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Introduction 

The Washington Department of Ecology (Ecology) is collaborating with the Puget Sound 
Partnership and other state and federal agencies to conduct scientific studies on toxic chemicals 
discharged to Puget Sound from surface runoff.  Phase 3 of this effort includes a monitoring 
project to characterize toxic loadings to Puget Sound from surface runoff.  This document is the 
Quality Assurance Project Plan (QAPP) for that monitoring project.  It was jointly prepared by 
Ecology and a consultant team led by Herrera Environmental Consultants (Herrera), and 
supported by Ecology and Environment, Inc. (E & E) and Practical Stats. 

This QAPP documents procedures used for data collection, processing, and analysis to ensure all 
results obtained from this monitoring project are scientifically and legally defensible.  It meets 
requirements of Ecology’s Guidelines for Quality Assurance Project Plans (Ecology, 2004), and 
includes the following: 

 Background – An explanation of why the project is needed. 

 Project Description – Project goals and objectives, and the information 
required to meet the objectives. 

 Organization and Schedule – Project roles and responsibilities, and the 
schedule for completing the work. 

 Quality Objectives – Performance (or acceptance) thresholds for collected 
data. 

 Sampling Process Design – The sampling process design for the study, 
including sample types, monitoring locations, and sampling frequency. 

 Sampling Procedures – A detailed description of sampling procedures and 
associated equipment requirements. 

 Measurement Procedures – Laboratory procedures that will be performed on 
collected samples. 

 Quality Control – Quality control (QC) requirements for both laboratory and 
field measurements. 

 Data Management Procedures – How data will be managed from field or 
laboratory recording to final use and archiving. 

 Audits and Reports – The process that will be followed to ensure this QAPP 
is being implemented correctly and the quality of the data is acceptable. 
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 Data Verification and Validation – The data evaluation process, including 
the steps required for verification, validation, and data quality assessment. 

 Data Quality (Usability) Assessment – The procedures that will be used to 
determine if collected data are of the right type, quality, and quantity to meet 
project objectives. 
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Background 

Puget Sound is the largest fjord-like estuary in the continental United States.  Located between 
the Cascade and Olympic mountain ranges in Washington State (Figure 1), the Puget Sound 
Basin covers more than 43,400 square kilometers (16,800 square miles) of land and water (Hart 
Crowser et al., 2007).  The basin is made up of a series of interconnected underwater basins with 
an average depth of 140 meters (460 feet), separated by shallow ridges or “sills.”  These basins 
include the deep Main Basin (up to 280 meters [920 feet] deep) and the shallower South Sound, 
Hood Canal, and Whidbey Basins.  Admiralty Inlet connects Puget Sound to the Pacific Ocean 
through the Strait of Juan de Fuca.  For the purposes of this project, the term “Puget Sound” 
includes all of Puget Sound, Hood Canal, and the Straits of Georgia and Juan de Fuca within the 
state of Washington. 

Over the past 150 years, human activity has introduced a wide range of toxic chemicals into 
Puget Sound at levels that are harmful to aquatic life (Puget Sound Partnership, 2006).  Despite a 
ban of some harmful chemicals in the 1970s and numerous cleanup efforts, toxic chemicals 
continue to persist and circulate throughout Puget Sound and are still being introduced via 
stormwater runoff, municipal sewage treatment plants, and atmospheric deposition.  These 
pollutants accumulate as they move through the food chain, showing up in key forage fish (like 
herring) and bottom fish species (like English sole) and ultimately affect salmon, seals, and 
orcas.  These pollutants are also a significant concern for human health, especially for those who 
frequently consume fish with high contaminant levels. 

Recognizing these concerns, Ecology is now collaborating with the Puget Sound Partnership and 
other state and federal agencies to conduct three phases of scientific studies of toxic chemicals 
discharged to Puget Sound.  Phase 1 was completed in October 2007, and included an initial 
estimate of loadings to Puget Sound for 17 toxic chemicals of concern that use the following 
pathways for contaminant transport: 

 Surface runoff 
 Atmospheric deposition 
 Wastewater loading 
 CSO loading 
 Direct spill 

In the Phase 1 study report (Hart Crowser et al., 2007), these loading estimates were provided for 
the entire Puget Sound Basin and the 14 upland study areas (Figure 2) that link to Ecology’s 
Puget Sound Box Model (PSBM), a computerized tool for predicting contaminant movement 
within the Puget Sound ecosystem.  The report also provides loading estimates for the surface 
runoff pathway for the following land use categories in each study area: commercial/industrial, 
residential, agricultural, and forest/field/other.  In this analysis, “surface runoff” consists of 
stormwater, nonpoint source overland flow, and groundwater discharge to surface waters that 
flow to Puget Sound. 
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Ecology completed the Phase 2 study in 2008, with the goal of refining toxic chemical loadings 
from the Phase 1 study by incorporating information on toxic chemical loadings from roadways.  
As a first step, the project team performed a Geographic Information System (GIS) analysis to 
delineate and map roadway areas in the upland study areas linked to the PSBM (Figure 2).  The 
project team also updated the Phase 1 land use/land cover dataset (based on the 1992 National 
Land Cover Dataset [MRLC, 1992]), using the more current 2001 version (MRLC, 2001). 

Finally, the project team performed a focused literature review to obtain information about toxic 
chemicals in roadway runoff.  Review results indicated there were sufficient data available to 
characterize some toxic chemicals in runoff from highways; however, adequate data were 
lacking for arterial and collector roads, side streets, and parking lots.  Therefore, the report 
prepared for the Phase 2 study (EnviroVision et al., 2008) presented updated toxic chemical 
loading estimates for the four land use categories targeted in the Phase 1 analysis, based on the 
more current national land cover dataset.  Where sufficient data were available for specific 
parameters, the report also provided toxic loading estimates for highways.  Similar to the Phase 1 
project, these loading estimates were provided for the entire Puget Sound Basin and each of the 
14 upland study areas for the PSBM (Figure 2). 

Results from both the Phase 1 study and Phase 2 studies indicated surface runoff is the largest 
single contributor of toxic chemicals to Puget Sound.  However, these studies also suggested that 
there are substantial differences in absolute and unit area toxic chemical loadings between the 
four land use categories.  These differences are primarily because of two controlling factors: the 
relative magnitude of the toxic chemical concentrations for each land use category, and the total 
amount of land area represented by each land use category in the Puget Sound Basin. 

For example, unit area loading rates for toxic chemicals of concern are generally greatest for 
commercial/industrial, and highway areas within the Puget Sound Basin because the 
representative toxic chemical concentrations used in the loading analyses for these land use 
categories were relatively high.  However, since commercial/industrial and highway areas are 
only a small portion of the total land area of the Puget Sound Basin, these areas are relatively 
minor sources of absolute toxic chemical loading.  In absolute terms, residential areas are the 
largest source of toxic chemical loadings because they represent a relatively large proportion of 
the total land area in the Puget Sound Basin.  These results are generally consistent with other 
regional studies of toxic loading (Herrera, 2007). 

Despite these conclusions, the rough estimates of the quantities of toxic chemicals released from 
different land uses and roadway areas were still not sufficiently precise to form the basis for 
recommending specific source control policies to reduce releases of toxic chemicals to Puget 
Sound.  This imprecision was due to the numerous assumptions that were required in their 
derivation and the wide ranges in the underlying concentration data.  Therefore, Ecology began 
to collect additional information during the Phase 3 studies to further improve estimates and link 
the toxics threats from surface runoff to Puget Sound with the sources of toxic chemicals. 
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Project Description 

Ecology is performing this Phase 3 study to accomplish the following: 

 Obtain concentration data for toxic chemicals in surface runoff from multiple 
well-defined locations in the Puget Sound Basin at various times throughout 
the year. 

 Obtain concentration data for toxic chemicals in surface runoff from multiple, 
well-defined areas that represent specific land uses. 

 Obtain concentration data for toxic chemicals in surface runoff that illustrate 
the attenuation effects of the various natural landscape and constructed 
features located between the original sources of surface runoff and the point of 
its final discharge to Puget Sound. 

These goals were identified after one of the Phase 2 study (EnviroVision et al., 2008) as 
important for advancing current knowledge on toxic loadings to Puget Sound. 

Working with its consultant team during the project planning phase, Ecology identified two 
detailed study objectives to be accomplished in conjunction with these broader goals: 

 Perform an in-depth study within two pilot watersheds to determine the 
relative contributions of toxic chemicals in surface runoff from the four major 
land uses identified above (i.e., residential, commercial/industrial, 
agricultural, and forest/field/other) based on unit area loading estimates. 

 Reduce the uncertainty of the total loading estimates for toxic chemicals that 
are discharged to Puget Sound via surface runoff relative to the estimates 
determined in the Phase 1 and Phase 2 studies. 

To meet these objectives, the project team will conduct water quality sampling and flow 
monitoring at representative locations within the two pilot watersheds.  Samples of surface 
runoff will be analyzed for selected toxic chemicals and pollutants of concern, including: 

 Polycyclic aromatic hydrocarbons (PAHs) 
 Base/neutral/acid extractables (BNA) (semi-volatile organic compounds) 
 Pesticides 
 Herbicides 
 Polybrominated diphenyl ethers (PBDEs [congeners]) 
 Polychlorinated biphenyls (PCBs [congeners]) 
 Petroleum hydrocarbons 
 Oil and grease, N-hexane extractable material (HEM) 
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 Heavy metals 
 Nutrients 

Sampling will be timed to measure concentrations of these pollutants during both base flow and 
storm flow conditions.  Upon completion of this monitoring, the project team will use the 
concentration data and flow monitoring data to calculate both absolute (i.e., kilograms per year) 
and unit area (i.e., kilograms per acre per year) toxic chemical loading estimates.  The unit area 
loading estimates will then be compared to determine which land use categories are primary 
sources for specific toxic chemicals.  Also, unit area loading estimates for base and storm flow 
conditions will be compared to determine if the primary transport pathway for each toxic 
chemical is via groundwater or stormwater and overland flow (including shallow interflow). 

In the Phase 1 and 2 studies of toxic chemical loading to Puget Sound, loading estimates were 
calculated for the 14 study areas that provide input to the PSBM (Figure 2).  However, these 
loading estimates were derived using data compiled from numerous regional and national studies 
with varying objectives that were not necessarily related to this specific application.  In contrast, 
the data obtained through this study will be collected using a highly controlled experimental 
design from monitoring locations that are representative of local land use conditions.  Therefore, 
this study will also provide more accurate data for calculating loading estimates for these 
14 study areas. 

Finally, monitoring for this study is being coordinated with the Phase 3 Puget Sound Ocean 
Exchange Project (PSOEP).  Ecology is implementing the PSOEP to evaluate toxic chemical 
concentrations in the marine waters of Puget Sound, and the exchange of those chemicals 
between Puget Sound and the Pacific Ocean.  In connection with this project, Ecology will 
collect samples seasonally from the mouths of five major rivers discharging to Puget Sound.  
These samples will be analyzed for the same parameters that are targeted in this study.  The 
project team will use data obtained from this study and the PSOEP to evaluate potential 
attenuation of toxic chemicals between their point of origin and the point of final discharge to 
Puget Sound. 
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Organization and Schedule 

This section identifies the project team, their roles and responsibilities, and the schedule for 
completing the work. 

Organization 

Ecology is collaborating with the Puget Sound Partnership and other state and federal agencies to 
conduct this project.  Ecology is assisted in this effort by a consultant team led by Herrera and 
supported by E & E and Practical Stats.  Key staff members are identified in Table 1 with their 
roles and responsibilities. 

