knowing which analytical laboratory analyzed the
samples may be important to the data user
investigating the anion deficit described in
Landers et al. (1987). Because the biases are
relative, however, no conclusion can be drawn
concerning the accuracy of one laboratory over
the other in the measurement of calcium (except
in the case of field synthetic audit samples; see
below).

The accuracy estimates calculated from the field
synthetic audit sample data indicate that one
analytical laboratory exhibited better accuracy
than the other at the theoretical concentration of
0.19 mg/L. Laboratory II’'s accuracy estimate
(+1.6%) was within the DQO, but Laboratory |
had an accuracy estimate well outside the DQO
and values that were much higher (+28.7%)
than the theoretical concentration. This absolute
bias (as accuracy) is consistent with the relative
bias resuits indicated by field natural audit
sample data and calibration study data. This bias
may be correlated with an anion deficit
described in Landers et al. (1987). However,
because the accuracy estimate for Ca was
based on only one theoretical concentration,
confidence in calculating an absolute bias as
accuracy is restricted to that concentration and
cannot be extrapolated with confidence across
the entire range of routine sample
concentrations.

Chloride
e The analytical

results for the chloride
measurement indicate that the data are of
acceptable quality.

Slight background concentrations of chloride (as
much as 0.05 mg/L, but generally lower) were
seen in field blank and trailer blank
measurements, but population estimates should
not be affected.

Precision estimates indicate that, for samples
above the detection and quantitation limits, the
DQOs were met.

At sample concentrations of 0.34 mg/L (the
theoretical concentration of chloride in the field
synthetic audit), accuracy estimates met the
DQO.
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Conductance

¢ Conductance data are of acceptable quality and

can be used confidently in calculating population
estimates.

Background concentrations were found to be as
much as 1.0 pS/cm (at 25°C) above the
required detection limit, but contamination was
at very low levels and should not affect data
interpretation.

The distribution of field duplicate pair and field
audit mean conductance values indicated that
precision improves with the increasing ionic
strength of the sample. Because many lakes of
low ionic strength were sampled in the West,
precision estimates for such samples can be
expected not to meet the DQOs. Imprecision at
these low levels should not affect data
interpretation.

The WLS-I QA program did not provide a
means of estimating accuracy for conductance.
A method of performing this estimate should be
incorporated in future survey designs.

Dissolved Inorganic Carbon (air equilibrated)
e The QA data for this analyte indicated that the

lake data are of high quality and can be used
with confidence.

Background concentrations between 0.15 and
0.35 mg/L (compared to a required detection
limit of 0.05 mg/L}) were found in most field
blanks and trailer blanks. Although these
measurements were above the required
detection limit, they may still be considered
acceptable for deionized blank water samples.

Above concentrations of 1.5 mg/L, field audit
samples exhibited precision that met the DQO.
Significant imprecision at lower concentrations
may have been caused by slight differences
between samples and between laboratories in
the process used to sparge the sample. In
addition, higher precision estimates were
expected for samples at lower concentrations.

There was no mechanism for estimating
accuracy for this analyte in the WLS-I QA
program. A means of performing the estimate
should be incorporated in future survey designs.

Dissolved Inorganic Carbon (open system)
e The QA data for this analyte indicated that the

lake data are of high quality and can be used
with confidence.

Field blank background concentrations were
similar to those for air-equilibrated dissolved
inorganic carbon. These background
concentrations are unavoidable when the
methodology employed in the West is used, but
they should not affect data quality.




For sample concentrations above the
quantitation limit, precision generally met the
DQO.

Although a theoretical value was calculated for
estimating accuracy, the field synthetic audit
sample exhibited sample matrix problems that
made the accuracy estimate unreliable. A means
of confidently estimating accuracy for open-
system dissolved inorganic carbon
measurements should be incorporated in future
survey designs.

Dissolved Inorganic Carbon (closed system)

The QA data for closed-system dissolved
inorganic carbon indicated that the lake data are
of acceptable quality and can be used in
calculating population estimates.

Background contamination could not be
assessed because field blanks and trailer blanks
were not analyzed for this measurement. Field
blanks or other means of determining field-
related background contamination should be
considered for inclusion in future sampling
designs.

Precision was good for this -measurement in
each of the field laboratories.

No applicable accuracy checks were available
for this measurement; such checks should be
developed for use in future surveys.

Dissolved Organic Carbon

The QA data indicated that the lake data for this
analyte are of acceptable quality.

Background concentrations generally were
between 0.05 and 0.35 mg/L; the required
detection limit was 0.1 mg/L.

