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1 Project Plan Identification and Approval
The EPA COMMUNITY SCALE AIR TOXICS AMBIENT MONITORING PROJECT — ASSESSMENT OF
SEATTLE AND TACOMA quality assurance project plan is approved.

Approved by

1) Signature:  Mlatlthecw A pen Date: 5/27/2021

Matt Harper — Project Manager, Pugetl/Sound Clean Air Agency

-
s

0t A Y
2) Signature: STy Date: ©-1-2021

Erik Sagani¢ — Technical Analysis Manager, Puget Sound Clean Air Agency

-

3) Signature: W Date: 6/3/2021

Beth Friedman — Quality Assurance Coordinator, Department of Ecology, Washington

4) Signature: /Z ﬁ%/b

EPA QA Manager or Designee, USEPA Region 10

Date: 6/3/2021

DISCLAIMER

This Quality Assurance Project Plan has been prepared specifically to address the environmental data
operations on behalf of EPA through grant agreement XA01J87901-0. The contents have been prepared

in accordance with EPA QA/R-5, “EPA Requirements for Quality Assurance Project Plans”. EPA/240/B-
01/003 March 2001.
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2 Acronyms and Abbreviations

AQS
ANSI
APTI
ASTM
CID
CFR
cocC
DAS
DNPH
DQA
DQOs
EDO
EMAD
EPA
EtO
GIS
HAP
10

LAN
LIMS
MQOs
NAAQS
NATTS
NCORE
NIST
NRNO2TAD
OAQPS
ORD
PM2.5
PQAO
PSCAA
PUF
QA
QAC
QAPP
QmpP
SLAMS
SOopP
SPMS
STN
SvoC
TO
TSA
USEPA
UATS
VOC

Air Quality System

American National Standards Institute

Air Pollution Training Institute

American Society for Testing and Materials
Chinatown International District, Seattle, Washington
Code of Federal Regulations

Chain of custody

Data Acquisition System

2,4 Di-Nitro-Phenyl Hydrazine (Brady’s Reagent)
Data Quality Assessment

Data Quality Objectives

Environmental Data Operation

Emissions, Monitoring, and Analysis Division
Environmental Protection Agency

Ethylene Oxide

Geographical Information Systems

Hazardous Air Pollutants

Inorganic

Local Area Network

Laboratory Information Management System
Measurement Quality Objectives

National Ambient Air Quality Standards
National Air Toxics Trends Network

NCore Multipollutant Monitoring Network
National Institute of Standards and Technology
Near Road NO2 Technical Assistance Document
Office of Air Quality Planning and Standards
Office of Research and Development

Particle Matter — 2.5 microns or less

Primary Quality Assurance Organization

Puget Sound Clean Air Agency

Poly-Urethane Foam

Quality Assurance

Quality Assurance Coordinator

Quality Assurance Project Plan

Quality Management Plan

State and Local Monitoring Stations

Standard Operating Procedure

Special Purpose Monitoring Stations
Speciation Trends Network

Semi-Volatile Organic Compounds

Toxic Organic

Technical System Audit

United States Environmental Protection Agency
Urban Air Toxics Strategy

Volatile Organic Compound
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4 Distribution

This Quality Assurance Project Plan has been distributed to the individuals listed in Table 1. The
document is also available upon request from the Project Manager. Any work under this project shall be
initiated after the approval of the EPA Project Officer in concert with the EPA Quality Assurance
Manager.

Table 1 QAPP Distribution Plan

NAME ROLE CONTACT
Matt Harper | Project Manager, matth@pscleanair.gov
PSCAA
Erik Sagani¢ | Technical Analysis eriks@pscleanair.gov
Manager, PSCAA
Tania Tam Environmental taniap@pscleanair.gov
Park Justice Manager,
PSCAA
Audit File Audit File for USEPA | https://pscleanair.sharepoint.com/:f:/s/TechAnalysisTeam/
Grant (see Matt EsyMJU7f70JCIPSItc3Qt20BZGDROSYUES8iXvODP7xldOw?e=UcvOw
Harper for access)
Beth Quality Assurance Befrd61@ecy.wa.gov
Friedman Coordinator, WA
DOE
Jill Schulte Air monitoring Jils461@ecy.wa.gov
Coordinator, WA
DOE
Christina Grant Project Miller.christina@epa.gov
Miller Officer, USEPA
Region 10
Chris Hall USEPA Region 10 Hall.christopher@epa.gov
and Sarah waldo.sarah@epa.gov
Waldo
Michel Grant Specialist, Rodriguez.michel@epa.gov
Rodriguez USEPA Region 10
Julie Swift Senior Program Julie.swift@erg.com
Manager, ERG

5 Project Task Organization
The following paragraphs will demonstrate the plan for project roles and participant responsibilities.

PROJECT MANAGER — Responsible for all aspects of completing project tasks including accurate
operational financial activities reporting, choosing fixed monitoring sites, and contracting for their use,
contracting with the analysis laboratory, providing oversight for installation and operation of monitoring
equipment, completing the fixed site air toxics sampling, mobile monitoring, and providing support for
community directed sampling.
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FOCUS COMMUNITY TEAM LEADER — Responsible for managing the PSCAA outreach/engagement team
for focus communities which choose to participate in grant activities and focus communities. The
engagement team responsibilities include partnering with community leaders, conducting community
air quality and air toxics education sessions, soliciting, advising, and collaborating with the community
leaders to provide input on monitoring site selections, make decisions about community directed
sampling, following through with post sampling data evaluations, risk assessments, and collaborating
with the community leaders to design mitigation strategies and action steps with the overall goal of
authentic engagement with the community to help reduce community burdens to toxic air pollutants.

Community leaders — Responsible for communicating and collaborating with community members, and
PSCAA community focus team members. The leaders are responsible for helping to provide information
flow so that as members of the community outreach team identify opportunities for engagement,
leaders can effectively share information with community members within their neighbor networks.
Finally, the community leaders are responsible for collaborating with project partners to guide
mitigation strategies, processes, and action steps.

USEPA REGION 10 PROJECT OFFICER — Responsible for ensuring that project budgets and expenses are
reported on time, and that the project achieves the desired outcomes.

FOCUS COMMUNITY TEAM MEMBERS — The teams are cross-functional teams who are charged with
being PSCAA contact touch points for the community. The team is responsible for communicating and
responding to the community. The team is responsible for engaging community members about air
quality concerns, providing education and air quality risk information, and providing an interface for
community leaders and community members to engage in air quality improvement actions. The team
does have reach-back capability so that if there are appropriate engagements that can happen with air
quality experts (for example Engineering, Monitoring, Analysis, or Inspections), the team can pair
community members with experts from the PSCAA staff.

PSCAA TECHNICAL ANALYSIS AND MONITORING TEAM — The analysis team is responsible for the data
analysis and air toxics risk assessment that will be generated after the data has been collected. This
analysis information and risk assessment will be available in the final report, and the community will
have an opportunity to receive and process this information as the Community Team and PSCAA
Engagement team work on outcomes from the grant associated with air quality education, risk
mitigation strategies, and air quality action steps. The monitoring team is an experienced, specialized,
professional team that is charged with installation, operation, quality assurance, and initial analysis of
air monitoring data that is collected during this project.

QUALITY ASSURANCE OVERSIGHT — WA Department of Ecology is normally the PQAO for NAAQS air
monitoring activities at the Puget Sound Clean Air Agency. Ecology has written a Quality Assurance
Project Plan for its NATTS sampling at the Beacon Hill NCORE site in Seattle, Washington. PSCAA shall
follow the Ecology QAPP while conducting NATTS-style sampling, adapting for the change in sampler
(XONTEC to A-TEC models). Ecology will be providing a review/approval step of this project QAPP and
will provide audit services of the main air toxics samplers (VOC, carbonyl samplers). However, there are
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monitors that are being used for this study which Ecology will not be auditing. Ecology may not have all
the equipment or sufficient knowledge of every device to properly perform a performance evaluation.
For this project, because it is unique and not part of the Washington State approved network, PSCAA
will perform quality assurance oversight for all NON-NATTS-sampling. This document describes in detail,
all the quality assurance activities and requirements that are necessary to achieve project results.

CONTRACT LABORATORY — The contract laboratory will be assigned roles of a Program manager,
Program QA Officer, and various other technical advisors. The Program manager and QA Officer work
together to implement the laboratory QA system according to the laboratory analysis QAPP. The QA
Officer is responsible for ensuring the overall integrity and quality of the laboratory contracted results.
He or she reviews the ERG and PSCAA QAPPs and determines whether procedures are executed in
accordance with the QAPPs. The lines of communication between the Program manager and Program
QA Officer are formally established and allow for discussion of real and potential problems, preventative
actions, and corrections. At any time during the program, additional QA/QC measures may be initiated
upon consultation between the Program manager and QA Officer.

Figure 1 Overall System Structure

PSCAA Technical Staff
Easkocusileams Focus Communities
Ecology QA staff Desired Outcomes

EPA Tacoma and Seattle e

Contract Laboratory People communication

i.e. Institutions

Figure 1 describes the chemical equation that will be required to make this grant work. The main
ingredients will be the institutions, and the Focus Community teams working to provide the desired
outcomes. The outputs (technical report) of this study will provide the catalyst for the reaction to occur.
The Project teams consist of professionals working together, to bridge the gap between the science of
air toxics and the communities. The PSCAA technical monitoring staff provides the sampling, air quality
data, and air quality education products to allow the Focus Community Teams to connect in a
meaningful way based on credible scientific work. This quality assurance project plan will put in place
the elements necessary to ensure that the scientific work performed is credible, with known quality.
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6 Problem Definition and Background

Problem: Understanding and Reducing Air Toxics Risk

We intend to analyze air toxics risk trends for the Puget Sound region, so that we may develop and
execute strategies to reduce air toxics risk. With many different emission source changes over the years,
an explosion of population growth in our region, and emerging concerns like ethylene oxide and an
increase in wildfire smoke emissions, it is challenging to focus our emissions reduction efforts without
more detailed air toxics data.

The agency has been working on strategies to reduce diesel exhaust sources for many years. We aim to
measure current air toxics risk levels, to understand the airshed better. Sources such as diesel exhaust,
wood smoke, ethylene oxide, and industrial metals have been reduced, but we have not measured air
toxics risk for many years. We will produce new cancer risk estimates and compare these to past values
and to the National Air Toxics Assessment. Using factor analysis on both historical data and “freshly”
sampled data, we will look at changes to emissions, trends, and associated risks adjusting for weather
where possible. We will use the results of this analysis to deepen our understanding of emission
inventories for our region, either helping to explain the results or potentially identifying gaps where
emission inventories may have mischaracterized sources.

We will engage with communities to help establish where and what air toxics we will analyze in a
community-directed sampling campaign. We also propose to do an environmental justice analysis of air
toxics risks over time by geography to see how gaps in equity have changed in these communities.

Background

As emission sources have changed over time, the Puget Sound region is left with many unknowns on
how to characterize air toxics risk. Three factors make this a critical region to study: 1) an updated unit
risk factor for ethylene oxide, 2) population growth and 3) recent changes in fleets of ships, trucks, cars,
trains, industrial activities, and wood stove home heating. These factors have left open questions on
how to best focus our emission reductions.

Past air toxics studies in Seattle and Tacoma showed that we are a unique area in the country. In
Tacoma, we conducted a study in 2010 in which we saw higher levels of benzene in the residential area
on an annual average just due to the wintertime wood smoke levels, than the large port/industrial areas
of Tacoma and Seattle. Since 2006, we adopted aggressive measures to reduce wood smoke emissions,
including banning and offering incentives to recycle older uncertified wood stoves and enhanced burn
ban enforcement in Tacoma after its non-attainment status in 2006. With improvement in emissions
reductions in shipping with the Emission Control Area and newer truck and other diesel engines, we
expect air toxics risk reductions in the port/industrial areas as well. This study will help us determine
how to best focus emission reductions efforts in the future.

Our prior studies have shown that the last two EPA National Air Toxics Assessment (NATA) models have
performed poorly in our region, due to complex topography and meteorology. Air monitoring remains

10
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the best method to estimate local air toxics risks and extrapolate them to a wider region. Recently, the
Seattle National Air Toxics Trends Stations (NATTS) site has shown lower ethylene oxide levels compared
to other studied sites. Doing further ethylene oxide analysis in our region will help guide our
understanding of the ambient levels of ethylene oxide.

Our 2010 study had shown that both the Seattle Duwamish Valley and Tacoma Tideflats industrial areas
(Figure 2) have high levels of metals from atmospheric deposition compared to other areas in the
region. A metals-in-moss sampling study led by the US Forest Service in the Seattle industrial area will
be released soon, which may bring questions about what potential health risk exists if pollutant
gradients are found. A similar study was completed in Portland, OR a few years ago that eventually led
to the identification of an art glass maker releasing large amounts of arsenic and cadmium. PMio metals
sampling would be helpful to provide more definitive ambient concentrations and corresponding
potential health risk.

In our last air toxics study in the Seattle Chinatown-International District, we found two types of diesel
emissions from highway traffic, a “fresh” near-road diesel factor and evidence of a “background” diesel
factor. To distinguish these two types of diesel emissions, we used novel approaches with positive
matrix factorization (PMF) modeling using available air toxics data. Learning how the emissions are
different at the near-road site in Tacoma (at the S 36™ Street site) would be valuable and help us
guantify the relative importance of background diesel emissions and the different vehicle fleets.

We are actively engaging with communities that face environmental and societal barriers to clean air. In
our engagement with these communities, termed “focus communities”, we have used monitoring tools
such as our air sensor lending library, community science training, community-directed air toxics, and
other emissions sampling. In this study, we will build on our experience, and continue to use
community-directed sampling with our community partners.

7 Project Description and Tasks

Puget Sound Clean Air Agency will perform a study to assess air toxics trends and risk in Seattle and
Tacoma (Figure 2). The study will focus on changes in air toxics concentrations from diesel exhaust
sources, wood smoke, ethylene oxide, and industrial source metal emissions from a previous study
conducted 10 years ago. PSCAA will monitor air toxics and produce new estimates of potential cancer
risk, then compare these to past values and to the National Air Toxics Assessment. Additionally, PSCAA
will perform an analysis of air toxics risks using monitoring that has been directed by the environmental
justice communities to assess if there are additional equity gaps.

This study will help characterize the impact of air toxics in environmentally burdened communities in
Seattle and Tacoma. We will focus on key air toxics with the highest potential health risks in our region
(benzene, 1,3-butadiene, carbon tetrachloride, acrolein, formaldehyde, and acetaldehyde), as well as
measuring surrogates for diesel and wood smoke particulate matter (black carbon and UV channels, and
PAHs). We will also monitor for ethylene oxide, which has an updated unit risk factor. We will assess
whether this would or should shift our risk reduction strategies. We will look in depth at industrial

11
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atmospheric deposition by monitoring for PMyo metals, and better understand the sources of emissions
using factor analysis by sampling PAHs.

The measurement goal of this project is to estimate the concentration, in units of micrograms per cubic
meter (ug/m?3) and parts per billion/volume (ppbv) of air toxic compounds of particulates and gases,
respectively. This is accomplished by using four individual sampling methods:

e Canister sampler for volatile organic compounds (VOCs)

e Carbonyl sampler with 2, 4-Dinitro-phenyl hydrazine (DNPH) coated cartridges for carbonyl
compounds

e Poly-Urethane Foam (PUF) high volume air sampler for polycyclic aromatic hydrocarbons (PAHSs)

e High purity filters housed in NFRM Sampler for PM10 metals.

Figure 2 Study sites, focus community locations, PM,. s maintenance area, and Agency EJ tool
(Community Air Tool) scores
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8 Sample Process (Network) Design

Sampling Locations

We will measure at five sites for one year (Table 2), and leverage select data from some sites. We will
leverage data from the NCore program and NATTS program (Seattle Beacon Hill site - full suite of VOC's,
aldehydes, PM1o metals, gaseous parameters NO, NO,, NOy and CO), the PM;s monitoring program
(Seattle Beacon Hill, Tacoma South L St, Tacoma Tideflats, Tacoma S 36th St, Seattle 10th and Weller,
and Seattle Duwamish — PM, ), the Near Road monitoring program (Seattle 10" and Weller and Tacoma
S 36" St - NO, NO,, NOx), the Chemical Speciation Supplemental network (Tacoma South L Street,
Seattle 10th & Weller), and existing meteorology data (temperature and winds at each site) (Table 3).
We will engage with our focus communities and have community-led sampling.