Schedule 

The project will occur between May 2009 and October 2010.  Key project milestones and 
deliverables are summarized in Table 2. 
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Quality Objectives 

The goal of this QAPP is to ensure that data collected during this study are scientifically and 
legally defensible.  To meet this goal, data will be evaluated using the following data quality 
indicators (Ecology, 2004): 

 Precision 
A measure of the variability in the results of replicate measurements due to 
random error. 

 Bias 
The constant or systematic distortion of a measurement process, different 
from random error, which manifests itself as a persistent positive or negative 
deviation from the known or true value.  This can result from improper data 
collection, poorly calibrated analytical or sampling equipment, or limitations 
or errors in analytical methods and techniques. 

 Representativeness 
The degree to which the data accurately describe the condition being 
evaluated, based on the selected sampling locations, sampling frequency and 
duration, and sampling methods. 

 Completeness 
The amount of valid data obtained from the measurement system. 

 Comparability 
A qualitative term that expresses the measure of confidence that one data set 
can be compared to another and can be combined for the decision(s) to be 
made.  Data are comparable if sample collection techniques, measurement 
procedures, analytical methods, and reporting are equivalent for samples 
within a sample set. 

Measurement Quality Objectives (MQOs) are performance or acceptance criteria established for 
the data.  The specific MQOs that will be used in the assessment of water quality and hydrologic 
data are presented in the following sections. 

Measurement Quality Objectives for Water Data 

QA objectives for water quality data are expressed in terms of precision, bias, representativeness, 
completeness, and comparability.  The associated MQOs are defined in the subsections below 
and summarized in Table 3. 
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Precision 

Precision will be assessed based on the analyses of laboratory and field duplicates, and matrix 
spike duplicates (MSD).  Precision in these duplicate samples will be evaluated based on their 
relative percent difference (RPD): 

 
 

2 / )C + (C
100% x )C - (C

 = RPD
21

21  

Where: RPD = relative percent difference 
 C1 = larger of two values 
 C2 = smaller of two values 

Specific MQOs for MSD are defined for each analysis method in Table 3. 

Bias 

Bias will be assessed based on analyses of method blanks, matrix spikes (MS), and laboratory 
control samples (LCS).  Bias in MS and LCS will be quantified based on percent recovery or the 
average (arithmetic mean) of the percent recovery.  Percent recovery for MS will be calculated 
using the following equation: 

saC
100% x  U)- (S = R%  

Where: %R = percent recovery 
 S = measured concentration in spike sample 
 U = measured concentration in unspiked sample 

 Csa = actual concentration of spike added 

Percent recovery for LCS will be calculated using the following equation: 

%100T
M = R% ×  

Where: %R = percent recovery 
 M = measured value 
 T = true value 

Specific MQOs for MS and LCS are defined in Table 3 for each analysis method. 
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Representativeness 

This project will assess a range of water quality conditions, both seasonally and during periods of 
base and storm flow.  Sample representativeness will be ensured by employing consistent and 
standard sampling procedures.  A stratified random sampling process will be used to identify 
individual monitoring locations that sufficiently represent the specific land use categories 
targeted in this study. 

Completeness 

Completeness will be assessed based on the percentage of specified samples (listed in this 
QAPP) collected.  The completeness goal shall be 90 percent.  Completeness for acceptable data 
is defined as the percentage of acceptable data out of the total amount of data generated.  
Acceptable data is either data that passes all QC criteria, or data that may not pass all QC criteria 
but has appropriate corrective actions taken. 

Comparability 

Standard sampling procedures, analytical methods, units of measurement, and reporting limits 
will be applied in this study to meet the goal of data comparability.  The results will be tabulated 
in standard spreadsheets to facilitate comparison with other study results and water quality 
threshold limits (e.g., WAC 173-201A). 

Measurement Quality Objectives for Hydrologic Data 

Hydrologic monitoring will include measurements of water levels at individual monitoring 
locations.  These measurements will then be converted to estimates of discharge using stream 
discharge rating curves (see next section).  QA objectives for these measurements are expressed 
in terms of precision, bias, representativeness, completeness, and comparability. 

Precision 

Because it is difficult to obtain repeat measurements from hydrologic monitoring equipment 
during continuously changing site conditions, precision of the hydrologic data will be assessed 
based on a controlled test that is performed prior to installing the monitoring equipment in the 
field.  This test will specifically involve the following steps: 

1. Place a pressure transducers obtained for this project into a large bucket. 
2. Fill bucket with 1 foot of water. 
3. Seal bucket tightly to reduce/eliminate evaporation, but leave small gap for 

pressure equilibration. 
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4. Zero the pressure transducer. 
5. Run the test for 24 hours, collecting data at 5-minute intervals. 
6. Repeat the test with 3.0 feet of water in the bucket. 

 
The MQO for precision is less than 5 percent change in water level readings from one 
measurement to the next over the duration of two tests performed at different water levels (i.e., 
1 and 2 feet). 

Bias 

The bias of hydrologic monitoring data will be assessed based on comparisons of monitoring 
equipment readings to an independently measured “true” value.  In this case, the true value will 
be derived from manual measurements of water level that are obtained from a staff gauge at each 
monitoring location.  These manual measurements will be made every 2 weeks in conjunction 
with routine visits to each monitoring location (see next section). 

If the monitoring equipment is not affected by drift or other operational problems, the difference 
between the equipment reading and the manual measurement of water level (“instrument drift”) 
should remain at zero over time and varying water depths.  Therefore, bias in these data will be 
assessed based on the change in the instrument drift value relative to all previous measurements.  
Specifically, a change in the instrument drift value of plus or minus 2 standard deviations relative 
to the mean from all previous measurements will trigger an assessment of the monitoring 
equipment to determine proper functioning. 

Completeness 

Completeness will be assessed based on the occurrence of gaps that may occur in the data record 
for all monitoring equipment.  The associated MQO is less than 10 percent of the total data 
record missing due to equipment malfunctions or other operational problems.  Completeness will 
be ensured through routine maintenance of all monitoring equipment and immediate 
implementation of corrective actions if problems arise. 

Comparability 

Standard monitoring procedures, units of measurement, and reporting conventions will be 
applied to meet the goal of data comparability. 
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Sampling Process Design 

The project team will conduct surface runoff monitoring at 16 different locations:  8 in the 
Snohomish River Watershed, and 8 in the Puyallup River Watershed.  Watershed locations are 
shown in Figure 1. 

Each monitoring location will represent a drainage basin where one of the following land use 
categories is the dominant condition: commercial/industrial, residential, agricultural, or 
forest/field/other.  Two separate drainage basins within each watershed will represent each land 
use type.  For example, two drainage basins selected in the Puyallup River watershed and two in 
the Snohomish River watershed will represent agricultural land use (a total of four). 

The project team will conduct sampling at these locations during eight events.  Two events will 
be scheduled to represent base flow conditions; one base flow event will occur in the summer 
and the other in the winter.  The remaining six events will occur during storm flow events spread 
out over the monitoring year.  Samples from both types of events will be analyzed for selected 
toxic chemicals and pollutants of concern.  The project team will use the data obtained from 
these samples to evaluate differences (if any) in the toxic chemical concentrations in relation to 
land use, watershed, and base/storm flow. 

The project team will also establish stream gauging stations at each of the 16 monitoring 
locations to obtain a continuous record of discharge over a 1-year period, from August 2009 
through July 2010.  The team will then use water quality and discharge data obtained from each 
sampling location to calculate absolute and unit area loadings from each drainage basin.  These 
data will be compared by land use, watershed, and base/storm flow conditions. 

Monitoring Locations 

The Snohomish River and Puyallup River watersheds were selected for monitoring based on the 
following considerations: 

 Each has a diverse land use. 

 Each has a USGS gauging station(s) at or near its mouth that can provide a 
continuous record of flow during the sampling period.  (The gauging network 
in each watershed is shown in Appendix A.) 

 Each has available land use/land cover data to support the required analyses 
for this study. 

 Each will be sampled in connection with Ecology’s PSOEP. 
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 Collectively, these watersheds represent some of the geographic diversity 
within the Puget Sound Basin and yet are fairly centrally located to reduce 
travel time and sampling logistics.  For example, the Snohomish River 
Watershed is located in the central region of the basin, while the Puyallup 
River Watershed is located in the southern region (Figure 1). 

The monitoring locations within these watersheds will receive runoff from smaller drainage areas 
with land use corresponding to one of the four primary land use categories.  In order to ensure 
the land use in these smaller drainage basins is sufficiently representative of a particular 
category, the project team used a stratified random sampling process to identify the individual 
monitoring locations.  The specific goal of this process was to eliminate bias in the monitoring 
location selection process to the extent possible.  The general steps that were used in this process 
are summarized below: 

1. Using a 10-meter digital elevation model (DEM), the project team used the ArcGIS 
Hydrology Toolbox to delineate the stream channel network in each watershed.  The 
resulting stream layer was then compared against publicly available GIS hydrology 
data as a QC measure. 

2. The project team used the stream network and 10-meter DEM topography to delineate 
the drainage basins for all second-order streams within each watershed. 

3. The project team screened all the smaller drainage basins in each watershed to 
identify a subset of drainage basins for which their entire land area was below 
2,200 feet in elevation.  Drainage basins above this threshold were eliminated from 
further consideration.  (This step was performed to ensure the drainage basins 
selected for monitoring would not be rendered inaccessible because of winter snow 
conditions.) 

4. Using the most recent version of the National Land Cover Dataset (MRLC 2001), the 
project team screened the subset of drainage basins obtained from Step 3 to identify 
representative drainage basins for each land use category based on the following 
criteria: 

 Commercial/Industrial

 

:  At least 30 percent of the drainage basin 
must be classified as commercial/industrial land use.  (Initially a 
minimum of 50 percent was targeted for this land use category.  
However, this limited the available drainage basins to only a few 
that largely represented only one commercial or industrial facility, 
which did not meet the intent of the study.) 

Residential:  At least 50 percent of the drainage basin must be 
classified as residential land use; and no more than 10 percent may 
be classified as commercial/industrial land use. 
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 Agricultural

 

:  At least 50 percent of the drainage basin must be 
classified as agricultural land use. 

Forest/Field/Other

5. Using the subset of drainage basins that met these criteria, the project team randomly 
selected five drainage basins for each land use category within each of the two 
watersheds.  The project team then performed field reconnaissance on these randomly 
selected drainage basins to evaluate their suitability for actual monitoring relative to 
the following criteria: 

:  At least 90 percent of the drainage basin must 
be classified as forest/field/other land use. 

 Traffic and water safety 
 Ease of access 
 Property access restrictions 
 Representativeness for the targeted land use 
 Suitability for gauging (channel morphology, diversions, dams, etc.) 

6. Drainage basins that were not suitable for monitoring based on observations from the 
field reconnaissance were eliminated from further consideration.  If fewer than two 
drainage basins for any given land use were identified as being suitable for 
monitoring through this process, the project team randomly selected five additional 
drainage basins for that land use.  The project team then performed field 
reconnaissance on these additional drainage basins as described in Step 5.  This 
process continued until at least two drainage basins for each land use were identified 
as being suitable for monitoring in each of the two watersheds. 

7. The project team acquired higher-resolution topographic data (i.e., Light Detection 
and Ranging [LiDAR]) for the drainage areas identified for sampling through Step 6.  
These data were used to confirm the accuracy of the delineated boundaries and to 
identify any possible topographic variations that might not be identifiable at the 10-
meter DEM scale. 

More detailed descriptions of the GIS analyses performed during this process are provided in 
Appendix B.  A complete list of all monitoring locations that were evaluated through the site 
reconnaissance process described above is provided in Appendix C.  Appendix C also presents 
the rationale for selecting a monitoring location for this project.  Finally, standardized forms 
documenting observations made during field reconnaissance are presented in Appendix D. 