Field duplicate pair and field audit analyses
showed a strong relationship between pooled
precision and concentration. Precision for mean
concentrations above the quantitation limit met
the DQO (except for two values). Precision for
many QA samples was above the DQO. Routine
lake sample concentrations, however, were
generally low. Thus, the precision may still
indicate high-quality data at these
concentrations.

The accuracy estimate was within acceptable
limits.

Fluoride (total dissolved)

The QA data indicate that the routine data are of
acceptable quality and will be useful in
calculating population estimates.

The blank data met the DQO for detectability.
Precision above sample concentrations of 0.08
mg/L. met the DQO. Field duplicate pair mean
concentrations, field audit sample
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iron

concentrations, and most concentrations in
routine lake samples were below that level.
Some imprecision is indicated for analyses
performed by Laboratory I, where samples from
subregions 4D (Central Rocky Mountains) and
4E (Southern Rocky Mountains) were analyzed.

Background concentrations were 0.01 mg/L
above the required detection limit.

Mean concentrations of most field duplicate
pairs and of five of the six field audit sample lots
were below the quantitation limit and near or
below the detection limits. This observation
correlates well with the low concentrations of
iron found in lakes in the West: most concen-
trations for routine samples, field duplicate pairs,
and field audit samples were less than 0.06
mg/L. Although contamination was negligible,
precision at low concentrations did not meet the
DQO. The data user should consider that the
poor precision estimates may have been a
function of concentration and not a reflection on
sampling or analytical methods.

The accuracy estimate was poor. It was directly
related to methodological problems associated
with the field audit sample instability and was not
related to the analytical measurements. A
different method of estimating accuracy should
be incorporated in future survey designs.

Potassium

The QA data indicated that the lake data for this
anaiyte are of high quality and can be used
confidently in calculating population estimates.
Contamination was negligible (0.01 mg/L);
background concentrations were near the
required detection limit.

Precision and accuracy estimates met the
DQOs.

Magnesium

The QA data indicated that the lake data for
magnesium are of high quality and can be used
confidently in calculating population estimates.
The DQOs were met for detectability, precision,
and accuracy.

Manganese

Contamination was negligible; most values for
field blanks were near the required detection

‘limit. Laboratory Il showed some negative bias

for about 25 percent of the field blanks analyzed
there.

Lake sample data for concentrations above
0.030 mg/L can be used confidently in
calculating population estimates. Field duplicate
pairs and field audit samples that had




concentrations above 0.030 mg/L met the DQOs
for precision and accuracy. Because the
manganese concentrations in most lakes in the
West were below or slightly above the detection
limits, imprecision at those concentrations
should have little impact on the calculation of
population estimates.

Sodium

The QA data indicated that the lake data are of
high quality and are suitable for use in
calculating population estimates.

Negligible contamination (0.01 mg/L), was seen
in relation to the required detection limit.
Precision and accuracy estimates generally met
the DQOs.

Ammonium

Very low concentrations of ammonium were
measured in all lake and QA samples; most
were below the required detection limit.

There was negative bias for 51 percent of the
field blanks analyzed in Laboratory 1.

Precision estimates for the field synthetic audit
samples were near the DQO at measurable
concentrations.

Accuracy estimated from one of the two field
synthetic audit sample lots was good; for the
other field synthetic audit sample, analyte
degradation may be the cause of accuracy
estimates that did not mest the DQOs.

At the concentrations measured, imprecision
and inaccuracy should not affect population
estimates.

Nitrate

Measurable concentrations of nitrate (as much
as 0.071 mg/L) were detected in field blanks.
Analytical laboratory calibration showed minimal
contamination. Trailer blank measurements, on
the other hand, detected as much as 0.074
mg/L nitrate, which indicates that the
contamination may have been introduced in the
field laboratories and probably was not related to
field sampling methodology. Because con-
centrations in the field and trailer blanks were
substantially higher than the required detection
limit and because concentrations in many of the
lake samples were low, background
contamination may have been a significant
contributor to the analytical results for some take
samples. The data user should note the possible
source of contamination. This factor, however,
may not be of concern in calculating population
estimates because the nitrate concentrations
were low in the lake samples. If contamination at
these low concentrations is of concern,
sample-processing and sample-handling
protocol modifications should be considered in
the design of future surveys.
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Precision estimates for samples above the
quantitation limit (0.342 mg/L) met the DQQOs,
but imprecision was indicated in some field
duplicate pair mean concentrations below the
quantitation limit.

Accuracy estimates met the DQO.

The results of the nitrate-sulfate stability study
indicated that there was little difference between
nitrate concentrations in lake samples preserved
with mercuric chloride at the lake site and
concentrations in samples processed according
to NSWS protacol in the field laboratories.

The length of time that a sample was held
before preservation had minimal effect on data
quality.

