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Quality Assurance Project Plan 
Measuring Street Sweeping 6PPDQ Whole Environment Load Reductions  

 

 

This Quality Assurance Project Plan (Plan), prepared by Seattle Public Utilities (SPU), describes 
management of a monitoring study to support implementation of Seattle’s Integrated Plan with 
modifications to also support Stormwater Action Monitory (SAM) Study FP2, Measuring Street Sweeping 
6PPDQ Whole Environment Load Reductions. 

The Integrated Plan will integrate the control of combined sewer overflows with the reduction of 
pollutants from stormwater discharges and defer some low priority combined sewer overflow control 
projects beyond 2025.  The Integrated Planning process identified stormwater projects that provide 
significant benefits over some low frequency/low volume Combined Sewer Overflow (CSO) projects, 
including expanding Seattle’s existing “Street Sweeping for Water Quality” program (Program). 

The SAM Study will build on the previous work and examine the potential for street sweeping to reduce 
the amount of 6PPD-quinone (6PPDQ) on the roadway. 

Changes to the QAPP are indicated as “new text” with no longer relevant text indicated as “no longer 
relevant.” 

The key list of changes to the 01/17/2017 QAPP includes: 

Section Change 

3 Organization 
and Schedule 

Updated the roles to reflect the current team.  Noted the need for a waiver for 
6PPDQ analysis.  Modified the schedule and deliverables to reflect the SAM study. 

5.1 Study Design Updated the number of samples to be collected and added 6PPDQ to the list of 
analytes. 

12.1.1 Data 
Processing 
Guidelines 

Added method to determine statistical outliers.   

Expanded handling of field duplicates to include field splits.   

12.2 Data 
Reduction 
Methods 

Adjusted the method for estimating load reductions to account for sampling 
frequency at less than once every two weeks, which occurred from 2019 through 
implementation of the SAM Study 

 

 

This Plan defines procedures that assure the quality and integrity of the collected samples, the 
representativeness of the results, the precision and accuracy of the analyses, the completeness of the 
data, and ultimately delivers defensible products and decisions. 

The Plan incorporates guidance from Ecology, Guidelines for Preparing Quality Assurance Project Plans 
for Environmental Studies (Ecology 2004).   
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This Plan uses the following five elements for organization and presentation: 

I.  Goals and objectives of the study, 

II. Type, quality, and quantity of data needed to meet the objectives, 

III. Sampling and measurement procedures needed to acquire those data, 

IV. Study implementation Quality Assurance (QA)/Quality Control (QC) procedures to ensure the 
QAPP is implemented as prescribed, and 

V.  Assessment procedures to determine if the data conform to the specified criteria will satisfy 
the project objectives and the analysis and format for presentation of the results. 
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Element I. Goals and Objectives of the Study 

This element covers basic project management, including project history and objectives, participant 
roles and responsibilities, and other factors to ensure that the project has a defined goal and clear 
outcomes understood by all the participants. This element includes the following sections: 

Section 1 – Background, 

Section 2 – Project Description, and  

Section 3 – Organization and Schedule. 

3 BACKGROUND  
Seattle has been using street sweeping as a good housekeeping practice since the turn of the last 
century.  In 2004, SPU began investigating the potential stormwater quality benefits of the newer street 
sweeping vacuum technology to remove the very fine particulates.  

• In 2009, SPU completed a pilot-scale study showing the potential for regenerative air sweepers 
to capture stormwater pollutants cost-effectively. 

• In 2010, SPU conducted a Business Case, which recommended investing in a street sweeping 
program to reduce stormwater pollutants to waterways. 

• In 2011, SPU initiated a full-scale program, in a partnership with the Seattle Department of 
Transportation (SDOT).  SPU sets the program direction and provides water quality expertise 
and funding for the portion of routes that discharge directly to our receiving waters.  SDOT 
provides operational expertise, street sweeping services, and funding for the portion of the 
routes that drain to a sewage treatment plant. 

• In 2013, SPU proposed expanding the program to provide significant stormwater benefits over 
some low frequency/low volume Combined Sewer Overflow (CSO) projects. 

• In 2016, the City implemented the Integrated Plan1, which increased the extent of arterials 
swept, the sweeping frequency from every two weeks to weekly for some routes, and extended 
the sweeping season from 40 to 48 weeks per year. 

• In 2019, the sampling frequency was reduced to at least quarterly. 

• In 2022, in response to the identification of 6PPDQ as a lethal contaminant to coho salmon, SPU 
added 6PPDQ to the parameters of interest to assess the potential for street sweeping to 
capture 6PPDQ in the load removed from the street. 

• In 2025, the sampling frequency will increase to biweekly with a focus on 6PPDQ under 
Ecology’s Stormwater Action Monitoring effectiveness study program   

 

 
1 See:  https://www.seattle.gov/utilities/about/plans/drainage-and-sewer/waterway-protection 
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By 2017, SPU will double the program size; increasing annual broom-miles swept from 10,000 to 20,000 
to capture 40% more pollutants.   
 
Figure 1 shows the Program logic model. 

 
Figure 1. Program logic model. 
 

3.1 Key Definitions 

Seattle Public Utilities has loosely adopted the terminology used by Chesapeake Bay’s Expert Panel 
(Chesapeake Bay Program 2016) to maintain consistency throughout this document and with the 
scientific and practitioner communities. 

Street sweeping vs. Street cleaning: 

Seattle Public Utilities’ Street Sweeping for Water Quality Program, a partnership with Seattle 
Department of Transportation, uses a fleet of PM10 certified regenerative air sweepers to 
achieve multiple city-wide benefits; street sweeping to improve street aesthetics and safety as 
well as street cleaning to improve water quality. 

Solids Terminology:  

• Street Dirt: the total mineral fraction of street solids of all grain sizes (clay to gravel), 
expressed in pounds/broom-mile.  

• Street Detritus: the total organic fraction of street solids, typically comprised of leaves, grass 
clippings, pollen and other biomass.  

• Street Solids: The total mass of street dirt and detritus, as measured on the street surface.  
• Sweepings: The total mass of street solids picked up by the street sweeper (Seattle term).  
• Gross Solids: Total mass of non-organic solids larger than gravel size, which represents trash 

and litter.  

Solids Particle Size:  

Community 
Clean / safe streets  

&  bike paths. 

Environmental 
Healthy aquatic life  

&  habitat 

Regulatory 
Fishable  

swimmable waters 

Objective 
Reduce pollutants  

washing off  
streets to  
waterways 

Inputs 
Resources 
Route Plan 
Schedule 

Activities 
Sweep 
Track 

Dispose 
Sample 

Outputs 
Miles swept 

Sweepings captured 
Pollutant concentrations 

Outcomes 
Pollutant load  

reduction to waterways 

Effectiveness  ( life - cycle  $ / pound ) 
Efficiency  ( $ / broom - mile ) 
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Chesapeake Bay’s expert panel chose to define three solids particle size ranges (Table 1).  Seattle Public 
Utilities analyzes four categories of particle solids and focuses on very fine-grained and fine-grained 
solids when considering water quality benefits.  Seattle’s sweepings distribution by size range averages 
6%, 15%, 43%, and 36% by weight for very fine-grained, fine-grained, medium-grained, and coarse-
grained solids, respectively.  

Table 1. Comparing solids particle size ranges for Chesapeake Bay and SPU. 

Chesapeake Bay SPU 
Coarse-Grained 
Solids 

All particles greater than 
1000 microns in diameter 

Coarse-Grained 
Solids  

All particles greater than 1000 microns in 
diameter (very coarse sand to very coarse 
gravel) 

Medium-Grained 
Solids 

All particles from 75 microns 
to 1000 microns in diameter  
 
 

Medium-Grained 
Solids 

All particles from 250 microns to 1,000 
microns in diameter (medium to coarse sand) 

Fine-Grained 
Solids  

All particles from 75 microns to 250 microns in 
diameter (very fine to fine sand) 

Fine-Grained 
Solids 

All particles less than 75 
microns in diameter 

Very Fine-
Grained Solids  

All particles less than or equal to 75 microns in 
diameter (clay to very fine sand) 

 

In addition to particle size ranges, Seattle uses three additional particle size designations: 

• LT250 – sample fraction sieved to less than 250 um. 
• PM250– sweepings concentration and load for the LT250 fraction. 
• Wash-offPMWO - sweepings load for particles that would wash-off at the same rate particles 

would wash-off the street surface from a rain event (see 5.3.2 for details). 

3.2 The Problem 

Clean Water Act (CWA) regulations focused on urban stormwater have traditionally prioritized 
controlling CSOs.  The Integrated Plan provides the opportunity to prioritize stormwater projects over 
low priority CSO projects to mitigate stormwater impacts to receiving waters earlier rather than later, 
thus providing greater overall benefit to the receiving water.  

Street sweeping to reduce stormwater pollutants washing off streets provides a practical, cost-effective 
alternative to retrofitting the storm drain system in a fully built-out city like Seattle.   

Street sweeping may provide substantial benefits as Seattle’s streets cover 13 percent of the city surface 
area draining to waterways but contribute almost 33 percent of the pollutant load.   

3.3 Preliminary Conceptual Site Model 

The preliminary Conceptual Site Model (CSM) provides a framework to view the complex intermittent 
and continuous street solids deposition and removal processes and interactions (Figure 2).    

The CSM identifies three primary street solids removal processes; wind and vehicle turbulence, rainfall 
runoff, and street sweeping.  The effectiveness of these removal processes depends on particle size, 
which reduces over time from tire action and wind and water erosion. 
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• Wind and vehicle turbulence:  Re-entrainment, which refers to small particles with less than the 
aerodynamic diameter (approximately 75 um) that are thrown from the street surface by 
contact with vehicle tires or are induced to become airborne by the vortexes from passing 
vehicles, operates continuously as a function of vehicle speed, size, mix, and volume.   

• Rainfall runoff:  Rainfall runoff intermittently transports very fine to fine particles, typically less 
than 250 um, from the street surface to the storm drain.  The CSM shows two pathways for 
street solids to be transported to waterways: (1) through direct runoff to a storm drain and (2) 
through re-entrainment and aerial deposition to an impervious surface connected to a storm 
drain (Figure 2).      

• Street sweeping:  Street sweeping functions as a stormwater source control measure, 
intermittently removing particles from the street that may at a future date directly wash-off to 
the storm drain or become airborne and later wash-off through aerial deposition.   Because 
street sweeping removes larger particles that may be reduced in size small enough to later 
wash-off to waterways or blow-off from vehicle turbulence, the water and air quality benefits 
may be found to be beneficial over a longer term than typically studied (AirUse 2013). 

Other considerations that influence the effectives of the three primary removal processes include: 

• The sweeping frequency, which impacts the sweeping effectiveness when compared to the rain 
wash-off rate. 

• Street solids deposition build-up rate; a higher rate indicates more effective sweeping and wash-
off rates. 

• Prevailing wind and rainfall duration-intensity, which impact the re-entrainment and wash-off 
rates, respectively. 

• Traffic volume, traffic congestion, speed, and vehicle weight impact the depositional loading, re-
entrainment, and particle size reduction rates, respectively. 

• Road surface type and condition, which impact the street loading storage and depositional 
loading, respectively. 
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Figure 2. Conceptual model showing street pollutant particle sources and removal processes.2 
Street depositional sources vary3, with vehicle-related pollutant sources a major concern 
Gunawardana et al (2012) found potentially toxic pollutants related to vehicles composed approximately 
30 percent of street solid in Gold Coast, Australia (  Figure 3).    

 

 
2 Wash-off rates from Pitt (1985).  Street solids particle size distribution from SPU (2009). 

3 Chow et al (1990) describes sources of dust on paved roads:  “Dust builds up on a paved road surface by: being tracked out from unpaved areas such as 
construction sites, unpaved roads, parking lots, and shoulders; spills from trucks carrying dirt and other particulate materials; transport of dirt collected on 
vehicle undercarriages; wear of vehicle components such as tires, brakes, clutches, and exhaust system components; wear of the pavement surface; 
deposition of suspended particles from many emissions sources; and water and wind erosion from adjacent areas.”  
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Vehicle component wear and exhaust contribute 
pollutants potentially toxic to aquatic life. These 
contaminants bind to particles.  Some of the 
most consequential include: 

• 6PPDQ from tire wear.  6PPDQ is lethal to 
cholo salmon.  We are still learning about 
this chemical and its impact on wildlife. 

• Metals, like copper from brake pads, zinc 
from tires, and nickel and chromium from 
engine wear.  These metals are harmful to 
fish, even in very low concentrations. 

• Organic compounds like poly-aromatic 
hydrocarbons (PAHs) from exhaust.  PAHs 
are persistent, cancer causing and 
accumulate in the sediment, causing long-
term impacts.  

• Nutrients from vegetation and leaf drop 
that accumulates on the street may 
stimulate excessive algae growth, which 
depletes oxygen when it decomposes, 
harming fish, and other aquatic life. 

 
Figure 3.Street solids source distribution from four 
suburbs in Gold Coast, Australia (from 
Gunawardana et al (2012). 

Rainfall runoff accounts for 15 to 20 percent while vehicle turbulence and wind may account for over 
50 percent of street solids removal (Axtell et al 1977).  See Figure 4.   

Pitt (1985) found that rainfall runoff removed approximately 16 percent of the street dirt load on 
residential streets in Bellevue, Washington with finer fractions having higher removal rates.  Overall 
wash-off rates may be influenced by the presence of run-on material.  Egodawatta et al., (2007) found 
that 10 to 20 percent of the total street solids washed off, with constant rates for different storm 
intensities with the same duration. 

Aerially deposited particulates from roadways impact stormwater runoff.  Weston (2007) 
demonstrated that aerially deposited particulates from transportation related emissions, industrial 
facility emissions, suspended soil, and physical wear and weathering of consumer products can account 
for most of the copper and zinc concentrations in stormwater runoff found in Chollas creek. 

AirUse (2013) found that central Europe, with a wetter climate and the absences of studded tires, had a 
lower road dust aerial contribution compared to northern and southern Europe. 

TDC Environmental (2015) clarified a link between zinc from vehicle tires as a major source of zinc in 
urban stormwater from air deposition (Figure 5).   Zinc deposition in roadside soils range from 20 to 100 
feet, with the highest concentrations at 20 feet.  These findings were consistent with reported particle 
sizes (TDC 2015).  Copper from brake wear debris is often found in the fine particle size fraction (1-5 μm) 
and will tend to disperse over greater distances than zinc. 
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Sabin et al (2005) demonstrated that atmospheric deposition represents an important source of metals 
in stormwater, as much as 57 to 100 percent of trace metal stormwater loads in Los Angeles.  Similarly, 
Davis and Birch (2011) found atmospheric deposition to be a source of stormwater metals in Sydney, 
Australia, with 33%, 12%, and 5% for zinc, copper, and lead, respectively.  

  
Figure 4. Street solids removal processes 
distribution with an estimated deposition rate of 
240 pounds/curb-mile/day assuming 15% 
storage (adapted from Axetell et al (1977)). 

Figure 5. Distribution of zinc tire wear debris on 
roadway (from TDC 2015). 

When deposition exceeds removal rates material accumulates on the streets.  The measured street 
solids loading represents the net balance of deposition and removal processes at the time of 
measurement.  Some deposition processes act continuously, some intermittently (e.g., construction 
carryout), and some occasionally (e.g., spills).    

Figure 6 shows the typical saw tooth pattern noted by Pitt (1979) for three Seattle basins showing swept 
and unswept areal street dirt loads (SPU 2009).     The pilot test was conducted from June 20, 2006, 
through June 19, 2007 at the two residential study areas, West Seattle and Southeast Seattle, and from 
November 24, 2006 through June 15, 2007 at the Duwamish Diagonal industrial area.  Street dirt 
samples were collected using an industrial vacuum and weighed from both the swept and unswept sites 
one to two days prior to sweeping. Samples were collected from alternate sides of the street on each 
consecutive sampling event to coincide with street sweeping events. In the swept test sites, each side of 
the street was swept on alternating weeks, for an overall sweeping frequency of once every two weeks. 
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The unswept series represent the 
intermittent nature of rainfall and the 
swept series represents the 
intermittent nature of rainfall 
superimposed over sweeping. 

The difference between the curves 
represents the longer-term impacts 
of street sweeping on the street dirt 
load. 