Table 4 provides information on the 16 monitoring locations that were identified through this 
process.  Included in this table are the GIS coordinates for each monitoring location and detailed 
information on the associated drainage basin (e.g., size and land use breakdown).  The relative 
positions of each drainage basin within the Snohomish River Watershed and Puyallup River  
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Watershed are also shown in Figures 3 and 4, respectively.  More detailed maps are provided in 
Appendix E for each monitoring location that show the following information: 

 Monitoring locations relative to delineated basin boundaries 
 Land use breakdown within the delineated basin boundaries 
 Stream channel network within the delineated basin boundaries 

A photograph of each monitoring location is provided in Appendix F. 

For the purpose of this study, the project team will compute toxic chemical loading estimates for 
each monitoring location based on the assumption that the entire

Water Quality Sampling 

 drainage basin is representative 
of the targeted land use, even though Table 4 indicates there is actually a mix of land uses 
present.  However, as noted above, the land use breakdown in each drainage basin was 
determined from relatively low resolution data that were obtained from the National Land Cover 
Dataset (MRLC, 2001).  In general, the maps provided in Appendix E suggest actual land use in 
the drainage basins is more representative of the targeted land use for each monitoring location 
than Table 4 would suggest.  In the presentation of results from this study, the project team will 
discuss any discrepancies between the land use data presented in Table 4 and the actual land use 
for each drainage basin. 

The project team will conduct surface runoff sampling at the 16 monitoring locations identified 
in Table 4 during two base flow events.  One event will occur in August 2009 to represent 
summer base flow conditions, and the other will occur in January or February 2010 to represent 
winter base flow conditions.  In each case, the project team will conduct base flow sampling 
following a period of at least 1 week without rain.  Base flow samples will consist of a single 
grab that is collected from each monitoring location.  The project team will deliver the grab 
samples to the Manchester Environmental Laboratory (MEL) where they will be analyzed for 
selected toxic chemicals and pollutants of concern that are identified in Table 5. 

The project team will also conduct surface runoff sampling at the 16 monitoring locations 
identified in Table 4 during six separate storm events over the period extending from August 
2009 through July 2010.  Efforts will be made to spread the storm event sampling out over this 
period as follows: 

 First Fall Flush:  One event in September or October 2009. 
 Winter Storm Flow:  Three events in October 2009 through February 2010. 
 Spring Storm Flow:  Two events in March through May 2010. 

The project team will attempt to collect samples from the first storm event of the fall season to 
capture the first seasonal flush.  Thereafter, the sampling team will attempt to sample the 
required number of storms as early as possible in the winter and spring storm flow periods to 
ensure that the required number of storm events are captured within each time window. 
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Across all the storm sampling periods, the following conditions will serve as guidelines for 
defining the acceptability of individual storm events for sampling: 

 Target storm depth:  Minimum of 0.25 inches of precipitation in a 24-hour 
period. 

 Antecedent conditions:   A period of at least 12 hours preceding the event 
with less than 0.01 inches of precipitation. 

Samples will likely be collected from only one watershed during any given storm event due to 
staffing and equipment limitations.  During storm event sampling, the project team will collect 
two separate grab samples from each monitoring location, in consecutive rounds.  The project 
team will collect one grab sample from each of its assigned monitoring locations traveling a 
predetermined route from one location to the next, return to the first location to collect the 
second grab sample, and then follow the same route for the remaining locations. 

Following the collection of samples, the project team will then composite these grab samples 
into a single sample in proportion to the flow measured when the two individual samples were 
collected.  For parameters that cannot be composited (see description below), the project team 
will collect only a single grab sample during the first round of sampling for subsequent analyses.  
Following the compositing process, the project team will deliver both composite samples and 
single grab samples to the laboratory where they will be analyzed for those analytes listed in 
Table 5. 

The project team will also make in situ measurements for the field parameters identified in the 
following section.  These measurements will be made immediately following the collection of 
grab samples during both the base and storm flow events.  Results obtained during consecutive 
rounds of sampling during storm flow events will be averaged to obtain a single value for each 
event. 

Monitoring Parameters 

The project team will submit samples to the MEL where they will be analyzed for the toxic 
chemicals and pollutants of concern that are identified in Table 5.  Table 5 also identifies 
parameters that will be measured in situ by the project team during both types of events. 

The water quality sampling design described above will result in a total of 128 samples for any 
given parameter if sampling occurs at all 16 monitoring locations across all the base and storm 
flow events (16 locations × 8 events total = 128 samples).  However, due to cost considerations, 
some parameters will be analyzed for only a subset of the locations, while others will be 
analyzed for only a subset of the events.  In either case, sampling for these parameters will be 
targeted at conditions that have the most chance of producing a detectable concentration.  The 
project team  may also decide to suspend monitoring of any given parameter if results from early 
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monitoring indicate no useful information is being obtained (e.g., if all the data are non detects).  
Table 5 also identifies the number of samples that will be collected for each parameter based on 
the associated number of monitoring locations and sampling events that are anticipated at this 
stage of the project.  Finally, Table 5 also identifies the parameters that will be collected only as 
single grab sampled during the first round of storm event sampling. 

Stream Gauging 

The project team will establish stream gauging stations at each of the monitoring locations 
identified in Table 4 to obtain a continuous record of discharge over a 1-year period, from 
August 2009 through July 2010.  At each gauging station, the project team will install a staff 
gauge for obtaining a manual measurement of water level at a fixed location within the stream 
channel.  The project team will also install a data logger and pressure transducer at each gauging 
station to facilitate the continuous collection of water level data with a 5-minute logging interval.  
The pressure transducer will be housed in a vandal-resistant stilling well submerged within the 
stream channel.  Specifications for the pressure transducer and data logger that will be used for 
this application (i.e., Instrumentation Northwest, AquiStar® PT2X) are provided in Appendix G.  
Typical installation configurations for both the staff gauge and stilling well/pressure transducer 
combination are provided in Appendix H.  The specific configuration of this equipment at each 
monitoring location will be documented by the project team on standardized forms that will be 
provided as an Addendum to this QAPP. 

The project team will perform site visits every 2 weeks to check the operational status of the data 
loggers at each monitoring location and to upload the associated water level data.  The uploaded 
data will be immediately transferred to a secure server located in Herrera’s Seattle office that is 
backed-up on a daily basis.  The project team will then use the AQUARIUS Time-Series 
software for all subsequent tasks related to the processing and analysis of the compiled water 
level data. 

To convert the water level data to estimates of discharge, the project team will develop stream 
discharge rating curves for each monitoring location based on manual measurements of 
discharge that are made during each of the biweekly site visits and the site visits performed for 
water quality sampling during base and storm flow events.  In addition, the project team will 
collect manual measurements of discharge during up to six additional storm events to facilitate 
development of these rating curves.  Based on this schedule, it is anticipated that a minimum of 
20 discharge measurements will be obtained for each site to facilitate rating curve development.  
The project team will subsequently use the AQUARIUS Rating Curve software to develop 
stream discharge rating curves using USGS protocols from the manual measurements of 
discharge at each monitoring location.  The project team will also collect channel cross-section 
information from each monitoring location on a quarterly basis to determine if there have been 
substantial changes in channel geometry due to scour or other fluvial processes that would 
warrant development of a new rating curve. 
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Data Analysis 

The project team will perform the following analyses using the data compiled through the 
monitoring activities described above and the data obtained from the PSOEP.  Note that these 
statistics and computations may be developed for only a subset of the parameters tested if the 
data are not adequate to support the effort for all the parameters (e.g., if there are too many non-
detect values for a given parameter): 

 Calculate summary statistics for toxic chemical concentrations by monitoring 
location, land use, watershed, and flow type (i.e., base and storm). 

 Compare toxic chemical concentrations to applicable water quality criteria. 

 Perform statistical analyses to evaluate differences in toxic chemical 
concentrations by land use, watershed, and flow type. 

 Compute absolute (i.e., Kg/year) and unit area (Kg/year/hectare) toxic 
chemical loading rates for the four primary land use categories targeted in this 
study based on data obtained from the monitoring locations identified in 
Table 4. 

 Compute “land use” based toxic loading estimates at the watershed scale for 
comparison to loading estimates measured at river mouths.  Based on this 
comparison, evaluate potential attenuation of toxic chemicals between their 
point of origin and the point of final discharge to Puget Sound. 

 Compute absolute and unit area toxic chemical loading estimates for the 14 
study areas that provide the input to the PSBM (Figure 2). 
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Sampling Procedures 

To collect samples during base flow events, separate two-person sampling teams will be 
deployed to the two watersheds targeted for sampling.  Each sampling team will then 
progressively sample the eight monitoring locations in each watershed.  At each monitoring 
location, the sampling team will perform the following tasks, in the order shown: 

1. Collect water quality samples. 
2. Field filter water quality samples. 
3. Make in-situ measurements. 

Using this approach, it is anticipated that all monitoring locations will be sampled in an 8- to 
10-hour period.  Upon completion of base flow sampling, sampling teams assigned to the 
Snohomish River Watershed will transport the collected samples to Herrera’s office in Seattle, 
while teams assigned to the Puyallup River Watershed will transport the collected samples to 
Herrera’s office in Olympia.  In both cases, all collected samples will be immediately processed 
and transported to the laboratory for further analysis at the earliest opportunity. 

Sampling teams will be deployed during storm events to sample all monitoring locations within a 
single watershed in the shortest amount of time.  To meet this goal, it is anticipated that only one 
watershed will be sampled during a particular storm event due to staffing and equipment 
limitations.  To sample a single watershed, two 2-person sampling teams will be simultaneously 
deployed during each storm event.  Each team will be assigned to sample four monitoring 
locations in the watershed based on their geographic proximity.  Each sampling team will collect 
one grab sample from each monitoring location traveling a predetermined route, return to the 
first location to collect the second grab sample, and then follow the same route for the remaining 
locations.  At each monitoring location, the sampling team will conduct the three tasks described 
above for base flow events.  Using this approach, it is anticipated that successive grab samples 
from each monitoring location can be collected within a 4- to 6-hour interval, and all sampling 
can be completed in an 8- to 12-hour period. 

During storm sampling, each sampling team will maintain communication with weather 
monitoring personnel at Herrera’s offices in Seattle and/or Olympia who have access to real-time 
Doppler radar images showing the distribution of rainfall in the watershed and the surrounding 
region.  If rainfall appears to be unevenly distributed among the sampling locations in the 
watershed, or if the rainfall appears to be dissipating prior to the completion of the required 
sampling, the Consultant Project Manager (Table 1) will be notified.  The Consultant Project 
Manager will then consult with the Project Manager (Table 1) to determine whether the sampling 
event should be aborted. 

Upon completion of storm flow sampling, sampling teams assigned to the Snohomish River 
Watershed will transport the samples to Herrera’s office in Seattle, while teams assigned to the 
Puyallup River Watershed will transport the samples to Herrera’s office in Olympia.  In either 
case, all samples will be immediately composited and processed by separate teams than those 
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who performed the field work.  After compositing and processing, the project team will transport 
the samples to the laboratory for further analysis at the earliest opportunity. 

The following sections provide more detailed descriptions of the following activities related to 
this process: 

 Collection of grab samples. 
 Field filtering. 
 Measurements for in situ parameters. 
 Sample compositing and processing. 

Collection of Grab Samples 

Table 6 identifies the specific bottles that will be filled as grab samples during base flow events 
and in successive rounds of sampling during storm events.  All of the identified bottles will be 
pre-cleaned in advance of sampling using the following procedure: 

1. Wash with Alconox soap and rinse with tap water. 
2. Rinse with 20 percent hydrochloric acid and rinse with tap water. 
3. Rinse with distilled water. 
4. Rinse with ultra-grade acetone and allow to air dry. 