The sites included in the study are in near road, industrial, and residential wood smoke affected areas.
The latest air toxics sampling in most of these communities took place in 2008-2009 when the Puget
Sound Clean Air Agency (PSCAA) conducted an Air Toxics monitoring campaign (EPA Grant XA96069801).
PSCAA also gathered air toxics data during 2016-2017 in the Chinatown-International District (EPA Grant
XA01J10401).

a. Two near-road sites

To compare the near-road sites, we will have sampling for select VOCs and aldehydes. This will help us
in comparing the two near-road sites that have differing wind and traffic patterns. Both sites are
located within 50 meters of Interstate 5, in Seattle on the corner of 10" Ave and Weller St, and Tacoma
S. 36™ Street, adjacent to Jennie Reed Elementary School. We will leverage current PM, s speciation
data from 10" & Weller site to estimate diesel concentration.

b. Two industrial-port sites

The Puget Sound region has two port and industrial valleys, one in Tacoma and Seattle. We propose
monitoring for metals, in addition to the other air toxics, as the community has raised concerns over
metal deposition. We also propose adding PAHSs to help better characterize the aerosols with factor
analysis. We will leverage chemical speciation network (CSN) speciation data currently being collected at
these sites. We have air monitoring records for the Seattle Duwamish and Tacoma Tideflats going back
to the early 1970’s.

c. One former nonattainment residential wood smoke impacted site

The Tacoma South L Street site historically had PM, s concentrations that violated EPA’s 2006 Federal
Daily Standard. Since then, we have made strides to reduce wood smoke in the area, by banning
uncertified stoves, implementing stove changeout programs, and enhancing enforcement. The site is
representative of a "maximum concentration urban wood smoke" site in our 4-county jurisdiction.

d. Leveraged NATTS site

13
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A sixth site, the NATTS site at Seattle-Beacon Hill, is in a residential neighborhood a few miles from the
Seattle Duwamish and 10" and Weller sites, and will continue to operate without making use of funding
from this grant. The Beacon Hill site is the Urban Scale monitoring site in the region, and the Washington
State Department of Ecology hosts NCore and NATTS monitors here. This site has a full suite of air toxics
monitors including canister (VOC) EPA Method TO-15, tube TO-11A (aldehydes), PM 10 Hi-Vol |0-3
(metals), and PUF (PAH) TO-13A samplers. Leveraged monitoring will meet NATTS quality assurance
requirements for speciation samplers (including the URG3000N carbon sampler) and FEM approved
NO2, CO, SO2, and PM 2.5 monitors. We will use Beacon Hill data in our analysis and conclusions as
appropriate. Additionally, as shown in Table 3, we will leverage data that is already being collected
through other air monitoring programs.

Table 2 Sampling sites, duration, and frequency

Sites Measured parameters (only from this grant) Monitoring Frequency
Tacoma S. L Street W 1lin6
(residential) Select aldehydes (Note B) 1in6

BC Continuous
Tacoma Tideflats Select VOCs (Note A) 1in6
(industrial) Select aldehydes (Note B) 1in6

PM-10 Metals 1in6

BC Continuous
Tacoma S. 36™ street Select VOCs (Note A) 1lin6
(near-road) Select aldehydes (Note B) 1in6

BC Continuous
Seattle 10" and Weller Select VOCs (Note A) 1lin6
(near-road) Select aldehydes (Note B) 1in6

BC Continuous
Seattle Duwamish Select VOCs (Note A) 1lin6
(industrial) Select aldehydes (Note B) 1in6

PM-10 Metals 1in6

PAH lin6

BC Continuous
Community-directed sites | Air toxics to be determined by the community (PAH, Up to 20 samples

Select VOC's, Select aldehydes, PM-10 metals) Ad hoc

PM_z.5 sensors

Note A: Benzene; 1,3 butadiene; carbon tetrachloride; tetrachloroethylene; ethylbenzene; acrolein; ethylene oxide
Note B: Formaldehyde and acetaldehyde

14



PSCAA — QAPP — XA01J87901-0

May 2021

Table 3 Sampling sites and Leveraged monitoring parameters for Analysis

Sites

Tacoma S. L Street
(residential)

Leveraged parameters (not funded by this grant)

PM2.5
PM2.5 Speciation

Temperature, Winds

Program or QAPP
PM2.5 grant
CSN-Supplemental
Met SOP

Tacoma Tideflats
(industrial)

PM2.5
PM_2.5 Speciation

Temperature, Winds

PM2.5 grant
CSN-Supplemental
Met SOP

Tacoma S. 36%" street
(near-road)

NO2, NO, NOX
PM2.5

Temperature, Winds

Near Road
WA State funding
Met SOP

Traffic Counts WA DOT
Seattle 10t and Weller NO2, NO, NOX, CO Near Road
(near-road) PM2.5 PM2.5 grant

PM-10 metals

NO2, NOx, NO, 502, CO
PM2.5

PM2.5 Speciation

Temperature, Winds

PM2.5 Speciation CSN-Supplemental
Temperature, Winds Met SOP
Traffic Counts WA DOT
Seattle Duwamish PM2.5 PM2.5 grant
(industrial) PM2.5 Speciation CSN-Supplemental
Temperature, Winds Met SOP
Seattle Beacon Hill Full suite of VOC PAMS and NATTS
PAH NATTS
Aldehydes PAMS and NATTS

NATTS

NCORE

PM?2.5 grant

STN and IMPROVE
Met SOP

e. Community-directed sampling

In addition to the fixed sites, we will include at least six days of community-directed air toxics sampling
at three locations in the Duwamish Valley and collect at least 20 samples from these locations. These
locations will be decided after consultations with the community based on locations of interest. This
community does not have recent air toxics data and community groups in the Duwamish Valley have
expressed interest in participating in air toxics sampling. The community-directed sampling will allow
the community to identify locations of interest, actively participate in collecting samples, and learn
about air toxics concentrations at those locations. We will sample on the same days that fixed sites are
operating to provide greater spatial gradient information. In this portion of the monitoring campaign,
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we will leverage continuing partnerships with the Duwamish Community Action Program for Clean Air, a
collaborative of air quality stakeholders, that already has community networks and avenues for input to
direct this portion of the sampling. Some of the initial interest has been in metal deposition (possibly
PM1o metals and hexavalent chromium). The community-directed locations will also include the use of
low-cost sensors like Dylos, AirBeam, Purple Air, etc. These low-cost sensors will only be used as a tool
for creating awareness among the community members and will not be used to calculate health risks.

In addition to the Duwamish Valley targeted sampling, we will conduct outreach and educational PM;s
sensor sampling at sites of community interest in the Seattle and Tacoma focus communities using low-
cost sampling methods to complement fixed site data collection.

Sampling Tasks

Select VOCs (Note A) - We will use an established Standard Operating Procedure as described in
Appendix A - the School Air Toxics Program SOP for sampling VOC’s using a passive regulator and timer
for a 6L SUMMA canister. The equipment that we use will match the equipment used from the School
Air Toxics Program.

Select aldehydes (Note B) - The Washington Department of Ecology previously used a carbonyl sampler
called a XONTEC, and those samplers are no longer functional/available. Therefore, we will acquire the
available ATEC samplers that are essentially updated XONTEC samplers. Although we will use the new
ATEC samplers, we will sample using an established SOP (Appendix B) and will use the same laboratory
analytical methods so that our data can be comparable to historically collected data.

PM-10 metals — We plan to sample for PM-10 metals at two fixed industrial sites by using the Rupprecht
& Patashnick Model 2025 samplers that are already used in our state’s Federal Reference Monitoring
program. Our operators routinely operate these monitors using the Washington State Department of
Ecology SOP, and we will be following the designation stated in Appendix |. These samplers are
configured for collecting PM-10 filters on a 1 in 6 sampling frequency for the year of the sampling
campaign. Since these samplers are limited in our inventory, and only usable at fixed sites, if we decide
to use PM-10 metals sampling at community determined sites, we plan to use the N-FRM monitor
provided by ARA per the procedure in Appendix L. The N-FRM monitors can be configured for short
term, battery operated monitoring, and will be useful in collecting data in specific locations determined
by the community.

PAH — We plan to use a standard High Volume PUF sampler to collect samples for PAH analysis at the
Duwamish industrial site. The monitoring SOP that we will use is identical to what is used in the national
NATTS program, and is listed in Appendix C.

BC — We plan to use the Aethalometer AE-33 model sampler to collect the 7 channel Black Carbon
continuous data for use in the analysis at each of the study sites, to give us parameters that can be used
(along with other data) to estimate Diesel Particulate Matter through PMF modeling.
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9 Sampling Design and Objectives

Our proposed work will respond to EPA’s goal “A Cleaner, Healthier Environment” by accurately
measuring air toxics within disproportionally impacted communities that suffer from poor air quality in
addition to substantial socio-economics challenges. With this additional dataset, we will assess risks and
make sure “high air quality standards” are met.

Anticipated environmental outputs from the proposed work:

- Producing high quality HAP data, which will be made publicly available via EPA’s AQS database

- ldentification and inventory of community-specific air toxic concentrations and cancer risk

- Evaluating the NATA model and NATTS data in our region

- Evaluating progress at reducing risk and exposure, and potentially setting benchmarks for
further reductions

- Disseminate results via public meetings, blog posts, social media, presentations in schools and
libraries to raise awareness and present key findings to focus communities

- Afinal report, which will include a summary with key findings for focus communities and policy
makers as well as accurate data analysis and modeling to fulfill research objectives

Anticipated environmental outcomes from the proposed work:

1. Short-term:

- Increase community awareness on air quality issues

- ldentify air toxics sources

- Improve assessment of air toxics exposure and risk

2. Mid-term:

- Help identify source types to prioritize

- Empower respective communities with the report results

3. Long-term:

- Increase data inventory for the Puget Sound region available for researchers, policy makers, and
public

- Future priorities for source emission reductions are more accurately identified

Performance measurements:

- All monitoring activities will comply with SOPs and the QAPP

- Project manager will hold routine meetings with the project team to review the work and the
project timeline

- Project manager will check budget balances with managers monthly and adjust as needed

- Communication with EPA’s program manager will be maintained through quarterly progress
reports and check-ins as needed
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Figure 3 Project Timeline

Timing: Year 1: 2020-2021 Year 2: 2021-2022 Year 3: 2022-2023
Milestones: Fall | Win | Spr | Sum | Fall | Win | Spr | Sum | Fall | Win | Spr | Sum

Community engagement
Input from communities on
project and timeline
Finalize study design
Generate QAPP, SOPs
Setup contract with
analytical laboratory
Install monitors

Progress reports to EPA

Fixed-site sampling

Community-led sampling

Outreach events

Data analysis

Draft report

Inform communities on
findings

Final report ;

Final outreach events

Community “next steps”
plan

10 Quality Objectives and Criteria for Measurement Data

The purpose of the quality objectives and criteria for measurement data is to define what quality
systems and requirements already exist for air monitoring data sets proposed for collection in this study,
and to define what parameters need to have quality systems defined in this document.

The Plan is written using guidance from EPA Requirements for Quality Assurance Project Plans for
Environmental Data Operations (EPA QA/R5) and Quality Assurance Handbook for Air Pollution
Measurement Systems, Volume Il, Ambient Air Quality Monitoring Program (QA Handbook).

This plan also references two key Quality Assurance Project Plans that are already implemented in the
State of Washington under the Department of Ecology’s Air Quality Program quality system:

e “Ecology Air Program QAP”: Air Monitoring Quality Assurance Plan document 99-201
(Rev. 01/2021)

o “Ecology Toxics QAPP”: Air Toxics Monitoring Quality Assurance Project Plan document
04-02-018 (Rev. 04/2020)

Further, this plan references Quality Assurance Project Plans that already are implemented by EPA in the
United States under the EPA’s National Monitoring Programs. Under Contract Number EP-D-14-030
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from 2016, the Category 1 Quality Assurance Project Plan for UATMP, NATTS, CSATAM, PAMS, and
NMOC support is used by the contract laboratory.

e “ERG Toxics QAPP”: Support for the EPA National Monitoring Programs (UATMP, NATTS,
CSATAM, PAMS, and NMOC Support) Contract Number EP-D-14-030 Quality Assurance Project
Plan for Eastern Research Group, Inc. 601 Keystone Park Drive, Suite 700, Morrisville, NC 27560.

Furthermore, any data collected with a mobile monitor or other low-cost air sensors during the
community monitoring phase will likely not have the same quality level as data collected with a Federal
Equivalent monitor at a stationary monitoring site. This is because for smaller lighter sensors, there is
not a built-in designed quality assurance calibration system that is utilized on a daily or weekly basis.
We will approach data results with caution from sensors that don’t have as comprehensive a quality
system. Also, NFRM samplers being used in this study for community directed PM1o metals sampling will
be collocated at Seattle Duwamish site with FRM and FEM samplers. The collocated sampling times will
be identified, and analyzed, so that the mobile data quality can be better measured. We’'ll also make
recommendations to community for community-directed sampling to address quality assurance in a
systematic way (for example, collocation, bias testing, etc.) so that we can learn as much from the data
collected from these instruments.

Data Quality Objective (DQO)
The study is based on comparison to other well established monitoring sites in the state of Washington
where air toxic pollutants are also collected. Therefore, our data quality objectives are based in the
same science as the already established monitoring sites and methods. As established by Department of
Ecology for their Air Toxics Monitoring Quality Assurance Project Plan, the only Data Quality Objective
(DQO) for the state air toxics monitoring program is:
e To be able to detect a 15% difference between two successive 3-year annual mean
concentrations (rolling averages) within acceptable levels of decision error.
The formal process of establishing the DQOs is described in EPA’s Guidance on Systematic Planning
Using the DQO Process (EPA, 2006). It provides a general framework for ensuring that the data collected
meet the needs of the intended decision makers and data users. Since this project’s data set does not
allow a calculation of a 3-year annual mean, we will use an alternative DQO for this project only:
e To be able to compare the air toxics concentrations observed in this study to past studies
conducted in the region and to the other National Air Toxics Trends Station (NATTS) sites.
To achieve this DQO, we will follow the same Measurement Quality Objectives (MQOs) and Data Quality
Indicators (DQls) set for NATTS sites to remain consistent and comparable with the NATTS network.

Measurement Quality Objectives (MQOs) and Data Quality Indicators (DQls)

In order to ensure comparable data among monitoring sites, consistency is a necessary component for
the NATTS Program. Inherently, such consistency needs to be reflected in a standardized set of
Measurement Quality Objectives (MQOs), field and laboratory operations, specific acceptance criteria
for individual monitoring methods, and stability for the selected site to collect data over the required
period of time. PSCAA will implement the following MQOs to attain the DQO of the NATTS Program:
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e Representativeness: Representativeness is a measure of degree to which collected data
represents a characteristic of a population, parameter variations at a sampling point, a process
condition, or an environmental condition (ANSI/ASQC, 1994). Components such as sampling
design and siting are crucial in ensuring data collected are reliable and defensible to represent
the area under study. In NATTS monitoring, sampling frequency must occur every 6 days per
national sampling calendar over 24 * 1 hours, beginning and ending at midnight in local
standard time (i.e., Pacific Standard Time in Washington).

e Completeness: Completeness is defined as a measure in percentage of which data is collected
and validated at a given site over a calendar year. A minimum number of valid data points is
necessary to perform meaningful data analysis and compare data among monitoring sites. The
MQO for completeness requires at least (=) 85% of the annual samples be valid and reported.
Make-up samples should be collected when sample results are invalid, and completeness are
projected to not meeting the MQO for the calendar year. A make-up sample should be collected
as close to the original sampling schedule as possible and preferably before the next sampling
date. If not feasible, the make-up sample should be collected within 30 days of the original
invalid sampling date, or the least preferably, but acceptable, within the same calendar year.

e Precision (CV %): Precision is a measure of reproducibility of a data population to ensure
concentration results are within an acceptable uncertainty. The MQO for the network precision
is calculated based on at least one year of data, and a coefficient of variance (CV) of < 15% must
be met. The pollutants where we have an opportunity to use this precision measurement are
VOC’s, carbonyls, and metals in the case of community sampling. Equipment limitations will
prevent us from calculating precision for metals at fixed sampling sites, and PAH’s because we
are not able to run two successive samples on one sampler in these cases. Duplicates can be
run for VOC’s and carbonyls, and metals using the community sampling equipment.

e Bias: Bias or systematic error is a measure of the difference between a measurement
(“indicated”) and a true or accepted (“actual”) value. Bias may be attributed to data collection
or the data analysis process. Laboratory bias is assessed through the NATTS proficiency testing
(PT) program, in which all the analytes selected for PT must be within £ 25% of the assigned
target value (defined as the NATTS laboratory average). Field bias is largely assessed based on
the flow rate of the samplers. Table 4 summarizes the acceptance limits of the indicated flow
rates from a flow transfer standard or design flow rate for each pollutant class. Note that as the
sampling method for VOCs involves collecting whole air into a canister using negative vacuum, a
constant flow rate over the entire 24-hour sampling period is of greater importance than its
accuracy.

Table 4 Acceptance limits of flow rates

Pollutant Class

Flow transfer standard

Design flow rate

Carbonyl +10% +10%
PAH +10% +10%
PM10 metal (low volume) + 4% +5%
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In the case of lower-cost sensors, no decisions will be based on the data, so no collocation is
required. However, we do regularly compare lower-cost sensors for fine particulate matter to
our network, and we often find biases that we can use for education and outreach purposes.

e Sensitivity: Sensitivity of the samplers is important to be aware of to prevent misinterpretation
of the data collected. As the ambient air toxics concentrations decrease, sensitivity in the
sampling method is expected to increase as well. The method detection limit (MDL) MQO has
been established for each of the NATTS Tier | core analytes. Refer to the annual NATTS network
workplan template, available on the virtual Ambient Monitoring Technology Information Center
(AMTIC), for the latest MDL MQQO values. The laboratory will provide us with laboratory blank
data, and we will compare lab blanks and field blanks to minimum detection limits to gain
understanding of the sensitivity of the analysis.

11 Special Training Requirements/Certification

Adequate education and training are critical to any monitoring program that strives for reliable and
comparable data. EPA National Monitoring programs are performed using accepted EPA, NIOSH, and
OSHA sampling and analytical protocols and requiring the efforts of field sampling personnel and
analytical laboratory staff. Training is aimed at increasing the effectiveness of employees involved in the
project. Personnel assigned to ambient air toxics monitoring activities and for laboratory analysis
activities will meet the educational, work experience, responsibility, personal attributes, and training
requirements for their positions.