Figure 14 (Appendix B) shows the 
same data sorted into four size 
fractions:  coarse-grained (>1000 
um), medium-grained (250 to 1000 
um), fine-grained (75 to 250 um), and 
very fine-grained (≤75 um). 

3.3.1 Drivers 

The study will confirm whether (or 
not) the expanded street sweeping 
Program meets the expectations 
described in the Integrated Plan (see 
Section 2.2).   

3.3.2 Decision-making 

Principal Study Question:  Data from 
the expanded street sweeping 
program regarding selected 
parameters in sweepings and the 
total wet sweepings load are needed 
to show that street solids removed by 
sweeping streets draining to the 
waterways and temporarily stored in 
stockpiles located in designated bins 
provides substantially greater load 
reductions for key pollutants than 
baseline loads.  

 

 

 
Figure 6.  Seattle street dirt areal loading (gm per meter squared) 
for three basins showing swept (S) and unswept (U) loads over 
time (SPU 2009). 
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3.4 Study Area 

The study area includes 1,066 lane miles of arterials, 
which includes 654 lane miles (90%) of arterials 
draining to waterways.  Figure 7 presents the 
sweeping routes overlain on the basin type (MS4 and 
combined).  Red indicates routes swept during the 
day shift and green indicates routes swept during the 
night shift.  

SPU temporarily stores sweepings at one of three 
water quality bins; Haller Lake in the north, Charles 
Street in the south, and West Seattle in the 
southwest.   

3.5 Parameters of Interest 

The Integrated Plan team selected six parameters of 
interest that have a history of association with 
stormwater discharges, are found in urban 
environments, and that provide necessary support 
information to indicate prioritizing stormwater 
project implementation over low-priority CSO 
projects provides substantially greater load 
reductions.  The six  seven key pollutants include: 

• Total suspended solids (TSS): identified as a 
commonly used general indicator of stormwater 
project performance.  

• Fecal coliform, PCBs, total phosphorus, total 
copper, and total zinc:  parameters identified as 
important by the Integrated Plan exposure 
assessment. 

• 6PPDQ: a tire antioxidant has recently been 
identified as the cause of Urban Runoff Mortality 
Syndrome and will be the focus of this SAM 
Study.  6PPDQ was added to the parameters of 
interest in 2022.   

 

 

 Figure 7. Street sweeping route map.  Red 
indicates day routes and green indicates night 
routes. 
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Ecology (2006) summarizes the parameters of interest: 

TSS measures particulates in the discharges.  Particulates in receiving waters can change 
sediment habitat, disrupt breathing, feeding, and other behaviors in biota, and can be a vehicle 
for the entrance of toxicants into the ecosystem.  TSS sources are eroding soils and organic and 
inorganic debris.  

In western Washington, where hardness levels are often very low, metals concentrations in 
urban stormwater can frequently exceed water quality standards by large amounts.  

Elevated metals concentrations can impact salmonid behaviors and can have immediate lethal 
impacts.  Vehicles are a major source of metals.  Sources of copper include the wear of brake 
pads, bearings and bushings and other moving engine parts, and tailpipe emissions.  Copper is 
also included in pesticide formulations.  Tires, motor and hydraulic oils are major sources of zinc.  
Galvanized materials exposed to the weather also contribute high concentrations of zinc to 
stormwater runoff.   

Nutrients, primarily phosphorus and nitrogen compounds, are often present in stormwater in 
concentrations that make significant contribution to eutrophication of streams, lakes, and 
estuaries.  Stimulation of nuisance algae blooms and reduction in dissolved oxygen levels leading 
to stresses and sometimes death of sensitive organisms can occur.  

Fecal coliform bacteria are present in virtually all stormwater discharges.  Sources include urban 
wildlife (birds, rats, mice, raccoons), domestic wildlife (dogs and cats), illegal cross-connections 
of sanitary sewers from residences and businesses, and onsite sewage disposal system failures.  
Because the urban landscape is dominated by impervious surfaces and nearly impervious 
surfaces, defecation on those surfaces is quickly washed into the storm drainage system.  Fecal 
coliform bacteria are the most common reason for a surface water to be listed as not attaining 
water quality standards. 

Ecology (2023) summarizes the impact of 6PPDQ: 

6PPD is a chemical used in tires to prevent cracking and blowouts. It has been used since the 
1970’s and is found in tires worldwide. When 6PPD reacts with ozone, it transforms into 6PPD-
quinone (often referred to as 6PPDQ). 6PPD-quinone is highly toxic to coho salmon and kills 
these fish before they can lay eggs. It is also toxic to juvenile coho. This threatens the survival of 
a species that’s critical to the resiliency of ecosystems. 

 

3.6 Previous Studies 

SPU sponsored the Seattle Street Sweeping Pilot Study in 2006 to evaluate whether street sweeping 
could significantly reduce the mass of pollutants discharged to area receiving water bodies while 
reducing the frequency of catch basin cleaning by removing street dirt and debris from the street before 
it is transported in stormwater runoff. Results from the study showed that street sweeping has the 
potential to be a cost-effective strategy for removing pollutants when compared a regional stormwater 
treatment facility.   The catch basin cleaning results were inconclusive. 

See Chesapeake Bay Program (2016) for a recent review of street cleaning literature. 
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4 PROJECT DESCRIPTION  
This section presents the goals and objectives of the project; describes the boundaries, target 
populations and practical constraints of the study; and specifies the information and data required to 
meet the study objectives. 

4.1 Study Goals 

The study will demonstrate that the expanded arterial street sweeping program described in the 
Integrated Plan will provide water quality benefits beyond those that would be achieved under the 2013 
baseline conditions.   

4.2 Study Objectives 

The Integrated Plan study will determine whether the expanded arterial street sweeping program will 
capture an additional 20,700 kilograms of TSS equivalent4 and attached pollutants over the baseline 
amount on an annual basis (Table 2).  The study results will be compared against the “Total Expanded 
Program Annual Targets” to determine success. 

The SAM Study will determine the amount of 6PPDQ captured by street sweeping in the wash-off and 
whole environment load reductions. 

Table 2. Integrated Plan Study performance goals. 
 

Parameter Units 
Annual 

Incremental 
Expansion Goal 

2013 Annual 
Base-line 

Load 

Total Expanded 
Program Annual 

Targets5 

M
et

ric
 U

ni
ts

 

   

Fecal coliform bacteria  billion CFU 1,380 5,700 7,080 

PCBs g 2.0 9 11 

Total phosphorus kg 14 60 74 

Total copper kg 3.3 14 17 

PMWO TSS equivalent kg 20,700 90,000 110,700 

Total zinc kg 6.3 28 34 

En
gl

is
h 

U
ni

ts
 

  

Average runoff volume treated MG/year 1,477  NA 

Fecal coliform bacteria  billion CFU 2.0 9 11 

PCBs grain (1/7,000 pound) 31 140 170 

Total phosphorus pounds 31 130 160 

Total copper pounds 7.3 31 38 

PMWO TSS equivalent short dry tons 23 99 122 

Total zinc pounds 14 62 76 

 

 
4 See section 5.3.2 for assumptions used to develop TSS equivalent. 

5 The regulatory target to be measured and reported against.   
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4.3 Information Requirements 

In addition to collecting samples, operation parameters will be collected for: 

• Broom-miles swept - An Automatic Vehicle Location (AVL) system reports time and distance 
sweeping and travelling.  The sweeping time and distance is broken down by sweeping the 
specified route, sweeping the portion of the specified route that drains to the MS4, and 
sweeping a non-specified route.     

• Wet sweepings load removed - Sweeper operators empty their hoppers one to three times on 
average during a shift at a temporary storage bins.  Bins are emptied periodically, biweekly to 
bimonthly, and the waste disposal transfer station records the wet weight from truck scale 
readings.  

4.4 Study Boundaries 

This section describes spatial and temporal boundaries of the problem, the scale of decision-making 
when appropriate, the characteristics that define the population of interest, and any practical 
constraints on data collection.   

4.4.1 Target Populations 

Sweepings will be collected, temporarily stored in stockpiles located in designated bins, and analyzed for 
key pollutants (Figure 8).  The laboratory will split the samples into two fractions, the whole-sample or 
Primary Environmental Sample (PES) and particles less than 250 um (LT250 fraction), and analyze both 
fractions.  Sample concentrations for the LT250 fraction will be used to estimate the load to be 
compared with the performance goals (Table 2).  

 
Figure 8. Sediment quality parameters to be analyzed by size fraction. 

Sweepings samples collected from one of two temporary 
storage bins every other week and delivered to contract lab.  

Contract lab splits the samples into two fractions. 

Whole Sample Fraction (full particle size 
distribution)

Analyze for:  Grain size, Total Solids,  fecal 
coliform, total copper, total zinc, total 

phosphorus, PCBs, 6PPDQ

LT250 Particles (seived to <= 250 um)
Analyze for: total copper, total zinc, 

total phosphorus, PCBs, 6PPDQ
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4.4.2 Spatial Boundaries 

Samples will be collected from two designated bins located at two City of Seattle yards: Haller Lake 
(which contains street sweepings collected from north Seattle routes) and Charles Street (which 
contains sweepings collected from south Seattle routes).  Street sweepers will collect sweepings from 
City owned streets that are within the Seattle City limits.  See Figure 7 for a route map. 

   

4.4.3 Temporal Boundaries   

During the Integrated Plan Study, the City will monitored the street sweepings collected during the first 
two years (2017-2018) of its expanded arterial street sweeping program.   

During the SAM Study, the City will monitor the street sweepings collected during a 36-month period 
beginning after contract signing and QAPP approval. 

From 2013 through 2018, samples were will be collected approximately every two weeks throughout 
each season during sweeping operations, typically 48 to 50 weeks each year6.  From 2019 through 2022 
samples were collected on a quarterly basis.  In 2023, sampling frequency was increased to every five 
weeks or so to assess the potential for 6PPDQ load reductions.  In 2025, the beginning of the SAM study, 
the sampling frequency was increased to biweekly, similar to the Integrated Plan Study from 2016 to 
2018 . 

Modification to sampling frequency and to parameters analyzed may occur.  Contained in the bins, 
sweepings do not pose a threat to humans or the environment.   

Since the metals concentration is not subject to change, disintegrations, or alteration, the decision 
about the metal concentrations characteristics does not warrant any temporal constraints.   

Since the 6PPDQ analyses will take place in Sacramento at the analytical laboratory Eurofins Sacramento 
(Eurofins) and Eurofins is not open over the weekend, the samples will be collected earlier in the week 
so that they may be prepped, shipped, and received by Eurofins before the weekend. 

To expedite decision-making, the analytical results from each sampling event should be completed and 
reported within 45 working days of sampling. 

4.4.4 Practical Constraints 

Sampling frequency may be constrained if there is a lack of street sweepings accumulation in the 
designated bins.  Alternatively, if the volume of sweepings generated between sampling events is very 
large, collecting a sample representative of the entire depth is difficult. 

Fall leaf season significantly changes the characteristics of street sweepings: (a) the sample sized needed 
increases substantially; and (b) the distance swept per shift decreases. 

When using the Automated Vehicle Location system (AVL) to track sweeper route, distance, velocity and 
travel time, some data points could include some geospatial location error that may impact the accuracy 

 

 
6 See section 6 for details about sample collection procedures. 
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of the representation of actual activities. However, the process of removing outlier points and averaging 
of all the remaining data points on any given shift reduces any potential errors. Also, the AVL system has 
potential to malfunction, resulting in data loss; this is addressed by utilizing data from the operator’s 
completed timesheet in addition to metrics from prior sweeping events on the same route. 

5 ORGANIZATION AND SCHEDULE 
This section describes the roles & responsibilities of the study team, the study timeline and schedule. 

5.1 Roles & Responsibilities 

This section includes the names, duties, and responsibilities of all key team participants, including 
internal and external team members.  The organizational structure is designed to provide project control 
and proper quality assurance/quality control (QA/QC) for the investigation.   

Table 3. provides contact information for key individuals involved in the study.   

Table 3. Study Team contact information. 

Role Name Organization Telephone No. 
Program Manager Shelly Basketfield  SPU  206.849.2531 

Principal Investigator/Study Manager TBD SPU   

QA Coordinator Jennifer Arthur SPU  206.666.8417 

Data Validation PM Stella Currenco Laboratory Data Consultants, Inc. 780.827.1099 

Contract Laboratory (General) PM  Kelly Bottem Analytical Resources, LLC 206.695.6200 

Subcontract Laboratory PM Laura Turpen Eurofins Sacramento 916.374.4414 

Field Supervisor Nick Bartish Herrera Environmental Consultants 970.556.1952 

 
A detailed description of the lines of authority and reporting between these individuals and 
organizations is presented in Figure 9 and the responsibility associated with each role is outlined in 
Table 4. 
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Figure 9. Organization chart. 
In general, the Principal Investigator (PI), reporting to the Program Manager, is assigned to manage the 
monitoring study.  In this role, he/she provides technical expertise; coordinates sampling activities with 
the laboratory and the study manager, who coordinates the field team; and reports the status and 
results of the study to the Program Manager. 

Table 4 below summarizes the responsibilities for each role identified above. 

 

Table 4. Roles & responsibilities 

Roles & responsibilities 
Program Manager Carries out needs and requirements set by the Division Director.  Provides study/program direction.  Ensures that 
there is sufficient managerial, technical and support staff with the authority and resources (equipment, etc.) to perform their stated 
duties.  Establish procedures to ensure that all personnel are free from any undue internal or external commercial, financial, and other 
pressures or influences that may adversely affect the performance and quality of their work.   
Principal Investigator (PI) Responsible for the development, approval, implementation, and maintenance of the QAPP.  Acts as a 
liaison between the analytical laboratory, the study manager, the field team leader, the QAC and the organization.  Responsible for: 
maintaining records of QAPP distribution, including appendices and amendments; maintaining written records of sub-tier commitment 
to requirements specified in this QAPP; identifying, receiving, and maintaining study quality assurance records; coordinating with the 
QAC to resolve QA- related issues.  Notifies Program Manager of circumstances, which may adversely affect the quality of data 
derived from the collection and analysis of samples.  Ensure that the staff has the necessary education, experience, and/or training to 
perform their stated duties.  Enforces corrective action. 

Quality Assurance Coordinator (QAC) Reports to the Principal Investigator indirectly and is independent of the field, laboratory, 
data, and reporting staff.  Major responsibilities include monitoring QC activities to determine conformance, distributing quality related 
information, training personnel on QC requirements and procedures, reviewing QA/QC plans for completeness and noting 
inconsistencies, and signing-off on the QA plan and reports. 

Program Manager (Shelly 
Basketfield)

Principal Investigator/Study 
Manager (TBD)

Sampling Design

Review (TAC)

Field Activities

Field Supervisor(Nick 
Bartish, HCI)

Laboratory Activities

Analytical Laboratory PM 
(Kelly Bottem - ARI)

Eurofins (Stell Currenco)

Data Management

Data Validation (Laboratory 
Data Consultants, Inc.)

Data Usability (Jennifer 
Arthur)

EQUis PM Manager (Jennifer 
Arthur)

QA Coordinator (Jennifer 
Arthur)
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Roles & responsibilities 
Study Manager (SM) Responsible for ensuring tasks and other requirements in the contract for field implementation are executed on 
time and are of acceptable quality.  Monitors and assesses the quality of work.  Coordinates attendance at conference calls, training, 
meetings, and related study activities.  Responsible for verifying the QAPP is followed and the study is producing data of known and 
acceptable quality.  Ensures adequate training and supervision of all monitoring and data collection activities.  Complies with 
corrective action requirements. 
Supervises the assigned study personnel (scientists, technicians, and support staff) in providing for their efficient utilization by directing 
their efforts either directly or indirectly on study tasks.  In general, other specific responsibilities include:  coordinate study assignments 
in establishing priorities and scheduling, ensure the completion of high-quality studies within established budgets and time schedules, 
provide guidance and technical advice to those assigned to studies by evaluating performance, implement corrective actions and 
provide professional development to staff, and prepare and/or review preparation of study deliverables, interact with clients, and 
technical reviewers to assure technical quality requirements are met in accordance with contract specifications. 

Sampling Design Coordinator Responsible for completion of the sampling design by coordinating resources from the consultant, 
statistician, senior contributing personnel, and the needs of the user. 