As shown in Table 6, the sampling teams will use one of two methods to fill the each type of 
bottles: either direct immersion of the bottle in stream, or transfer the sample from the stream to 
the bottle with a stainless steel pitcher.  In both cases, the field sampling teams will use “clean 
hands, dirty hands” procedures to ensure samples are not biased by contamination during the 
collection process.  Standard Operating Procedures (SOPs) for these sampling procedures are 
provided in Appendix I. 

The separate subsections below provide a general description of the respective procedures that 
will be used to collect grab samples by direct immersion and by transfer using a stainless steel 
pitcher.  Grab sample labeling conventions are then presented in a subsequent subsection. 

Grab Sample Collection Procedure by Direct Immersion 

To prepare for grab sampling, one sampling team member will be designated “dirty hands” and 
the other “clean hands”.  Prior to sample collection, both team members will put on new gloves 
(i.e., clean, powder-free gloves made of Nitrile).  The collection procedure will then proceed as 
follows: 
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1. Dirty hands team member: 

a. Open the cooler with sample bottles.  For un-bagged sample 
bottles, proceed to Step 2 below. 

b. For double bagged samples, remove double-bagged sample bottle 
from cooler. 

c. Unseal outer bag. 

2. Clean hands team member: 

a. For un-bagged samples, remove the sample bottle from the cooler. 

b. For double bagged samples, unseal the inner bag containing the 
sample bottle. 

c. Remove bottle and unscrew cap, keeping the sample bottle upwind 
and away from technician exhalation pathway (do not breathe near 
sample bottle). 

d. Fill bottle by submerging the sample bottle 6 inches below the 
water surface (or at mid-depth if the water depth is less than 1 foot) 
at a point near the center of the stream channel and upstream of the 
sampler. 

e. Orient the sample bottle opening down as it is initially submerged 
and then slowly oriented upstream (against flow) of the sampler 
while filling at the proper depth. 

f. Rinse bottle three times in water to be sampled (if sample contains 
no preservative). 

g. Under low flow conditions (e.g., velocity less than 0.1 feet per 
second), move the sample bottle slowly upstream while filling. 

h. After removal of the bottle from the water, discard a small portion 
of the sample (leaving a small headspace) to allow for proper 
mixing before analysis (except for the three 40-ml gasoline sample 
bottles [Table 6] that are to be collected with zero head-space). 

i. Return sample bottles to inner bag (or cooler for un-bagged 
samples). 
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j. Reseal inner bag. 

k. Reseal outer bag (either team member). 

l. Return double-bagged sample to cooler (either team member). 

Grab samples obtained at each monitoring location through the process described above will be 
documented on standardized field forms (see example in Appendix J). 

Grab Sample Collection Procedure by Transfer with Stainless Steel Pitcher 

As shown in Table 6, this procedure will be used to fill the 12-liter (L) stainless steel sample 
bottle because it to too cumbersome to fill by direct immersion.  To prepare for grab sampling, 
designate one team member “dirty hands” and one team member “clean hands”.  Prior to sample 
collection, both team members will put on new gloves (i.e., clean, powder-free gloves made of 
Nitrile).  The specific steps that will be used to implement the procedure are as follows: 

1. Dirty hands team member: 

a. Open the outer plastic bag containing the stainless steel pitcher. 

2. Clean hands team member: 

a. Open the inner plastic bag and removes the stainless steel pitcher. 

3. Dirty hands team member: 

a. Open the cooler containing the 12-L stainless steel sample bottle. 

4. Clean hands team member: 

a. Remove the 12-L stainless steel sample bottle. 

b. Rinse stainless steel pitcher three times in stream. 

c. At a point near the center of the stream channel and upstream of 
the sampler, submerge the stainless steel pitcher 6 inches below the 
water surface (or at mid-depth if the water depth is less than 1 foot) 
with pitcher opening oriented down. 

d. Slowly orient stainless steel pitcher opening up and allow to fill.  
Under low flow conditions (e.g., velocity less than 0.1 feet per 
second), move the pitcher slowly upstream while filling. 
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Field Filtering 

As shown in Table 6, dissolved metals, dissolved organic carbon, and orthophosphate 
phosphorus samples will be filtered in the field immediately after collection.  To filter the 
sample, the field sampling teams will use a peristaltic pump to draw the unfiltered sample 
through a 0.45-micron filter.  The peristaltic pump will be fitted with new Teflon tubing prior to 
filtering the sample from each monitoring location.  The filtered sample will be deposited into a 
separate, 2-liter Teflon bottle that has been pre-cleaned using the procedure described above. 

The field sampling teams will use “clean hands, dirty hands” procedures to ensure samples are 
not biased by contamination during the filtering process.  To prepare for filtering, one sampling 
team member will be designated “dirty hands” and the other “clean hands”.  Prior to sample 
collection, both team members will put on new gloves (i.e., clean, powder-free gloves made of 
Nitrile).  The collection procedure will then proceed as follows: 

1. Dirty hands team member: 

a. Set up the peristaltic pump. 

b. Open bag containing new pump tubing and filter. 

2. Clean hands team member: 

a. Remove pump tubing and filter from bag. 

3. Dirty hands team member 

a. Insert the silicon tubing into the peristaltic pump (while clean 
hands holds polyethylene tubing and filter). 

b. Remove the original full double-bagged 2-L Teflon sample bottle 
for dissolved metals from cooler and unseal outer and inner bag. 

4. Clean hands team member 

a. Remove bottle and unscrew cap of original sample bottle. 

b. Insert the intake end (the tubing without the filter attached) of the 
Teflon lined polyethylene tubing into the original 2-L Teflon 
sample bottle. 

c. Attach the discharge end of the polyethylene pump tubing to the 
filter stand with a clamp (while dirty hands handles the clamp), 
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such that the filter outlet is suspended at a height that will allow 
filling of the 2-L Teflon bottle for the filtered sample. 

5. Dirty hands team member 

a. Remove the empty double-bagged 2-L Teflon sample bottle for 
dissolved metals from cooler and unseal outer and inner bag. 

b. Turn the pump on to a maximum rate not to exceed 1 liter/minute. 

6. Clean hands team member: 

a. Remove empty 2-L Teflon sample bottle and unscrew cap. 

b. Once water begins discharging from the filter, discard the initial 
250 ml of filtrate. 

c. Rinse empty 2-L Teflon sample bottle and cap three times with 
filtered sample water and fill sample bottle. 

d. Return 2-L Teflon sample bottle to inner bag. 

7. Dirty hands team member 

a. Reseal inner and outer bag and return double-bagged 2-L Teflon 
sample bottle to cooler. 

Measurements for in Situ Parameters 

As shown in Table 5, field sampling teams will measure the following suite of parameters in situ 
during base flow events and in successive rounds of sampling during storm events: dissolved 
oxygen, temperature, conductivity, pH, and discharge.  To facilitate development of stream 
discharge rating curves, field sampling teams will also make additional discharge measurements 
at each monitoring location during the routine site visits to upload water level data from stream 
gauging equipment and during larger storm events.  The specific procedures that will be used to 
collect in situ measurements for water quality and discharge are described in the following 
subsections, respectively. 

Water Quality Measurements 

The field sampling team will use a YSI 556 multi-parameter meter to make in situ measurements 
for dissolved oxygen, pH, conductivity, and temperature at each monitoring location.  The meter 
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will be calibrated in accordance with the SOP provided in Appendix K prior to making 
measurements at the first monitoring location.  The meter will then be recalibrated after 
measurements have been made at four successive monitoring locations.  Finally, the meter 
calibration will be checked upon completion of the monitoring activities for any given base or 
storm flow event.  All calibration information will be documented on standardized field forms 
(see example in Appendix J). 

To make in situ water quality measurements, field sampling teams will directly submerge the 
sensing probe in the stream at each monitoring location.  Because oxygen is consumed by the 
sensor during measurement, the probe will be placed in an area within the stream where the 
water is moving at rate of at least one foot per second to avoid false low readings.  If stagnant 
water is encountered at a particular monitoring location, field sampling teams will artificially 
generate current around the probe by rapidly moving the probe tip through the water.  When the 
meter readings have stabilized, field sampling teams will record the measurements for each water 
quality parameter on standardized field forms (see example in Appendix J). 

Discharge Measurements 

Field sampling teams will make discharge measurements at each monitoring location using a 
Marsh McBirney Flo-Mate electromagnetic velocity meter or a Swoffer model 2100 current 
meter.  Standard operating procedures for measuring discharge are included in Appendix L, and 
a general description of the procedures is provided below. 

Whenever possible, field sampling teams will make discharge measurements in culvert outlets; 
otherwise, the measurements will be made within the stream channel in an area that best 
approximates uniform flow and has minimum turbulence.  To ensure discharge measurements 
made in stream channels are consistent from one site visit to the next, field sampling teams will 
drive steel rods in each stream bank at the onset of monitoring to serve as reference points for all 
subsequent discharge measurements. 

To measure discharge, field sampling steams will stretch a surveyor's tape between the steel 
rods.  Channel depth, water depth, and current velocity will then be recorded at each of 10 to 
25 intervals along the cross-section (approximately one measurement per 0.5 feet).  Velocity will 
be recorded according to the six-tenths-depth method (USBR 2001) using a Marsh McBirney 
Flo-Mate electromagnetic velocity meter or a Swoffer model 2100 current meter.  Stream depths 
measured on the in-stream staff gage will be read at the beginning and end of each discharge 
measurement to aid in correcting measurements made during changing conditions, and to 
facilitate the development of stream discharge rating curves.  Field sampling teams will record 
velocity and water depth measurements on standardized field forms (see example in Appendix J).  
Stream discharge will then be calculated by multiplying the velocity measurement by the cross-
sectional area of each interval and summing the results. 

In general, field sampling teams will make discharge measurements in smaller streams by 
straddling the channel and inserting the velocity meter into the stream.  For larger streams, field 
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sampling teams will don hip boots or chest waders and then enter the stream with the velocity 
meter to make discharge measurements.  If high flows create conditions that are too dangerous 
for field sampling teams to enter the stream, discharge measurements will be made by inserting 
the velocity meter into the stream from an overhanging structure (e.g., a nearby bridge) if 
possible, or by inserting the velocity meter into the stream from the bank. 

Sample Compositing and Processing 

As shown in Table 6, some of the samples collected in successive rounds of sampling during 
storm events will be composited into single, flow weighted composite sample.  Sampling teams 
assigned to the Snohomish River Watershed will complete the compositing process at Herrera’s 
office in Seattle, while the teams assigned to the Puyallup River Watershed will complete the 
compositing process at Herrera’s office in Olympia.  Both locations have suitable facilities for 
processing samples without significant risk of contamination. 

As a first step in the compositing process, field sampling teams will process data obtained from 
discharge measurements to determine the flow rate in each stream during each round of 
sampling.  Using these results, the proportion of sample to be composited from each round of 
sampling will be determined based on the following equations: 

P1 = F1/(F1 + F2) 

P2 = F2/(F1 + F2) 

Where: P1 = Proportion of sample from Round 1. 
 P2 = Proportion of sample from Round 2. 
 F1 = Flow rate measured during Round 1. 
 F2 = Flow rate measured during Round 2. 

Field sampling teams will then complete the compositing process using the following steps: 

1. The bottle obtained from the first round of sampling (hereafter referred to as B1) will 
be placed on a scale that can read up to 15 kilograms to the nearest gram.  The weight 
of B1 will be recorded. 