The Puget Sound Clean Air Agency monitoring team has experience and training with all the sampling
methods that will be employed by the study. There may be occasion for community leaders or members
to participate in data collection, or mobile monitoring. In these instances, the community members will
be closely supervised by monitoring team members, and data will be reviewed during the analysis
phase, so that the conditions under which the data were collected will not negatively impact the overall
analysis or conclusions of the study. Later in this QAPP we will discuss recordkeeping requirements for
this project. These requirements are in place so that data with unacceptable error are excluded from use
in study conclusions.

The Quality Assurance Coordinator of the Washington State Department of Ecology will conduct
courtesy audits of the NATTS style monitoring equipment to be used in this study. For Non-NATTS style
monitors, the PSCAA staff will conduct the audits. The monitoring team will ensure that data that is not
bracketed by passing audits is not allowed to be used in study conclusions. This step will ensure that the
data used in the study will be of known quality.

The contract laboratory utilized in this project has trained technicians and supervisors who complete
analyses according to the Compendium methods for Toxic Organic and Inorganic compounds, and report
data to the AQS system. The monitoring data will be submitted to EPA’s AQS database within 120 days
after the end of the quarterly reporting periods and EPA Project Officer shall be notified of the same
within 15 days of the required submittal date. The data reported to the AQS system will be of known
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quality because data is accompanied by appropriate flags, minimum detection levels, and metadata. The
data entered in AQS system will comply meeting the 85% minimum data recovery requirements for the
network monitors. Analytical laboratory personnel involved in this project have been trained in their
tasks and have many years of experience in the duties they will be performing. Training of ERG
laboratory personnel is recorded in the ERG Training Records in an Access database. It is the
responsibility of the trainee and the laboratory’s System Administrator to keep the Training Records up
to date. Special certification is not needed for the analysis of the ambient samples through the contract.

The contract laboratory maintains appropriate SOPs for each of the analytical methods. These SOPs are
presented in Appendix C of “SUPPORT FOR THE EPA NATIONAL MONITORING PROGRAMS” under
Contract Number EP-D-14-030as presented in the Category 1 QAPP, approved by EPA in 2016.

12 Documentation and Records

All records produced during and throughout this work are of public record and will be retained by the
Puget Sound Clean Air Agency under standard retention record laws. The Puget Sound Clean Air Agency
will utilize several different types of records and will make all records available to the public. There will
be a Final Report that will be submitted by the Puget Sound Clean Air Agency to the EPA and the
community. Puget Sound Clean Air Agency will post this report on its website and will take steps to
ensure that this report is readily available in multiple formats, so that persons of every ability can review
the report. Puget Sound Clean Air Agency routinely (daily) backs-up all files kept on server following the
back-up measures set up by their IT team in a standard way. As per IT team’s standard practice, three
copies are kept for each file: 1) original; 2) on-site backup; and 3) off-site to Azure cloud. All the changed
blocks are backed up daily.

The resulting report from this work will be a highly technical report that will outline data collected,
observations, analysis, recommended actions, and conclusions. The report will have a very technical
Appendix that summarizes all the data collected during the study. The following figure 4 will be used by
project participants in planning for document and record storage. Additionally, to communicate more
effectively with the community, the Agency may summarize the technical findings into easier to read
Information Sheets.

Figure 4 Reports Plan

RECORD TYPE FORMAT DESCRIPTION

Grant quarterlies | Electronic or Paper | Available on demand by contacting Project Manager
Final Report Electronic or Paper | Available on www.pscleanair.org or by contacting PM
Agreements Electronic or Paper | Available on demand by contacting PM

Finances Electronic or Paper | Available on demand by contacting PM

Data - Network Electronic Available via WA Department of Ecology

Data - Lab Electronic Available via AQS or by contacting PM

Data — Mobile Electronic Available on demand by contacting PM

SOP QC checks Electronic or Paper | Available on demand by contacting PM

Logs Electronic Available on demand by contacting PM
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All Records Electronic or Paper | Available by contacting PSCAA Public Records

13 Standard Operating Procedures for Sampling

This project requires the use of many different Standard Operating Procedures for Sampling and
Analysis. This section focuses on Sampling SOP’s, because the contract laboratory will be using the
library of SOP’s for analysis of samples. Much of the sampling techniques used in this project will already
have WA Department of Ecology approved SOP’s to draw from.

For sampling preservation requirements, please see the individual SOPs listed in our Figure 5 below. An
example is the preservation required of TO-11 carbonyl sampling. Since sampling of carbonyls is done
using a DNPH coated cartridge, when handling the sample, the operator caps the cartridge with plugs,
places it in the aluminum foil pack to protect it from sunlight, seals with TFE-fluorocarbon tape, and
refrigerates at 4 deg C until analysis. The sample is shipped to the lab right away, but not to exceed a
two week period. There is a procedure for longer term storage of the sample, but we will not need to
use that technique.

Some of the micro-sensing sampling techniques do not yet have SOP’s, and these will be developed
from existing guidance, and existing doctrine used in the monitoring field. Figure 5 summarizes the
Methods that will be used, and the reference used by the operators as the SOP. Developed from these
SOP’s are already established Field procedures and protocols which will be followed to assess this
quality component. Field procedures and protocols are provided in the Appendices to this QAPP.

Figure 5 Reference Standard Operating Procedures

METHOD REFERENCE SOP

TO-15a ECOLOGY AIR TOXICS QUALITY ASSURANCE PROJECT PLAN, April 2020,
AQSB SOP 805, XONTECK 901 & 910PC Canister, April 2015 and
EPA Schools Air Toxics, VOC SOP August 5, 2009

TO-11a ECOLOGY AIR TOXICS QUALITY ASSURANCE PROJECT PLAN, April 2020,
SOP based on WA DOE CARBONYLS with 2,4-Dinitro-phelyl hydrazine (DNPH) coated
cartridges and ATEC Operator’s manual for the Model 2200 air toxics sampler.

PAH - PUF EPA Schools Air Toxics, SVOC/PAH SOP August 24, 2009

PM-10 Metals WA DOE PM-10 Metals with R & P Partisol Samplers using the PM2.5 Sequential
Sampling Procedure modified with EPA method RFPS-0509-176 using WINS impactor
bypass downtube to capture PM-10 rather than PM2.5. (Same method as the Beacon
Hill PM10 Metals monitor).

PM2.5 BC WA DOE Aethalometer SOP with modification for AE-33 upgraded model (7 channel)

NOTE: These SOPs are all listed in the Appendices to this QAPP.

For VOCs, carbonyls, PAHs and PM1g, sample medium preparation involves conditioning and pre-
weighing sample filters and cleaning the canisters to minimize sample contamination. ERG’s Quality
Assurance Project Plan (QAPP) describes these laboratory activities and the SOP’s provided in the
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appendices of this QAPP describes the field activities. After analysis, samples will not be archived by ERG
or PSCAA.

Corrective action measures will be taken to ensure data quality objective is attained. Table 5
summarizes a list of common issues found during installation, quality control check and sample retrieval.
If the issue is not listed in the table, the operator will use common sense to maximize the integrity of the
sample while consulting with other team-mates on a potential solution.

Table 5 Common problems in measurement system and corrective actions (Air Toxics Monitoring
Quality Assurance Project Plan, WA DoE, 2020)

It Problem Actlon Responsible party
Pre/post filter Pinholesftears and Void sample; Laboratory
inspection vigual defects document in the

analysis report

Flow rates Flow rate marginal to | Document in the Field operator
acceptance limit datasheets; flag data

Phyo, PAH or Leak in sampling Document in the log | Field operator

carbonyl sample flow | train or flow out of book and

rate exceeds limit calibration datasheets;

recalibrate; flag data

VOC sampler leak Canister won't hold Document in the log | Field operator
test failure pressure book and datasheet;
inspect connections;
flag data

Elapsed time > £ 10 | Check programming; | Document in the log | Field operator;

min/day or verify if power book and datasheet; | laboratory
scheduled sample outage reprogram; flag data
didn't run

13.1 Sampling Custody

Custody of samples is handled in the individual SOP’s for TO-15a, TO-11a, PAH-PUF, and PM-10 Metals.
VOC, carbonyl, and PAH samples must be collected within three days following sample collection and be
shipped from the PSCAA to ERG as soon as feasible. PM1o samples will be subsequently shipped to ERG
for ICP-MS analysis. PM1o samples must be analyzed within 180 days after sampling collection. Chain of
Custody forms were established to document sample conditions during lab pre-sampling, field
installation, field recovery, and upon lab recovery. Sample custody sheets are used in the Field
Procedures provided in this document’s appendix. For PM10 filters, Chain of Custody forms for each
cooler containing samples as well as Run Data Sheets for each individual sample filter are utilized.
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Samples will be mailed in between the PSCAA office and the Analytical Laboratory ERG utilizing standard
FedEx methods.

13.2 Analytical Methods Requirements
Under Contract Number EP-D-14-030 from 2016, the Category 1 Quality Assurance Project Plan for
UATMP, NATTS, CSATAM, PAMS, and NMOC support is used by the laboratory. The reference is:

e Support for the EPA National Monitoring Programs (UATMP, NATTS, CSATAM, PAMS, and
NMOC Support) Contract Number EP-D-14-030 Quality Assurance Project Plan for Eastern
Research Group, Inc. 601 Keystone Park Drive, Suite 700, Morrisville, NC 27560.

Analytical methods used for each suite of air toxics parameters are as followed:

e VOCs: EPA Compendium Method TO-15.

e Carbonyl compounds: EPA Compendium Method TO-11A.

e PAHs: EPA Compendium Method TO-13A.

e Metals on PM10 filters: EPA Compendium Method 10-3.5 via ICP-MS.

All of the QA/QC requirements of the methods specified above shall be followed throughout the sample
collection and analysis process of this program. All laboratory analyses will be performed by ERG.

13.3 Quality Control Requirements

Quality Control Requirements are outlined in the individual SOP’s for TO-15a, TO-11a, PAH-PUF, and
PM-10 Metals. For these sampling techniques, the contract laboratory will send us blanks, and we will
use blanks and collocated samples to assess quality for these sampling methods as per the QA frequency
given in table 6.

Table 6 Frequency of Blanks and Collocated samples

Sampler Blanks Collocated Samples

VOCs samples - One per 10 samples

Carbonyl samples One per 10 samples | One per 10 samples for the two-channel
sampler (1 site). Cannot do collocations for the
single channel samplers (4 sites).

PAH samples One per 5 samples -
PM10 HAP Metals | One per 5 samples -

The quality control checks for the laboratory analytical instrumentation will be performed by ERG in
accordance with ERG’s QAPP. The minimum required frequencies, acceptance limits, and corrective
actions associated with the field operations are presented in Tables 7-9.
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Table 7 QC checks for VOC sampler (Air Toxics Monitoring Quality Assurance Project Plan, WA DoE,

May 2021

2020)
Procedure required Acceptance Limit Corrective Action
Frequency

Leak check Before every Should be close to 0.0 Identify leak and correct

eakc sampling event in-Hg (=< 0.5 in-Hg) problem, flag data
Time clock Before every 4 5 minutes of the Adjust time clock, note

sampling event reference time on data sheet

Flow check Every 90 days + 10% Calibrate, flag data

Initially or if flow

% 10% (one-point) or £

replace sintered
particulate filter

Flow calibration | ¢ ceeds limit 5% (multi-point) Calibrate
Pressure gauge 4 0.5 psi of the certified .
check, Annual standard. Adjust gauge

. I Send equipment back
gzﬁiglgum Annual 'lé"gttgm certification due to ERG for re-

certification

Clean/replace
tubing to manifold, Annual N/A N/A

Table 8 QC checks for carbonyl sampler (Air Toxics Monitoring Quality Assurance Project Plan, WA

DoE, 2020)
Procedure Required Acceptance Limit Corrective Action
Frequency
Leak check Before every Vendor specific Identify leak and
sampling event correct problem, flag
data
Time clock Before every + 5 minutes of the Adjust time clock, note
sampling event reference time on data sheet
Flow check Every 30 days + 10% Calibrate, flag data
Sampler Annual Within certification due Send equipment back
Certification date to ERG for re-
certification
Replace ozone Annual NIA MNIA
denuder
Clean/replace Annual MNIA MIA
tubing to manifold

26




PSCAA — QAPP — XA01J87901-0 May 2021

Table 9 QC checks for PAH sampler (Air Toxics Monitoring Quality Assurance Project Plan, WA DoE,

2020)
Procedure Required Acceptance Limit Corrective Action
Frequency
Inspect electrical Weekly + 5 min (digital timer) | Adjust time clock,
connections, check and £ 15 min note on data sheet
timers {mechanical timer) of
reference time
Flow check Every 30 days + 10% Calibrate, flag data
Flow calibration Initially, after motor + 10% Calibrate
maintenance, or if
flow exceeds limit
Clean sampling Every 30 days MN/A MN/A
head, inspect
gaskets
Siting Verification Annual Meighborhood scale | Motify Air Monitoring
siting criteria Coordinator if siting
no long meets
requirements
Calibration orifice Annual Within certification Send orifice back to

vendor for re-
certification

certification due date

For the continuous monitoring methods, such as PM,s BC, the Washington State Department of Ecology
SOP does require a monthly QC leak check and flow verification. We will be following the SOP
requirements for QC. For each of the systems that does not have an established SOP (Mobile monitoring
sampling systems like AE-51 mobile, hand-held Micro-Aethalometer, or Low-cost sensors like AirBeam,
Dylos, Purple Air), we will be using manufacturers procedures to establish methods to complete quality
control assessments. For instance, the handheld micro aethalometer system recommends that a flow
check be conducted periodically. We will conduct a flow verification prior to use in the study, and after
use in the study. These low-cost sensors will only be used as a tool for creating awareness among the
community members and will not be used to calculate health risks. Additionally, all data will be screened
in accordance with established monitoring data protocols. Established monitoring data protocols include
a monthly visual review of data on a chart, to screen for outliers.

13.4 Instrument/Equipment Testing, Inspection, and Maintenance
Requirements

Sampler and equipment testing, inspection, and maintenance requirements are generally listed in the

established SOP’s. Other testing and inspection requirements will be handled through normal

troubleshooting and repair operations by the Puget Sound Clean Air Agency monitoring specialists. For

all systems, when indications that maintenance needs to take place, the equipment will be taken out of

service, and sampling resumed when the sampler is retested satisfactorily.
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13.5 Instrument Calibration and Frequency

Field Instruments

Sampler and instrument calibration will be conducted in accordance with established SOP’s. Instruments
used in the field are calibrated at the required frequency described in Ecology’s Air Toxics Operating
Procedure and summarized in Section 13.3 of this QAPP. In the case of the micro sensor systems (like
AirBeam, Dylos, Purple Air, etc.) which will be used for community-directed locations, PSCAA will use
manufacturer’s procedures. In this case, the sensors will undergo a calibration procedure initially, and
then quality control checks will establish the system’s measurement quality indicators, and finally, the
calibration will be checked at the end of the study. This means that the microsensor systems would be
checked against higher quality “core” monitoring systems already in place in the state network. For
example, CO sensors would need to be collocated with the Beacon Hill CO monitor before and after the
study so that a comparison to the FEM or FRM standard can be done, to put the microsensor data into
perspective.

Analytical Equipment

Analytical instruments, including GC/MS for VOCs analysis, HPLC for carbonyls analysis, ICPMS for metals
analysis and GC/MS for PAHs analysis, must meet the minimum calibration frequency and acceptable
limit criteria set forth in EPA’s NATTS TAD. Table 10 summarizes the required calibration frequency of
each analytical equipment set by Department of Ecology’s Air Toxics QAPP.

Table 10 Required calibration frequency for analytical equipment (Air Toxics Monitoring Quality
Assurance Project Plan, WA DoE, 2020)

Instrument Reguired Calibration Frequency

GCIMS for VOCs analysis « |nitially;

+ Following failed continuing calibration verification (CCWV)
check;

+ Following failed bromofluorcbenzene (BFB) tuning check;
or when

+ Maintenance performed on the instrument impacts
calibration response

HPLC for carbonyls + [nitialhy;

analysis + Following failed continuing calibration verification (CCW)
check; or when

+ Maintenance performed on the instrument impacts
calibration response

GC/MS for PAHS analysis « nitialky:

+ Following failed continuing calibration verification (CCWV)
check;

+ Following failed decafluorotriphenyiphosphine (DFTPP)
tuning check; or whemn

+ Maintenance performed on the instrument impacts
calibration response

ICP-MS for metals Each day of analysis
analysis
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In addition to the required calibrations, the analytical systems must pass calibration verification checks
to verify bias are within the acceptable limits as part of the laboratory quality control procedures. ERG
have established laboratory standard procedures, as listed below, for each of the analytical instruments
to ensure adequate equipment performance at ERG:

e ERG-MOR-005: VOC analysis by GC/FID/MS using Method TO-15

e ERG-MOR-024: carbonyl analytic by HPLC system using Method TO-11A
e ERG-MOR-049: PAH analysis by GC/MS using Method TO-13A

e ERG-MOR-095: metal analysis by ICP-MS using Method 10-3.5

13.6 Data Acquisition Requirements

Data will be acquired primarily by the Envidas Ultimate system. Data will be recorded in the PSCAA air
quality database through either the traditional FTP import method or will be acquired using the PSCAA
Air Quality Drop Application.