Document Coordinator Responsible for on-schedule completion of assigned writing, editing, and data interpretation work.  Directs all 
reporting activities, including in-house and outside review, editing, printing, copying, and distributing or journal submission. 

Field Supervisor Responsible for: supervising all aspects of the sampling and measurement in the field; the acquisition of samples 
and field data measurements in a timely manner that meet the quality objectives; field scheduling, staffing, and ensuring that staff are 
appropriately trained. 

Data Steward Responsible for the acquisition, verification, and transfer of data to the SPU database.  Oversees data management for 
the study.  Ensures data are submitted per work plan specifications.  Responsible for data usability assessment of data collected.  
Provides the point of contact to resolve issues related to the data.  

Data Validator Responsible for validation and verification of data collected. Provides validated electronic data deliverable and data 
validation report to Data Steward.  

Laboratory Manager Responsible for supervision of laboratory personnel involved in generating analytical data for this study.  
Responsible for ensuring that laboratory personnel involved in generating analytical data have adequate training and a thorough 
knowledge of the QAPP and all SOPs specific to the analyses or task performed and/or supervised.  Responsible for oversight of all 
operations, ensuring that all QA/QC requirements are met, and documentation related to the analysis is completely and accurately 
reported.  Enforces corrective action, as required.  Develops and facilitates monitoring systems audits. 

Laboratory Quality Assurance Officer (QAO) Monitors the implementation of the Quality Assurance Manual (QAM) and the QAPP 
within the laboratory to ensure complete compliance with QA objectives as defined by the contract and in the QAPP.  Conducts 
internal audits to identify potential problems and ensure compliance with written SOPs. Responsible for supervising and verifying all 
aspects of the QA/QC in the laboratory.  Performs validation and verification of data before the report is sent to the contractor.  
ensures that all QA reviews are conducted in a timely manner from real-time review at the bench during analysis to final pass-off data 
to the QA officer.  

 

5.2 Special Training Needs/Certification 

Field personnel will receive training in proper sampling and field analysis.  In addition to technical 
training, field personnel will receive training that addresses sample collection activities that have the 
potential to adversely affect their health and safety.    

The selected laboratory will be accredited or registered under the provisions of Accreditation of 
Environmental Laboratories, Chapter 173-50 WAC to analyze all parameters with the exception of 
6PPDQ.   

A waiver request will be submitted to the Department of Ecology for approval for Eurofins Sacramento 
to analyze solids samples using their 6PPD-Quinone by LC/MS method.  This waiver is requested because 
at this time, neither an EPA method nor an accredited lab are available to analyze solid samples for 
6PPDQ. 
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Staff performing data entry, review, verification, and validation will receive proper training.  Staff will 
also receive training in the skills (e.g. statistical analysis) needed to perform data assessment. 

5.3 Timeline/study schedule 

This section specifies the relevant deadlines for the study.  Figure 10 summarizes the SAM study 
schedule and indicates critical milestones.     

 
Figure 10. Study schedule. 
5.3.1 Study Deliverables 

This section describes the project deliverables. Section 12 provides additional details describing the 
procedure and method for developing the deliverables.  Refer to Section 9 for documentation and 
records supporting development of the deliverables. 

Quality Assurance Report and Validated electronic data deliverable packages will be provided by the 
end of May for the following year summarizing the quality of the work. 

Annual status reports will be provided by the end of June for the following year and will include project 
status updates, Technical Advisory Committee (TAC) meeting notes, and interim results.  The study 
results will be presented in an annual report by the end of the first quarter in 2018 and 2019.  Each 
annual report will include all monitoring data collected during the preceding calendar year.  Each report 
shall also integrate data from earlier years into the analysis of results, as appropriate.   

SAM Study final reports to communicate the study findings will include: 

• Draft Report – Target: August 30, 2028 

• Final Report – Target: September 30, 2028 

• Draft SAM Fact Sheet – Target: October 15, 2028 

• SWG presentation slide deck – Target: November 15, 2028 

• Local or regional conference presentation slide deck- Target: To be determined in conjunction 
with local stormwater groups, November 30, 2028 

 Integrated Plan Study reports will include: 

• A summary including the sweeper routes, broom-miles swept, average sweeping velocity, wet tons 
removed, and land use for the routes; 

• A comprehensive data and QA/QC report with an explanation and discussion of the results; 
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• The annual pollutant load removed expressed in total dry weight and dry weight per broom-mile 
swept for all parameters; and 

5.3.2 Study Success Factors 

The indicator of success for this study is the successful sample collection, analysis, and reporting as described 
in this QAPP.    
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Element II.  Type, Quality, and Quantity of Data Needed 

This element describes the type, quality, and quantity of data needed to meet the study objectives and 
includes: 

Section 4, which describes the type and quality of data needed to meet the study goals and 
objectives, and  

Section 5 - Sampling Process Design, which determines the quantity of data needed. 

6 QUALITY OBJECTIVES 
This section presents the study data quality and measurement quality objectives, which describe the 
type and quality of data needed to meet the study goals and objectives.  

Data Quality Objectives (DQOs) are qualitative and quantitative statements developed using the data 
quality objectives process that clarify study objectives, define the appropriate type of data, and specify 
tolerable levels of potential decision errors.  These form the basis for establishing the quality and 
quantity of data needed to support decisions. 

Once established, DQOs become the basis for the measurement quality objectives (MQOs) used 
specifically to address analytical performance. 

Measurement Quality Objectives (MQOs) are “acceptance criteria” for the quality attributes measured 
by the study data quality indicators (DQIs).  During study planning, MQOs are established as quantitative 
measures of performance against selected DQIs, such as precision, bias, representativeness, 
completeness, comparability, and sensitivity.  By extrapolation, data that meets defined MQOs are 
considered acceptable for use in study decision making. 

6.1  Data Quality Objectives 

The Data Quality Objectives (DQOs) serve to guide the eventual determination of the data quality that is 
needed to make good decisions, but do not directly set criteria for the quality of the data or express 
data quality characteristics.  The outputs of a Decision (or Data) Quality Objectives (DQO) Process are 
needed to determine the number of samples that must be collected and analyzed. 

6.2 Measurement Quality Objectives  

Measurement quality objectives (MQOs) specify how good data must be to meet the objectives of the 
study.  MQOs are the performance or acceptance thresholds or goals for the study’s data, based 
primarily on the DQIs.    For existing data, these correspond to acceptance criteria.  MQOs are used to 
select procedures for sampling, analysis, and quality control (QC).  

Of the six principal DQIs, precision, bias, and sensitivity are quantitative measures; representativeness 
and comparability are qualitative; completeness is a combination of both qualitative and quantitative 
measures; and accuracy is a combination of precision and bias. 

   



MEASURING STREET SWEEPING 6PPDQ WHOLE ENVIRONMENT LOAD REDUCTIONS  PAGE 22 OF 73 

QUALITY ASSURANCE PROJECT PLAN  

 

 

REVISION:  R2D0 

Final as of: 4/14/2025 

THIS IS AN UNCONTROLLED DOCUMENT. 

6.2.1 Precision, Bias, and Accuracy 

Precision refers to the degree of agreement among independent measurements as the result of 
repeated application of the same process under similar or prescribed conditions. Precision reflects 
random errors and may be affected by systematic error. It also reflects variation imposed by a given 
matrix (e.g., sediment, effluent or water). 

Precision will be demonstrated by analysis of laboratory sample duplicates (DUP), field sample 
duplicates (FDS), field split samples (FSS), laboratory control sample duplicates (LCSD) and matrix spike 
duplicates (MSD). Table 5 lists the qualification actions resulting from the precision analysis. 

Table 5. Precision validation criteria. 

 
Table 6 illustrates the application of qualifiers to sample results based on the precision QC sample types.   

Table 6. Association of precision QC sample type to sample results 

QC Sample Type Associated Results 
Lab Duplicate All results in prep batch 

Laboratory Control Sample Duplicate All results in prep batch 

Matrix Spike Duplicate Parent sample resultsa 

Field Duplicate/ Field Split Parent sample results onlyb 

a In cases where the only associated precision QC was the MSD, the MSD will be used to evaluate all results in the prep batch. 
b In cases where the laboratory was deficient in providing laboratory precision QC, field precision QC will be used to evaluate all results in each prep 
batch. 

 

Accuracy is the degree of agreement between an observed value and a “true” value and includes a 
combination of the random error (precision) and systematic error (bias) components that result from 
the sampling and analytical procedures.  

Original & Duplicate 
Associated Sample Action 

Criterion 1 Criterion 2 

Both Original 
and Duplicate 
Results < 5x RLa 

 
 

|original - duplicate| 
> 2x RL 

Result < RL (non-detects) Qualify sample results as estimated non-detect (UJ).   

Result > RL (detects) Qualify sample results as estimated (J).   
|original - duplicate|≤  
2x RL All  No qualification needed.   

 Both Original or 
Duplicate 
Results > 5x RL 
 
 

RPDb> 35% 

Result < RL (non-detects) 
Qualify sample results as estimated non-detect (UJ).  
Note in report. 

Result > RL (detects) Qualify sample results as estimated (J).   

RPD ≤ 35% All  No qualification needed.  

 aRL – Reporting Limit 
bRPD – Relative Percent Difference 
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Analytical accuracy will be demonstrated by analysis of matrix spikes (MS), laboratory control samples 
(LCS), reference materials (RM) and surrogate compounds (SUR). Laboratory control limits will be used. 
The project laboratory (ARI) laboratories, Analytical Resources (ARI) and Eurofins Sacramento, will have 
documentation available for the calculation of their laboratory control limits, the limits prescribed in the 
approved methods and/or those limits provided by the manufacturer of reference materials. Table 7 
lists the qualification actions resulting from the accuracy analysis. 

Table 7 Accuracy validation criteria. 

 Percent Recoverya Associated Sample Action 
%R < Lower Limit  Result < RL (non-detect) Qualify sample result as estimated non-detect (UJ).   

  Result ≥ RL (detects) Qualify sample result as estimated (J).   

  Parentb> 4x spike added No qualification needed.   

%R > Upper Limit Result <RL (non-detects) No qualification needed.   

  Result ≥ RL (detects) Qualify sample result as estimated (J).   

  Parent > 4x spike added No qualification needed.   
a The percent recovery of the spiked compound.  See Appendix C. 
b Parent - The sample from which an aliquot is used to make the spiked QC sample 
 

Table 8 illustrates the application of qualifiers to sample results based on the accuracy of QC sample 
types. 

Table 8. Association of accuracy QC type to sample results. 

QC Type Associated Results 
LCS/LCSD/RM All results in prep batch without additional supporting evidence 

MS/MSD Results for associated analyte in parent sample only without additional 
supporting evidence 

Surrogate Results for associated analyte in parent sample only 

 

6.2.2 Representativeness  

Sediments, including street sweepings, are inherently heterogeneous.  Consequently, sediment sampling 
may involve a high degree of sampling error, which affects how representative the sample data is of the 
sweepings.  The representativeness of the data is dependent on 1) the routes swept and associated land 
use, 2) sweeper velocity and sweeping frequency, 3) the number of days since the last sampling event, 
3) homogeneity of the sweepings stockpile when sampled, 4) the subsampling locations, 5) the sampling 
procedures, and 6) the number of samples collected over time.   

While variability in the sweepings may be unavoidable, attention to quality and consistency regarding 
sub-sampling location selection and sampling of pertinent media (i.e., solids) and use of only approved 
analytical methods will improve data quality and subsequent representativeness of the population being 
studied at the site.   
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6.2.3 Completeness and Comparability 

The completeness of the data will be maximized by using proven sampling techniques, packaging 
samples for transport to avoid breakage, and timely processing at the laboratory.  The analytical 
requirements will be met to ensure acceptable data.  Excess sample will be archived for at least six 
months after the sample date.  A completeness target of 90 percent has been set for this study.   

Confidence in the comparability of data sets for this study is based on the commitment of study staff to 
use only approved sampling and analysis methods and QA/QC protocols in accordance with quality 
system requirements and as described in this QAPP.  Comparability is also enhanced by reporting data in 
standard units, by using accepted rules for rounding figures, and by reporting data in a standard format.    

6.2.4 Sensitivity 

Due to the variability inherent in street sweepings, reporting limits for each analyte can vary among 
samples.  Reporting limits are provided by the laboratory with the analytical results for each sample.  
Appendix A indicates the percentage of detected sample counts for each analyte for previous data.  The 
selected methods provide adequate detection. 

Preliminary 6PPDQ sample concentrations confirm the selected LC/MS method provides adequate 
detection. 

7 SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN) 
This section describes the overall sampling design for the study to support the program objectives 
identified in Section 2.2.   The general sampling process design is summarized in Table 9. 

Table 9. Sampling design summary 

Location 
Matrix 

Sample 
Technique/ 

Type 

Sample 
Fraction 
Analyzed 

Analytes Temporal 
Boundaries 

Annual 
Samples per 

Site7 

Haller Lake yard in 
northern Seattle 
Charles Street 
yard in southern 
Seattle. 

Sediment 
and 
detritus 

Composite of 34 
to 6 manual grab 
samples 

Whole 
sample 
and LT250 
fraction8 

Fecal bacteria, 
grain size, total 
solids, total 
phosphorus, total 
copper, total zinc, 
PCBs, and 6PPDQ. 

Every other week 
during sweeping 
activities when the 
bin has adequate 
material to sample 
(48 to 50 weeks per 
year)9 

240 to 25 

 

The target population is the sweepings collected during arterial sweeping operations and temporarily 
stored in stockpiles located in designated bins from ongoing since January 1, 2017 through December 

 

 
7  This total does not include QC samples.  There are two sites. 

8 LT250 fraction analyzed for total phosphorus, total copper, total zinc, PCBs, and 6PPDQ.   

9  Sweeping does not occur during ice and snow response, which may reduce the sweeping season by two to four weeks.   
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31, 2018 for the Integrated Plan Study and 36 months after approval from the SAM Program Manager 
for the SAM Study.  

The sampled population will be the sweepings in the bins at approximately 2 to 3 feet below the 
stockpile surface.   The measurement protocol calls for the use of composite samples.   Each composite 
sample is taken to the lab for analysis within 6 hours and is analyzed per current state standards.  
6PPDQ composite samples will be shipped to Eurofins within 48 hours of being relinquished to ARI. ARI 
is responsible for the shipment of composite 6PPDQ samples. 

The sampling design calls for obtaining a minimum of 24 samples annually from each location using a 
systematic in space and random in time protocol.    

The sampler implements the systematic in space protocol by collecting at least one subsample for each 
20 cubic yards of sweepings deposited in the bin since the last sampling event using the 3-2-1 technique; 
up to three locations in the lower third, two in the middle, and one in the upper third of the tent-shaped 
stockpile (see Table 17).  The sampler implements the random in time protocol by randomly selecting 
the first sampling day of the year, each January, and thereafter collecting composite samples every two 
weeks on that day. 

7.1 Study Design 

A random (in time) systematic composite sampling strategy will provide information to assess temporal 
(seasonal) and spatial (north or south routes) differences as well as characterize the load.  The 
investigator will use professional judgment and site information and observations to select an 
appropriate sample plan from a predetermined set of sub-sample location configurations. Samples are 
then collected that reflect average conditions of the sweepings stockpile since the last sample event.  A 
minimum number of four sub-samples as defined in Table 17 are collected from the street sweepings 
stockpile(s) and then composited into a single sample (see 6.1 for additional details). 

The monitoring approach consists of calculating the total annual pollutant load removed by the 
expanded program after 2016 and comparing to the “Total expanded program annual targets” defined 
in in Table 2. 

Specifically, the monitoring approach will consist of the following steps: (1) measuring the broom-miles 
swept annually for three two years, (2) measuring the wet weight of the street sweepings collected 
annually for three two  years, (3) collecting 48 to 50 40 sweepings samples per year for three two  years 
(for a total of 144 to 150 80 samples plus QC samples) and analyzing for chemical parameters and total 
solids, (4) calculating the dry weight of sweepings collected using the wet weight and total solids 
concentration, and (5) using data collected in the steps above and the methods outlined in Section 12.2 , 
calculate the pollutant load removed. 