2. The appropriate mass of sample for compositing in proportion to flow will be 
determined based on the following formula: 

Mf x P1 = M1 

Where: Mf = Desired mass of sample in the final composite bottle, assuming 
the samples have a density of 1 gram/centimeter3. 
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 M1 = Appropriate mass of sample for compositing from B1. 

3. Sample will be incrementally poured out of B1 until the appropriate mass (M1) for 
compositing remains in the bottle (to within ±10 grams for 2-L bottles, and 
±100 grams for 12-L bottles).  Prior to each incremental pouring of sample, B1 will 
be inverted three times to ensure the sample is thoroughly mixed. 

4. The bottle obtained from the second round of sampling (hereafter referred to as B2) 
will be placed on the scale and its weight recorded. 

5. The appropriate mass of sample for compositing in proportion to flow will be 
determined based on the following formula: 

Mf x P2 = M2 

Where: Mf = Desired mass of sample in the final composite bottle, assuming 
the samples have a density of 1 gram/centimeter3. 

 M2 = Appropriate mass of sample for compositing from B2. 

6. Sample will be incrementally poured out of B2 until the appropriate mass (M2) for 
compositing remains in the bottle (to within ±10 grams for 2-L bottles, and 
±100 grams for 12-L bottles).  Prior to each incremental pouring of sample, B2 will 
be inverted three times to ensure the sample is thoroughly mixed. 

7. The remaining sample contained in B2 will be poured into B1 in order to obtain the 
final composite sample. 

Once the compositing process is complete, field sampling teams will transfer sample from the 
appropriate composite bottle for each parameter (Table 6) to the appropriate laboratory bottle for 
the respective analysis (Table 7).  Laboratory bottles will be pre-cleaned by the laboratory for the 
analysis as necessary (Table 7).  Prior to transferring sample to each laboratory bottle, the 
composite sample bottle will be inverted three times to ensure the sample is thoroughly mixed.  
After the sample has been transferred to the laboratory bottle, the appropriate preservative will 
be added as necessary (Table 7).  The laboratory bottles will then be packed in a cooler with ice 
(at 4°C) and transported to the laboratory. 
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Measurement Procedures 

Ecology will arrange for MEL to analyze samples for the majority of toxic chemicals listed in 
Appendix M.  Ecology and MEL will subcontract directly with specialty laboratories for testing 
not performed by MEL. 

Analytical methods and reporting limits for all target analytes are also shown in Appendix M.  
Detailed information on specific analytical procedures that will be used for this project are 
provided below. 

BNAs and Herbicides 
Analyzed using USEPA SW-846 Method 8270 
Samples will be analyzed by gas chromatography/mass spectrometry (GC/MS) following 
extraction and, if necessary, appropriate sample cleanup and derivatization procedures.  Sample 
extracts are injected into a gas chromatograph (GC) equipped with a capillary column, which 
utilizes a temperature program to separate analytes which are then detected with a mass 
spectrometer.  Analytes are identified by comparing electron impact spectra to the spectra of 
known standards.  Analytes are quantified by comparing the response of a major ion relative to 
an internal standard using a calibration curve developed for each GC/MS instrument. 

PAHs 
Analyzed using USEPA SW-846 Method 8270 SIM 
Method 8270 SIM is a modification of method 8270.  Selected ion monitoring (SIM) enhances 
sensitivity by setting the mass spectrometer to detect specific ions rather than a range of ions.  
Sensitivity is generally increased by a factor of ten over standard mass spectrometer 
measurements.  The primary disadvantage of SIM is a loss of qualitative information (unable to 
compare spectra). 

Pesticides 
Analyzed using USEPA SW-846 Method 8081 
Samples will be analyzed by gas chromatography/electron capture detector (GC/ECD) following 
extraction and, if necessary, appropriate sample cleanup procedures.  Sample extracts are 
injected into a GC, equipped with a capillary column, which utilizes a temperature program to 
separate analytes which are then detected with either an electron capture detector (ECD) or 
electrolytic conductivity detector (ELCD).  Analytes are identified by comparing the retention 
time of target compounds with retention times of known standards on two dissimilar columns.  
Analytes are quantified by comparing the sample peak response using a calibration curve 
developed for each target compound. 

PBDEs 
Analyzed using EPA method GC/HRMS 1614 
Samples will be analyzed using gas chromatography/high resolution mass spectrometry 
(GC/HRMS) following extraction and, if necessary, appropriate sample cleanup procedures.  
Sample extracts are injected into a GC equipped with a capillary column, which utilizes a 
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temperature program to separate analytes which are then detected with a HRMS.  Congeners are 
identified by comparing the retention time and ion-abundance ratio of target compounds and 
associated labeled analog compounds with retention times and ion-abundance ratio of known 
standards.  Congeners are quantified using the isotopic dilution quantitation technique, 
comparing the area of the quantification ion to that of the 13C-labelled standard and correcting 
for response factors. 

PCBs 
Analyzed using EPA method GC/HRMS 1668 
Samples will be analyzed using GC/HRMS following extraction and, if necessary, appropriate 
sample cleanup procedures.  Sample extracts are injected into a GC, equipped with a capillary 
column, which utilizes a temperature program to separate analytes which are then detected with a 
HRMS.  Congeners are identified by comparing the retention time and ion-abundance ratio of 
target compounds and associated labeled analog compounds with retention times and ion-
abundance ratio of known standards.  Congeners are quantified using the isotopic dilution 
quantitation technique, comparing the area of the quantification ion to that of the 13C-labelled 
standard and correcting for response factors. 

PFOAs and PFOSs 
Analyzed using AXYS method MLA-060 
Samples will be analyzed by liquid chromatography-tandem mass spectrometry (LC/MS/MS) 
following solid phase extraction and selective elution procedures.  Sample extracts are analyzed 
on a high performance liquid chromatograph coupled to a triple quadruple mass spectrometer.  
Target compounds are quantified using the internal standard method, comparing the area of the 
quantification ion to that of the 13C-labelled standard and correcting for response factors. 

Metals 
Analyzed using USEPA Method 200.8 
Samples will be analyzed for dissolved metals following filtration of the whole water samples 
using a 0.45-micron fiber filter.  Total metals analyses will be conducted using unfiltered water 
samples. 

Metals analyzed using Method 200.8 include: aluminum, arsenic, barium, beryllium, cadmium, 
cobalt, copper, lead, manganese, nickel, selenium, thallium, tin, and zinc.  Samples will be 
analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) following acid extraction.  
Sample extracts injected into the ICP-MS are quantified by comparing instrument response to a 
calibration curve developed for each analyte.  Results will be reported for total (unfiltered) and 
filtered metals. 

Calcium and Magnesium 
Analyzed using USEPA Method 200.7 
Samples will be analyzed for dissolved calcium and magnesium following filtration of the whole 
water samples using a 0.45-micron fiber filter.  Total calcium and magnesium analyses will be 
conducted using unfiltered water samples. 
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Samples will be analyzed by inductively coupled plasma-atomic emission spectroscopy (ICP-
AES) following acid extraction.  Sample extracts injected into the ICP-AES are quantified by 
comparing instrument response to a calibration curve developed for each analyte.  Results will be 
reported for total (unfiltered) and filtered calcium and magnesium. 

Mercury 
Analyzed using either EPA Method 245.7 or EPA Method 7470 
Samples will be analyzed for dissolved mercury following filtration of the whole water samples 
using a 0.45-micron fiber filter.  Total mercury analyses will be conducted using unfiltered water 
samples. 

Samples may be analyzed using Method 245.7 “Mercury in Water by Cold Vapor Atomic 
Fluorescence Spectrometry”.  Samples are oxidized and the ionic mercury is then reduced to 
form volatile mercury.  Volatile mercury is purged from the sample solution into a cold-vapor 
atomic adsorption (CVAA).  Concentration is determined by measuring sample fluorescence 
against the fluorescence of known standards. 

Samples may also be analyzed using Method 7470 “Mercury in Liquid Waste (Manual Cold 
Vapor Technique)”.  This technique is similar to Method 245.7 but uses different reagents to 
oxidize and then reduce the mercury.  Instead of measuring fluorescence, this method measures 
absorbance using an atomic absorption spectrophotometer.  Concentration is determined by 
measuring sample absorbance against the absorbance of known standards. 

Total Petroleum Hydrocarbons (as gasoline) 
Analyzed using Washington Department of Ecology Method NWTPH-Gx 
Samples are purged using a purge/trap concentrator and analyzed by gas chromatograph using a 
flame ionization detector (GC/FID).  Volatile petroleum hydrocarbon concentrations as gasoline 
are measured by integrating sample responses (e.g., peak areas) to responses from a calibration 
curve developed using a regular unleaded gasoline standard.  The range of peaks associated with 
gasoline generally includes compounds in the molecular weight range of benzene to naphthalene. 

Total Petroleum Hydrocarbons (as diesel and as lube oil) 
Analyzed using Washington Department of Ecology Method NWTPH-Dx 
Samples are solvent extracted and analyzed by GC/FID.  Semi-volatile petroleum hydrocarbon 
concentrations as diesel are measured by integrating sample responses (e.g., peak areas) to 
responses from a calibration curve developed using a #2 diesel standard.  The range of peaks 
associated with diesel generally includes compounds in the molecular weight range of jet fuels 
through #2 diesel.  Semi-volatile petroleum hydrocarbon concentrations as lube oil are measured 
by integrating sample responses (e.g., peak areas) to responses from a calibration curve 
developed using a non-synthetic SAE 30 weight motor oil standard.  The range of peaks 
associated with lube oil generally includes compounds such as lubricating oils, heavy fuel oils 
and mineral oils. 
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Oil and Grease, HEM 
Analyzed using USEPA Method 1664, Rev. A 
This method measures oil and grease, HEM by extracting a sample with N-hexane then 
desiccating the extract and weighing the residue.  The materials extracted include: non-volatile 
hydrocarbons, vegetable oils, animal fats, waxes, soaps, greases and related materials. 

Silica gel treated HEM (SGT-HEM; non-polar material) may be analyzed by re-dissolving the 
residue and using silica gel to remove polar compounds, then desiccating the sample and 
weighing the residue.  Lower reporting limits may be achieved by increasing the volume of the 
water sample.  In addition to the standard analysis described here, a “Diesel [& Lube Oil] Extract 
of Oil and Grease, HEM” will be conducted.  The final weighed residue of the gravimetric Oil 
and Grease, HEM analyses will be re-suspended in methylene chloride and the material analyzed 
using the GC portion of the NWTPH-Dx method described above. 

Hardness 
Measured using Standard Methods method 2340 B 
Total hardness will be calculated after determining calcium and magnesium concentrations in the 
sample.  Calcium and magnesium will be analyzed following USEPA Method 200.8 (see above). 

Ammonia Nitrogen 
Measured using Standard Methods method 4500-NH3 H 
A water sample is injected into a flow injection analyzer (FIA) and following reaction with 
various reagents, produces a blue-colored dye.  The intensity of the dye’s absorbance is 
measured with an absorbance detector.  Concentration is measured by comparing sample 
absorbance to a standard curve of absorbance determined from known ammonia standard 
concentrations. 

Nitrate and Nitrite Nitrogen 
Measured using Standard Methods method 4500-NO3 I 
A water sample is passed through a copperized cadmium column to reduce nitrate (NO3) to 
nitrite (NO2).  The sample is then injected into a FIA and following reaction with various 
reagents, produces a magenta-colored dye.  Total NO3 + NO2 concentration is measured by 
comparing sample absorbance to a standard curve of absorbance determined from known nitrate 
standard concentrations. 