The PSCAA Air Quality Drop application is a tool that is designed to import and export data files into a
geographical as well as temporally keyed database. The system can upload a single file, or a package of
files in a zip format. The Air Quality Drop can read data from the following file formats: AeroqualVoc,
AirBeam, CarClipCo, CarClipO3No2, Dylos, Enmont, GPS, GPX, HourlyTelemetry, MicroAeth, Package,
RadianceResearch, SenonicsMinnow, and TsiNanoScan.

All data files used for the project will be organized in the Projects folder under the internal PSCAA Server
using the following Master Guidance:

Master Guidance for Special Project Folder and File Naming Conventions
Folder naming:

. Chinook\TechServices\Projects\
Inside project folder there are files for each year that hold folders for individual projects
that started in that year:
o ..\YYYY\ProjectName\
o Each individual project folder will have the following:
o Activity Log/About/ReadMe for the project (.xlsx)
= ..\raw mobile data (these are completely unaltered files)
= . \raw fixed site data (these are completely unaltered files)
= _.\working mobile data
= . \working fixed data
= _.\combined working reports and presentations, please also place a copy of
the final report and copies of presentations in the proper folders in
Chinook\New Public Documents

Naming conventions for raw data:
datalD_LocationID_YYYYMMDDThhmmss_R#[ comments].csv

e.g.
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CPCO_PSBike_20140502T163000_R1_PSCAAToHome.csv
DyCt_GtS001_20150612T124000_R1_CXLmeasure.csv

Fields are described as follows:

. datalD: 4 character abbreviation of measured parameter/species, instrument, and
model (e.g., CPO3, CPCO, RHum, VOCs, DyCt, MiAt,) A reference table is located in
Chinook\TechServices\Projects\

. locationlID: 6-character description of site, station, platform, laboratory, institute, or
individual collecting (ergo the different route) e.g., ShrBrk, Shri0t, PSBike, CrbFix. We'll
need to develop a reference table.

. YYYY: four-digit year

o MM: two-digit month

. DD: two-digit day

o hh: optional two-digit hour

o mm: optional two-digit minute

. ss: optional two-digit second

o R: revision number of data

. comments: optional additional information

Where the only allowed characters are: a-z A-Z 0-9_.- (that is, upper case and lower case
alphanumeric, underscore, period, and hyphen). No Spaces. All fields not in square brackets are
required. All times used in file names should reflect the start time in the raw file. Notes about
time zone and other time/data issues should be noted in the project’s Activity Log/About/Read
Me file.

All Air toxics data obtained through the Contract Laboratory will undergo a coordinated data review
process and will be uploaded to the AQS system by the Contract Laboratory. All geospatial data created
under this project shall be consistent with the Federal Geographic Data Committee (FGDC)

endorsed standards (www.fgdc.gov). All AQS data is publicly available. All study data is publicly
available, upon request.

13.7 Data Validation, Verification and Analysis

EPA has defined the terms “data verification” and “data validation” and those definitions shall be used
for purposes of this project. “The term “data verification” means the process of evaluating the
completeness, correctness, and conformance/compliance of a specific data set against the method,
procedural, or contractual requirements.” See EPA QA G-8 GUIDANCE ON ENVIRONMENTAL DATA
VERIFICATION AND DATA VALIDATION. The term “data validation” means the routine process designed
to ensure that reported values meet the quality goals of the environmental data operations. Data
validation is further defined as examination and provision of objective evidence that the requirements
for a specific intended use are fulfilled. Id. For the purposes of this grant data, PSCAA will perform both
“data verification”, and Level 1 “data validation.” Department of Ecology personnel will conduct a Level
2 data validation process for all project data associated with the Washington network. Data submitted
by the contract laboratory to EPA’s AQS will be subject to a level 2 review. In the event of an audit
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failure using NATTS style equipment, Ecology will work with PSCAA to identify invalid data and remove it
from AQS.

Data Analysis will be primarily conducted by the Puget Sound Clean Air Agency analysis team, who will
produce the final technical report. Other data users may analyze data collected from this study. Other
users are urged to use this data with caution. As such, the table 11 can be used to guide data users as to
the anticipated quality level of the data collected as part of this study.

Table 11 Methods and Anticipated Quality Levels

Parameter Method Quality Level *
Volatile Organic Compounds TO-15 Regulatory
Aldehydes TO-11A Regulatory
PM2.5 BC and UV carbon Aethalometer AE-33 High
PM2.5 BAM FEM FEM Method EQPM- 0308-170 Regulatory
PM10 Metals 10 3.5/FEM EQL-0512-202 Regulatory
PM10 Metals- NFRM N-FRM Medium
PAH TO-13A ASTM method D6209 Regulatory
PM2.5 BC mobile Micro-Aeth AE-51 Medium
Fine Particle count mobile Air Beam Low
Fine/Total particle count Dylos DC-1700 Low
Ultrafine Particle Count Enmont PUFP-C100 Medium

* Anticipated quality level — actual level may prove to be better or worse based on Data Quality
Indicators.

Data verification refers to the daily work that the air monitoring specialists will perform to ensure that
data is collected according to the QAPP. Data validation refers to those activities performed after the
data have been collected. The difference between the data validation and quality control techniques is
that the quality control techniques attempt to minimize the amount of bad data being collected, while
the data validation seeks to prevent any bad data from getting through the data collection and storage
systems — to prevent incorrectly collected data from informing the results. Data validation is a
combination of checking that data processing operations have been carried out correctly and of
monitoring the quality of the field operations. Data validation can identify problems in either of these
areas. Once problems are identified, the data can be corrected or invalidated, and corrective actions can
be taken for field or laboratory operations. If possible, flags denoting error conditions or QA status are
saved as separate fields in any databases, so that it is possible to recover the original data. Table 12 will
be used to plan the types of data checks, and the people responsible for the checks.

Table 12 Validation Check Summaries

Type of Data Check Responsible Team member Manual Automated
Checks Checks

Date and Time Consistency PSCAA Air monitoring specialist X

Completeness of required sample Lab receiving personnel X X

fields
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Statistical outlier checking PSCAA Project Manager and X X
Analysis Team

Manual inspection of charts and Lab personnel X

reports

Field and Lab blank checks Lab personnel X

Data Analysis

The Data Analysis Team will review all the data collected in this study. PSCAA will submit summary
reports of the monitoring data collected in the study to the EPA. The report will be a summarized
account of the observations and recommendations that will be available in Draft form initially. After
final Technical reviews are complete, the report will be finalized. We will evaluate the data in a multi-
step process.

First, we will complete a full and ongoing evaluation of the data including a full quality assurance
assessment. This entails checking data completeness, trends, temporal patterns, and potential
interferences. Data Quality Indicators will be used to describe the actual quality of the data sets, to
evaluate the data usability. Additional review will help in the analysis, including reviewing detection
limits to determine the best statistical estimation techniques needed. We will calculate summary
descriptive statistics such as averages, medians, percentiles, and distributions, for all the measured air
toxics.

The data analysis will focus on meeting the grant’s Outputs and Outcomes, and addressing the main
scientific questions:
e Has average potential cancer risk from air toxics in Seattle and Tacoma changed since 2010?
e If a change in concentrations is observed, can it be explained by meteorology rather than
emissions changes?
e (Can patterns be detected in the data that suggest emission sources, activities, categories, or
events? (e.g., transportation, industrial sectors, residential wood burning, fireworks, etc.)
e Has there been any change in the distribution of air pollutants and risk across the focus
communities?
e How do our measurements and analysis compare to other available measurements and
modeling (NATA and NATTS)?
e What additional tools or analysis can be developed to improve our ability to identify pollution
sources, assess risk, develop plans to reduce future risk, and address community concerns?

The more complex analyses include, and will generally progress as follows:

1. Assess the potential impact of meteorology on the observed trends and patterns. We will use
available meteorological data (wind speed, direction, temperature, precipitation, etc.) to assess
the potential impact of meteorological factors. The analysis will include, at a minimum, looking
at distributions of wind speed, direction, and temperature, to identify potential confounding
influences on long-term trends.

2. Estimate potential cancer risks for fixed sites. Based on statistical summaries described above,
we will calculate potential cancer risk using the Washington State Acceptable Source Impact
Levels unit risk factors. Based on these estimates, we will provide a ranking of air toxics, which
will help us quantify the health hazards attributed to air toxics.
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3. Compare air toxics concentrations and risks for Seattle and Tacoma from the 2010 and 2016
studies. We will use all comparable data and risk calculations to compare to the 2010 Study of
Air Toxics in Tacoma and Seattle, and the 2016 study in Seattle’s Chinatown-International
District. We will answer how air pollution and toxic risk has changed over the last 10 years. We
anticipate being able to include comparisons for diesel and wood smoke estimates at the
Tacoma Alexander, Seattle Duwamish, and Beacon Hill sites. We also anticipate estimating
diesel and wood smoke at 10" & Weller and Tacoma 36 sites but can’t include comparisons as
these sites weren’t a part of the 2010 study.

4. Compare air toxics concentrations and risks to the NATTS network. We will aggregate three
years of NATTS data across the country, average the results, and apply the same unit risk factors
to evaluate and compare risk across the country. A key comparison will be with the nearby
Seattle Beacon Hill NATTS site, which is about 1.6 miles to the east of the Seattle Duwamish site.
The Beacon Hill site is at a substantially higher elevation (+ 100 m), and further away from major
sources in the Duwamish Valley, providing a good regional background.

5. Compare air toxics concentrations to nearby 2017 National Air Toxics Assessment (NATA) model
estimates. We will compare our results to the 2017 National Air Toxics Assessment model. The
analysis will include mapping (ArcGIS or similar) and descriptive statistics for the census tracts
containing or near to sampling sites, and in the focus community.

6. Identify and quantify air toxics sources through source apportionment. We will use both data
collected specifically for this project and leveraged data from the existing, collocated sites. The
existing instruments and data collected vary across all the fixed sites. They include
aethalometers (UV to IR absorption, with2 or 7-channels), fine particulate matter (BAM and/or
nephelometer), CO, NOx, and meteorological parameters (wind speed, wind direction,
temperature, barometric pressure, relative humidity). We will use all of the available data in a
factor analysis (e.g., PMF or Chemical Mass Balance, CMB) to identify and quantify air toxics
sources such as transportation, industrial facilities, or other sectors (e.g., residential
woodburning). The factor analysis will examine monitored concentrations of air toxics, metals,
PAHs, black carbon, fine particles, carbon monoxide, nitric oxide, and may include
supplementary data such as traffic counts, temperatures, wind speeds, and humidity. As they
are available, we will also include organic carbon, elemental carbon, and many other particle
fractions from any collocated speciation data provided by the Washington State Department of
Ecology. We will attempt to estimate concentrations of diesel particulate matter, an important
mobile source air toxic, so that we may include its estimated levels and risk (at least
qualitatively) as we communicate results.

7. Extrapolate risks from the fixed sites to quantify potentially exposed populations and their
potential risk. If a chemical marker or PMF pattern appears to provide relatively consistent
ratios to the toxics that drive most of the risk (e.g., benzene, 1,3-butadiene, formaldehyde,
ethylene oxide), we will extrapolate the air toxics levels beyond the fixed sites to the
surrounding census block groups based on estimated source emissions, with associated
uncertainties indicated prominently. We will investigate ratios of the marker/pattern to specific
air toxics, as well as to criteria pollutants.

8. Additional multivariate geospatial analysis based on the concerns of the focus communities.
Based on the concerns expressed by the focus communities, we will conduct additional
analyses. The analyses could include, or be specific to, additional measurements or data
requested by the communities but not specified beforehand. It could also include using existing
data to produce a high-resolution gradient or map of pollutants or risk for nearby industrial
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areas, the Port of Tacoma or Seattle, or gradients from the nearby roads and vehicles, or other
specific concerns that the communities identify.

14 Data Management

This section describes all the aspects of data management necessary for this project. This includes an
overview of the mathematical operations and analyses performed on raw, “as-collected” data. These
operations include data recording, validation, transformation, transmittal, reduction, analysis,
management, storage and retrieval, and reporting. Data Processing activities for air toxics data are
described in the figure 6.

Figure 6 Data Management and Sample Flow Diagram
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Data processing steps are integrated, to the extent possible, into the existing data processing system
used for criteria pollutant monitoring. The air monitoring database resides on a dedicated database
Central server at the State Department of Ecology, and a dedicated SQL database at the Puget Sound
Clean Air Agency.

Sample tracking and chain of custody information is entered into a Laboratory Information Management
System at two points as shown in the figure 6. Managers can obtain reports on status of samples,
location of specific samples, etc. using LIMS. Different access privileges are given each authorized user
depending on that person’s need. The following privilege levels are defined:

e Data Entry Privilege — The individual may see and modify only data within LIMS that he or she
has entered. After a data set has been “committed” to the system by the data entry operator,
all further changes will generate entries into the system audit trail.

e Reporting Privilege — The individual may generate reports.

e Data Administration Privilege — Data Administrators for the LIMS can change data because of
QA screening and related reasons. All operations resulting in changes to data values are logged
to the audit trail.

The Data Administrators are responsible for performing the following tasks on a regular basis:

e Merging or correcting duplicate data entry files

e Running verification/validation routines, and correcting data as necessary
e Generating summary data reports for management

e Uploading validated data to EPA-AQS

All other study data will be entered into the PSCAA air quality database using tools such as automated
data-loggers, and/or the Air Quality Drop tool.

Mobile Data must be uploaded using the Air Quality Drop tool, because of its dependency on spatial
positioning.

Table 13 lists the routine documents and records that will be kept for this project. These documents and
records will normally be kept in centralized folder structures so that the documents can be recalled
later.
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Table 13 List of Routine Documents and Records collected

Record/Document Tyvpses Calegories
Reporting agency information ’
Organizational structure
EPA Dircctives Management and Organization
Grant allocations
Support Contract
Metwork description
Site characterization file
Site maps
Site Pictures
QA Project Plans
Standard operating procedures (SOF)
Field and laboratory notebooks Environmental Data Operations
Sample handling/cusiody records
InspectionMaintenance records
Any original data (routine and QC data)

including data entry forms
Adr quality index report
Annual SLAMS air quality mformation
Data/summary reports
Journal aniicles/papers/presentations
Data algorithms
PM= 5 Drata
Metwork reviews
Data quality assessmients
QA reports
System audits
Response/Corrective action reports
Site Audits

Srte Infirmation

Faw Dhata

Data Beporting

Data Managemens

Quality Assurance

15 Assessments and Response Actions

Our analysis and results will help us better understand air toxics trends and air toxics health risks in the
communities in Seattle and Tacoma. We will better understand air toxics levels at different distances to
the highway, the risk context through comparisons against national monitoring sites (including the
nearby Seattle NATTS site), and the NATA model. Additionally, we will engage the community to explore
potential mitigation strategies beyond the time horizon of this grant.

In this study we will provide the community the unique opportunity to direct air toxics sampling based
on their own concerns. Sampling will be geared toward air toxics pollution, but the community will have
the latitude to identify a variety of locations and sources (for example bus stops, parking lots,
intersections, loading docks, or highways).

We have already started building relationships in this community through our agency’s focus community
work. We also plan to continue to work in these communities to provide information and the tools to
take next steps. This air toxics study provides an important part of acting against air pollution by helping
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to fill in identified data gaps. Ultimately this project will impact the community by informing
stakeholders about the air pollution levels, the risk levels, and the potential mitigation strategies that
can be employed to reduce pollution in the area over the long-term.

16 Reports to Management

PSCAA will produce a final technical report, which will be drafted, then routed to stakeholders. Feedback
will be solicited, and then the final technical report will be finalized. When the report is finalized, then
the report will be given to EPA, as part of the Grant Closeout Package. PSCAA will share this final
technical report with all stakeholders, and will post the report to the Agency website, so that it can be
publicly accessible.

Semi-annual reports on the grant progress will be forwarded to the Grant Project Officer and will be
retained as part of the grant record.
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17 Appendices

APPENDIX

TITLE

FRSTToOoMmMmMmQO O ® >

Canister Sampling Procedures

Carbonyl Routine Sampling Procedure

PUF Routine Sampling Procedure

The EPA 1 in 6 Sampling Calendar

AE-33 “7 Channel” Aethalometer Sampling Procedures
AE-51Micro-Aeth Quick Start Guide Procedure

Air-beam Operating Procedures

Purple Air Operating Procedure

PMZ2.5 Partisol Procedure Link and PM-10-2.5 Designation

Enmont Ultrafine Particle Counter Procedure
Air Quality Web: Air Drop Procedure
NFRM Metal Sampling Procedure
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A. Canister Sampling Procedures

School Air Toxics, VOC SOP
Aungust 5, 2000
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School Air Toxics, VOC S0P
August 5, 2000
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School Air Toxics, VOC S0P
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School Air Toxics, VOC SOP
August 5, 2000
l. INTRODUCTION

This document is designed to provide instruction on collecting volatile organic
compounds in air using an evacuated canister and a passive air sampling kit.

The procedure presented is designed for sampling volatile organic compounds
(VOCs) in ambient air, based on the collection of whole air samples in
SUMMA™ treated canisters to final pressures below atmospheric. The
samples are then analyzed using EPA Compendium Methods TO14A or TO15
Determination of Volatife Organic Compounds (VOCs) in Alr Collected in
Specially Prepared Canisters and Analyzed by Gas Chromatography/Mass
Spectrometry (GG/MS) using the EPA National Monitoring Program's contract
laboratory (i.e. ERG).