A discussion of the monitoring strategy is presented below and includes: 

• Selection of sampling location and frequency, 
• Selection of parameters and analytical methods, 
• Selection of sampling techniques and types, 
• Selection of sampling equipment, and 
• Selection of sampling frequency and criteria to ensure representative samples. 
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7.1.1 Sampling location and frequency 

Table 10 provides the representative miles swept for each sample location.  Approximately 54 and 35 
percent of the broom-miles swept will be represented by the Charles Street and Haller Lake bin samples, 
respectively. 

 

Table 10. Monitoring location summary (2015). 

Location No. of Weekly 
Routes 

No. of Every Other 
Week Routes Total Lane Miles MS4 Broom-miles 

per week 
Charles Street 11 16 690 260 

Haller Lake  5 6 310 170 

West Seattle10 2 0 60 60 

Total 18 22 1,060 490 

 

By the end of a calendar year, 54 to 546 samples will be collected, 48 to 540 primary environmental samples 
and six four quality control samples (Table 11).   

Table 11. Sampling schedule for a complete calendar year. 

Matrix Temporal 
Boundaries 

Sample 
Technique/ 
Type 

Measurement(s) Station 
No. of Field QC 

Samples per Site 
No. of 

Primary 
Samples per 

Site 
Total 

Split Duplicate 

Sediment 

Continuous 
(January 
through 
December) 

Manual grab/ 
composite 

Sediment chemistry 
(see Table 13) 

CS 
HL 

21 21 240 52 to 54 

 

Table 12 shows the sample size, sample median, and bootstrapped standard error and 95 percent 
confidence interval for the parameters of interest in the 2012-2015 existing dataset.  The bootstrapped 
confidence intervals indicate how reliable the sample median estimates the population median.  For the 
existing dataset, which includes samples collected following the sample design and procedures 
described in this document, the sample medians accurately estimate the sample population reasonably 
well, except for Fecal Coliform.    

 

 

 

 
10 Sweeping deposited at the West Seattle yard are transferred directly to the transfer station. 
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Table 12. Sample medians with bootstrapped standard error and bootstrapped confidence intervals for the 
parameters of interest from the existing 2012-2015 dataset (10,000 iterations). 

Analyte 
Group 

Parameter Whole (PES) Fraction LT250 Fraction 
Sample 
Size, n 

Median ± bootstrapped standard 
error and 95% confidence interval 

Sample 
Size, n 

Median ± bootstrapped 
standard error and 95% 
confidence interval 

Bacteria Fecal Coliform (cfu/g) 83 97,500 ± 51% (10,300 – 145,000)   

Conventional 

Grain size (PM250 %) 126 22 ± 3% (21.2 – 23.4)   

Total Solids (%) 134 70.97 ± 0.95% (70.1 – 72.2)   

Phosphorus, Total (mg/kg) 118 609 ± 3.4% (578 – 666) 93 712 ± 2.4% (690 – 748) 

Metals 
Copper (mg/kg) 120 74.3 ± 5.4% (65.4 – 82.2) 94 159 ± 6.8% (143 – 186) 

Zinc (mg/kg) 120 210 ± 3.93% (195 – 226) 94 310 ± 3.32% (290 – 330) 

Persistent 
Organic 
Compounds 

PCBs (ug/kg) 90 46.5 ± 7.48% (35 – 49) 89 88 ± 8.9% (74.5 – 109) 

 

7.1.2 Parameters and Analytical Methods 

Parameters were selected based upon their known presence in stormwater, their potential for adverse 
impacts, or their value in providing necessary supporting information (see Section 1.2 for additional 
information). Table 13 lists the analytical methods.   

Table 13. Sample parameters, methods, and units. 

Analyte 
Group Parameter Analytical 

Method Units 
Analyzed in 

whole 
sample 

Analyzed 
in LT250 
sample 

Sample 
Frequency 

Bacteria Fecal coliform bacteria SM 9222D CFU/g   ~Every two weeks 

Conventional 

Grain size  PSEP-PS %   ~Every two weeks 

Total Solids SM 2540G %   ~Every two weeks 

Total Organic Carbon PLUMB81TC %   ~Every two weeks 

pH SW9045 pH   ~Every two weeks 

Nutrients 
Phosphorus, Total EPA 365.2 or 

SM4500PE mg/kg   ~Every two weeks 

Total Kjeldahl nitrogen EPA351.2 mg/kg   ~Every two weeks 

Total 
recoverable 
metals 

As, Cd, Cr, Cu, Pb, Ni 
Ag, Zn EPA 200.8 mg/kg   ~Every two weeks 

Hg SW7471B mg/kg   ~Every two weeks 
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Analyte 
Group Parameter Analytical 

Method Units 
Analyzed in 

whole 
sample 

Analyzed 
in LT250 
sample 

Sample 
Frequency 

Persistent 
Organic 
Compounds 

Polychlorinated 
biphenyls (PCBs)  

SW8082A / 
SW3546 ug/kg   ~Every two weeks 

Total 
Petroleum 
Hydrocarbons 

Diesel Range 
Hydrocarbons and 
Motor Oil Range 

NWTPH-Dx mg/kg   ~Every two weeks 

Contaminant 
of Emerging 
Concern 

6PPDQ LC/MS ug/kg   ~Every two weeks 

 

If insufficient sample mass exists to run the next highest priority parameter, that analysis should be 
bypassed, and analyses run on lower priority parameters where there is sufficient volume remaining. 
Priority of parameter analysis should be completed in accordance with the order specified in Table 14. 

Table 14. Sample analyses priority order. 

Analyte 
Order rank Minimum grams 

needed for 
analysis  

Cumulative grams 

Whole sample 
(PES) 

LT250 
fraction 

Whole sample 
(PES) 

LT250 
fraction 

Total solids (bulk sample) 1 NA 5-10 10 NA 

Grain size 2 NA 22711 240 NA 

6PPDQ 3 1 2-6 250 10 

Total recoverable metals (Cu, Zn) 4 2 5-10 260 20 

Nutrients (Total phosphorus) 5 3 4-10 270 30 

PCB Aroclors 6 4 15 290 50 

Fecal Coliform 7 NA 100 390 NA 

 

7.1.3 Sampling Techniques 

A detailed description of sampling techniques may be found in Section 6. 

7.1.4 Qualifying Sample Criteria 

Only samples that are collected as described in Section 6 will be used for subsequent physicochemical 
testing. Acceptability of samples can be ascertained by noting that the samples were collected at an 
adequate depth and were sampled without any contamination from non-sweeping materials. All 

 

 
11 8 ounces. 
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samples should be sufficiently homogenized in a stainless-steel bowl and transferred to the appropriate 
container. 

7.2 Sampling Equipment  

The sampling equipment typically includes:  

• A stainless-steel square-nosed shovel 
• Two large 7-gallon stainless steel bowls for each site 
• Large 30-gallon stainless steel pot (for leaf season or field split samples) 
• Stainless steel mixing spoon and/or tongs for each site 

7.3 Assumptions underlying design 

Two key assumptions support the underlying sample design: 

• Sample concentrations represent the street solids removed by sweeping, and 

• PMWO, The TSS equivalent concentration and wash-off load estimates the street solids load 
captured by the sweeper that would have discharged from the street directly to stormwater. 
This fraction does not account for street solids blown off the street which subsequently deposit 
to stormwater. 

7.3.1 Representative sample concentrations 

Key assumptions supporting analysis of the sample concentrations include: 

Samples represent the pollutant concentrations of the load removed by the sweepers sweeping 
assigned routes and covering recorded broom-miles since the last sample date at that bin.   

Sample concentrations from the particles less than 250 um (LT250 fraction) represent the 
pollutant concentrations in the wash-off particles.  This may under-represent some pollutant 
concentrations that tend to increase with decreasing particle size. 

The sweepings load as measured on the disposal vendors truck scales represents the debris 
picked up by the sweeper in the previous two weeks. 

All pollutant sample concentrations are reported on a dry weight (dw) basis. 

Sample analysis of fecal coliform within the LT250 faction is not practical given the nature of the 
sampling approach; concentrations for the whole sample for these parameters are assumed to 
be representative of the material less than 250 um.  Borst et al (2003) found no correlation 
between fecal coliform concentrations and mean particle size from one summer storm event.  
Southern California Coastal Water Research Project (2011) found bacteria preferentially 
associated with less than 6 um filter fraction during small storm events (<0.3 inch rain).  

7.3.2 Estimating Total Suspended Solids (TSS) equivalent 

For the purposes of this study, we will measure the total load removed from the environment by 
sweeping and estimate the wash-off load using a simple particulate matter wash-off (PMWO) particle 
size model based on work by Pitt (1985) that estimated the street solids particle sizes washed off 
residential streets in Bellevue, Washington.   
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PM wash-off is dependent on the available supply, rain energy available to loosen the material, and the 
capacity of the runoff to transport the loosened material.   Pitt (1985) measured 50 paired street dirt 
samples, close to the beginnings and ends of rain events to develop and found a street dirt load 
reduction of about 16% for each rain event on Bellevue residential streets from 1978 through 1983 
(Table 15). 

Table 15. Wash-off by particle size (Pitt, 1985). 

Size Class From 
(um) To (um) Wet Season 

Wash-off Factor 
Dry Season Wash-

off Factor 
Gravel 
 
 

Gravel 8,000 64,000 0 0 
Fine Gravel 4,000 8,000 0 0 
Fine/Very Fine Gravel 2,000 4,000 0 0 

Sand 
 
 
 
 

Very Coarse Sand 1,000 2,000 0.06 0.07 
Coarse Sand 500 1,000 0.12 0.08 
Medium Sand 250 500 0.19 0.15 
Fine Sand 125 250 0.30 0.20 
Very Fine Sand 63 125 0.49 0.28 

Silt 
 
 
 

Coarse Silt 31 63 0.50 0.39 
Medium Silt 15.6 31 0.50 0.39 
Fine Silt 7.8 15.6 0.50 0.39 
Very Fine Silt 3.9 7.8 0.50 0.39 

Clay 
 
 

8-9 Phi Clay 2 3.9 0.50 0.39 
9-10 Phi Clay 0.06 2 0.50 0.39 
>10 Phi Clay 0 0.06 0.50 0.39 

 

Table 16 summarizes the wash-off data by particle size fraction.  Seattle’s sweepings distribution by size 
fraction range averages 6%, 15%, 43%, and 36% for very fine-grained, fine-grained, medium-grained, 
and coarse-grained solids, respectively.   The modelled portion of the sweepings that counts towards the 
TSS equivalent include 2.8%, 4.6%, and 4.8% for very fine-grained, fine-grained, and medium-grained 
solids, respectively.    

Table 16. Wash-off rates by particle size fraction. 

Size Class 
Size Range 

Wet 
Season 

Wash-off 
Factor 

Dry Season 
Wash-off 

Factor 

Average 
Sweepings 
Distribution 
(2012-2015) 

Average portion of 
sweepings that counts 
towards TSS equivalent 

(2012-2015) 
Coarse-grained ≥1,000 um 0% 0% 36%  

Medium-grained 250 to 1,000 um 10% 8% 43% 4.8% 

Fine-grained 75 to 250 um 30% 17% 15% 4.6% 

Very fine-
grained ≤75 um 49% 34% 6% 2.8% 

Total    100% 11.2% 
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This practical approach to simulating the complex system of street solids continuous and intermittent 
deposition processes may be overly conservative.  The method currently credits 11% of the total load 
removed by sweeping as TSS equivalent, which implies that 79% of the load removed blows off the 
street and is permanently captured on land (Table 16).   

We plan to improve the method to estimate TSS equivalent in the future. Simplifying assumptions, not 
supported by the removal processes described in Section 1.3 include: 

• Particles picked up by the sweeper would wash off from rain to waterways at the same rate as if 
the particles remained on the street.  This means that 51 and 66 percent of particles less than 75 
um in the wet season and dry season, respectively, do not count towards the TSS equivalent 
estimate. 

• Larger particles picked up by the sweeper that, if left on the street, would be reduced in size 
from tires and erosion and washed to the storm drain, do not count towards the TSS equivalent 
estimate. 

• Planting strips along commercial and industrial arterials and landscaped areas along residential 
arterials permanently capture blown off particles.  That is, particles blown off the street from 
vehicle turbulence and tires will not land on sidewalks, roofs, parking lots, or driveways to be 
later washed to the storm drain. 

7.4 Characteristics of existing Data 

Appendix A provides summary descriptive statistics for existing sample results.   
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Element III.  Sampling and measurement procedures  

This element describes the sampling and measurement procedures needed to acquire the data and 
include: 

Section 6 – Sampling (Field) Procedures, which describe the methods used to ensure that data 
collected are representative of the matrix, and  

Section 7 – Measurement Procedures, which describes the analytical methods used by the 
Study. 

8 SAMPLING (FIELD) PROCEDURES 
This section describes field procedures that will be utilized to ensure that samples are collected in a 
consistent manner and are representative of the matrix being sampled, and the data will be comparable 
to data collected by other existing and future monitoring programs.   

Sampling procedures will generally follow Recommended Protocols for Measuring Selected 
Environmental Variables in Puget Sound (PSEP 1997).  

The quality of data collected in an environmental study is critically dependent upon the quality and 
thoroughness of field sampling activities.  General field operations, practices, and specific sample 
collection will be well planned and carefully implemented following the procedures described below. 

8.1 Composite Sample Collection Procedures 

The sample collector will visit each site and produce a quantity of sample by compositing several sub-
samples obtained with a stainless-steel shovel from selected locations on the pile into a stainless-steel 
mixing bowl (Figure 11).  The composited material will then be distributed into several individual sample 
jars. The jars are then capped, labeled, placed into a cooler with ice, and then transported to the 
analytical laboratory where they are transferred with a chain of custody. ARI will ship 6PPDQ samples to 
Eurofins within 48 hours of drop-off from the sampler. 6PPDQ sample jars will be wrapped in bubble-
wrap and shipped in a cooler filled with ice. The chain of custody is placed inside the cooler before it is 
sealed with a custody seal. All 6PPDQ samples are shipped through United Parcel Service (UPS). The 
sampler returns to the office after decontaminating the equipment, and transfers any sampling photos 
to SharePoint. Pertinent sampling event information is updated in the EQUIS database.   
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Figure 11.  Sampling at Haller Lake on 10/08/2013.  From upper left to lower left; preparing sample locations, 
homogenizing sub-samples, and final sample jars ready for the laboratory. 

  

8.1.1 Determine Subsample Collection Strategy 

Each sampling event presents the sampler with a new stockpile configuration.  Ongoing sweeping 
operations, stockpile maintenance, and haul out of sweepings change the stockpile’s configuration daily.    

http://spu-sharepoint/DWWQ/programs/SS4WQP/Photo%20Library/100813_HallerLake_Sample_12.JPG
http://spu-sharepoint/DWWQ/programs/SS4WQP/Photo%20Library/samples.JPG
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At the beginning of each sample collection, the sampler determines a subsample collection strategy so 
that (s)he collects and composites one equal-sized subsample from the new sweepings (Figure 12) for 
each 20 cubic yards in the stockpile at a consistent depth, approximately 2 to 2.5 feet deep, from the 
vertical surface.   The subsample is collected from the bottom of each excavation and placed in a large 
decontaminated stainless-steel bowl.   

 
Figure 12. Stockpile configuration (2011 photo, Haller Lake bin is now covered). 
8.1.1.1 Determine number of subsamples required 

The sampler divides the stockpile within the area of newly deposited sweepings into sections of approximately 
equal volume and then locates up to six, stable sub-sample locations using the 3-2-1 technique; three locations 
in the lower third, two in the middle, and one in the upper third of the stockpile12.  

Table 17 provides sub-sample requirements for varying stockpile sizes.  If there is more than one 
stockpile, the sampler collects a proportional volume of material from each stockpile to represent all the 
newer sweepings in the bin.   

 

 
12 The volume distribution for cone- and tent-shaped stockpiles divided into three sections of equal height for the bottom, middle, and top thirds:  70%, 
24%, and 6%, respectively; and 56%, 33%, and 11%, respectively. 



MEASURING STREET SWEEPING 6PPDQ WHOLE ENVIRONMENT LOAD REDUCTIONS  PAGE 35 OF 73 

QUALITY ASSURANCE PROJECT PLAN  

 

 

REVISION:  R2D0 

Final as of: 4/14/2025 

THIS IS AN UNCONTROLLED DOCUMENT. 