Total Nitrogen 
Measured using Standard Methods method 4500-N B 
A water sample is injected into a FIA.  In-line ultraviolet/persulfate digestion and oxidation 
followed by reaction with various reagents, produces a pink-colored dye.  The intensity of the 
dye’s absorbance is measured with an absorbance detector. Concentration is measured by 
comparing sample absorbance to a standard curve of absorbance determined from known 
standard concentrations of nitrate and nitrite compounds.  This method measures nearly all forms 
of organic and inorganic nitrogen. 
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Dissolved Organic Carbon 
Measured using Standard Methods method 5310 B 
There are several options for measuring dissolved organic carbon in this method; all of which are 
similar to the description below. 

A field-filtered water sample is first treated by acidification and purging to remove inorganic 
carbon.  The sample is then injected into a high temperature reaction chamber containing an 
oxidative catalyst.  Organic carbon is oxidized to carbon dioxide (CO2) which is carried in a gas 
stream to a non-dispersive infrared analyzer which measures the concentration of the CO2.  
Concentration is determined by comparing measured CO2 sample concentration to a standard 
concentration curve determined from known standard concentrations of potassium biphthalate. 

Total Organic Carbon 
Measured using Standard Methods method 5310 B 
The method is the same as for dissolved organic carbon above; only the filtering step is 
eliminated. 

Orthophosphate Phosphorus 
Measured using Standard Methods method 4500-P G 
Water sample is injected into a FIA and following reaction with various reagents, produces a 
blue complex.  The intensity of the complex’s absorbance is measured with an absorbance 
detector.  Orthophosphate (PO4) concentration is measured by comparing sample absorbance to a 
standard curve of absorbance determined from known orthophosphate standard concentrations. 

Total Phosphorus 
Measured using Standard Methods method 4500-P F 
A water sample is digested using acid and persulfate to convert the phosphate in organic and 
inorganic compounds to orthophosphate.  Following neutralization the sample is injected into a 
FIA and following reaction with various reagents produces a complex that is reduced with 
ascorbic acid to form a new blue complex.  The intensity of the complex’s absorbance is 
measured with an absorbance detector.  Total phosphorus concentration is measured by 
comparing sample absorbance to a standard curve of absorbance determined from known 
orthophosphate standards that have been carried through the entire procedure. 

Total Suspended Solids 
Measured using Standard Methods method 2540 D 
Water sample is filtered through a weighed glass-fiber filter.  The filter and residue are dried at 
103 to 105oC.  The increase in weight is the mass of the total suspended solids. 

Field Parameters (dissolved oxygen, pH, specific conductance, and temperature) 
Measured using a YSI 556 meter 
The YSI 556 multi-parameter meter is a hand held instrument.  Dissolved oxygen is measured 
using an internal polarographic sensor.  pH is measured using a glass combination electrode.  
Specific conductance is measured using a 4-electrode conductivity cell.  Temperature is 
determined with a precision thermistor.  The meter is calibrated according to manufacturer 
specifications prior to use. 
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Quality Control 

To ensure the data quality objectives for this study are met, the project team will implement the 
procedures specified in the following subsections for field and laboratory QC. 

Field Quality Control Procedures 

QC procedures used for field activities are described in the following sections.  The frequency 
and type of quality control samples to be collected in the field are summarized in Table 8. 

Field Logbooks and Data Forms 

The project team will document daily observations on standardized field forms.  Documentation 
will be sufficient to enable participants to accurately and objectively reconstruct events that 
occurred during the project at a later time.  Entries will be made in waterproof ink, dated, and 
signed.  Project-specific field data forms/sheets will be used to capture field operations and 
observations (see example in Appendix J).  If corrections are necessary, these corrections will be 
made by drawing a single line through the original entry (so that the original entry is legible) and 
writing the corrected entry alongside.  The correction will be initialed and dated.  Corrected 
errors may require a footnote explaining the correction. 

Custody Procedures 

The primary objective of chain-of-custody procedures is to provide an accurate written or 
computerized record that can be used to trace the possession and handling of a sample from 
collection to completion of all required analyses.  A sample is in custody when any of the 
following conditions are true: 

 The sample is in someone’s physical possession. 
 The sample is in someone’s view. 
 The sample is locked up. 
 The sample is kept in a secured area that is restricted to authorized personnel. 

Field Custody Procedures 
The project team will use the following guidance to ensure proper control of samples while in the 
field: 

 As few people as possible will handle the samples. 
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 The sample collector will be responsible for the care and custody of collected 
samples until they are transferred to another person or dispatched properly 
under chain-of-custody rules. 

 The sample collector will record sample data on standardized field data 
forms/sheets (see example in Appendix J). 

 The sampling team leader will determine whether proper custody procedures 
were followed during the fieldwork and will decide if additional samples are 
required. 

MEL personnel will be responsible for packaging and shipping samples to outside laboratories.  
When transferring custody (i.e., releasing samples to a shipping agent), the following rules will 
apply: 

 The container in which samples are packed will be sealed and accompanied by 
two copies of the chain-of-custody records.  When transferring samples, the 
individuals relinquishing and receiving them must sign, date, and note the 
time on the chain-of-custody record.  This record will document sample 
custody transfer. 

 Samples will be dispatched to the laboratory for analysis with separate chain-
of-custody records accompanying each shipment.  Shipping containers will be 
sealed with custody seals for shipment to the laboratory.  The chain-of-
custody records will be signed by the relinquishing individual, and the method 
of shipment, name of courier, and other pertinent information will be entered 
on the chain-of-custody record before placement in the shipping container. 

 All shipments will be accompanied by chain-of-custody records identifying 
their contents.  The original record will accompany the shipment.  The other 
copies will be distributed appropriately to the site team leader and site 
manager. 

 If sent by common carrier, a bill of lading will be used.  Freight bills and bills 
of lading will be retained as part of the permanent documentation. 

Laboratory Custody Procedures 
A designated sample custodian at the laboratory will accept custody of the shipped samples from 
the carrier and enter preliminary information about the package into a package or sample receipt 
log, including the initials of the person delivering the package and the status of the custody seals 
on the coolers (i.e., broken versus unbroken).  The custodian responsible for sample log-in will 
follow the laboratory’s SOP for opening the package, checking the contents, and verifying that 
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the information on the chain-of-custody agrees with samples received.  The laboratory will 
follow its internal chain-of-custody procedures as stated in the laboratory QA Manual. 

Field Quality Control Samples 

Field QC samples for this project vary by analysis, but generally include one field (equipment 
rinsate) blank and one field duplicate for collection of sufficient sample volume, to allow the 
laboratories to conduct the QC analyses identified in Table 8 for each sampling event.  In this 
context, a “sampling event” is completed when samples have been collected from all 
16 monitoring locations identified in Table 4.  A separate sample container for the MS/MSD and 
duplicate is not required for metals, mercury, hardness, ammonia nitrogen, nitrate & nitrite 
nitrogen, total nitrogen, orthophosphate phosphorus, and total phosphorus since the sample 
container for the native sample contains sufficient volume for both the sample analysis and QC 
testing.  The field/rinsate blank is used to evaluate potential contamination from sampling 
equipment.  Analyses conducted using isotopic dilution will not require MS/MSD samples.  
Analytical accuracy is evaluated using isotope dilution data for samples analyzed using this 
methodology.  Precision will be defined using the duplicate analysis. 

The matrix spike and matrix spike duplicate taken from the duplicate sample is a co-located 
sample collected sequentially with one sample which the laboratory uses to measure analytical 
precision and accuracy. 

Rinsate blanks are not required for several of the conventional analytes (Table 8).  Field QC 
samples will not be required for measurements made in the field using the YSI 556 handheld 
meter. 

Laboratory Quality Control Procedures 

Laboratory QC samples are summarized in Table 9.  Detailed QC procedures are documented in 
the Manchester Environmental Laboratory Quality Assurance Manual (MEL, 2006) and each 
subcontracted laboratory’s quality assurance manual.  One QC goal for this project is for each 
lab to extract and analyze all the samples collected during each event in a single batch.  By doing 
this, a single set of QC parameters will be applicable to all samples collected during each 
sampling event. 

PCBs, aluminum, barium, beryllium, cobalt, manganese, nickel, selenium, thallium, tin, and low 
detection limit oil and grease, HEM will be collected only during two sampling events and from 
a subset of monitoring locations (see Table 5) due to budget constraints. 

The diesel extract of oil and grease, HEM will be analyzed during the fall first flush event and 
first winter storm flow event (see Table 5).  Monitoring may be suspended after the first winter 
storm flow event depending on the results of the first two events. 
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At a minimum, oil and grease, HEM with be analyzed with a lower detection limit during the fall 
first flush event and first winter storm flow event (see Table 5).  At the discretion of the project 
team, additional samples may also be analyzed at select locations during additional events. 

The method blank is used to assess potential contamination from sample handling in the 
laboratory. 

The laboratory control sample (LCS) is sometimes referred to as a blank spike.  The LCS is used 
to measure the accuracy of the laboratory by determining the ability of the laboratory to recover 
known amounts of target analytes in the absence of matrix effects. 

Isotopic dilution provides recovery data for labeled analytes that relate directly to the native 
compound recoveries. 

The matrix spike and matrix spike duplicate are samples that have known amounts of target 
analytes added to them in the laboratory.  The laboratories measure the percent recovery of these 
compounds to estimate accuracy.  Analytical precision is estimated by comparing the MS and 
MSD recoveries.  The matrix spikes allow the laboratory to assess matrix interferences.  
Precision is also impacted by field variability since separate samples are being collected. 

LCS and MS/MSD tests are not required for several of the conventional analytes.  Laboratory 
blanks and laboratory duplicate analyses provide sufficient QC data to meet the data quality 
objectives for this project.  Field QC samples will not be required for measurements made in the 
field using the YSI 556 handheld meter. 



 

   
QAPP – Phase 3: Characterization of Loadings via Surface Runoff Page 41 
July 2009 

Data Management Procedures 

MEL will provide sample and QC data in a standardized electronic format that is suitable for 
evaluating the study data.  The project team will input data obtained from MEL and all field data 
obtained through the study into a Microsoft Excel spreadsheet to facilitate all subsequent data 
management, analysis, and archiving activities.  All field data entries will be independently 
verified for accuracy.  After completing the verification and review process (see description 
below), the project team will submit all acceptable data to Ecology for incorporation into the 
Environmental Information Management (EIM) system. 

The project team will also perform site visits every 2 weeks to check the operational status of the 
data loggers at each monitoring location and upload the associated water level data using a 
portable field computer.  The uploaded water level data will be immediately transferred to a 
database (SQL server with Aquarius Time Series Software) for all subsequent data management 
tasks.  Manual measurements of water level obtained from the staff gauges at each monitoring 
location will be used to correct pressure transducer readings for drift. 
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Audits and Reports 

The project will perform routine audits of water quality and hydrologic data to ensure this QAPP 
is being implemented correctly.  In addition, data obtained from this study will be presented in a 
final summary report after the completion of monitoring activities.  These activities are described 
in more detail in the following subsections. 

Audits 

The Manchester Environmental Laboratory conducts performance and system audits of their 
procedures.  MEL will make those audits available upon written request from the project team.  
Ecology’s Accreditation Program determines if external laboratories may be used to analyze 
samples.  Since Ecology has not yet approved the method identified for PFOA and PFOS 
analyses, the Ecology Quality Assurance Officer will waive the requirement for accreditation of 
the method for this project. 

Audits for hydrologic data will occur on a monthly basis.  In connection with these audits, the 
project team will examine the data collected from each monitoring location over the previous 
month in relation to data from prior months to identify potential QA issues.  This audit will 
specifically include an examination of the data record for gaps, anomalies, or inconsistencies in 
the water level.  Any data generated from calibration checks that were performed at a particular 
monitoring location will also be entered into control charts and reviewed to detect potential 
instrument drift or other operational problems.  In the event that QA issues are identified on the 
basis of these audits, the project team will immediately perform a site visit to troubleshoot the 
problem and to implement corrective actions if possible.  The project team will document any 
QA issues that are detected through these audits in the electronic data record. 