Phosphorus (total)

Some contamination was detected at
concentrations of as much as 0.017 mg/L for
analyses performed in Laboratory |.

Most concentrations of total phosphorus for
routine lake samples and for field duplicate pair
and field audit samples were less than 0.025
mg/L. Precision estimates have little meaning at
these low concentrations. QA samples that had
higher concentrations met the DQO for
precision.

Estimated accuracy was within acceptable limits.

pH (acidity; open system)

The QA data indicate that the open-system pH
measurements are of high quality. Closed-
system pH measurements made in the field
laboratory, however, are used in calculating
population estimates. The open-system pH
measurements performed in the analytical
laboratory were used as a redundant check on
the closed-system measurements.

Field blank analyses indicated that background
contamination had minimal effect on pH values.

Precision was greatly affected by the ionic
strength and circumneutrality of the sample.
Precision estimates improved as pH increased
or decreased from pH 7.0. A means of
calculating quantitation limits that can be related
to ionic strength and circumneutrality should be
developed for use in future surveys.

The survey design did not allow accuracy to be
determined for pH. A means of determining
accuracy for pH should be developed for use in
future surveys.

PpH (alkalinity; open system)

Conclusions and recommendations for open-
system pH (alkalinity) are identical to those for
open-system pH (acidity).




pH (air equilibrated)

Conclusions and recommendations for open-
system pH (acidity) are related directly to this
pH measurement.

pH (closed system)

QA data indicated that the field laboratory pH
measurements are of high quality and can be
used confidently in calculating population
estimates.

Field blanks were not analyzed for this
measurement, so background contamination
could not be assessed. A means of determining
background contamination levels should be
incorporated in future sampling designs.

The trailer duplicate precision for pH measured
in the field laboratory (0.03 pH units) met the
DQOs.

When field duplicate pair measurements for all
five field laboratories were pooled, however, the
precision was 0.12 pH unit. Field audit sample
data indicated precision near the DQO for all
field laboratories. A quantitation limit related to
ionic strength and circumneutrality should be
considered for use in future sampling efforts.
The WLS-I QA program did not provide a
mechanism for estimating accuracy for closed-
system pH. A means of estimating accuracy of
pH measurements should be developed for use
in future surveys.

Silica

Although field blank measurements indicated
background contamination (as much as 0.18
mg/L) that was higher than the required
detection limit, the average SiOp concentration
for a routine lake sample was about 3.7 mg/L.
Therefore, background contamination should
have a negligible effect on population estimates.
For mean concentrations above the quantitation
limit, precision estimates were slightly above the
DQO. Some imprecision indicated from field
duplicate pair measurements may be related to
the digestion process used in the analytical
laboratory. Population estimates, however,
should not be affected; the precision may still be
reasonable for the specific purpose defined by
the data user.

Accuracy estimates met the DQO.

Sulfate

The QA data indicated that the routine lake
sample data are of high quality and can be used
confidently in calculating population estimates.
Background contamination was 0.02 mg/L higher
than the required detection limit.

Precision and accuracy estimates met the
DQOs.
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A relative interlaboratory bias of 2 percent was
calculated on the basis of field audit sample
data, and a relative interlaboratory bias of 5.5
percent was calculated on the basis of
calibration study sample data. Because these
biases are relative determinations in the
evaluation of population estimates, it may be
necessary to assess the data by the subregions
for which each laboratory analyzed samples.

True Color

The QA data indicate that the true color data for
the routine lake samples are of acceptable
“quality.

Negligible contamination was indicated for this
field-laboratory measurement.

Precision was acceptable, considering the low
levels of color found in the routine lake samples.
There were no applicable accuracy
measurements for true color.

Turbidity

Turbidity QA data indicated that the lake sample
turbidity data are of acceptable quality. Many
routine lake samples, however, were very low in
turbidity.

Background contamination was below the
required detection limit.

Precision was acceptable, considering the low
turbidity observed in most samples. Field audit
samples should not be used to estimate
precision for turbidity; they were filtered in the
audit sample preparation iaboratory and,
therefore, received different treatment than did
the routine lake samples.

Accuracy estimates were not calculated for
turbidity. A means of estimating accuracy should
be developed for use in future surveys.

Overall Operations

The QA data indicate that the sampling,
analytical, data management, and data analysis
activities were successful. These - operational
aspects of the survey resulted in
recommendations for future survey efforts (see
Tables 4 through 7).

The formal audit of the WLS-I data base (field
data forms through the final data set) reported a
data documentation and consistency rate of
more than 99.5 percent.

All 1,642 samples (149 batches) were received
and analyzed by the analytical laboratories.
Analytical differences between samples
collected by helicopter crews and 