The canisters are 6-liter stainless steel vessels whose internal walls are
SUMMA™ treated with an inert pure chrome-nickel oxide compound to reduce
the reactivity of the air sample in the canister. The canisters are outfitted with
a stainless steel bellows valve, equipped with a 1/4" Swagelock™ fitting on the
inlet. Prior to use, all canisters are cleaned in accordance with the
specifications presented in the EPA NATTS Technical Assistance Document
Rev. 2 (April 2009). Once certified as clean, the canisters are evacuated o
approximately 29.5 inches of mercury (“Hg) and are ready for use. The
collection approach is passive, meaning no 110 volt AC power is required.
The canister is attached to a programmable timer/solenoid, a veriflow vacuum
regulator, and a sample probe. Figure 1 presents the complete VOC sampling
system. When the programmable timer opens the solenoid at a preset time,
the canister is filled with ambient air at an integrated collection rate across the
24-hour sampling duration.

This SOP is designed to be a step by step procedure for operating the
sampling system described, and is to be used in conjunction with the
manufacturer's operator's manual(s). Laboratory Analysis Methodology using
the TO-15 method may be referenced by contacting the Eastemn Research
Group (ERG) directly at 919-468-7800 or by email Julie Swilt@erg.com.
Maintenance and troubleshooting should be conducted using the relevant
operator's manual(s).

Pagedof 16
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School Air Toxics. VOC SOP
August 5. 20009

FIGURE 1. Photograph of Total VOC Sampling System
With Timer and Probe
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School Air Toxics, VOC S0P
Aungust 5, 2000

II.  INSTALLATION

A,

Sampler Siting

Inspect the site area to ensure there will be enough physical space for the
operator fo move freely while working, and ensure there is nothing at the
location that will negatively impact the safety of the operator.

The sampler should be mounted in a location that is unobstructed on all
sides. There should be no tree limbs or other hanging obstructions above
the sampler. It is suggested that the horizontal distance from the sampler to
the closest vertical obstruction higher than the sampler be at least twice the
height of the vertical obstruction. The inlet of the sampling system must be
positioned at least 2 meters above grade (ideal), but not more than 15
meters above grade.

Sampler Installation

. The sampling system consists of three components: a sample canister, a

programmable timer/solencid (Nutech 2701), and a passive vacuum regulator
(Veriflow with gauge and sample inlet probe). All components will be
received from the ERG laboratory where: the cans will have been cleaned,
tested for contamination and evacuated; flow controllers will have been
cleaned, tested for contamination, and calibrated for 24 hour sampling; and
the sample inlet will have been tested for contamination.

The complete sampling system must be securely mounted on a support
structure which ensures that the sample inlet meets the siting criteria (at least
2 meters above grade, but not more than 15 meters above grade).

Note: If the support structure is to be located on a roof top, efforts must be
made to protect the roof covering (i.e. membrane, etc.). This can be
accomplished by securely attaching the support structure to a wooden frame
and then using weight (i.e. sandbags) to hold the entire mounting structure in
place.

For collocated samplers, horizontal spacing should be between one (1) and
four (4) meters, and inlet heights within one (1) meter vertically. .

Page 6 of 16
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School Air Toxics, VOC S0P
August 5, 2009

lll. OPERATING PROCEDURE

A,

Equipment and Supplies

6 liter sample collection canister

Veriflow vacuum regulator/gauge/iniet probe

Nutech 2701 programmable timer/solenoid

Support structure with holder for assembled sampling apparatus
Logbook

ERG sample paperwork

Sampler and Sample Media Receipt Activities

Complete Sampling System

1.

2.

3.

Check parts and components against the packing list.
Ensure all fittings are present and in good condition.

Prior to sampling keep all components in a clean area free of
contamination.

Nutech 2701 Programmable Timer/Solenoid — Battery Charge

1.

Charge the internal battery by opening the front cover and plugging the
supplied USE adapter cable into the labeled USB port located on the
bottom right of the front panel (mini USB).

Plug the other end of the USB cable into a USB port on a computer
(standard USB). Allow the timer to charge for at least 12 hours. A
battery charge indicator is located at the top center left of the display.
The battery will display ™3¢ after a full charge is reached.

Note: The display will show T when the battery is drained. To
ensure that there is always a sufficient charge on the battery,
recommend recharging every six days.

Sample Collection Canister

1.

The sample collection canister and associated sample data sheet will
arrive from ERG in a cardboard box.

Note: The canisters do not need to be refrigerated after receipt or
during return shipping.
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School Air Toxics, VOC SOP
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2. Ensure the canister is not damaged. Confirm that the valve remained
in the closed position during shipping and that the top plug is secured
on the bellows valve inlet ﬂtting.

C. Preparing for a Sampling Event

Initial Steps

1. Ensure the Nutech 2701 timer battery is fully charged. If there are not
at least two (2) bars displayed, the timer must be recharged before
conducting the sampling event.

2. Prepare sample paperwork. On the ERG Toxics/SNMOC Sample Data
Sheet, supply all required information in the “Lab Pre-Sampling”
section. Record any pertinent observations in the notes section at the
bottom of the form.

3. Remove the plug attached to the bellows valve inlet. Retain the plug in
a clean place so that it can be used to reseal the bellows valve inlet

after the sampling event.
4. Assemble the complete sampling system.

a. Aitach the outlet fitting of the Nutech 2701 timer/solenoid o the
canister bellows valve inlet.

Note: Do not over tighten the nut. When the nut feels snug,
another quarter fum should be sufficient to secure the timer inlet
to the can.

b. Aitach the outlet fitting of the Veriflow vacuum controller to the
inlet fitting of the Nutech 2701 timer/solenoid.

Note: Again, do not over tighten the nut. When the nut feels
snug, another quarter tum should be sufficient to secure the
timer inlet to the can.

Measuring and Documenting the Pre-Collection (Set-up) Canister Pressure

The following steps are to be performed prior to programming the Nutech
2701 timer/solenoid for the initial/subsequent collection event:

1. On the timer control panel, press the bubble switch labeled "Enter”

once. This will take the timer out of the power-saving/hibemation
mode.

Page 8 of 16
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School Air Toxics, VOC SOP
Angust 5. 2000

2. 0On the timer control panel, press the bubble switch labeled *Manu”
once. This places the timer in the manual operation mode. On the
display in the center of the bottom zone, the word “Open” should be
present. If the word “Closed” is present, press the *Manu” bubble
switch again and it should shift to the word *Open”. This action
manually opens the solenoid and clears a flow/pressure path
between the canister valve and the Veriflow control orifice and
pressure gauge.

3. Fully open the canister bellows valve. Observe the pressure (i.e.,
“Hg vacuum) indicated on the gauge. Fully close the canister
bellows valve.

Note: The befiows valve should be kept open for as short of a
duration as possible — 10 seconds or less.

4. Record the Pre-collection Canister Pressure in the appropriate
space on the supplied Chain-of-Custody.

Programming the Timer

At this point, the Nutech 2701 timer/solenoid is ready to be programmed to
autﬂmatically conduct the next scheduled collection event. Follow the
programming steps provided below.

1. Setthe cumrent time (local standard time)

a. Push the “Set” key twice.

b. The LCD will show flashing digits that can be changed by
pushing the left or right armow keys. When finished, press the
set button to move to the day of the week.

c. Change the day by pushing the left or right arrow keys. An
arrow will be present above the selected day. When finished,
press the “Enter” key to finish the time and day setting.

2. Set the sample start and end date / times

a. Program the sampling event by pushing the “set” button
once to enter event setting.

b. Set event number (SEG on the display). Select 1 as your
event number using the amow keys. Once the event number
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is set, “Open” will be flashing to set the valve function.

c. Press “Enter” to confirm the open function. The time will
flash. Set the sampling start time, followed by the day of the
week using the amow keys. Confirm the settings by pressing
“Enter” to complete the program.

Note: It's critically important that 00:01 be entered for the
event start time (the timer will not recognize a start fime of
00:00 and will not actuate).

d. The valve icon on the timer should appear as g indicating
that the valve is in the closed position. During the sampling

event, the icon on the timer will appear as &

3. To setthe event stop time, push “Set” once to enter event setting.
Set event number (SEG) first. Select 1 as your event number.
Once you set the event number the (Open) will flash. Using right
arrow key to move flashing to (Close), now (Close) is flashing for
you to set the valve function. Push (Enter) to confinm the close
function. Then the time will be flashing. You now set your
sampling stop time [use 23:50], followed by day of the week. Select
the day of the week then push (Enter) to finish.

D. Sample Recovery and Data Collection

1.

Activate the timer display by pressing the “Enter” button once. This will
activate the screen with the current day of the week and current time of
day (in Standard Time not Daylight Savings Time). The valve icon on the

timer should appear as ﬁ:" indicating that the valve is in the closed
position. The display will also indicate the total elapsed time for the
previous sampling event.

Record the total elapsed time on the ERG Toxics/SNMOC Sample Data
Sheet in the "Elapsed Time” blank in the “Field Recovery” section.

Open the solenoid valve by pressing the “Manu” button once.

Fully open the canister bellows valve.

Read the gauge and record the remaining pressure left in the can on the
ERG Toxics/SNMOC Sample Data Sheet and record the reading in the
“Field Recovery™, “Field Final Can. Press. (*Hg)” blank. If the pressure is
zero, note the lack of pressure in the *Comments” section of the form.
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6. Close the canister bellows valve by turning the knob until it is snug.

Note: The canister bellows valve should not be opened for any longer
than is required to get an accurate pressure measurement (i.e.
approximately 10 seconds).

7. Close the timer solenoid valve by pressing the “Manu” button again.

8. Disconnect the canister from the Nutech 2701 timer/solenoid by
unfastening the bellows valve inlet fitting from the timer outlet fitting.

9. Replace and secure the retained plug on the canister bellows valve.

10.0n the ERG Toxics/'SNMOC Sample Data Sheet, supply all required
information in the “Field Recovery” section. Be sure to record any
observations that were made during the run period.

11.Sample Shipping

a. Remove the pink copy of the ERG Toxics/SNMOC Sample Data Sheet
and file in a site record.

b. Pack the can and the completed white copy of the ERG Toxics/
SNMOC Sample Data Sheet in the original cardboard shipping box
and tape it closed. The can does NOT need fo be shipped cold.

c. Use the pre-filled out FedEx label provided by ERG, and fill out the
Sender” section with the sampling agency’s address and phone
number. Send priority overnight to ERG at the address below.

ERG

601 Keystone Park Drive
Suite 700

Morrisville, NC 27560
919-468-7924

Note: if the shipping form is lost, use the address below for shipping to
ERG, and contact them directly for the FedEx accounting.
IV. QUALITY ASSURANCE

To ensure that quality data is being collected the following checks should be
considered:
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August 5, 2009

A. Flow Calibration

Prior to deployment each Veriflow must be calibrated to a collection flow rate
of approximately 3.2 cc/min to insure that the final pressures obtained over a
24-hour collection duration are appropriate. This calibration will be
performed by EPA Contract Laboratory prior to shipment of each Veriflow to
the field. Ideally, with a collection flow rate set-point of 3.2 co/min, a 6L
canister will attain a final volume of approximately 4,700 cc over a 24-hour
(i.e. 1440 min) collection duration. The final volume of 4,700 cc equates to a
final sample pressure in the canister of between & and 7 “Hg, which is the
target final pressure for the EPA SAT program.

Because the Veriflows were calibrated at the EPA Contract Laboratory in
Research Triangle Park, NC, variations in elevation, temperature, and
barometric pressure between the calibration site and the field deployment
site can cause variations in the final flow rate set-point realized. This
variation in flow rate may necessitate adjustment of the collection flow rate
set-point in the field. The following procedure presents the steps to
accomplish the in-the-field set-point adjustment.

1. On the right hand side of the Veriflow unit, locate the adjustment screw
protective cover (1/2 inch diameter disk with a 1/8 inch hex port located
in the center) as shown in Figure 2.

Figure 2. Venflow adjustment screw protective cover
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2.

School Air Toxics, VOC SOP
August 5. 2009

Insert a 1/8 inch hex key into the hex port and rotate the protective cover
counter-clockwise until it can be removed from the protective cover.
Please note that the protective cover has an o-ring attached to it, as
shown in Figure 3. The purpose of the o-ring is to ensure that the unit
remains weather-tight while deployed. It is important that the o-ring be
present when the protective cover is reattached to the Veriflow.

Figure 3. Removed protective cover with o-ring
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3. Under the cover is the actual flow rate adjustment screw (3/16 inch black
circle with hex port located in the center), as shown in Figure 4.

Figure 4. Flow rate adjustment screw

Flow mg,aaj us (qut screw

:

4. To make adjustment to the flow rate set-point, insert a 1/8 inch hex key
into the hex port on the adjustment screw. The Veriflow unit utilizes 5 full
rotations to take the set-point from the bottom of its operational range
(i.e. approximately 2 cc/min) to the top of its operation range (i.e.
approximately 4 cc/min). As stated earlier, the units have been pre-
calibrated for approximately 3.2 cc/min and should yield a final sample
pressure is between 6 and 7 “Hg. However, it should be noted that final
pressures between 1 and 10 “Hg are considered valid samples. If a final
sample pressure between 1 and 10 “Hg is achieved, no adjustment is
required. If the final sample pressure achieved is outside the acceptable
range, or if a final pressure closer to the ideal set-point of 6 to 7 “Hg is
desired a set-point adjustment will need to be made. To increase the
flow rate, insert a 1/8 inch hex key into the hex port located in the center
of the adjustment screw. Rotate the adjustment screw counter-
clockwise. To decrease the flow rate, rotate the adjustment screw
clockwise. It is recommended that adjustments be made in one quarter
rotation increments between collection events, until the desired final
sample pressure is achieved. The quarter tum adjustment can be easily
gauged by observing the handle of the hex key so that it is positioned 90
degrees before or past its original position. See Figure 5.
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Figure 5. Flow rate set-point adjustment

Set-point
Increase:

One quarter
- counter-clockwise

~ Set-point
Decrease:
One quarter
clockwise rotation/
90° hex key
movement

5. After adjustment replace the o-ring and protective cover. The Veriflow
unit is now ready for use on the next sample collection episode.

B. System Cleanliness

All equipment, with the exception of the timer, will be cleaned by ERG before
shipment to the agency. If anomalies are observed, the ERG laboratory will
notify the agency and a course of action will be identified. The operator
should take care not to touch or contaminate the inlet, fittings, and other
parts of the sampling train. These areas should be kept covered if possible
when sampling is not occurring.

V. DATAFORMS

All sample related run data forms will be supplied by ERG. Check the data sheets
for completion after every setup or retrieval event. The operator is expected to
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School Air Toxics, VOC SOP

August 5, 2000
KEE[] d |DQ|3'DO|{ to document all site activities, {IU-EI”tjf assurance activities, and
sampling activities. Figure 6 presents the ERG Toxics / SNMOC Sample Data

Sheet.

FIGURE 6. ERG Toxics/SNMOC Sample Data Sheet
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Endnotes to School’s Air Toxics Protocol

Detailed procedures are outlined in the EPA TO method TO-15. This is a description for regular
field runs for passive canister samplers. ERG ships the required materials in a box to PSCAA.
PSCAA then ships the collected samples back to ERG for analysis.

The stand-alone timers used with a flow control device may sometimes cause leaks and hence
the following guidance should be considered prior to and during the study:

e Upon each sampling event, ensure all fittings (canister to timer, timer to flow controller,
and flow controller fittings, particulate filter) are tight. Some fittings require an extra
quarter turn after the fitting is finger tight. Consult tightening guidance of the fitting
vendor.

e Leak test the sampling apparatus (canister, timer, and flow controller) every sampling run
as per the protocol in TO-15A described below:

o Tightly cap the inlet.

o If the gauge is upstream of the solenoid, manually activate the solenoid (if so
equipped).

o Open and close the canister valve to generate a vacuum at the gauge.

o Observe the gauge to assess the leak rate. There should be no perceivable pressure
increase.

o Ifthereis a leak, gently snug the fittings and retest. If the leak persists, replace the
sampling apparatus and/or canister and test.

o Following a successful leak check, remove the inlet cap.

e Leak check timer every 10 runs.

e Replace the batteries frequently.

e Conduct a flow check on the flow controller to ensure that vacuum (4 to 11 inches of Hg)
will remain in the can following the sampling duration.

e Immediately report samples that end the sampling run at ambient pressure (0 inches of
Hg) to the QA staff for corrective action.

In summary, a field technician needs to go out to the field to setup the run. The technician will
conduct the leak and flow tests as described above. Using the timer, the samples can be setup to
run at the programmed start and stop time. The technician needs to then pick up the canister from
the field after the run. The samples are collected once every 6 days.

Required Materials:

2 Crescent Wrenches

Black or Blue Pen

Canister and a backup in case of a faulty canister
Chain of Custody Sheet

Cell Phone
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Sample Drop-off and Pickup:

e Record the city and state on the chain of custody sheet.
e Record the AQS code for the site as in the table below:

Site AQS Code Four Digit Site Code
Seattle 10th&Weller 05303300301 | BKWA
Seattle 10th&Weller Collo | 05303300302 | BKWB
Seattle Duwamish 05303300571 | CEWA
Seattle Duwamish Collo 05303300572 | CEWB
Tacoma Alexander 05305300311 | EQWA
Tacoma Alexander Collo 05305300312 | EQWB
Tacoma South L St 05305300291 | ESWA
Tacoma South L St Collo 05305300292 | ESWB
Tacoma S 36" St 05305300241 | YFWA
Tacoma S 36" St Collo 05305300242 | YFWB

May 2021

e Record the date that the sampler will run on in the chain of custody sheet for the

respective canister.