No audits will be required for other field measurements since the meter(s) used will be calibrated 
before and after each monitoring event. 

Reports 

During the implementation of this project, the project team will forward QA summary 
memoranda (see description in the Data Verification and Validation section) for each batch of 
samples that are submitted to the laboratory within 1 week of their completion by the Water 
Quality Data QA Lead (Table 2).  The project team will also provide interim progress reports to 
Ecology on quarterly basis with the following information: 

 Channel cross-section information from each monitoring location that has 
been sampled to determine whether there have been substantial changes in 



 

   
Page 44 QAPP – Phase 3: Characterization of Loadings via Surface Runoff 
  July 2009 

channel geometry that would warrant development of a new rating curve (see 
description in the Stream Gauging section). 

 Raw and corrected water level data from each monitoring location. 

 Control charts used to track calibration checks for pressure transducers 
installed at each monitoring location. 

 Most recent current stream discharge rating curve that has been developed for 
each monitoring location. 

Upon completion of field activities for this project, the project team will summarize results from 
this study in a draft summary report that will be submitted to Ecology for review and comment.  
The project team will prepare a final report based on the comments that are received on the draft.  
The summary report will present the following information: 

 An overview of the study’s goals and objectives. 

 The study’s analytical, sampling, and statistical methods. 

 A formal evaluation of data quality based on field duplicates, laboratory 
duplicates, and matrix spikes. 

 A summary of statistical and computation results for each of the six topics of 
interest described above in the Data Analysis section. 

 Conclusions and recommendations regarding land use effects on toxics in 
runoff, differences between the Phase 2 and Phase 3 results, and limitations of 
the Phase 3 results. 

 Hardcopy and electronic graphical and tabular summaries of toxic chemical 
loading estimates. 

 Hardcopy and electronic copies of gauging station data. 

The schedule for completing the draft and final summary report is presented in Table 2. 
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Data Verification and Validation 

The following subsections describe the data verification and validation processes that will be 
used for water quality and hydrologic data, respectively. 

Water Quality Data Verification and Validation 

The project team will record field data and observations on standardized field forms.  MEL and 
all subcontracted laboratories will provide both electronic and hard copy data packages for data 
from each sampling event.  Each data package will include a case narrative discussing any 
problems with the analyses, alterations, if any, made to the methods, and an explanation of data 
qualifiers.  The data package will include all relevant QC results.  QC information will be used to 
evaluate the accuracy and precision of the data and to determine if measurement data quality 
objectives were met. 

The project team will conduct a Quality Assurance level 1 (QA1) analytical data review 
following the process outlined in Ecology QA1 review guidelines (PTI, 1989).  QA1 includes 
review of case narratives and laboratory data.  Reviews verify that methods specified in this 
QAPP were followed, calibrations and QC checks are provided for all samples, and data are 
correct and complete.  Evaluation criteria include: holding times, calibrations, blanks, detection 
limits, control samples, spike recoveries and relative percent differences, and laboratory applied 
data qualifiers. 

Significant laboratory findings will be discussed with the applicable laboratory project managers.  
QA summary memoranda will be prepared for the record.  Field data will also be evaluated for 
quality assurance.  Impacts to the data (if any) will be summarized and addressed in the final 
report.  All laboratory data reviews will be completed by the Water Quality Data QA lead 
(Table 2), and checked by the project manager. 

The project team will validate analytical data to verify they meet project data quality objectives 
and to identify any limitations of the data, following the process outlined in Ecology QA1 review 
guidelines (PTI, 1989).  The validation process will involve comparing calibration, accuracy, and 
precision results to the MQOs listed in the method, the laboratory standard operating procedure 
(SOP), and this QAPP.  If no QA guidelines exist for specific analytes, then appropriate 
U.S. Environmental Protection Agency (EPA) National and Regional Data Review guidelines 
will be used. 

Hydrologic Data Verification and Validation 

The project team will perform the steps identified below to verify and validate hydrologic data 
collected through this project: 
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1. The available water level data from each monitoring location will be verified based 
on visual screening of the associated hydrographs relative to hyetographs from USGS 
rain gauges in the immediate vicinity.  The specific gauges that will used for this 
purpose are indentified in Appendix N. Gross anomalies (e.g., spikes, dropouts, drift), 
gaps, or inconsistencies that are identified through this review will be investigated to 
determine if there are quality assurance issues associated with the data.  If minor 
quality assurance issues are identified through this review, that portion of the data 
will be considered an estimate and flagged accordingly.  If major quality assurance 
issues are identified, that portion of the data will be rejected an excluded from all 
subsequent analyses. 

2. Calculated instrument drift values (see description in Measurement Quality 
Objectives for Hydrologic Data section) for each monitoring location will be 
examined to determine if they conform to the MQO specified in this QAPP for bias.  
Where there are minor deviations from this MQO, a correction factor for the drift will 
be applied to the data, and the individual corrected values will be flagged as 
estimates.  Where there are major deviations from this MQO, that portion of the data 
will be rejected and excluded from all subsequent analyses. 
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Data Quality (Usability) Assessment 

Procedures that will be used to assess the usability of the data and then analyze the data are 
described in the following sections. 

Data Usability Assessment 

The project team’s Water Quality QA Lead and Flow Data QA Lead (Table 1) will review the 
compiled QA data for water quality and flow monitoring, respectively, using the MQOs that 
have been identified in this QAPP.  Review results will be presented in a separate data quality 
assessment report for water quality and flow data, to be prepared after all monitoring activities 
are complete.  These reports will summarize quality control results, identify when data quality 
objectives were not met, and discuss the resulting limitations (if any) on the use or interpretation 
of the data.  Specific quality assurance information that will be noted in the data quality 
assessment reports includes the following: 

 Changes in and deviations from the monitoring and quality assurance plan. 

 Results of performance and/or system audits. 

 Significant quality assurance problems and recommended solutions. 

 Data quality assessment results in terms of precision, bias, 
representativeness, completeness, comparability, and reporting limits. 

 Discussion of whether the quality assurance objectives were met and the 
resulting impact on decision-making. 

 Limitations on use of the measurement data. 

Data Analysis Procedures 

The project team will perform the following analyses and computations using the data compiled 
through the monitoring activities described above and from the PSOEP: 

 Calculation of summary statistics for toxic chemical concentrations for 
each monitoring location, land use, watershed, and flow type (i.e., base 
and storm). 

 Statistical analyses to evaluate differences in toxic chemical 
concentrations for each land use, watershed, and flow type. 
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 Computation of toxic chemical loading estimates at each monitoring 
location. 

 Comparison of land use based loading estimates at the watershed scale 
with loading estimates based on measurements at river mouths. 

 Computation of toxic chemical loading estimates for the 14 study areas 
that provide the input to the Ecology PSBM (Figure 2). 

Procedures to be used in conjunction with these analyses are described in the following 
subsections.  However, the project team may employ alternate procedures if they are necessary, 
depending on the nature of the data that are obtained through this study. 

Calculation of Summary Statistics for Toxic Chemical Concentrations 

The project team will calculate summary statistics from the compiled data for each monitoring 
location to characterize toxic chemical concentrations in surface runoff.  For each toxic 
chemical, these summary statistics will be calculated for every possible combination of 
monitoring location, land use, watershed, and flow type (i.e., base and storm).  Table 10 
identifies the specific combinations of grouping variables that will be used to generate these 
statistics with an associated example subset of data.  The specific summary statistics that will be 
calculated for each subset of data will include: mean, minimum, maximum, standard deviation, 
95 percent confidence interval for the mean, and percentage of non-detects. 

These calculations will be straightforward for toxic chemicals without non-detect values.  Where 
non-detect values are present in a dataset, the project team will use the following approaches for 
calculating the summary statistics: 

 If less than 65 percent of the values in any given subset of data are non-
detect values, the project team will use regression on order statistics to 
calculate the summary statistics listed above.  This method involves using 
observed data above the detection limit to extrapolate below detection 
limit values based on an assumed distributional shape for the data (Helsel, 
2005).  These extrapolated values are then used in combination with the 
above detection limit values for estimating summary statistics.  However, 
these extrapolated values are computed for the sole purpose of estimating 
summary statistics and are not estimates to replace specific non-detect 
values for use in other analyses. 

 If more than 65 percent of the values in any given subset of data are non-
detects, the project team will report only the percentage of non-detect 
values.  All other summary statistics identified above will be reported as 
“ND” to indicate that these quantities cannot be accurately estimated due 
to the high frequency of non-detect values. 
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The project team will also calculate summary statistics for classes of chemicals (e.g., PAHs) 
based on the summary statistics computed from their individual congeners.  For example, the 
mean value for PAHs will be computed by summing the means for the individual PAH 
congeners.  The standard deviation for PAHs will be computed by summing the variances for the 
individual PAH congeners, then calculating the square root of this value. 

Statistical Analyses of Toxic Chemical Concentrations 

The project team will analyze the data from all monitoring locations using a three-factor analysis 
of variance (ANOVA) test to determine if there are differences in measured toxic chemical 
concentrations in relation to land use, major watershed, and flow type (i.e., base and storm).  In 
order to reduce the sensitivity of the ANOVA test to violations of its underlying assumptions 
(i.e., group means are normally distributed and have homogeneous variances), these tests will be 
performed on the ranks of the data as opposed to the raw concentrations.  This test cannot be 
performed if there are multiple reporting limits in the dataset.  Therefore, if a particular dataset 
for a toxic chemical has multiple reporting limits, all non-detect values will be assigned the 
highest reporting limit before computing the ranks of the data.  Furthermore, this test will be 
performed for a given parameter only if less than 65 percent of the associated values are non-
detects.  In all cases, interaction effects among factors will not be investigated in these analyses 
due to the low numbers of sample in each group.  In all tests, statistical significance will be 
assessed based on an alpha level of 0.05. 

Calculation of Toxic Chemical Loading Estimates at Each Monitoring Location 

The project team will calculate absolute and unit area loading rates for each toxic chemical 
measured at a particular monitoring location.  These data will be compared to determine the 
relative contribution of specific toxic chemicals in surface runoff from the four major land use 
categories.  In addition, loading rates calculated from base and storm flow samples will be 
compared to determine if the transport pathway for each toxic chemical is primarily via 
groundwater inputs to each monitored stream or via wash off from impervious surfaces in the 
surrounding drainage basin during storm events. 

The following procedures will be used to calculate absolute and unit area loading rates for each 
toxic chemical in base and storm flow both separately and combined: 

1. Flow data obtained from each monitoring location will be processed using the Hysep 
hydrograph separation algorithm (USGS, 1996) to estimate the volume of base flow 
and storm flow over the monitoring period for this study (i.e., August 2009 through 
July 2010).  This algorithm identifies local minima in the flow data and then linearly 
interpolates between these local minima to differentiate base flow from storm flow. 

2. An absolute storm flow loading rate (kilograms per year) will be estimated for each 
monitoring location by multiplying the storm flow volume derived from Step 1 by the 
mean concentration from storm event samples that were collected from all monitoring 
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locations representing that land use in the same watershed.  To provide some estimate 
of the uncertainty in these estimates, the storm flow volume will also be multiplied by 
the upper and lower 95 percent confidence limits for this mean. 

3. A unit area storm flow loading rate (kilograms per hectare per year) will be estimated 
by dividing the absolute loading rates obtained from Step 2 by the contributing basin 
area for the monitoring station. 