Table 17. Sub-sample number and depth for small, medium, and large stockpiles of new sweeping material. 

Stockpile Size Small Medium Medium-
Large Large13 Very 

Large 
Volume (cubic yards) Less than 

20 20 to 60 60 to 80 80 to 100 100+ 

Average height (ft) 1 to 2 4 to 6 6 to 8 6 to 8 8 to 10 

Sub-sample depth (ft below surface)14 ½ to 1 2 to 3 2 to 3 2 to 3 2 to 3 

Minimum number of subsamples 1 3 4 5 6 

   Top third (6% volume)     1 

   Middle third (24% volume)  1 1 2 2 

   Bottom third (70% of volume) 1 2 3 3 3 

Stockpile volume (cubic yards) per sub-sample15 <20 7 to 20 15 to 20 16 to 20 20+ 

8.1.1.2 Determine the sample depth 

A maximum sample depth of 3 feet ensures the sampler safe and practical working conditions while 
obtaining a sample representative of the moisture content of the entire volume in the stockpile.16  See 
Table 17 for recommended sample depths for various sized stockpiles. 

8.1.1.3 Determine correct subsample volume.  

The required subsample volume depends on the number of sub-samples required.  Based on this 
number (Table 17) collect an appropriate volume of material per sub-sample such that a 4-gallon 
stainless steel bowl (or 7-gallon stainless steel pot during leaf season) will be filled after all sub-samples 
are collected (Table 18). 

Table 18. Subsample volume requirements (gallons). 

No. of 
Subsamples 

Required 

Normal conditions subsample volume 
(gallons) 

Leaf drop conditions17 subsample volume 
(gallons) 

PES PES + Field Split or Field 
Duplicate PES PES + Field Split or Field Duplicate 

1 4 8.0 7 14.0 

2 2.0 4.0 3.5 7.0 

3 1.3 2.7 2.3 4.6 

4 1.0 2.0 1.8 3.6 

 

 
13 Maximum volume of new material placed during a 2-week period at Charles Street.    Haller Lake volume will be less.  
14 +/- 0.5 foot. 
15  For stockpiles less than 100 cubic yards, collect a minimum of one subsample per every 20 cubic yards of stockpile volume.  For stockpiles greater than 
100 cubic yards, collect a minimum of 5 subsamples. 
16 Stockpiled material and storage characteristics may greatly affect the moisture content of the solids.  If the storage is covered, the solids may begin to dry 
out, from the outside edge of the stockpile inward.  If it is not covered, the moisture content of the material may increase if precipitation is absorbed.  
Alternatively, an uncovered stockpile may dry out if it is in the sun. Fine sediments will retain moisture more readily than coarse material.  
17 During leaf drop, generally October through mid-December, additional sample volume is needed to analyze parameters in the LT250 fraction. 
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No. of 
Subsamples 

Required 

Normal conditions subsample volume 
(gallons) 

Leaf drop conditions17 subsample volume 
(gallons) 

PES PES + Field Split or Field 
Duplicate PES PES + Field Split or Field Duplicate 

5 0.8 1.6 1.4 2.8 

6 0.7 1.3 1.2 2.4 

7 0.6 1.1   

8 0.5 1.0   

 

8.1.2 Collect a Primary Environmental Sample 

The sampler follows these procedures to collect a primary environmental sample from the sweeping 
stockpile: 

1. Observe the stockpile for evidence of spill cleanup materials.  If present, isolate the material and 
contact the SDOT 24-7 Street Maintenance (684-Road@seattle.gov) for removal to the 
appropriate bin. 

2. Layout the subsample location strategy (Section 6.1.1). 

3. Don a new pair of nitrile or latex gloves. 

4. Collect the necessary equipment. If needed, clean and decontaminate the equipment, using 
procedures outlined in Section 6.2. 

5. Prepare the sample containers: Arrange the appropriate sampling containers (8,16, and two 64-
oz jars) and 1-gallon plastic (Ziploc®) bag; during leaf season use 8, 16, and two 128-oz jars of 
material. Check that a Teflon® liner is present in caps, if required.  Label sample containers 
clearly with all appropriate sample information, including the sample identifier (Table 20).  

6. Don a new pair of nitrile or latex gloves. 

7. Collect the subsamples:  Manually collect subsamples with a square-nosed stainless-steel shovel 
as determined in the subsample location strategy (Section 6.1.1) If necessary, the stainless-steel 
hand auger may be attached to an extension pole to reach the different areas of the stockpile, 
provided a representative sample can be retained on the device and recovered intact.  In 
general, ensure that all specified depths and locations of the stockpile are sampled, take care to 
avoid spillage and to avoid contamination from the ground.  

8. Create a composite sample from the subsamples: Place the subsamples in a large stainless steel 
bowl.  Homogenize the contents in the bowl with a stainless-steel spoon (and/or stainless tongs 
during leaf season) and remove all observed garbage (plastics, metal objects, other synthetic 
material - as much as can feasibly be found) leaving only sediment and organic material.  

9. Don a new pair of nitrile or latex gloves. 
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10. Fill the sample containers: Transfer the homogenized material to all sample containers by 
placing a small amount of material into each container in turn until they are all full.  Wipe the 
threads and secure the caps tightly.  Verify labels are complete.   

11. Document:   

• Complete field notes.  Include any deviations in sample collection procedures, such as: 
samples collected at an adequate depth, contamination from non-sweeping materials, 
sufficiently homogenized, etc.  

• Complete the chain-of-custody documents. 

12. Transport the composite samples: Place containers in cooler with ice and take them to the lab. 

13. Decontaminate non-disposable sampling equipment.  See section 6.2. 

8.1.3 Collect Field Quality Control Samples 

Field Quality Control samples evaluate the sampling operation and quantify and document bias that can occur 
in the field and variability that can occur in the laboratory. QC samples provide the ability to assess the quality 
of the data produced by field sampling and a means for quantifying sampling and analytical bias.  Table 20 
summarizes the field QC sample identification scheme. 

The sampler follows these procedures to collect QC samples: 

8.1.3.1 Field Split Sample (FSS) sampling protocol: 

To collect Field Split Samples, use the Primary Environmental Sample protocol (Section 6.1.1). 

1. Label two sets of sample containers: one set for Field Split samples and one set for the PES 
sample (Table 20). 

2. Collect two equal-sized subsamples from each subsample location.  Place the subsamples into a 
7-gallon stainless-steel pot. 

8.1.3.2 Field Duplicates Sample (FDS) sampling protocol: 

To collect Field Duplicates Samples, use the Primary Environmental Sample protocol (Section 6.1.1) with 
changes to the duplicate sample location as noted below. 

1. Label two sets of sample containers: one for Field Duplicates Sample and one for PES (Table 20). 
2. Collect the PES sample following Section 6.1.1. 
3. Decontaminate stainless steel shovel and pot following section 6.2. 
4. Collect the duplicate sample following Section 6.1.1 with FDS subsample locations adjacent to 

PES locations. 

8.1.3.3 Field Equipment Blank-Field: FEB– Collected while decontaminating field equipment at the sample collection site, in 
the field 

Collect field equipment blanks while decontaminating field equipment at the Haller Lake or Charles 
Street wash racks.  Note: a field assistant is needed to properly complete this exercise: 

1. Don a new set of clean nitrile gloves 
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2. Label sample containers for Field Blank Sample (Table 20). 
3. Wash/decontaminate all sampling equipment at the yard wash rack using established protocol 

(see Section 6.2.1). 
4. Have an assistant, wearing clean nitrile gloves, open all sample jars and place on a clean flat 

surface. 
5. Don a new set of clean nitrile gloves 
6. Hold shovel over sample jars and run reagent grade DI water transported to site in clean glass 

containers (obtained from the WQ lab) over the stainless-steel shovel blade (both sides) and 
about 12” up the handle. As DI water is pouring over shovel parts, direct run-off into sample 
jars. 

7. Fill all containers by placing small amounts of reagent-grade DI water into each container in turn 
until they are all full. 

8. Cap the sample containers, check labels, fill out the Chain of Custody, place containers in a 
cooler with ice for transport to the lab. 

9. Document sampling information in field notebook. 

8.1.3.4 Field Equipment Blank Lab: FEB – Collected while decontaminating field equipment at SPU’s Water Quality Herrera’s 
wet lab: 

Collect field equipment blanks while decontaminating field equipment at SPU’s Water Quality Herrera’s 
wet lab. 

1. Don a new set of clean nitrile gloves. 
2. Label sample containers for Equipment Blank Samples (Table 20). 
3. Wash/decontaminate all sampling equipment using established protocol (see Section 6.2.2). 
4. Rinse the decontaminated (washed and dried) equipment, each of the decontaminated 

stainless-steel bowls, and the 7-gallon stainless steel pot with reagent grade DI water from the 
WQ lab apparatus ARI.   Rinse the stainless-steel shovel blade and about 12” up the handle.  
Rinse each of the stainless-steel spoons and the tongs. 

5. Pour the DI water rinsate off from the bowls and pot into sample containers provided by the lab.  
Pour a small amount of DI water into the containers by placing small amounts in each container 
in turn until they are all full.  DI water is also added directly to the stainless-steel bowls and pot 
and swirled around and poured into the containers 

6. Cap the sample containers, check labels, fill out the Chain of Custody, place containers in a 
cooler with ice for transport to the lab. 

7. Document sampling information in field notebook. 

8.2 Field Equipment Decontamination 

All non-disposable sampling equipment will be decontaminated prior to each sampling event.  The following 
decontamination procedures will be followed every sampling event. 
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8.2.1 In the Field Decontamination Procedures 

Between sampling bin locations, the stainless-steel shovel, bowl, pot, spoon and tongs (if leaf season) will be 
rinsed at the Charles Street and Haller Lake vehicle wash stations to remove debris using hose water. The 
stainless-steel shovel will be decontaminated after collection of each composite sample as described below: 

1. Don new nitrile gloves 
2. Spray down shovel with hose water. 
3. Pour 10% liquinox solution on shovel and scrub blade and at least one foot of handle with brush 

and liquinox.   
4. Rinse shovel with hose water.  
5. Rinse shovel with de-ionized water stored in a container in the field box. 
6. Wrap shovel in tinfoil and place in vehicle.  Place separately from any other equipment that is 

not fully decontaminated. 

8.2.2 At SPU’s WQ Herrera’s Wet Lab Decontamination Procedures 

After sampling is complete and composite samples have been delivered to contract lab, all equipment is to be 
returned to the SPU’s Water Quality Herrera’s wet lab and decontaminated as described below: 

1.  Don apron and nitrile gloves 
2. Handling each piece of equipment (SS shovel, bowls, spoons) separately, wash down with sink 

water and then apply 10% liquinox solution. 
3. Scrub down equipment with decon scrub brush 

• Rinse equipment with sink water 

• Rinse equipment with DI water  

• Place on lab mat to dry 

4. Wearing nitrile gloves, wrap each piece of equipment in tin foil. 
5. Place cleaned and wrapped equipment in proper location in laboratory shelving.  

8.3 Sample Handling & Custody 

Sample handling and custody procedures ensure that uniquely identifiable samples are transported to 
the analytical laboratory with appropriate preservation within prescribed holding times and with proper 
documentation.  The chain-of-custody of the physical sample and its corresponding documentation will 
be maintained throughout the handling of the sample by following the procedures outlined below.  The 
chain-of-custody for 6PPDQ samples will be placed in the sealed cooler along with the sample jars prior 
to shipment to Eurofins. All sample jars will be wrapped in bubble-wrap prior to shipping.  Table 19 
presents sediment sample volume, container type, holding time and preservative needed for each 
required parameter.   
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Table 19. Containers, holding time, and preservation. 

Parameter Minimum Quantity 
(dry weight)18 Container Holding Time (sample to 

analysis) Preservation 

Total solids (% solids) 5 -10 g 4 oz. glass jar 7 days Refrigerate, 0 -
6°C 

Grain-size 8 oz. 1-gallon (Ziploc®) bag 180 days Refrigerate, 0 -
6°C 

Total Organic Carbon 2 g 2 oz. glass jar 14 days Refrigerate, 0 -
6°C 

pH 20 g 4 oz. glass jar 14 days Refrigerate, 0 -
6°C 

Metals, total recoverable: 
As, Cd, Cr, Cu, Pb, Ni Ag, 
Zn 

5 -10 g 4 oz. glass jar 180 days Refrigerate, 0 -
6°C 

Metals, total recoverable: 
Hg 5 -10 g 4 oz. glass jar 28 days Refrigerate, 0 -

6°C 

Total Kjeldahl nitrogen 2 - 5 g 4 oz. glass jar 28 days Refrigerate, 0 -
6°C 

Total phosphorus 2 - 5 g 4 oz. glass jar 28 days Refrigerate, 0 -
6°C 

Fecal coliform 20 -100 g 4 oz. glass jar 24 hours19 None 

PCB (Aroclors) 15 g 8 oz. glass jar 14 days Refrigerate, 0 -
6°C 

Total Petroleum 
Hydrocarbons (Dx) 15 g 8 oz. glass jar 14 days Refrigerate, 0 -

6°C 

6PPDQ 2 g (6 g if MS/MSD 
requested) 4 oz. glass jar 14 days (sample to extraction), 

28 days (extraction to analysis) 
Refrigerate, 0 -
6°C 

8.3.1 Sample Identification 

All samples will be clearly labeled in the field with indelible ink.  Each sample will be uniquely identified 
by its sample identifier, Bin-YYYYMMDD.  QC samples will include a prefix indicating the type of QC 
sample (Table 20).  The bin designates the sample location yard, either CS for Charles Street or HL for 
Haller Lake.   

The combination of the sample identifier, sample method, date and time stamp, and matrix provided on 
the Electronic Data Deliverable (EDD) by the analytical laboratory will provide the index that links the 
sample event data and field data, which will identify field duplicate samples where applicable.   

 

 
18 During leaf season collect two 128-oz jars of material (in addition to the 8 and 16-oz jars and gallon Zip-lock) if an analysis on the LT250 um fraction is to 

be performed. 
19 No published holding time.  Twenty-four hours is usual but may be longer. 
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Table 20. Field sample identifiers. 

Field QC Type PES QC 
Field Split Bin-YYYYMMDD 

Example:  HL-20160315 
FSS-Bin-YYYYMMDD 
Example:  FSS-HL-20160315 

Field Duplicate Bin-YYYYMMDD 
Example:  CS-20160622 

FDS-Bin-YYYYMMDD 
Example:  FDS-CS-20160622 

Field Equipment Blank-checking decontamination 
procedures undertaken in the SPU WQ Herrera lab 

 FEB-lab-YYYYMMDD 
Example:  FEB-lab -20160806 

Field Equipment Blank -checking decontamination 
procedures undertaken in the field  

 FEB-field-YYYYMMDD 
Example:  FEB-field-20160806 

 

8.3.2 Sample Transportation 

The sampler will collect grab samples from the street sweeping piles, place the samples on ice, and 
transport them as soon as possible to the selected analytical laboratory.  ARI will ship 6PPDQ samples to 
Eurofins within 48 hours of sampler drop-off. Samples will be shipped via UPS. 

8.3.3 Sample Preservation 

Other than ice, sample preservation will not be required in the field.  Composite samples will be chilled 
with ice as they are collected.  The field supervisor will monitor daytime temperatures to ensure ice will 
be sufficient to last until sample delivery occurs.   

8.3.4 Sample Processing 

In general, all samples will be minimally processed in the field to prevent potential contamination from 
trace pollutants in the atmosphere and will be transported to the analytical laboratory as soon as 
possible after sample collection.  The Study Manager will coordinate with the analytical laboratory to 
ensure samples can be transported, received, and processed during non-business hours if needed.   

Once the composite samples have been delivered to the laboratory, the laboratory staff will process the 
samples using “clean” techniques pursuant to protocols developed by the US EPA (1996) for the low-
level detection of metals. 

8.3.5 Holding Times 

Holding times (see Table 19) are short for some parameters, particularly fecal coliform bacteria, and 
nutrients.  For composite samples the "sample collection time" used to evaluate holding time limits is 
the time that the final sample sub-sample is collected.  To minimize the risk of exceeding holding times, 
samples will be delivered to the laboratory immediately after sampling is completed.   