Write “N”” for SNMOC, “Y” for Toxics.
If this is a duplicate event, record the duplicate canister number on the custody sheet.
Record the date of the sample set up.

For Sample Setup, use the Schools Air Toxics SOP to set up the sample and timer in

Section C. For Sample Recovery, use the Schools Air Toxics SOP to recover the sample

in Section D Steps 1 through 11.

Duplicate Samples:

e ERG will ship an extra canister for the collocated samples.

Shipping
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e All canisters from ERG will be shipped back to ERG in the same boxes with a postage
paid FedEx return label included.

e ERG does not accept shipments on the weekends, so shipments must be sent Monday
through Thursday only.

e In case of emergency, the lab address and phone contact are: 919-468-7923, Randy
Bower, 601 Keystone Park Dr., Suite 700, Morrisville, NC 27560

e All labels should be marked “Priority Overnight” shipping if not already.

General Sampling Calendar:

If Sample runison a: | Take out to field on: | Return from Ship out with FedEX by
the field on: 4:30PM on:

Monday Friday Tuesday Tuesday

Tuesday Monday Wednesday Wednesday

Wednesday Tuesday Thursday Thursday

Thursday Wednesday Friday Monday

Friday Thursday Monday Monday

Saturday Friday Monday Monday

Sunday Friday Monday Monday
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B. Carbonyl Routine Sampling Procedure

Detailed procedures are outlined in the EPA TO method TO-11A. This is a description for
regular field runs for carbonyl samplers. ERG ships the required materials in a cooler to PSCAA.
PSCAA then ships the collected samples back to ERG for analysis. In summary, the field
technician needs to go out to the field to setup the unit before the run. A technician then needs to
go to the field to pick up the sample as quickly as possible after the run. The sampler runs every
6 days.

We will be using ATEC model 2200 carbonyl sampler for this study. There will be one Two
Channel model, which will be installed at Tacoma South L Street, and four Single Channel
models used, which will be installed at the other sites. Duplicates will be run at the Tacoma
South L Street site, and blanks will be used at all the sites.

Figure: ATEC model 2200 2-channel carbonyl sampler
I l

Summary of Method:

Using the ATEC Model 2200 Toxic Air Sampler, a 24-hour ambient air sample will be taken. Air
will be drawn into cartridges for later analysis of Carbonyl compounds. The monitor has been pre-
programmed to comply with EPA Methods TO-11A. Section 7.2 of EPA method TO-11A describes
the DNPH adsorbent cartridges in detail. The sampler consists of a single pump that pulls ambient air
into the sampler. To control and monitor the cartridge flow rates, there is an independent mass flow
controller for each channel.

PSCAA operators will go into the field with a carbonyl adsorbent cartridge (cartridges to be kept
cool to < 4°C), supplied by ERG’s lab. (Note: Lab will supply materials to field operators at least
two days in advance of sampling). The operator will install the collection media, program sampler,
retrieve collection media, fill out appropriate paperwork, and return samples to ERG’s lab for
analysis. Prior to sampling, the Model 2200 will purge the sample line. The default purge time is one
hour. Sampled carbonyl cartridges should be placed in cooler with ice packs after sampling for
transport to maintain a temperature of <4°C.

The following materials are required:

* ATEC Model 2200 Toxic Air Sampler

* 1/8” and 1/4” Stainless Steel Sampling Tubing
1 -7/16 wrench and 1 - 9/16 wrench

* 1 pair - Polyethylene gloves
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* NIST Traceable BIOS Defender (100ml/min — 7 L/min)

* Carbonyl adsorbent cartridge(s) (Note-DNPH cartridges should not be exposed to sunlight.)
* Field data sheets

» Sampler Maintenance/Log book

» Computer with 2200 Data Retrieval Software or USB

* NIST Traceable Barometer

* NIST Traceable Thermometer

* Cooler and Ice Packs for Transport of DNPH Cartridges

* Site AIRS codes

* Calculator
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Purge Flow Diagram: Purge flow paths are shown in green. Sampler i1s purged for 60 munutes prior to
the start of each sampling event.

Equipment Installation

The ATEC Model 2200 Toxic Air Sampler should be set up in a weather protected area with 115
VAC current. Although not necessary, a controlled environment of 20-30°C is suggested for
operation of the sampler.

Mobilize the unit to the field-sampling site and plug into a 115 VAC outlet. Move power switch to
“On”. The system will “boot up” in ~ 30 seconds. The system is operated using the ¥4 VGA LCD
color touch screen display, which shows current status, and allows entry of information into the
system’s computer. A pen may be used as a “stylus” to operate the touch screen’s buttons.

Run a ’4” diameter SS tube to the exterior of the sampling enclosure as a sample line. Using a %4”
Swagelok connector and ferrule, connect the sample line to the back of the sampler labeled “Input”.
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Cut two pieces of 1/8” SS tube to a length of ~ 2ft. (or other length as needed to reach the sampling

storage area for the Summa Canisters). Place 1/8” Swagelok connectors and ferrules on both ends of
this canister line. Hook one end of each line to the positions labeled “Channel 1”” and “Channel 2 on
the back of the sample unit. The other end of these lines has quick connectors to attach to the Summa

canisters for sampling.

Sample Set-up Operation
The following steps are necessary for the daily sample set-up. Values are entered or are pre-set and

may be viewed on the Model 2200’s touch screen.

Model 2200-2 Version 2.00
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Sampler Program Setup
Press the [Setup| button on the touch screen. This will show a green screen with “Canister and Carbonyl
Parameters™.

Set “Cartnidge Parameters™ to the following numbers:
Ch. 1 MFC Set Pownt: .800 Ipm
Ch. 2 MFC Set Pownt: .800 Ipm
Flow Leak Linut: 0.03 lpm
Flow Tolerance: 0.05 lpm
Data Write Interval: 5 nun
Site Label: (Insert site name)

Press _

NOTE: Model 2200 Mass flow controllers measure flow in Standard ce/min and L/nun at 0°C and 1
atmosphere.
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Installation of Carbonyl Cartridge

NOTE: Polyethylene Gloves should be worn whenever the DNPH-Carbonyl cartridges are
being handled.

On the display screen select button. Change the date to the current date on the
carbonyl cartridge Channel 1, change the start time to 5-minutes ahead of the current time, and
leave the duration to 24-hour. Press . The ATEC 2200 machine will begin to purge itself
and then perform a leak check. Once this 15 complete the machine goes info samplhing mode,
disconnect the sample line and connect the BIOS Defender to the Channel 1 cartridge position on
the exit side of the DNPH cartridge in the Carbonyl cartridge sample line. Imitiate the flow using
the manual control and measure local flow rate. Record the ATEC current flow 1 L/mun Std 0°C
on the Carbonyl Cartridge Field Sheet (Appendix A, Form 1). Recording the average BIOS
Defender flow rate in L/mun local. Stop the BIOS Defender from taking reading and abort
sampling on ATEC. NOTE: The ATEC 1s reading in Standard Conditions while the BIOS
Defender 1s reading in Local. Therefore, 1t 1s necessary to take the barometric pressure and
temperature readings to convert the local flow reading to Standard Condition Flow (0°C, 760
mmHg) using the following equation:

P:ite ﬂll‘ﬂHg 273°K
Flow Rate Std (0°C) = Flow Rate 1ocal X = - S
760mmHg (Temp:ite"C +273)

This will give a comparison to the flow reading on the Model 2200. Record Standard BIOS
Defender flow 1 L/mun Std 0°C. If the percent difference 1s no greater than + 2% between the
ATEC and converted BIOS Defender reading then, with Polyethylene gloves on, attach the
carbonyl cartridge to the appropriate Teflon sample line (Position 1 Sample/Position 2
Duplicate). Repeat this process for channel 2 1f 1t 1s a duplicate sampling day. NOTE: If the
percent difference 1s greater than + 2%, a calibration will need to be performed. Instructions are
m the ATEC Model No.2200 Operations and Maimntenance Manual, pg. 40, Appendix A
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8.7.3 Perform Leak Checks/Setup.

Press _ A screen will appear. Select carbonyl(s) to run, and press to get to the Leak Screen
The instrument will run leak checks on any carbonyls that were selected in the first screen. Press
to run the leak check. The carbonyl leak check will run for 20-seconds. Acceptance limit 1s set 1n
Section 8.7.1. If leak rate 1s not met, connections on lock fittings should be checked and leak check re-
mun. If this does not solve the problem, ATEC should be contacted. Record all leak rates on the field
sheets. Cartridge leak check will test the portion of the sample train from the closed upstream solenoid
valves (SV1, SV2 & 5V4) through the cartndge (C1 & C2), downstream solenoid valves (V3 & 5V3)
and mass flow controllers (MFC1 & 2) on to the pump. See Figures 8-4 and 8-5 for details.

When the leak checks are complete, continue navigating through the SOP screens to schedule the next
sample run. Enter start dates, start times, and durations of the carbonyls scheduled to run. Press
after each carbonyl 1s scheduled to continue on to the next one. Upon completion, the SOP Summary
Page will appear with a summary of everything scheduled to run. Confirm that the schedule 15 correct,
and press The imstrument will return to the Main Screen. The status box for the carbonyls
scheduled to run should say “watting ™.

NOTE: If a problem is recognized while performing any maintenance, diagnostic, or flow checks
which has or could affect data, a corrective action form is to be filled out describing the problem
identified and the action taken to correct the problem. See Appendix A, Form 3.

Figure §8-4: Model 2200 Flow Diagram
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Figure 8-5: Leak Check Vacuum Train
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Blue lines show sampling train under vacuum during cartridge leak check.

Sample Pickup Procedure
8.7.4.1 Downloading Data

Note: Data must be downloaded prior to proceeding with post-sampling checks.
Otherwise, five minute data will be lost in the process.

Connect the USB Drive to the sampler’s “Data”™ port on the front of the sampler. Press the
button on the sampler. A screen will appear with the start date_ stop date. flow. and time on 1t.
Press the button on the sampler. When data transmission 1s complete, a screen will appear
stating data was downloaded. Press @ If during sampling a power failure occurs, the sampler
will remain sampling according to schedule after power 1s resumed. No data should be lost,
however on the downloaded data, a “power loss™ error will show and there will be no data given
for the powerless interval. For a 24-hour run, there will be approximately 300 lines of data.
Figure B-6 gives an example of the five minute data files.
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Sample Carbonyl Download
Ch. 1 Cartnidge

Started Saturday, January 07, 2017 0:00:04
Flow Rate Set Point 080 I'min
Stopped Sunday, January 08, 2017 0:00:23
Total Volume 1151.16 liters
Total Sample Time 24.00 hours
Average Flow Rate 0.800 I'nun
Minimum Flow Rate 0.799 1/min
Maxinmm Flow Rate 0.800 I'min
Pre Start Leak Rate 0.010 Voun
Ending Leak Rate -0.003 Ll'nun
Flow Controller Zero -0.004 I'min
Error Code 0
Error Status OK No Errors

Time Flow Rate Volume  Temp
Saturday, January 07, 2017 0:00:21 0.128 0.10 497
Saturday, January 07, 2017 0:05:24 0.800 4.13 50.1
Saturday, January 07, 2017 0:10:26 0.800 8.17 502
Saturday, January 07, 2017 0:15:29 0.799 12.21 501
Saturday, January 07, 2017 0:20:31 0.800 16.23 501

Cartridge Pickup:

e Record the recovery date on the sample custody sheet. Put 24 hours under “Sample
Duration”.

e Record the post sampling Rotameter reading on the custody sheet.

e Record elapsed time.

e Check the actual data from the sampler versus what you expected the data to show to
identify any mismatches.

e Remove the cartridge(s) and cap them with the provided caps.

e Place them in the RTI provided silver colored bags. Ensure that the washer is still in the
black capsule.

e Record anything unusual that you may notice in the “Comments” section of the provided
custody sheet. This may include instrument behavior, nearby emission sources, etc.

e Ensure that the custody sheet is fully filled in.

e When in the lab, calculate the average flow rate and total collection volume on the
custody sheet as in the calculations section below.

e Store the sample at < 4°C until shipping in the cooler, which should also be < 4°C.

e This sample must be extracted for analysis within 14 days of sample collection, so ship
the cooler out as quickly as possible.

Duplicate Samples:

e ERG will ship an extra sample for the collocated sampler.
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Applicable AQS Codes for the chain of custody:

May 2021

Site AQS Code Four Digit Site Code
Seattle 10th&Weller 05303300301 | BKWA
Seattle Duwamish 05303300571 | CEWA
Tacoma Alexander 05305300311 | EQWA
Tacoma South L St 05305300291 | ESWA
Tacoma South L St Collo 05305300292 | ESWB
Tacoma S 36" St 05305300241 | YFWA

Shipping:

e All samples from ERG will be shipped back to ERG in the same coolers with a postage

paid FedEx return label included.

e Replacement cold icepack and max T logger will be placed prior to shipping.

e ERG does not accept shipments on the weekends, so shipments must be sent Monday
through Thursday only. If it appears that shipment will not be picked up (too late), put
the sample back in the refrigerator until the shipment can be made.

e In case of emergency, the lab address and phone contact is: Randy Bower, 919-468-7923,
601 Keystone Park Dr., Suite 700, Morrisville, NC 27560

Figure: QC Checks for carbonyl Sampler (Air Toxics Monitoring Quality Assurance Project

Plan, WA DoE, 2020)

tubing to manifold

Procedure Required Acceptance Limit Corrective Action
Frequency
Leak check Before every Vendor specific |dentify leak and
sampling event correct problem, flag
data
Time clock Before every + 5 minutes of the Adjust time clock, note
sampling event reference time on data sheet
Flow check Every 30 days + 10% Calibrate, flag data
Sampler Annual Within certification due Send equipment back
Certification date to ERG for re-
certification
Replace ozone Annual MN/A N/A
denuder
Clean/replace Annual MN/A N/A
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General Sampling Calendar:

May 2021

If Sample run ison | Take out to field Return from Ship out with FedEx
a: on: the field on: by 4:30PM on:
Monday Friday Tuesday Tuesday

Tuesday Monday Wednesday Wednesday
Wednesday Tuesday Thursday Thursday

Thursday Wednesday Friday Monday

Friday Thursday Monday Monday

Saturday Friday Monday Monday

Sunday Friday Monday Monday

67



PSCAA — QAPP — XA01J87901-0 May 2021
RERG eso L 0
CARBONYL COMPOUNDS DATA SHEET
a Site Code Collection Date:
88 |ciyste Cartridge Lot #
AGQS Code: Duplicate Event (YN
; Set-Up Date: Operator Sy= #
s Pre-Sampling Rotameter Reading (co/min): Elapsed Timer Reset (Y/IN:
: Recovery Date Sample Duration (3 or 24 hr)
o
2 g Post Sampling Rotameter Reading (ce/min) Elapsad Time:
Cartndpges Capped (YIN):
Recewed by: Date Refrigerator No
a Status: Valid Void {Circle one)
3 If woid, why
Sample Volume (total Liters):
=)
Sample Sample Sample Cartndge
Sample Date Time Duration Volume Lot# Sample ID Lab ID
=L
o
Comments
Whnite: Sample Traveler Canary: Lab Copy PIniC Fl=id Copy
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C. PUF Routine Sampling Procedure

Detailed procedures are outlined in the EPA TO method TO-13A. This is a description for
regular field runs for PUF samplers.

ERG ships the required materials in a cooler to the PSCAA office. PSCAA then ships the
collected samples back to ERG for analysis.

If there is an extra PUF sampling module available, the setup of the filter can be completed in the
lab. Otherwise, the preparation needs to be done with the module in the field.

In summary, the field technician needs to go out to the field to setup the unit before the run. A
technician then needs to go to the field to pick up the sample as quickly as possible after the run.
The sampler runs every 6 days.

Setup of the Module:

Setup a clean workspace. A work bench disposable cover is a good option.

Open the contents of the ERG shipment.

Disassemble the module.

Put on nitrile gloves.

Open the Petri-dish containing the quartz filter so that the filter is facing “up” (the more

textured surface).

e Place the filter in the module with the 2 white Teflon gaskets on either side with the filter
facing “up” on the module. Use the lab supplied tweezers for this step as they are cleaned
for each use for this purpose. Avoid all contact of the filter with anything else. Secure
the filter retaining ring and filter in place using the 3 plastic thumb screws. If the unit
requires transport to the site, put on the module shield before tightening the thumb
SCrews.

e Open the jar shipped from ERG with the glass PUF cartridge. Remove the aluminum foil
and insert the cartridge into the lower chamber (frit on the bottom) and tightly screw the
top and bottom of the module together.

o Ifassembled in the lab, cap the bottom with aluminum foil to avoid potential diffusion of

semi-volatiles.

Module Installation into Sampler:

Remove the foil from the bottom of the module if there is any.

Place the module into the sampler and lower the 2 clamps to secure the unit.
Inspect the exhaust hose and check to see if it is clogged or plugged.

If the sampler is a duplicate sampler, make sure it is plugged in.

Open the ball valve all the way open (arm pointing downward).

Turn the unit on with the manual switch.
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¢ Read the magnehelic gauge and record the result on the chain of custody sheet (an
example chain of custody is at the end of this document). If there is no reading on the
magnehelic gauge, make sure that the aluminum cap on the top of the filter was removed.

e Adjust the timer to the necessary start day at midnight using only PST (Pacific Standard
Time - not daylight savings). Also set the timer to run for 24 hours.

e Record the start time on the timer on the chain of custody sheet.

e Turn the manual switch off.

e Make sure that everything is locked at the site, that samplers are shielded from rain.