4. For each toxic chemical, an absolute base flow loading rate (kilograms per year) will 
be estimated for each monitoring location by multiplying the base flow volume 
derived from Step 1 by the mean concentration from base flow samples that were 
collected from all

5. An absolute loading rate (kilograms per year) will be estimated for each monitoring 
location by summing the absolute storm and base flow loading rates from Step 2 and 
Step 4, respectively. 

 monitoring locations representing that land use in both watersheds.  
To provide some estimate of the uncertainty in these estimates, the base flow volume 
will also be multiplied by the upper and lower 95 percent confidence limits for this 
mean. 

6. A unit area total loading rate (kilograms per hectare per year) will be estimated for 
each monitoring location by summing the unit area storm and base flow loading rates 
from Step 3 and Step 5, respectively. 

These computations will be performed for each toxic chemical only if less than 65 percent of the 
values in the dataset for that toxic chemical are non-detect values.  If greater than 65 percent of 
the values in the dataset are non-detect values, the project team will report the absolute and unit 
area loading rates as “ND” to indicate these quantities cannot be accurately estimated due to the 
high frequency of non-detect values. 

Comparison of Land Use Based Loading Estimates at the Watershed Scale with Loading 
Estimates Based on Measurements at River Mouths 

The project team will calculate “land use” based toxic chemical loading estimates for the 
Snohomish River and Puyallup River watersheds using data obtained from each of the 
16 monitoring locations in this study.  These values will be representative of loadings near each 
toxic chemical’s point of origin.  The project team will also calculate separate toxic loading 
estimates for the Snohomish River and Puyallup River watersheds using data obtained from the 
PSOEP.  These latter values will be representative of loadings at each toxic chemical’s point of 
discharge to Puget Sound.  The project team will then compare the two sets of loading estimates 
to evaluate potential attenuation that may occur between a toxic chemical’s point of origin and 
point of discharge to Puget Sound. 

The methodologies that will be used to calculate each set of loading estimates are described in 
the following subsections. 



 

   
QAPP – Phase 3: Characterization of Loadings via Surface Runoff Page 51 
July 2009 

Calculation of Land Use Based Loading Estimates 
The project team will calculate the land use based toxic chemical loading estimates for the 
Puyallup River and Snohomish River watersheds using a similar methodology to the one used in 
the Phase 1 and 2 analyses of toxic chemical loadings to Puget Sound.  Specifically, the project 
team will calculate the runoff volume associated with each land use category based on the runoff 
coefficient method (Chow, 1964) using the following equation: 

 
 

Where: qi,j = Total discharge rate (volume/time) from land use category j 
within watershed i 

 ri,j = Relative runoff rate for land use category j within watershed i 
 fi,j = Fraction of total watershed represented by land use category j 

within watershed i 
 Qi  = average discharge rate for watershed i 

The project team will compute the values for ri,j using the following equations: 

 

and: 

 
 

 
 

 
 

 
 

Where: (RC)i = Runoff coefficient (fraction between 0 and 1) for land use 
category i 

The project team will compute toxic chemical loading estimates for each land use in the 
Snohomish River and Puyallup River watersheds using the following equation: 

 

ijijiji Qfrq ,,, =

15544332211 =++++ frfrfrfrfr

iii cqm =

2

1

2

1
)(

)(
RC

RC
r

r =

3

1

3

1
)(

)(
RC

RC
r

r =

4

1

4

1
)(

)(
RC

RC
r

r =

5

1

5

1
)(

)(
RC

RC
r

r =



 

   
Page 52 QAPP – Phase 3: Characterization of Loadings via Surface Runoff 
  July 2009 

Where: mi  = Toxic chemical loading estimate for land use category i 
 ci = Representative toxic chemical concentration in the runoff from 

land use category i 

The toxic chemical loading estimates for all four land use categories will subsequently be 
summed to provide an estimate of the toxic chemical loading from the entire watershed. 

Unlike the analyses performed for the Phase 1 and 2 studies of toxic chemical loading to Puget 
Sound, this study will use Monte Carlo simulations to quantify the potential error in the loading 
estimates that stems from uncertainties in the equation inputs described above.  Monte Carlo 
simulation is a method that estimates possible outcomes from a set of random variables by 
simulating a process a large number of times and observing the outcomes.  Using Monte Carlo 
simulation, the project team will calculate multiple loading estimate scenarios for each watershed 
by repeatedly sampling (or picking) values for specific input variables from computer-generated 
probability distributions.  In this way, distributions can be derived for the loading estimates that 
indicate which predicted values have a higher probability of occurrence.  In this analysis, the 
project team will use Monte Carlo simulations to determine the median, 10th percentile, and 90th 
percentile values for toxic chemical loadings in each watershed near the point of origin.  The 
project team will then compare these values to the loading estimates for each toxic chemical at 
their point of discharge to Puget Sound to assess potential attenuation within the intervening 
receiving waters. 

The sections below describe how each of the specific inputs to the equations described above 
will be developed and applied. 

Fraction of Total Watershed Area Represented by Land Use Category 
The fraction of total watershed area represented by each land use category (fi,j) will be derived 
from land use data that are obtained from the National Land Cover Dataset (MRLC, 2001).  This 
is the same dataset that was used in the Phase 2 study of toxic chemical loadings to Puget Sound. 

Watershed Discharge Rate  
The average surface runoff discharge rates for each watershed (Qi) will be derived from USGS 
gauging station(s) that are located at or near the mouth of each watershed.  (The gauging network 
in each watershed is shown in Appendix A.)  The average discharge rate for each watershed will 
be computed based on data that were collected over the monitoring period for this study (i.e., 
August 2009 through July 2010). 

Runoff Coefficient for Land Use Category 
The runoff coefficients (RCi,j) will be varied in this analysis using Monte Carlo simulations 
based on their anticipated range of uncertainty.  For reference, the default values for each land 
use category that were used in the previous Phase 2 study of toxic chemical loadings to Puget 
Sound were as follows: 
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(RC)i,highway = 0.90 
(RC)i,commercial/industrial = 0.85 
(RC)i,residential = 0.70 
(RC)i,agricultural = 0.35 
(RC)i,forest/field/other = 0.20 

For this analysis, the project team will use available literature (e.g., Chow, 1964; Dunne and 
Leopold, 1978) to derive a representative range of values for each land use category.  (This study 
will not consider highways as a land use separate from the other four.)  To the extent possible, 
this range of values will reflect predominant soil types in each watershed.  This range of values 
will then be fitted to an appropriate probability distribution (e.g., uniform, triangular, etc.) for 
repeated sampling during the Monte Carlo simulations.  Using this approach, probability 
distributions will be obtained for the toxic chemical loading estimates that reflect uncertainty in 
the runoff coefficients for each land use category. 

Best Estimate of Representative Toxic Chemical Concentrations 
The representative toxic chemical concentration in the runoff from each land use category (ci) 
will be varied in this analysis using Monte Carlo simulations based on their measured uncertainty 
from the sampling conducted in connection with this study.  Specifically, the mean and standard 
deviation for each toxic chemical in runoff from a particular land use will be calculated from 
pooled base flow and storm flow samples (n = 16) that were collected in each watershed.  In 
these calculations, non-detect values will be handled using the approach described above in the 
section titled “Calculation of Summary Statistics for Toxic Chemical Concentrations.”  The 
mean and standard deviation will then be used to derive an appropriate probability distribution 
(e.g., lognormal) for each toxic chemical that will be repeatedly sampling during the Monte 
Carlo simulations.  Using this approach, probability distributions will be obtained for the toxic 
chemical loading estimates that reflect uncertainty in the toxic chemical concentrations for each 
land use category. 

Calculation of Toxic Chemical Loading Estimates at River Mouths 
As described above, the project team will calculate loading estimates for the Snohomish River 
and Puyallup River watersheds using data obtained from the PSOEP.  These values will be 
representative of loadings at each toxic chemical’s point of discharge to Puget Sound.  To 
calculate these values, the project team will determine the flow at the mouth of each watershed 
over the monitoring period for this study (i.e., August 2009 through July 2010) based on data 
obtained from USGS gauging stations (see Appendix A).  An absolute loading rate (kilograms 
per year) will be estimated for each river by multiplying this flow volume by a representative 
concentration for each toxic chemical.  It is anticipated that this representative concentration will 
be derived based on the mean concentration from the three samples that will be collected at the 
mouth each river through the PSOEP.  However, to avoid potential bias introduced by the 
treatment of non-detect values in the dataset, the mean concentration will be calculated using 
only the detected values in the dataset. 
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Computation of Toxic Chemical Loading Estimates for the 14 Study Areas 

The project team will compute toxic chemical loading estimates for the 14 study areas that 
provide the input to the Ecology PSBM (Figure 2) using the same approach described above for 
calculating land use based toxic chemical loadings at the watershed scale (see section titled 
“Calculation of Land Use Based Loading Estimates”).  However, in this case, a separate analysis 
will be performed for each of the 14 study areas. 

The following sections indicate how the required inputs for this analysis will be developed and 
applied. 

Fraction of Total Study Area Represented by Land Use Category 
In each study area, the fraction of the total study area represented by each land use category (fi,j) 
will be derived from land use data that are obtained from the National Land Cover Dataset 
(MRLC, 2001).  This is the same dataset that was used in the Phase 2 study of toxic chemical 
loadings to Puget Sound. 

Study Area Discharge Rate  
Surface runoff discharge rates from each study area (Qi) will be varied in this analysis using 
Monte Carlo simulations based on their measured uncertainty from compiled historical data.  
Specifically, the mean and standard deviation for surface runoff discharge rates within each 
study area will be calculated from historical data that are compiled from available USGS gauging 
stations.  These values will then be used to derive an appropriate probability distribution (e.g., 
normal or lognormal) for surface runoff discharge rates from each study area that will be 
repeatedly sampling during the Monte Carlo simulations.  Using this approach, probability 
distributions will be obtained for the toxic chemical loading estimates that reflect uncertainty in 
the surface discharge rates for each study area. 

Runoff Coefficient for Land Use Category 
The runoff coefficients (RCi,j) will be varied in this analysis using Monte Carlo simulations 
based on their anticipated range of uncertainty.  For this analysis, the project team will use 
available literature (e.g., Chow, 1964; Dunne and Leopold, 1978) to derive a representative range 
of values for each land use category.  To the extent possible, this range of values will reflect 
regional differences in soil characteristics across the 14 study areas.  This range of values will 
then be fitted to an appropriate probability distribution (e.g.; uniform, triangular, etc.) for 
repeated sampling during the Monte Carlo simulations.  Using this approach, probability 
distributions will be obtained for the toxic chemical loading estimates that reflect uncertainty in 
the runoff coefficients for each land use category and study area. 
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Best Estimate of Representative Toxic Chemical Concentrations 
The representative toxic chemical concentrations in the runoff from each land use category (ci) 
will be varied in this analysis using Monte Carlo simulations based on their measured uncertainty 
from the sampling conducted in connection with this study.  Specifically, the mean and standard 
deviation for each toxic chemical in runoff from a particular land use will be calculated from 
pooled base flow and storm flow samples that were collected from both watersheds (n = 32).  In 
these calculations, non-detect values will be handled using the approach described above in the 
section titled “Calculation of Summary Statistics for Toxic Chemical Concentrations.”  The 
mean and standard deviation will then be used to derive an appropriate probability distribution 
(e.g., lognormal) for each toxic chemical that will be repeatedly sampling during the Monte 
Carlo simulations.  Using this approach, probability distributions will be obtained for the toxic 
chemical loading estimates that reflect uncertainty in the toxic chemical concentrations for each 
land use category. 
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