8.3.6 Chain of Custody 

A chain-of custody form will accompany each sample batch delivered to the laboratory.  The purpose of 
chain-of-custody (COC) forms is to keep a record of the sample submittal information and to document 
the transfer of sample custody.  Standard COC forms will be prepared for the study that will include 
sample location identifier, analyses to be requested, and any special considerations, such as analyses 
priority order and sample filtration needs.  At the time of sample collection, the field team will record 
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the sample date and time, sample location, matrix, and analyses requested.  Any special instructions for 
the laboratory will also be noted on the COC form such as specifications of quality control requirements 
(e.g., duplicate samples).  The COC form must be signed by both the person relinquishing the samples 
and the person receiving the samples every time the samples change hands, thus documenting the chain 
of custody.  The COC for 6PPDQ samples will be placed in the custody sealed cooler prior to shipment to 
Eurofins. 

9 MEASUREMENT PROCEDURES 
The analytical methods for this study have performance characteristics that meet the MQOs for 
precision, bias, and accuracy described in Section 4.1  

All parameters will be analyzed in the laboratory from composite and field QC samples collected in the 
field by a laboratory accredited per Chapter 173-50 WAC, with the exception of 6PPDQ.  Table 13 
provides the parameters to be analyzed and their method numbers. 
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Element IV.  Quality Assurance/Quality Control 

This element describes the Quality Assurance (QA)/Quality Control (QC) procedures used in the Study to 
ensure the QAPP is implemented as prescribed, and include: 

Section 8 – Quality Control, which describe the type and frequency laboratory and field quality 
control samples needed;   

Section 9 – Data Management and Documentation Procedures, which addresses the path of 
data from recording in the field and laboratory to final use and archiving; and 

Section 10 – Audits and Reports, which discusses assessment, response actions, and potential 
corrective actions.  

10 QUALITY CONTROL 
This section discusses the quality control samples needed to be collected in the field and the laboratory.  
Detailed laboratory QC requirements are contained within the laboratory Quality Assurance Manual, 
which will be reviewed by the Study Manager.  The MQOs or criteria specified for each QC lab sample 
result are summarized in Section 4.2.  

10.1 Analytical Quality Control 

Laboratory analytical quality control (QC) procedures involve the use of three basic types of QC samples 
(Table 21).  QC samples are analyzed within a batch of client samples to provide an indication of the 
performance of the entire analytical system.  Therefore, QC samples go through all sample preparation, 
clean up, measurement, and data reduction steps in the procedure.  In some cases, the laboratory may 
perform additional tests that check only one part of the analytical system.  Please refer to Appendix C 
for a definition of each laboratory QC sample. 

Table 21. Laboratory Quality Control Samples 

QC Sample  Matrix Frequency of Analysis 
Laboratory (or Matrix) Duplicate (MSD) Sediment One of each per batch of 20 or fewer samples of similar matrix.  

Method or Preparation Blank (MB) Sediment One of each per batch of 20 or fewer samples of similar matrix.  

Laboratory Control Samples (LCS) Sediment One of each per batch of 20 or fewer samples of similar matrix. 

 

10.2 Field Quality Control   

During this study, numerous field quality control (QC) samples will be collected to evaluate the sampling 
operation and to quantify and document bias that can occur in the field and variability that can occur in the 
laboratory. QC samples provide the ability to assess the quality of the data produced by field sampling and a 
means for quantifying sampling and analytical bias.   

Field quality control (QC) samples will be collected to evaluate the sampling operation and to quantify and 
document bias that can occur in the field and variability that can occur in the laboratory. QC samples provide 
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the ability to assess the quality of the data produced by field sampling and a means for quantifying sampling 
and analytical bias. There are three types of QC samples that will be collected for this study:  Field Split Sample 
(FSS), Field Duplicate Sample (FDS), and Field Equipment Blanks (FEB-field and FEB-lab).  

Field duplicates (FDS) document the precision of the sampling process. Field duplicates are used to assess 
improper homogenization of the samples in the field; reproducibility of sample preparation and analysis; and, 
heterogeneity of the matrix.  

Field Split Samples (FSS) assess total error (precision) associated with sample heterogeneity, sample 
methodology, and analytical procedures. This procedure is useful in determining total (sampling and 
analytical) error because it evaluates sample collection, sample preparation, and analytical procedures.  

Field Equipment Blanks (FEB-field and FEB-lab) evaluate equipment decontamination procedures conducted 
in the field (FEB-field) and SPU’s Water Quality Lab (FEB-lab). 

Table 22 lists the types of field QC samples collected, description of how the QC samples will be collected, and 
the QC goal.  Table 11 lists the target number of field QC samples that will be collected.   

Table 22.  Field QC samples. 

QC Sample 
Type 

Code Description QC Goal 

Field Split 
Sample FSS 

Primary Environmental 
Sample (PES) split by 
field staff 

Collect at a minimum five percent of each reported result (i.e. for each 
sample container submitted).  Collect at least one field split for each 
reported test result combination each year. 

Field Duplicate 
Sample FDS 

Duplicate Primary 
Environmental Sample 
(PES) collected by field 
staff 

Collect at a minimum of five percent of each reported result (i.e. for each 
sample container submitted).  Collect at least one field duplicate for each 
reported test result combination each year. 

Field Equipment  
Blank 

FEB 

DI water poured over 
decontaminated 
sampling equipment in 
the field and in the lab 

Collect at a minimum five percent of each test result. Collect at least one 
blank for each reported test result each year. 
Collect field-cleaned equipment blanks if any sample equipment 
decontamination is performed in the field.  

 

11 DATA MANAGEMENT & DOCUMENTATION PROCEDURES 
This section discusses data management, which addresses the path of data from recording in the field or 
laboratory to final use and archiving.  The data management and documentation strategy combines the use of 
Standard Operating Procedures (SOPs) that specify documentation needs and provide for consistency when 
collecting, assessing, and documenting environmental data and electronic storage of all documents and 
records on servers that are regularly backed up.   

Documents will be stored on the City of Seattle’s SharePoint site and in the City of Seattle’s EQuIS database.  
The documents described below will be retained for a minimum of 5 years. 
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11.1 Documents and Records 

Four types of documentation will be managed: (1) field operation records; (2) laboratory records; (3) data 
handling records and (4) Plan revision documentation. 

11.1.1 Field Operation Records 

Field operation records may include field notes and photographs taken of the described activities (when 
taken). Field notes are recorded in yellow ‘Rite in the rain’ notebooks. The notebooks are stored in a 
metal filing cabinet. Photographs are labeled and uploaded to the Program SharePoint site. 

11.1.2 Laboratory Records 

Laboratory records will include a statement of work/analysis narrative, data package, and electronic data 
deliverable (EDD) in SPU’s SPUEDD EQuIS format.  Digital copies of the analysis narrative and the EDD are 
uploaded to the Program Sharepoint site.  

11.1.3 Data Handling Records 

All documents associated with a sampling event will be stored electronically.  Paper copies will not be 
archived.  Each sampling event will be documented with the following records: 

• Chain of Custody (COC),  

• Data Package, 

• Electronic Data Deliverable (EDD) 

• Data Validation Report (DVR) 

• Validated EDD 

All documents will be provided in portable document format (pdf) except for the EDD, which will be in 
Excel® format.  Table 23 summarizes the data path for each sampling event and outlines the roles and 
expected timeline.  

Table 23. Sample data path. 

Activity Role 
Process 
Duration 

(days) 
Timeline 

(days) 
Document to Data 

Steward (cc PI) 
Document from 

Data Steward (cc 
PI) 

Collect sample & deliver to 
Lab Field Lead 1 1 Field Datasheet & COC NA 

Submit COC and Field 
Datasheet (if any) Field Lead 1 1 Field Datasheet & COC All data submitted to 

Data Steward to Date 

Laboratory Analyses Lab PM 60 62 Certified Analytical 
Report, EDD NA 

Analytical review, 
verification, validation Data Validator 60 62 DVR, Validated EDD NA 

Data entry into EQuIS  Data Steward Up to 28 90 Data Validation Memo, 
EDD with Quality Flags 

Data Package, EDD, 
Field QA Report 
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Activity Role 
Process 
Duration 

(days) 
Timeline 

(days) 
Document to Data 

Steward (cc PI) 
Document from 

Data Steward (cc 
PI) 

Verify all data/reports/forms 
have been entered  Data Steward Up to 2 92 Status Log NA 

Data Usability Assessment Data Steward 90 Annual EDD with Usability Flags Data Validation 
Report (DVR) 

 

11.2 Revisions to the QAPP 

If significant changes to this QAPP are required prior to the completion of the study, a revised version of 
the document shall be prepared and submitted to the Principal Investigator for review.  The approved 
version of the QAPP shall remain in effect until the revised version has been approved. 

Expedited changes to the QAPP should be approved before implementation to reflect changes in study 
organization, tasks, schedules, objectives, and methods, address deficiencies and non-conformance, 
improve operational efficiency and accommodate unique or unanticipated circumstances.  Requests for 
expedited changes are directed from the Study Manager to the Principal Investigator in writing.  They 
are effective immediately upon approval by the Principal Investigator and Quality Assurance 
Coordinator, or their designees, and any regulatory authority if needed.  

Justifications, summaries, and details of expedited changes to the QAPP will be documented and 
distributed to all persons on the QAPP distribution list by the Principal Investigator.  Expedited changes 
will be reviewed, approved, and incorporated into a revised QAPP during the annual revision process or 
within 120 days of the initial approval in cases of significant changes. 

12 AUDITS AND REPORTS 
This section discusses assessment, response actions, and corrective actions to ensure all data is collected 
as described in this Plan. 

12.1  Assessments and Response Actions 

Field, and analytical activities are evaluated annually, while data management processes are evaluated 
bi-annually (Table 24).  

Table 24. Assessment and response action schedule 

Assessment 
Activity 

Approximate 
Schedule 

Responsible 
Party 

Scope Response 
Requirements 

Laboratory 
Inspections 

Dates to be 
determined   

QA 
Coordinator 

Analytical and quality control procedures 
employed at the laboratory and the contract 
laboratory 

30 days to respond in 
writing to address 
corrective actions. 

Monitoring 
Systems Audit 

Dates to be 
determined  

QA 
Coordinator 

The assessment will be tailored in 
accordance with objectives needed to assure 
compliance with the QAPP and may include: 
field sampling; handling and measurement; 

30 days to respond in 
writing to address 
corrective actions. 
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Assessment 
Activity 

Approximate 
Schedule 

Responsible 
Party 

Scope Response 
Requirements 

facility review; and data management as they 
relate to the study. 

Site Visit Dates to be 
determined  

Study 
Manager 

Status of activities. Overall compliance with 
work plan and QAPP 

As needed. 

 

12.2 Deficiencies, Nonconformances and Corrective Action  

The Study Manager is responsible for implementing and tracking corrective action procedures because 
of audit findings.  Records of audit findings and corrective actions are maintained by both the QA 
Coordinator and Study Manager. 

If audit findings and corrective actions cannot be resolved, then the authority and responsibility for 
terminating work is specified in the laboratory’s Quality Management Plan (QMP) and in agreements or 
contracts between participating organizations. 

Deficiencies are defined as unauthorized deviation from procedures documented in the QAPP.  
Nonconformances are deficiencies that affect quality and render the data unacceptable or 
indeterminate.  

Deficiencies related to sampling methods requirements include, but are not limited to, such things as 
sample container, volume, and preservation variations, improper/inadequate storage temperature, 
holding-time exceedances, and sample site adjustments. 

Deficiencies related to chain-of-custody include but are not limited to delays in transfer, resulting in 
holding time violations; incomplete documentation, including signatures; possible tampering of samples; 
broken or spilled samples, etc. 

Deficiencies related to field and laboratory measurement systems include but are not limited to 
instrument malfunctions, blank contamination, quality control sample failures, etc. 

Deficiencies related to Quality Control include but are not limited to quality control sample failures. 

Deficiencies are documented in logbooks, field data sheets, etc. by field or laboratory staff and reported 
to the cognizant field or laboratory supervisor who will notify the Study Manager.  The Study Manager 
will notify the QA Coordinator of the potential nonconformance within 24 hours, who will then initiate a 
Nonconformance Report (NCR) to document the deficiency. 

The Study Manager, in consultation with QA Coordinator (and other affected individuals/organizations), 
will determine if the deficiency constitutes a nonconformance.  If it is determined that the activity or 
item in question does not affect data quality and therefore is not a valid nonconformance, the NCR will 
be completed accordingly, and the NCR closed.  If it is determined a nonconformance does exist, the 
Study Manager in consultation with QA Coordinator will determine the disposition of the 
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nonconforming activity or item and necessary corrective action(s); results will be documented by the 
contractor QA Coordinator by completion of a Corrective Action Report. 

Corrective Action Reports (CARs) document: root cause(s); programmatic impact(s); specific corrective 
action(s) to address the deficiency; action(s) prevent recurrence; individual(s) responsible for each 
action; the timetable for completion of each action; and, how completion of each corrective action will 
be documented.  CARs will be included with quarterly progress reports.  In addition, significant 
conditions (i.e., situations that, if uncorrected, could have a serious effect on safety or on the validity or 
integrity of data) will be reported to the Principal Investigator immediately both verbally and in writing.   
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Element V. Assessment Procedures 

This element describes the assessment procedures implemented after data collection is complete to 
determine if the data conform to the specified criteria and will satisfy the study objectives and if so, the 
analysis and format for presentation of the results.  It includes: 

Section 11 - Data Validation & Verification,  

Section 12 - Data Quality (Usability) Assessment, and 

Sections 11 and 12 describe the procedures used to determine if the MQOs established in Section 4.2 
for the six DQIs (PARCCS - precision, accuracy (bias), representativeness, completeness, comparability, 
and sensitivity) have been met.  The results of section 12.3 are data of known and documented quality, 
and answers the question, are the data of sufficient quality and quantity to meet the use for which they 
are intended? 

The quality of the data is indicated by data qualifier codes, notations used by laboratories and data 
reviewers to briefly describe, or qualify, data and the systems producing data.  Table 25 provides a brief 
list of data qualifier codes anticipated to be used for this study. During data review, verification, and 
validation, results are either accepted or reported with data qualifiers or flags.  Data that meet all QC 
acceptance limits are potentially usable and are not qualified.  Data that fail one or more QC criteria are 
qualified as estimated (with the J flag) or rejected (with the R flag).   

Table 25. Study data qualifier flags. 

Flag Description 
R The datum is rejected.  The qualifier typically indicates that a datum is completely unusable because it is of unknown 

quality (e.g., missing QC information) or because of gross QC deficiencies (e.g., extremely poor recoveries for the LCS). 

J The target analyte is positively identified, but the reported numerical result (e.g., analyte concentration) is an estimated 
value.  The flag indicates that a significant quantitative (as opposed to a qualitative) uncertainty exists.  The J flag must 
always be used to report detections below the method reporting limit. 

U The target analyte was not detected at or above the listed method reporting limit. 

UJ The target analyte is estimated but was not detected. 

 

During the data usability assessment, data that are believed with a high degree of confidence to be 
completely unusable (e.g., because of the gross failure of QC criteria) are qualified as rejected and would 
not normally be used to support decisions for an environmental study. 

13 DATA VERIFICATION AND VALIDATION 
This section discusses data review, verification, and validation.  Data will be reviewed, verified, and validated 
using an EPA Tier I data review level.  Tier I screening includes evaluation of package completeness; sample 
chain-of-custody; sample preservation and analytical holding times; blank contamination; precision (replicate 
analyses); accuracy (compound recovery); target analyte list, and detection limits.   
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Data was reviewed, verified, and validated under USEPA Stage 2B guidelines through 2020.  From 2021 
onwards, data was/will be reviewed, verified, and validated under USEPA Stage 2A guidelines.  Stage 2A 
includes review of sample receipt condition checks plus review of sample-related laboratory quality control 
samples.  

13.1 Data Review, Verification, and Validation 

This section discusses how data are reviewed and decisions made regarding accepting, rejecting, or 
qualifying data. 

For the purposes of this document, data verification is a systematic process for evaluating performance 
and compliance of a set of data to ascertain its completeness, correctness, and consistency using the 
methods and criteria defined in the QAPP.  Validation means those processes taken independently of 
the data-generation processes to evaluate the technical usability of the verified data with respect to the 
planned objectives or intention of the study.  Additionally, validation can provide a level of overall 
confidence in the reporting of the data based on the methods used. 