Figure: The Module Assembly and Parts

Method TO-12A FPAH:

MR FLOW

PUF or XAD-2

SORBENT

™ ASSEMBLED
SAMPLING
MODULE

+ SAICOME GASKET
| |
LW I E‘ I
BOAUST f——
"‘—-"
- CARTRIDGE
HOLDER

Fipare 3. Twpical absorbent carmidge assembly for sampling PAH:
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Module Pickup:

e Record the end sample time on the timer on the chain of custody sheet.

e Turn the unit on with the manual switch.

e Record the final magnehelic gauge reading.

e Turn off the unit with the manual switch.

e From a Partisol sampler nearby, retrieve the average pressure and average temperature
for the sampling duration on the custody sheet. To retrieve the data:

o Hit any button to “awake” the interface.

o Press “Data”.

o Then Press “More Data” 3 times and record the average temperatures and not the
maximum 1-hour data.

o Press “Esc” until the main screen appears.

e Record the recovery date on the custody sheet.

e Record anything unusual that you may notice in the “Comments” section of the provided
custody sheet. This may include instrument behavior, nearby emission sources, etc.

e Remove the module and if being transported to the lab, cover the bottom with foil and
cover the top with the aluminum plate. Try to keep the module in a cold, dark place until
it is in the laboratory. Label the module for simplicity of processing in the lab.

e Call Mary before leaving the site.

e When in the lab, calculate the average flow rate and total collection volume on the
custody sheet as below:

Calculations:
[Llun' Rate
Y5 = [Average Magnehelic Reading (aH) (P, T, /(T4 P.a)]"
X7 = ¥5 - B2
2
where:

Y5 = Corrected average magnehelic reading
X2 = Instant calculated flow rate, scm

P. = Average Pressure in mmHg
Psta = 760 mmHg
Ta = (Average Temperature in °C + 273)
Tsw = 298 K
B2 = Calibration Intercept
M2 = Calibration Slope
Total Collection Volume

Vqa = elapsed time * X2
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The B2 and M2 (calibration intercept and slope respectively) can be found at the site and
PSCAA will have the original copy in their office. Calibrations are done with every motor
replacement, which is done quarterly. PSCAA will provide you with these numbers for each site
after any change.

Below are the current values (TBD):

Site Sampler ID M2 (Slope) B2 (Intercept)
Seattle 10"&Well thd thd thd

Module Disassembly:
e Disassemble the top quartz filter first.

e Fold the filter with the particulate on the inside. Place the filter on top of the PUF/XAD
inside of the thimble. Then, cover it with aluminum foil.

e Unscrew the bottom half of the module and remove the glass PUF cartridge, avoiding as
much UV-light as possible. Put the thimble in the cooler.

o Be careful not to ship the 2 white gaskets that retain the quartz filter to the lab.

e Cap the ends of the glass cartridge with the included Teflon caps. Then, wrap the
cartridge in foil and put it in the provided bubble wrap, and put the wrapped cartridge
into the plastic shipping jar.

e Store the sample at < 4°C until shipping in the cooler, which should also be < 4°C.

e This sample must be extracted for analysis within 14 days of sample collection, so ship
the cooler out as quickly as possible.

Duplicate Samples:

e Once per month, ERG will ship an extra sample for the collocated sampler in Tacoma
Alexander.

e Follow the routine procedures for this sampler but remember to plug in the unit on setup
and unplug the unit for sample pickup. This will reduce unnecessary wear on the motor.

The sites will be decided after consultation with the community and appropriate AQS Codes will
be used for the chain of custody.

Shipping:

e All samples from ERG will be shipped back to ERG in the same coolers with a postage
paid FedEx return label included.

e All that is required is a replacement cold icepack prior to shipping.

e ERG does not accept shipments on the weekends, so shipments must be sent Monday
through Thursday only. If it appears that shipment will not be picked up (too late), put
the sample back in the refrigerator until the shipment can be made.
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e If not already checked off, mark the shipping label as “Priority Overnight”.
e In case of emergency, the lab address and contact is: Randy Bower, 919-468-7923, 601
Keystone Park Dr., Suite 700, Morrisville, NC 27560

Figure: QC Checks for PAH Sampler (Air Toxics Monitoring Quality Assurance Project Plan,

WA DoE, 2020)

certification

due date

Procedure Required Acceptance Limit Corrective Action
Frequency
Inspect electrical Weekly + 5 min (digital timer) | Adjust time clock,
connections, check and = 15 min note on data sheet
timers (mechanical timer) of
reference time
Flow check Every 30 days + 10% Calibrate, flag data
Flow calibration Initially, after motor + 10% Calibrate
maintenance, or if
flow exceeds limit
Clean sampling Every 30 days MN/A M/ A
head, inspect
gaskets
Siting Verification Annual Neighborhood scale | Notify Air Monitoring
siting criteria Coordinator if siting
no long meets
requirements
Calibration orifice Annual Within certification Send orifice back to

vendor for re-
certification

General Sampling Calendar:

If Sample runisona: | Take out to field on: Return from the | Ship out with FedEx by
field on: 4:30PM on:

Monday Friday Tuesday Tuesday

Tuesday Monday Wednesday Wednesday

Wednesday Tuesday Thursday Thursday

Thursday Wednesday Friday Monday

Friday Thursday Monday Monday

Saturday Friday Monday Monday

Sunday Friday Monday Monday
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‘EK-‘\' ERG Lab ID #
SVOC SAMPLE DATA SHEET
o
5
= Site Code: Collzction Date:
2 E
- City/State: Collocated Event {Y/N):
’z AQS Code:
o
Site Operator: Sampler ID;
o
3 Set-Up Date: Elaps=d Timer Reset (YN}
g Ceollection Date:
3
@ Batch 1.D. No.:
u- -
Batch Certification Date:
Collection System Information:

Magnehelic Flowrate
= Elapsed Time Temp (°C) | Barometric ["Hg) ("H:0) {std. m*/min)
2 | [stat
& nd
b
o
ic

Total Collection Time (Minutes) Total Caollection Velume (std. m*)
;‘ Recsved by: Diate: Refrigerator No.:
3 g Status: Valid Void [Circle cne)
If woid, wihy
Comments:

White: Sample Traveler

Canary: Lab Copy

Pink: Fieid Copy
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13)
14)

TE-1000PUF

TE-1000-BL
TE-1008-9-2.5
TE-1001
TE-1002
TE-1008-1
TE-1008-2
TE-1008-8
TE-1002-2
TE-1008-5
TE-1002-14
TE-1002-3
TE-1002-6
TE-1008-9
TE-1009
TE-1002-8
TE-1010
TE-1011
TE-1012
TE-1014
TE-QMA4
TE-1002-4
TE-1008
TE-1003
TE-1003-1
TE-1003-1-1
TE-1003-4
TE-1003-6
TE-1005
TE-5010
TE-5010BL
TE-5007
TE-1023
TE-3040

TE-5040A
TE-P-Recal

Figure: Parts List for PUF Sampler

[POLY URETHANE FOAM SAMPLER
Poly Urethane Foam Sampler for Pesticide Particulate/Vapor. Includes anodized
aluminum shelter, 47 particulate vapor sampling module, flow venturi, blower motor
assembly, Magnehelic® pressure gage, motor speed control/elapsed time indicator and
7-day mechanical timer. Complete system.

Brushless Poly Urethane Foam PUF system  Same as TE-1000

PUF 2.5 Dual Cyclone Kit

PUF Anodized Aluminum Shelter w/Gabled Roof

Particulate/Vapor Sampling Module less Glass Cartridge

4” Hold Down Frame

47 Filter Holder Body w/Stainless Steel Screens

Filter Holder Gasket (Silicone 4 1/27 0OD)

Module Reducer

Teflon Gasket each (2 required)

Plastic Thumb Nut, Brass Bolt, Washer and 5/5 Bolt each (3 required)

Module Body

Upper Module Gasket (Silicone 2 7/87 0D)

Aluminum Cover for 47 Filter Holder

Glass Cartridge w/Stainless Steel Screens

Lower Module Gasket (Silicone 2 9167 OD)

37 Leng Polyurethane Vapor Collection Substrate, (unwashed) package of 10 “FR” free
2" Long Polyurethane Vapor Collection Substrate, (wnwashed) package of 10 “FR” free
17 Long Polyurethane Vapor Collection Substrate, (unwashed) package of 10 “FR” free
PUF DISK 3 %" Long X 1/27 thick, Use with TE-200 Passive Sampler

Micre-Quartz Filter Media 4™ Rovnd for PUF (100 per box)

Module Plug Coupler

4" Round Filter Holder Complete

Flow Venturi & Calibration Valve System

Quick-Disconnect (between floor flange and module)

Gasket for Quick Disconnect

Flow Venturi

Calibration Valve

Magnehehc® Pressure Gage ( 0-1007 of water)

Motor Speed Voltage Control/Elapsed Time Indicator

Brushless Voltage control/ETI

T-Day Mechanical Tiumer

Exhaust Hose, 10 Ft. Length with Hose Clamp

PUF Calibration Kit w/Calibration Orifice, Slack-Tube® Manometer, NIST Traceable
Calibration Certificate and Carrying Case.

PUF Calibration Orifice Only w/ NIST Traceable Calibration Certificate and Tubing
Re-Calibration of Calibration Orifice for PUF System (Reguired Annually)

Tisch Environmental, Inc. — 145 Seuth Miann Avenue, Cleves, OH 43002 US A
Tel: 513 4467 9000 Toll Free: 877 263 7610 Fax: 513 467 9009 E Mail: sales(@ Tisch-env.com

$2.645.00
$3.525.00
$1.650.00
$780.00
$485.00
$60.00
$95.00
$11.00
$140.00
$11.00
$15.00
$150.00
$11.00
$17.00
25.00
$11.00
$37.00
$26.00
$19.00
$6.00
$270.00
$20.00
$160.00
$285.00
$29.00
53.00
$250.00
$70.00
$122.00
$275.00
$385.00
$197.00
$55.00
$610.00

$435.00
$195.00

(B8]
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PUF BLOWER MOTOR ASSEMBLY

TE-1004 PUF Blower Motor Assembly $490.00
TE-1004BL Brushless PUF Blower Motor Assembly $1.295.00
1) TE-1004-1 Blower Motor Flange $65.00
2)  TE-1004-2 Flange Gasket £10.00
3 TE-1004-3 Aluminum Blower Motor Housing with Integral Side Exhaust $156.00
4y TE-3005-4 Motor Cushion £10.00
TE-5005-4BL Silicone Cushion, Use with Brushless Blower $40.00
3}  TE-3010-4 Power Cord £12.00
6)  TE-5005-8 Pressure Tap with Nut §5.00
7y TE-1004-7 Back Plate $42.00
8) TE-1004-8 Motor Spacer Ring $14.00
9) TE-116336 Motor for 110V PUF System $97.00
TE-116125 Motor fer 220V PUF System $112.00
10y TE-33384 Meotor Brushes (2 per set) for 110V Motor TE-116336 $9.00
TE-33378 Motor Brushes (2 per set) for 220V Motor TE-116125 $10.50
GLASS CARTRIDGE AND TEFLON END CAPS
TE-1009 Glass Cartridge w/Stainless Steel Screens $25.00
2} TE-1026 Teflon End Cap with Silicone “07 Ring each (2 required) $23.00
3 TE-1026-1 Silicone End Cap “0™ Ring each (2 required) 54.00
4) TE-1027 Aluminum Screw Top Shipping Container $19.00

iof TR elie

MASS FLOW CONTROLLED PUF SAMPLING SYSTEM
TE-PNY1123 Mass Flow Controlled PUF PolyUrethane Foam Sampler. Includes 87 x 107
stainless steel filter holder with probe hole. 67 long spool piece, with endeaps,
blower motor assembly, 87 well type manometer. 7-day mechanical timer, filter
media holder filter paper cartridge, elapsed time indicator, mass flow controller
with 20 to 30 SCFM air flow probe, and anodized aluminum shelter.

$3.,450.00
TE-PNY1123BL  Same as above but BRUSHLESS §4,950.00
TE-3004PNY PNY Special Filter Holder to use with glass cartridge $325.00
TE-1123-1 6" Long Spool Piece with end caps (To Hold Foam) §398.00
TE-1123-2 Female End Cap (For Spool Piece) 571.00
TE-1123-3 Male End Cap (For Spool Piece) $71.00
TE-1123-4 Foam 37 by 3 3/87 Dia. Poly Urethane Vapor Collection Substrate (10 per pack) $48.00
TE-1123-3 Glass Cartridge w/Stainless Steel Screens $48.00
TE-1123-6 Foam 37 x 37 Dia. to fit Glass Cartridge (10 per package) 548.00
TE-1123-7 Silicone Gasket to Fit Glass cartridge 2 27 idx 2 3/87 od x 1/87 $10.00
TE-1123-8 Silicone Gasket Between 8 x 10 and Glass 471d x 2347 od x 1/87 $10.00

Tisch Environmental, Inc. — 145 South Mianu Avenue, Cleves, OH 45002 U.S.A. 3

Tel: 513 467 2000 Toll Free: 877 263 7610 Fax: 513 467 9009 E Mail: sales@ Tisch-env.com
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D. The EPA 1 in 6 Sampling Calendar
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2021-2022 1-in-6 Day Sampling Calendar

1 2 3
4 5 6 7 8 9 10
11 12 13 14 15 16 17
18 19 20 21 22 23 24
25 26 27 28 29 30 31

November '21

S M T W T B S

1 2 3 4 5 6
7 8 9 10 11 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28 29 30

1 2 3
9 10
15 16 17
22 23 24
29 30 31

4 5 6 7
11 12 13 14
18 19 20 21
25 26 27 28

1 2 3 4
5 6 7 8 9 10 11
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30

3
10
17
24
31

1 2
4 5 6 7 8 9
11 12 13 14 15 16
18 19 20 21 22 23
25 26 27 28 29 30

December '21 January '22 February '22
S]

S M T

5 6 7
12 13 14
19 20 21
26 27 28

W T F

1 2 3 4
8 9 10 11
15 16 17 18
22 23 24 25
29 30 31

S M T W T E S
1
2 3 4 5 6 7 8
10 11 12 13 14 15
16 17 18 19 20 21 22
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30 31

| varch22 B Apil22 May ‘22

S M T W T E S

1 2 3 4 5
6 7 8 9 10 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
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10 11 12
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24 25 26
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1 2

6 7 8 9
13 14 15 16
20 21 22 23
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E. AE-33 “7 Channel” Aethalometer Sampling Procedures

Instrument Settings

1. Time base: 1-minute (default), never 1-second

2. Max Attn: 120 (default)

3. Flow: usually 5 Ipm (with BGI 1.829 cyclone for PM2.5)
4. Other settings (see setup file)

“DST off” is important, DateFormat=US

“Measure Time Stamp” = before

Recommend 1-minute “warmup” (default is 3)

Flow Standards for reporting data - Use EPA “STP” (25C) defaults are (70F or 21.1 C)
==> Settings are not saved until you start a run

Prompt to save changes

Operational Checks and the Leak Test / Flow Verification (LT/FV) Done Monthly:

1. Instrument date/time check/set: monthly and after power failure

SET clock monthly even if time is ok

Time may change on reboot

2. Tape visual inspection check: at least monthly (each LT/FV)

Look for neat, evenly grey, evenly spaced spots with sharp edges. Also: how much tape left?
. USB thumb drive data download: Use USB Key, and bring files back to the designated Folder.
Monthly - QC files can be useful (log [FVRF], FV, LT, setup, etc.)

Data/Export menu, enter date of last download

Thumb drive must not have other files on it

a “.exe” file in the root dir will cause the Aeth to stop

All data are stored internally (50 years’ worth) on CF card

3. Perform Leak Test and Flow Verification together

Stop the AE33 by pressing OPERATION > STOP

Take the time to inspect and clean the sampling head, removing carbon, debris, or bugs from the
cyclone.

CAUTION: DO NOT BLOCK THE INLET FOR A LEAK TEST, this will only shut down the variable pump.
Perform the wizard in the instrument for the LEAKAGE TEST.

Use flowmeter without pressure pulses (TSI-4100)

For all flow verification, leak test or flow verifications, remember to always re-enter 25C for the
Temperature of the flow measurement. Also note that the flow is entered into the instrument in
milliliters per minute, not LPM (so use 5100 mlpm for 5.1 LPM).

Follow the steps that the instrument provides to measure the flow through the filter, and then the flow
through the FLOW PAD, (shown below).

Some leakage is normal: 7% filter “lateral” leak assumed and used in data calculations

AE33 Flow Pad: goes in with notch facing out towards you
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(Picture of the LT/FV Pad)

Example of filter leak test report (LT*.dat file)

Manual leakage test report

Serial number: AE33-502-00XXX

Date and time: 06 Mar 2015 10:12:15

Selected flow: 5000 mlpm

Flow through tape: 4920

Flow through calibration pad: 5140

Instrument leakage is: 4.3 %

Result should be ~3 to 7% and if you have leak > 10%: then take corrective action [new tape roll,
mechanical problems]

AE33 Flow Check (If Flow calibration is needed, then follow procedures in the Magee Scientific
Operator’s Manual).

Once LT is complete, keep the Flow Verification Pad in the chamber, and then proceed onto the Wizard
for the FV, which then happens at three flow levels.

Example of AE33 / 633 Flow Verification result.