All data obtained from field and laboratory measurements will be reviewed and verified for 
conformance to study requirements, and then validated against the MQOs presented in Section 4.2.  
Only those data that are supported by appropriate QC data and meet the measurement performance 
specification defined for this study will be considered acceptable and used in the study. 

The procedures for verification and validation of data are described in Section 11.2, below. 

13.2 Verification and Validation Methods 

Review of the study data is based on the project-approved MQOs and QA/QC procedures per this 
project QAPP, SPU’s Validating QC Sample Results, and the guidance documents USEPA National 
Functional Guidelines (NFG) for Organic Superfund Methods Data Review (USEPA 2020a) and USEPA 
National Functional Guidelines (NFG) for Inorganic Superfund Methods Data Review (USEPA 
2020b),USEPA National Functional Guidelines (NFG) for Superfund Organic Methods Data Review (EPA 
2016) and USEPA National Functional Guidelines for Inorganic Superfund Data Review (EPA 2016), as 
applicable.  

Section 4.2 summarizes the data verification elements that will be assessed, the criterion to be met, and 
the action to be taken should the criterion not be met.  

All laboratory data packages will be received as a digital PDF report and an electronic data deliverable 
(EDD) in SPU’s SPUEDD EQuIS database format. For each data package, laboratory case narratives will be 
reviewed for quality control issues and corrective action(s) taken. All data will be verified to ensure they 
are representative of the samples analyzed and locations where measurements were made, and that 
the data and associated quality control data conform to study specifications.  The data verification 
procedures will generally include: 

• Sample verification  

• Was valid sample of sufficient volume collected? 

• Were all requested methods of analysis completed on the sample? 
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• Were holding times met? 

• Field QC (were samples collected at an appropriate frequency and did they meet the established 
control limits?)  

• Laboratory QA/QC (did the lab meet established control limits?)  

All chemistry data will be stored in SPU’s EQuIS database. This data will be validated by City staff or a 
contractor under the supervision of SPU’s data validator based on the guidance documents above and 
the specific MQO criteria given in this QAPP.  The validator will perform manual validation or use the 
EarthSoft EQuIS Data Quality Module (DQM) data validation application to facilitate data validation. 

These data will be validated by Laboratory Data Consultants (Data Validator) under the supervision of 
SPU’s Data Steward based on the guidance documents above and the specific MQO criteria given in this 
QAPP.  The Data Validator will provide a validated EDD and Data Validation Report (DVR) summarizing 
the Stage 2A data review for each analysis. All final, validated chemistry data will be stored in SPU’s 
EQuIS database.  

14 DATA QUALITY (USABILITY) ASSESSMENT 
This section describes the process for determining the data usability, the method for data reduction, and 
the process for assessing the data quality.  The methods and procedures that will be used to determine 
if the DQOs established in Section 4.1 have been met, as well as to prepare presentation of the study 
results, will also be discussed.  The purpose of this process is to determine if the decision (or estimate) 
can be made with the desired confidence, given the quality of the data set. 

Usability is defined as a qualitative decision process whereby the decision-makers evaluate the 
achievement of measurement quality objectives and determine whether the data may be used for the 
intended purpose. 

Data reduction is the process of converting raw data to results.  Study-specific data reduction methods 
are designed to ensure that data are accurately and systematically reduced into a usable form. 

Data Quality Assessment (DQA) is the scientific and statistical evaluation of data to determine if data 
obtained from environmental data operations are of the right type, quality, and quantity to support 
their intended use.   

14.1 Data Usability Assessment 

Usability is defined as a qualitative decision process whereby the decision-makers evaluate the 
achievement of measurement quality objectives and determine whether the data may be used for the 
intended purpose.  Three levels or classes of data quality are used: 

• Accepted Data conform to all requirements, all quality control criteria are met, methods were 
followed, and documentation is complete. 

• Qualified Data conform to most, but not all, requirements, critical QC criteria are met, methods 
were followed or had only minor deviations, and critical documentation is complete. 
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• Rejected Data do not conform to some or all requirements, critical QC criteria are not met, 
methods were not followed or had significant deviations, or critical documentation is missing or 
incomplete.  The results are unusable. 

Data usability assessment is a more complex and comprehensive activity than data review or validation 
and is usually performed by the end user (rather than by the data reviewer) because the data user 
typically possesses a greater understanding of the study’s DQOs (e.g., because of a more extensive 
knowledge of the study’s history).  Therefore, the end user must ultimately determine the acceptability 
of the data.  However, this does not imply that the end user may apply qualified data in an 
indiscriminate fashion. 

Tentatively rejected data must not be used to support study decisions unless the data user presents (i.e., 
documents) some technical rationale for doing so.  In other words, tentatively rejected data must 
ultimately be rejected (e.g., using the R flag) in the absence of a scientifically defensible rationale to do 
otherwise.  Furthermore, when data qualified as tentatively rejected are used to support decisions for a 
study, the data reviewer should be consulted for a consensus unless it is clear that the reviewer did not 
possess a complete understanding of the objectives of the investigation (e.g., new DQOs were 
established after the data review was performed).   

Ideally, estimated (i.e., J-qualified) data, though presumed to be usable by the data reviewer, should be 
accepted by the end user only after the reasons for the data qualifications and their impact on the 
achievement of study DQOs have been examined.  

The usability assessment includes assessment of potential outliers, confirmation that the data is comparable 
and representative, and calculation of the completeness: 

• Identification of outliers from previous data collection efforts, 

• Confirmation of outliers from previous data collection efforts when sufficient data is available to 
complete the outlier test, 

• Confirmation of the comparability of the data, 

• Confirmation of the representativeness of the data, and 

• Calculation of the completeness for each season for the calendar year to date.   

Definitions for each DQI can be found in Appendix C, Glossary as well as the equation for calculating 
completeness.  Specific methodology for completing the data usability assessment is discussed below. 

14.1.1 Data Processing Guidelines 

Some additional data processing may be required prior to performing any data usability or data 
reduction functions.  Anticipated data processing needs are described below.  Any additional needs will 
be identified by the Program Manager (see Section 12.1.2). 

Handling of non-detected values. For any result reported as non-detected (below the reporting limit) with the 
exception of fecal coliform and PCB Aroclors, the result used for data analysis will be estimated as half the 
reporting limit.  For fecal coliform and PCB Aroclors, the result used will be assumed to be zero.   
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Handling of field duplicates. The primary environmental sample result, not the corresponding field duplicate 
sample result or an average of the two, will be used for the data analysis. 

Handling of field duplicates and field splits.  The median of the primary, field duplicate, and/or field spilt will 
be used for analysis. 

Estimating PCBs.  The PCB concentration will be estimated by summing the concentrations of the seven PCB 
Aroclors tested for under USEPA Method 8082.  

Estimating TSS equivalent. The TSS equivalent will be estimated by: (1) determine if an adjustment is needed 
to the grain size concentrations to reduce the influence from non-detect sample results – subtract the sum of 
all size ranges from 100; (2) add the adjustment to the percent mass retained on the smallest screen with a 
detectable amount; and (3)  apply wash-off factors for the appropriate season to the appropriate size range 
from Table 15 and sum the results. 

Estimating PM250:  The particulate matter less than 250 um will be estimated by subtracting the percent 
mass retained on a 250 um screen from 100 percent to reduce the influence from non-detect sample results 
for material finer than 250 um.   

Outliers:  Sample concentrations that exceed the statistical upper limit, as defined by all years seasonal 
Quantile 3 (75th percentile) + 1.5 x Inter Quantile Range, will be replaced by the all years seasonal Upper Limit 
(excluding the outlier concentrations). 

14.1.2 Roles, Responsibility, and Documentation 

The Principal Investigator will document the Usability Assessment in each annual report and the final report, 
which includes: 

1. Listing of all data collected for the year. Include any usability flags qualifying the data. 

2. Summary for the year to date including: 

o A table presenting sample results, and 
o Completeness for each season. 

 

14.2 Data Reduction Methods 

Data reduction is the process of converting raw data to results.  Study-specific data reduction methods 
are designed to ensure that data are accurately and systematically reduced into a usable form.  The data 
generated for this investigation will be used to calculate pollutant loads.   See SPU (2015), Appendix G 
for additional details. 

The data reduction process entails four steps: 

• Step 1.  Collect the data and prepare for steps three through four. 

• Step 2.  Process the data.  See section 12.1.1. 
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• Step 3.  Estimate the average monthly swept distance-weighted values for each location.   

• Step 4.  Estimate the annual pollutant load and compare with the Total Expanded Program 
Annual Targets (Table 2).  

Figure 13 presents these steps graphically with detailed calculations following.



 

 

  
Figure 13. Process for estimating the pollutant load captured. 
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Step 1.  Collect the data and prepare for steps three through four. 

Where: 

D is the swept distance (curb-miles for the period of interest) 
[P] is pollutant concentration (mass pollutant per mass of PM250 and/or per mass of sample) 
[P250] is pollutant concentration (mass pollutant per mass of PM250 fraction) 
[PWE] is whole environment pollutant concentration (mass pollutant per mass of sample) 
 
WSL is the wet solids load (full particle size gradation) (mass)  
m is the month 
e is the sample or hauling event  
n is the number sample or hauling events in the month 
l is the location  
p is the pollutant parameter 

 

Step 2.  Process the data.  See section 12.1.1. 

Step 3.  Estimate the average monthly swept distance-weighted values for each location.  A monthly 
time scale was selected as a common basis for comparison.   

Step 3.1  Monthly swept distance-weighted sweepings wet weight load and concentrations 

Monthly swept distance-weighted wet load sweepings wet weight load -  To estimate an 
average monthly swept distance-weighted wet solids sweepings wet weight load at each 
location, [WSL]l,m apply a lag factor of 0.5 to account for the time between sweepings deposited 
in the bin and sweepings being hauled for disposal, the time associated with the vendor’s 
truckscale readings.  This assumes on average about 50 percent of tons hauled in month m can 
be attributed to the miles swept in month m (e.g., sweepings are hauled to the vendor for 
disposal approximately two weeks after the sweeping event). 

𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚 = 0.5𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑚𝑚−1,𝑙𝑙 + 0.5𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑚𝑚,𝑙𝑙 

the sum of the product of the wet solids load, WSLe,l , for the haul event,e, at location, l, 
multiplied by the distance swept, De,l,m , since the last haul event,e, at this location, l, for this 
month, m, for all haul events in the month, n, is divided by the distance swept in the month. 

𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚 =
∑ 𝑊𝑊𝑊𝑊𝑊𝑊𝑒𝑒,𝑙𝑙  × 𝐷𝐷𝑒𝑒,𝑙𝑙,𝑚𝑚
𝑛𝑛
𝑒𝑒=1

𝐷𝐷𝑙𝑙,𝑚𝑚
 

 

Monthly swept distance-weighted sample concentrations  - To estimate a monthly swept 
distance-weighted sample concentration, [P]l,m,p for each location, l, month, m, and 
parameter,p, take the median sample concentrations with sample events, e, for months with 
one or more samples for that month or for months with no sample data, the median of all 
previous months with sample data for that month. sum of the product of the sample 
concentration, [P]e,l,p for the sample event,e, at location, l, multiplied by the distance swept, 
De,l,m , since the last sampling event,e, at this location, l, for this month, m, for all sample events 
in the month, n, is divided by the distance swept in the month.   
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[𝑃𝑃]𝑙𝑙,𝑚𝑚,𝑝𝑝 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀([𝑃𝑃]𝑒𝑒,𝑙𝑙,𝑝𝑝) 

[𝑃𝑃]𝑙𝑙,𝑚𝑚,𝑝𝑝 =
∑ [𝑃𝑃]𝑒𝑒,𝑙𝑙,𝑝𝑝  × 𝐷𝐷𝑒𝑒,𝑙𝑙,𝑚𝑚
𝑛𝑛
𝑒𝑒=1

𝐷𝐷𝑙𝑙,𝑚𝑚
 

 

Monthly sweeping dry weight swept distance-weighted dry load - Estimate the average 
monthly swept distance-weighted dry solids load, DSLl,m, for each location, l, by multiplying the 
average monthly swept distance-weighted wet solids load (WSL) by the average monthly swept 
distance-weighted total solids concentration, [TS%]l,m , for each location. 

𝐷𝐷𝐷𝐷𝐷𝐷𝑙𝑙,𝑚𝑚 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚𝑥𝑥[𝑇𝑇𝑇𝑇%]𝑙𝑙,𝑚𝑚 

Step 3.2  Monthly dry swept distance-weighted environmental pollutant load 

Estimate the average monthly swept distance-weighted dry whole environment pollutant load 
for the month, WEPLm,l,p, for each location and pollutant by multiplying the average monthly 
swept distance-weighted dry load (DSL m,l) by the average monthly swept distance-weighted 
whole sample concentration, [PWE ]l,m,p , for each location and parameter.  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚,𝑝𝑝 = 𝐷𝐷𝐷𝐷𝐷𝐷𝑙𝑙,𝑚𝑚 𝑥𝑥 [𝑃𝑃𝑊𝑊𝑊𝑊]𝑙𝑙,𝑚𝑚,𝑝𝑝 

Step 3.3  Monthly dry swept distance-weighted wash-off load 

• Estimate the average monthly swept distance-weighted wash-off load, WOLm,l for each 
location,l, by multiplying the average monthly swept distance-weighted dry solids load (DSL m,l) 
by the average monthly swept distance-weighted wash-off fraction concentration, [% PMWO 
TSSeq]l,m , for each location.  

𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚 = 𝐷𝐷𝐷𝐷𝐷𝐷𝑙𝑙,𝑚𝑚 𝑥𝑥  [% 𝑇𝑇𝑇𝑇𝑇𝑇]𝑙𝑙,𝑚𝑚 

Step 4.  Estimate the annual pollutant load to be compared with the Integrated Plan targets.   

Step 4.1  Monthly dry swept distance-weighted wash-off pollutant load. 

Estimate the average monthly swept distance-weighted dry wash-off pollutant load, WOPLm,l,p, 

for each location and pollutant by multiplying the average monthly swept distance-weighted 
wash-off load (WOL m,l) by the average monthly swept distance-weighted LT250 sample 
concentration, [P250]l,m,p , for each location and parameter.  

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚,𝑝𝑝 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚 𝑥𝑥 [𝑃𝑃250]𝑙𝑙,𝑚𝑚,𝑝𝑝 

Step 4.2  Annual dry swept distance-weighted wash-off pollutant load. 

Estimate the average annual swept distance-weighted dry wash-off pollutant load by summing 
the average monthly swept distance-weighted wash-off loads (WOPL l,m,p) for each location and 
parameter. 
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𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑝𝑝 = �𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑙𝑙,𝑚𝑚,𝑝𝑝

12

𝑚𝑚=1

 

For the Integrated Plan Study, compare the annual pollutant load against the Total Expanded 
Program Annual Targets (Table 2).  If the annual pollutant load for each parameter exceeds the 
Total Expanded Program Annual Targets (Table 2) then the study goals are met.  

14.3 Data Quality Assessment Methodology 

Data Quality Assessment (DQA) is the scientific and statistical evaluation of data to determine if data 
obtained from environmental data operations are of the right type, quality, and quantity to support 
their intended use.  This section describes the process for determining whether the data meet study 
data quality objectives once the data results are compiled, have been assessed for usability, and 
reduced following the processes above.  The purpose of the DQA is to answer the question: 

Can the decision (or estimate) be made with the desired confidence, given the quality of the data set? 

The graphical representations below will be implemented as the first step to identify possible trends. 

• Scatter plot showing dry and wet season and annual load for each parameter measured over 
time. 

• A box plot grouped by season and annual load for each parameter showing the variation in the 
results. 
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16 LIST OF REVISIONS 
The current list of revisions for this QAPP follows.  

 Effective 
Date  

Review 
Status 

Revised by Revision Summary 

R0D1 12/06/2016 Draft Shelly Basketfield Incorporated Integrated Plan requirements and 
literature review into the Water Quality Bin 
monitoring QAPP 

R0D2 12/28/2016 Draft Shelly Basketfield Incorporated review comments. 

R1D0 01/17/2017 Approved   

R1D1 02/06/2025 Draft Shelly Basketfield Modified to meet SAM Study 6PPDq goals and 
update field and data reduction methods. 

R2D0 04/14/2025 Approved   
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Appendix A STREET SWEEPINGS CONCENTRATION DATA DESCRIPTIVE STATISTICS   
  



 

 

Table 26. PES whole-sample results for both sample bins. 
 Sample Type PES PES PES PES PES PES PES 

  Analyte 
Fecal Coliform 

(cfu/g) 
Solids, 

Total (%) 
PM250 

(%) 
Phosphorus, 

Total (mg/kg) 
Copper 
(mg/kg) 

Zinc 
(mg/kg) 

Polychlorinated 
Biphenyls (ug/kg) 

Data Set 

Start Date 9/24/2012 8/19/2011 9/2/2011 12/1/2011 12/1/2011 12/1/2011 8/6/2012 
End Date 9/10/2015 9/10/2015 4/21/2015 9/10/2015 9/10/2015 9/10/2015 8/26/2015 
Total Sample Count 95 146 138 130 132 132 102 
Detected Sample Count 97% 100% 100% 100% 100% 100% 85% 

Central 
Tendency 
(location) 

Mean 1690000 66.6 21.5 660 179 235 56.6 
Median 89300 70.7 21.7 594 72.4 200 46.5 
Mode 3410 70.7 12.8 605 82.8 310 49 
Geometric Mean 59000 64.6 20.6 583 74.3 209 39.4 
Harmonic Mean 636 62.1 19.5 459 64.8 193 26.8 

Variability 
(spread) 

around the 
Mean 

Standard Deviation 6640000 14.5 5.82 334 1130 178 59.3 
Sample Variance 4.4E+13 210 33.9 111000 1290000 31800 3510 
Coefficient of Variation (CV) 3.93 0.218 0.271 0.506 6.33 0.757 1.05 
Squared Deviation 4.14E+15 30500 4640 14400000 168000000 4160000 355000 
Average Absolute Deviation (AAD) 2480000 11.5 4.75 211 200 85.5 35.6 
Range 60300000 70.6 28.8 2640 13100 1560 467 
Minimum 15 22 6.4 56.6 27 90 2.9 
Maximum 60300000 92.6 35.2 2700 13100 1650 470 

Variability 
(spread) 

around the 
Median 

Interquartile Range (IQR) 656000 16.2 8.83 257 42.3 112 52.5 
25th Percentile 4880 60 17.2 504 50.6 156 20.5 
75th Percentile 661000 76.2 26 761 92.9 269 73 
10th Percentile 971 43.8 13.8 413 40 134 12 
90th Percentile 3240000 81.5 29 914 131 315 109 

Shapiro-Wilk 
Test for 

Normality 

W 0.249 0.915 0.986 0.792 0.0785 0.466 0.65 
p-value   1.39E-07 1.67E-01 2.70E-12     3.00E-14 
Normal distribution at alpha = 5% no no yes no no no no 

Symmetry 

Kurtosis 66.4 0.417 -0.419 11.8 132 42.4 23.9 
Skewness 7.71 -1 -0.279 2.55 11.5 5.95 4.04 
Count of high potential statistical outliers (n) 15     8 9 4 4 
Count of Low potential statistical outliers (n)   7 or more   4       
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Table 27.  PES LT250 fraction results for both sample bins. 
 Sample Type LT250 LT250 LT250 LT250 

  Analyte 
Phosphorus, 

Total (mg/kg) 
Copper 
(mg/kg) 

Zinc 
(mg/kg) 

Polychlorinated 
Biphenyls (ug/kg) 

Data Set 

Start Date 8/24/2012 8/24/2012 8/24/2012 8/24/2012 
End Date 9/23/2015 9/23/2015 9/23/2015 9/10/2015 
Total Sample Count 105 106 106 101 
Detected Sample Count 100% 100% 100% 97% 

Central Tendency 
(location) 

Mean 699 161 318 101 
Median 694 154 310 89 
Mode 792 119 310 138 
Geometric Mean 662 149 303 81.1 
Harmonic Mean 571 136 288 60.8 

Variability 
(spread) around 

the Mean 

Standard Deviation 177 60.7 102 66.8 
Sample Variance 31200 3690 10400 4460 
Coefficient of Variation (CV) 0.253 0.378 0.32 0.659 
Squared Deviation 3250000 387000 1090000 446000 
Average Absolute Deviation (AAD) 124 50.7 80.2 49.2 
Range 1280 277 482 372 
Minimum 67.8 44.3 148 12 
Maximum 1350 321 630 384 

Variability 
(spread) around 

the Median 

Interquartile Range (IQR) 186 91.8 119 72 
25th Percentile 606 110 251 56 
75th Percentile 792 202 370 128 
10th Percentile 521 91.2 198 32 
90th Percentile 889 248 455 182 

Shapiro-Wilk Test 
for Normality 

W 0.923 0.973 0.961 0.891 
p-value 1.31E-05 2.88E-02 3.23E-03 4.77E-07 
Normal distribution at alpha = 5% no no no no 

Symmetry 

Kurtosis 3.88 -0.594 0.334 3.64 
Skewness -0.609 0.37 0.734 1.54 
Count of high potential statistical outliers (n) 1   4 4 
Count of Low potential statistical outliers (n) 3       



 

 

Appendix B STREET DIRT SAMPLE COMPARISON BY SIZE FRACTION 



 

 

   

   

   

   

   

Figure 14. Comparison of three Seattle basins unswept (⚊) and swept ( - - - ) street dirt loading for different size fractions: 
coarse-grained (>1000 um), medium-grained (250 to 1000 um), fine-grained (75 to 250 um), and very fine-grained (≤75 um).
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Appendix C GLOSSARY 
Accuracy - Accuracy is defined as the degree of agreement of a measurement to an accepted reference or true 

value.   
Analytical accuracy will be measured as the percent recovery (percent R) of an analyte in a 
reference standard or spiked sample.  Accuracy (percent R) criteria for matrix spike recoveries 
and surrogate recoveries will be within limits provided by the laboratory.  Percent recoveries will 
be reviewed during data validation, and deviations from the specified limits will be noted and the 
effect on reported data commented upon by the data reviewer. 

Certified Reference Material (CRM) –CRM’s (also called Standard Reference Material [SRM]) can be used to 
assess accuracy.  They have “certified” concentrations of the analytes of interest, as determined 
through replicate analyses by a reportable certifying agency using two independent measurement 
techniques for verification.   

Comparability - Comparability is the confidence with which one data set can be compared to another.  
Comparability can be related to accuracy and precision, as these quantities are measures of data 
reliability.  Data are comparable if sample collection techniques, measurement procedures, analytical 
methods and reporting are equivalent for samples within a sample set. 
To assure analytical comparability the laboratory will:  

o Use National Bureau of Standards or USEPA - traceable standards 

o Use standard methodologies  

o Apply an appropriate level of quality control 

o Participate in inter-laboratory studies to document laboratory performance  

As with representativeness, quantitative criteria for data comparability are difficult to establish, 
hence, a qualitative assessment of data comparability will be made of applicable data sets. 

Completeness – An element of the data verification process.  Completeness ensures that a sufficient amount 
of data and information (relative to the prescribed DQOs) are present.   A Measurement Quality 
Objective (MQO), completeness is defined as the percentage of valid analytical results (results not 
qualified as R, rejected) obtained compared with the total number of analytical results required by the 
study scope of work.  Analytical completeness is defined as the percentage of valid analytical results 
obtained compared with the total number of analyses requested.   

Compliance - An element of the data verification process. Compliance indicates the extent that adherence to 
SOPs, QAPP, and/or contractual requirements were followed, achieved, and/or completed 
successfully, and that conditions under which the data were recorded also met the requirements. 
Compliance ensures that the data pass numerical quality control tests, including criteria on precision 
and accuracy, based on parameters or specified limits specified in relevant SOPs and or QAPP. 

Composite samples – A composite sample is a mixed or combined sample that is formed by combining a 
series of individual and discrete samples of specific volumes.   Composite samples characterize the 
quality of street sweeping sediments over a period of time, typically 14 days.  
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Consistency -  An element of the data verification process. The extent to which data collection procedures 
were done in a similar manner across different sites (if applicable) and data reporting was done in a 
similar manner in multiple places. Consistency (also known as comparability) ensures that the 
reported values are the same when used throughout the study. 

Correctness -  An element of the data verification process. A mechanical, objective check that data collection 
plans and protocols have been followed and that basic operations and calculations were performed 
using properly documented and properly-applied algorithms.  Correctness ensures that the reported 
values are based on properly documented algorithms. 

Field Blanks - Field blanks are also commonly called field rinsate blanks, decontamination blanks and 
equipment blanks. A field blank evaluates the effectiveness of decontamination procedures when 
equipment is not dedicated to a site or disposed of after one use. If decontamination procedures are 
effective, there should be no contamination in the field blanks. A field blank consists of a sample of 
the reagent grade water supplied by the laboratory and used in the final rinse step of the equipment 
decontamination procedure. Process the field blank water through the equipment the same way you 
process any other final rinse water. 

Field Replicates - A field replicate (duplicate) sample is collected to determine the variability of analytical 
results caused by the sampling equipment and procedures used. 
Field replicates are samples collected simultaneously or sequentially from the same sampling location 
using identical sampling methods.  The samples equally represent as nearly as possible the medium 
being sampled, and may provide information of the variance of chemicals at a sampling location and 
the consistency of sampling techniques. 

Replicate samples will be collected at the time of sample collection.  Replicate samples will be 
sent to the laboratory.  The final number of replicate samples collected and submitted for 
analysis to each laboratory will equal or exceed 5 percent of the total number of primary 
samples for each analytical method.  

Field Split – A field split is collected to determine the variability of analytical results caused by the 
sampling equipment and procedures used, and assess the variability of the sample medium.  
Field split samples are two or more samples collected from a single environmental sample that has 
been homogenized to correct for sample heterogeneity.  The samples equally represent as nearly as 
possible the medium being sampled, and may provide information of variance of constituents at a 
sampling location and the consistency of laboratory analytical techniques. 
Replicate samples will be collected at the time of sample collection.  Replicate samples will be 
sent to the laboratory.  The final number of replicate samples collected and submitted for 
analysis to each laboratory will equal or exceed 5 percent of the total number of primary 
samples for each analytical method.  

Grab Sample - A grab sample is a discrete, individual sample collected within a short period.  

Interquartile Range (IQR) - The interquartile range (IQR) is the most commonly-used resistant measure of 
spread. It measures the range of the central 50 percent of the data, and is not influenced at all by the 
25 percent on either end. The IQR is defined as the 75th percentile minus the 25th percentile.  
The 75th, 50th (median) and 25th percentiles split the data into four equal-sized quarters. The 
75th percentile (P.75), also called the upper quartile, is a value which exceeds no more than 75 
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percent of the data and is exceeded by no more than 25 percent of the data. The 25th percentile 
(P.25) or lower quartile is a value which exceeds no more than 25 percent of the data and is 
exceeded by no more than 75 percent.   

Laboratory Control Samples - Laboratory control samples (LCS) are well-characterized, laboratory-generated 
samples used to monitor the laboratory's day-to-day performance of routine analytical methods.  
Certain LCS are used to monitor the precision and accuracy of the analytical process, independent of 
matrix effects.  Other LCS are used to identify any background interference or contamination of the 
analytical system which may lead to the reporting of elevated concentration levels or false positive 
measurements. 
The results of the LCS are compared to well-defined laboratory acceptance criteria to determine 
whether the laboratory system is "in control."  Controlling lab operations with LCS (as opposed 
to MS/MSD samples) offers the advantage of being able to differentiate low recoveries due to 
procedural errors from those due to matrix effects.  One LCS should be analyzed for every set of 
20 or fewer samples or with each sample preparation lot.  

Laboratory (or Matrix) Duplicate - A laboratory duplicate is a split of an environmental sample, which is 
prepared and analyzed in a manner identical to that of the original sample.  The results are utilized to 
evaluate the precision of the laboratory analyses.  Results are expressed in Relative Percent Difference 
(percent RPD) between analytical results for the split and the original sample. 
If more than five but less than 20 samples are submitted, at least one laboratory duplicate 
should be analyzed.  A general rule is one laboratory duplicate for every batch of up to 20 
samples analyzed together. 

Matrix Spike - A matrix spike (MS) is an environmental sample to which known concentrations of analytes 
have been added.  The matrix spike is taken through the entire analytical procedure and the recovery 
of the analytes is calculated.  Results are expressed as percent recovery of the known amount spiked.  
The matrix spike is used to evaluate the effect of the sample matrix on the accuracy of the analysis. 
One matrix spike sample should be analyzed for every set of 20 or fewer samples or with each 
sample preparation lot.  The spike solution is added to samples prior to digestion. The sample 
that is chosen for spiking should be the same sample used for laboratory duplicate analysis.  The 
amount of spike added to the sample should be 2 to 5 times the expected sample concentration 
or the IDL, whichever is greater.   

Method Detection Limit (MDL) – The minimum concentration of an analyte that can be measured and 
reported with 99 percent confidence that the analyte concentration is greater than zero as 
determined by a specific laboratory method (40 CFR 136). 

Method or Preparation Blank - A method blank consists of analyte-free media.  The method blank is carried 
through each step of the analytical method.  The method blank data will be used to detect any 
laboratory contamination during analysis. 
A method blank is required for each batch of samples prepared for analysis, except in the case 
of volatile organic analyses, which should be analyze at least once every 12 hours. 

Method Reporting Limit (MRL) – The concentration at which confidence in the reported value requires no 
qualifying remarks. The MRL should be 3-5 times the MDL.  A standard is run at the MRL to verify 
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acceptable data quality.  The MRL may be affected by sample size, sample dilution, and matrix 
interference. 

Outlier - Outliers are measurements that are extremely large or small relative to the rest of the data and, 
therefore, are suspected of misrepresenting the population from which they were collected.   

Precision Objectives - Precision is the degree of agreement between a set of replicate measurements.  
Precision will be measured as the relative percent difference (RPD) between duplicate analyses for 
matrix spike duplicates, laboratory duplicates, and field duplicates.   
Precision RPD for matrix spike duplicates and laboratory duplicates will be within limits specified in 
the QAPP.  The %RPDs will be compared to the criteria specified in the QAPP and deviations from 
specified limits reported.  If the objective criteria are not met, the laboratory will supply a 
justification of why the acceptability limits were exceeded and implement the appropriate actions.  
The percent RPDs will be reviewed during data validation, and deviations from the specified limits 
will be noted and the effect on reported data commented upon by the data reviewer.   

Quality control objectives for field replicate precision have not been established by the USEPA.  
These analyses measure both field and lab precision; therefore, the results may also have more 
variability than lab duplicates which measure only lab performance.   

Recovery - The percent recovery of the spiked compound is calculated as: 

 %𝑅𝑅 = 100 x (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑄𝑄𝑄𝑄 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅−P𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅)
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

 

 

Relative Percent Difference  - the difference between the original and the duplicate, calculated as follows: 

𝑅𝑅𝑃𝑃𝑃𝑃 = 100 × �
(𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜a𝑙𝑙 − 𝑑𝑑𝑑𝑑p𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑)�
 

Representativeness - Representativeness is the degree to which data accurately and precisely represent a 
characteristic of a population, parameter concentrations at a sampling point, or an environmental 
condition of a site.  Representativeness is a function of sample site selection, sampling methods, and 
analytical techniques.  The rationale for sample site selection and sampling methodology is provided 
in Section 5. Representativeness will be maintained by performing all sampling, sample handling, and 
analyses in compliance with the procedures described in this QAPP and the referenced analytical 
methods. 
It is difficult to establish quantitative representativeness criteria.  Representativeness of the 
analytical data may be determined by a comparison of the quality control data for the samples to 
established criteria, and by affirming that sampling and analytical methods conformed to 
established plans and methods.  

Sample Type – Sample type refers to the kind of sample.  Examples of this may include Primary 
Environmental Samples (PES), Field Duplicate Samples (FDS), Laboratory Control Samples (LCS), and 
others. 

Sample Technique – Sample technique refers to the method by which a sample is collected.  This may 
include information about whether it was manually collected or collected via autosampler.  It may 
also include information on whether a sample was collected as a composite or a grab. 
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