Fin” is external flow measurement (at the inlet)

F1” is flow for sensor 1 (higher loading)

Fc” is total (“control”) flow, or “Flow 3” — controls the pump
Flow reporting standard: EPA 101325 Pa 25 °C

Fin F1 (%) Fc (%)

736 746 (101) 742 (101)

24702394 (97) 2387 (97)

41204190 (102) 4190 (102)
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Explaining F1 and Fc: instrument flow diagram

Valve 4
@ Inlet
LED SOURCE ‘ 0
U U U U U S {4 O
| Eilter I Orifice 1 Valve 3 Filter
v ®
Valve 1 Outlet
s2 s1 @ ®
@A"'O_@ @
Mass Mass P
— — — Flowmeter 1| Flowmeter C  Orifice 3 ump
DETECTOR ‘ Ow Pulse
') O Damper

Valve 2 Orifice 2

=1 for flow cal (adjustable - sets F2/F1 ratio)

Note location of F1 and Fc flowmeters (in series for flow cal) - red circles
Fc is controlled to total flow set point

Spot 2 (Sensor 2) flow not measured directly (only used for K calc)

4. TAPE CHANGE. When you do a Tape change, then perform an Optical Chamber Clean according to the

Magee Scientific Manual. (Or AS NEEDED).

About Every 3 months

AE33 / 633 Optical Chamber Cleaning - Easy, Important - AE33 is more sensitive to “stuff” in chamber

Interferes with K calculations — For Step-by-Step Instructions: see TAPI 633 Manual, section 5.6
Acrosol

(OMAGEE

1.Stop the measurement

2.Lock the chamber into the upper
position

a) squeeze firmly from both sides

b) lock the slider on the top

3.Hold the bayonet tightly and
rotate it clockwise. You will feel
when it will be released.

Remove the bayonet and inspect the
interior. If you have acess to compressed
air, blow inside to remove any dust or
other deposited material.

Re-assemble the chamber in revers order.

bayonet
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Wethalometer Model 633 QC Check Data Sheet

Station # Diate:

Location:

Time:

Szmpler #

! Opetator:

Instrument 5/N:

Flow Standerd Serial #

¢ Certification Date:

QC Check

1. Perform the leak verification prior to the flow verification.
2. Setany Temperature mputs to 25 degrees C.

Leak Verification:

Selected Flow mlm

Flow through taps ml'm

Flow through calibration ped mlm

Instrument Lezk 1= Y

MManual Flow Verification:

Prassure Temp Fm Fl Ve E2 Ve
1013 23
1013 25
1013 23

Mormal Flow %4 is 8510504, Flow Action is <85 or =105 Flow Invalidation is <0 or=110.

As Needed:

1. Assessthe statns of the tape and the spots on the tape.

2. Ifthe tzpe neads to be changed, then perform both 2n Optics Clean procedure. and 2 Tape
Change procedure.

3. The tape will nead to be changed shout onece every quarter.

Notes:

May 2021
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F. AE-51 Micro Aeth Quick Start Guide

microAeth® Model AE51

Operating Manual

L T

hitpc://asthiabs.com

© 2015 AsthLabs
San Francisco, California
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1. INTRODUCTION

1.1 Serial Number

Thie model and serial number e lociated on the
back gared. Fecerd e seial rumiber in the ssace
provided bekow, Pisfer 10 thess rumisens whenees
you call for servce.

Modal Ho.: micraAsth® Modal AES
Sarial rumber: AES1-5 -

1.2 Qverview

Resal-time Asosol Biack Garbon Persoral Exposure

Messuramant Devica

»  Puocest-sizs, lghtweght Asthalorneter (250 gj

=  Fast response: 1 sscond messurement Smebase

*  Low power consumption: 24 hour run tme on
ane chamga

»  Onboard data processing, logging and
diagrostos

»  Flexdble sanplitg optiors and wide dyanic

range
»  Filter strips for accurme sample tacking

The microfet Model AES1 is desigred specificaly
far Fvestigaticn of persors axposare b
carbonacecus partcies found in aribient air The
Fstument bs based on Asthakimeter tschrokigy
trat iss widely used For studying indoor or outdoor
air quisity, and for the rmobile mapping o the air
quaity Fnpsacts of lecalzed sources. The strumen
provides bigh quiity, shart time resobved data
it for assessing the real-bme concenration of
Black Carbor serosos in a mico-smdrenment.

The package includes:

»  microdeth Model AES1 Personal Exposure
Mo toe

»  Self-powersd, LED source [B80nm-IR), user-
sabectabie mecsireme fmebase settigs of 1,
10, 30, 60, 300 seconds, fow rate settings of 50,
100, 150, 200 milimin with inbemal actie mass
flow rmesasuramant and control

»  Sample collected and arahzed on a filter strip
corsisting of a TEO Teflon costed borosibcate
gl fier rmasda housed i a protective caing

+  USB-based power charger with AC adapter
{100-500maA) for internal SVDC lithium fon
tarttary.

+  USH chamging / interconnect cable

»  Flasible conductive sanple tubing (40 inchas)
with Swheel tube cormecion

»  Pack of 5 sample filber strips

*  CD contaning
- mikcretethCOM cornenunicationns softwars and
USE driver
- Oiperating Manual

*  Quick St Guide [hard copy)

For further information on this instrument or Black

Al ke

Sat Francisco, Califernia
ezt st oo

mikzoAath” Model AES1 Cipomating Manual

AsthLabs
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1.3 Instrument Diagram

Figure 2: Fllter strip slot

Figure 1: microAeth front panel

Fiter strip with locating pin
(behind cover)

e

™ Outtet

2
/ e

bt Aert light (red) Running Ight (green)

Figure 3: microAeth rear panel

. Seral number

- USB Port (behind cover)

- Charge indicator ight (yellow)

AethLabs microAath’ Model AZ51 Oporating Marual 3
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1.4 Technical
Speciflcations

Measurement Principle
Foesadl-tima analysis by measuring the rabe of change
in absorption of transmitied light due to continuous
colection of asrcsol depasit on filer. Measurameant
af B850 nm inerpretad & concentration of Black
Carfaan BT

Measurement Range

-1 mg BCAr, filter life ime depandant an
concantration and fiow rae setting:

avg. 5 pg BCm fior 24 hours @ 100 milmin
avg. 100 pag BCAm* for 2 hours @ 50 milfmin
avg. 1 mg BG ™ for 15 mirutes & 50 mlmin

Measurement Resolution
0.0 pgy BCy

Measurement Precision
=01 pg BCA®, 1 min angy, 150 mbfmin Sow rate

Measurement Timebase (User setting)
1, 10, 30, 60, or 300 saconds

Flow Rate {User setting)
Interral pump provides 50, 100, 150, ar 200 mlimin,

monitonsd by mass flow meter and stabilined by
closad-loop control.

Sampling

2 mm spot created on filer strip containing insert of
Téxd Teflor-coaed borcsiicate gass fiber flter roaterial
PMZ.5 size selective inlet available,

Consumablas
Filter stripe 1 filker ship per sampling event, typically

orus pir dlary. High conceniration sampling may
réguing mone than one filber per day.

Data Storage
4 MIB irtermal flzsh mamary, providing ug o 1 manth
data storage when opersting on a 300 second
timetorme, ad 1 week when operasng on a 80
second timetase.

May 2021

Communicstions
USE comnnecthity to Windowsi-bassd PC with
it

Data Qutput
Imternal data fles ars uploaded o rmicrodesiCORM
PC saftware and stored on local disk.

PC Software

micrhathCOM softwans b ncuded. Provdes visual
irterface including mal-Srme BC mass concartration
waues, Faclitabes setings configuraton, calibraton
routines, downladng dabs, s uslcading new
Irestrumerd. femvweare.

Dimensions
AT mm)Lx28iniBEmmWxi15in
(38 mmpD

Welght
Approximately 082 e (280 g).

Power
Irrtesmial rechangeabie Ehium-ion batbery.

Power Supply Adapier
Ingart: 100-240 VAC SVB0 Hz 0.2 A
Cutput: SWVDE 70,54

Charging Time
4 hours to full charges [Lsing AC adapber, instrument
burmd of).

Total Fun Time {Single battery charge)
Minirmuwrn 24 hours @ 200 sacond Smebese at 100
rrilfrnin foee rabe. Fun ime may vary doe to Pld

mikroAath” Medal AES1 Cipamting Marisd

AsthlLabs
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1.5 Symbols and Cautions

1.53.1 Explanation Operation Symbolz

Operation indicator

Charging indicator

Asmosol ikt

Asrosol outlet

System aert indicator

Filter strip orertation damow (point
indicates crientation of upstnsam
fas of filker strip)

OriCef

USE port

HCI>d e

1.5.2 Important Safeguards

Plaase read these safety instructions complebay
befiore operafng the instrument, and keep this
mansl for fuhee reference. Camsfully obsaree all
wamings, precautons and instructions on the
instrument, or &5 described in the operating marusl
and product lisratura.

Do not exposs the microdesh or s batbedes to
sources of excesshes head such as sunshine or fire

1.5.2.1 Power Source

The micrafsth should be operated anly from the
type of power source indicated in the instrumeant
specifications. I pou ame not sun of e type of
aletirical power supplied o your horme, consult your
dealer ar local poreser comparny. For those devoes

May 2021

dersigned 10 operate from batbery power, or ofar
souwrces, refer to the operating instructions. Also,
the connections on bath ends of the USE inerfaca
cable are designed o be inserbad into the AC
powen'charger adapter or the microAsth only one
weary. Thesa are safesy feabures. If you s urabie to
iresert thes AC plug fully inbo the outhet, try reversing
the plug. If the plug should =l fail o fit, contact
dgtinl sl

1.5.2.2 Object and Liquid Entry

Wewer push objects of any Knd into the AC power
charger adapber or indo the microfath (axcept for
the filter ticket) through openings as they may touch
dangenows voltage points or short out parts that
could result in a firs or deciric shock. Mever spill
liquid of &y kind on the microdeth or its electrical
accEssories. Ths instrurment should not be axposed
10 rain or moisiure, and objects filed with lguids,
such as vases, should not be placed on this
irstrument.

1.59.2.3 Accasaorias

Do not w=e accessores not ecommended by the
ranufactune, as they may cawss hazands.

1.5.2.4 Sanvicing

Usa extra cara when sandcing the instrumernt
yoursall a8 opening or nemoving Cowers aaposes
sansit internal hardwane o potential damage.
Refar bo Al sarvice documenbrtion and trained,
authordzed Sandce personnel for assistancs.

1.5.2.5 Replacamsant Partz

Only ganuine AsthlLabs parts should b usad in
the micrahath. Only trained, authorized service
personnel should make repairs or install replacement

parts.

Lithium-lon battedes are recyclable and should
b dizposed of property. Caution: Do not Fandles
damaged or leakdng Lithium-lon badteries.

hathlLakbs

microfath” Model AES1 Oporating Marual
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2. CONFIGURATION AND OPERATION

2 1 Overview

The AesiLabes micraAsth® Model AES1 is a high sensitivity, minkste, portaiie Rstument designad for

measuring ihe optically-absorbing Black Carbon ['BCT) componant of asmsol particles. The instrument s
bemsed o the wel-estatlished Asftdometer principhe used for aver 30 years i1 laboriony-sosd arakpes.

The ricrafes driws an ai sample ot a fow rate of 50, 100, 150 or 200 mifmin theough a3 mm diameter
portion of filer media. Optical transmisson though the 'Sersing’ spot s memsured by 2 ssibilized B30 rm
LED light seurce and photo dicde detector. The absorbance ('Astenuation, ATN') of the spet is measured
reskative to a1 adjacent ‘Reference’ portion of $e filter once per thnebase period. The gradual acoumulsion of
entically-absorbing partiches lads to a gradual increass in ATH Fom one perod 1o the next. The air low rase
trough the spat s rmeasued by a mass fow sensor which s sso used to stabiize the pump. The eectronics
ard microprocessor massurs and Slons the data sach period to debermine the inerement during sach
timebass. This is then corveried to.a mass concentration of BC expressed in nanograms per cubls méabar
Irgir® using S1e known opfcal shsorsrice per unit mass of Black Carben matertal,

Thie instrument's operating paramebers am et up by an external softwars application (microfetaCOM) ad
uphoaed b tha micmAsth by 2 USE interface cable, Operstion s completely autormatic afer the instrunent
i switchied on. Duriig opéanstion, the microprcessor performs the optical measuemants, misdsunss and
stabilizes tha air fow, calcutates e BC mass concentration and recomds dita 1o biterrsd non-volathe mamary,
Thue chistaa rmary be downloaded at a e time by the same extemal software package.

Thua rnicroied darves s power from an irdemal rechangeabls Battery. The same LISE interface cable Serves
‘b reachanga this battery from afther the USE port of a conmesbed sxtermal computer, or an AC power Supply.
The instrument will operatis for B to 24 hours on & singls charge, depending on operational sestings.

8 mikroAath” Modsl AES1 Opamating Marwal AathLabs
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2 2 Recommendations for Best Use Practices

The small size and ght weight of the microfethE Model AEST allow it 1o be used o gather data in a wide
ranga of opserational sceranos, not aways possible using anger instruments. Optimization of performance
across this braadth of apolications requires an understanding of operational settings, precautions, and
marenancs procedures. The folloaing recommandations pronide general guidedines.

2.2.1 Instrument Ssttingz: Measurement Timsbasze and Flow Rats

In crder to get the best data from the micmAsth for the sampling campaign, we highly ecommend hat e
instrument warm up for approximatedy 10-15 minudes 5o that it can equilibrs to s emdronmeaent. The
microfath can aguin data on fee imeess settings: 1, 10, 30, 80, and 300 saconds. Tha 1 sscond timeboase
should anly be e under spacial dreumstances whers a decressed signal-to-noize ratio is acceptabla. A
this seting, instrumental noisa is larger and typically raquires post-processing. The micnodath pump can
operabe at four Sampling fow rate saltings: 50, 100, 150, and 200 mbfmin. Tha cholce of thse parameters
affects the operation and data &= folows.

Battery Fun Time on Single Charge: Afectied by fow rate and Smsbase.

NOTE: Battery life will gradually diminish after many aycles |~ 1 paar of use). The following are approximite
runtimes: which can vary based on individual microfath instruments and specfic emdnonments.

50 mil/min 100 ml'min 150 mil'min 200 mb‘miin
1 s=cond = 21 howrs = 18 hours: = 14 hiours x 12 hours
10 second=s = 21 howurs = 18 hours 2 15 hours = 12 haurs
) seconds 2 Z3 hoars > 18 hurs: = 15 hours = 13 hours
) spconds o= 28 hours = 2 o = 20 hours = 15 hours
300 seconds e 30 Fuoaurs = 2 s = 21 hours = 15 hours
individual Data Point Modse: A 150 mbfmin, prirmarily affected by timebase setting,
1 secand 60 seconds | 200 seconds
= 5 ugfm?® = 01 wg/m? | < 0.05 ugi/m?
Effects of Contamination, Yibration, and impact: Primarily affected by imebase setting.
1 second 10 seconds | 30 seconds B0 seconds | 300 seconds
very large large moderate moderate least effect

hathLaks
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2.2.2 Recommended Settingz of microfsth® Modsl AE3 for Differsnt
Scenarics
Differer Black Carbon measurement Soenarios require differsnt operational satings for optimum
performanca. Tha 1 sacond Smebase satting IS a Data Acquisiion Mode' inbended for subsadguernt
processing, and should NOT be vsed for outine monitorng. Data collectsd on a 1 second timebasa should
alwarys ba smooad or averaged over longer padads, In order to optimize the sigral-to-nolss ratio at the
dasinad time resolufon.
Lomgest Filber Life Shortest
50 mil'min 100 mbfmin 150 mil‘min 200 mL'rmidin
'Ciata utsition Mode'
‘Drarta uisition Mode' | ‘Data Acquisition Moda' | “Data uigifon Moda' for higher time
i% fior imm SmEsEons for ermissions and gher ima resolution ot ower
and Impacts at high a.n:lljm in typical IJI‘bEI'I resalution ot lower BC BC condentrations
concentrations. concentraticns. or shorer sampling
durations.
Traffic and transporafion Traffic and Traffic and transporation
s impacts in high BC Tralfic ml-s ransporation impacts at lower BC impacts & lower BC
concantrations. PGS conoantrations. conGertrations.
Recommended Setting P i
far Genaral ications.| Personal Egposure ; ™
Rersorat Exposits | personal Moritaring, Traffi: Maritoring. Traffic
Moritoring in high ?ﬂ'" mpact. Amiblent
WE | BC concentrations. Morivcring. R mpact. High tme mentorivg. Highe
; impact. High time resolution ambient -
Ocoupitional Exposura. | 0 0 s et monitrig sansitivity for low BC
) ConGertrations.
mianitaring.
Parsonal Exposura Parsonal BExgposurs Parsaral &
60 s Yo sy, reorsanal Exposure | Moritoring. Indoor forirg, Higher
afional Exposura. Chasle Alr Cusality. Low BC sersitwity for low BC
High BC concermrafions. ConGantration. GonGeriraions.
Exidernicl . dericlogy ':F‘d“'“"""ﬂr-
Ao rru:rllh:rnn ror Epiderniclogy. ﬂrnuEnFn‘:nHu'In; rchoar Arsa monitort rdoor
2005 | U Gty th BG | Area monitoring. Indsor | M0 TRt R e air guality. Lowest BC
conGantrabon Sir quakty. conGentration. :n-n'ém Lowesst
ata nolse.
] miroiath” Model AES1 Opamating Marual AsthlLabs
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2.2.3 Contamination, Maintenance & Clsaning of Sample Chamber

If a locss particha of contamination anters the microdath's sample chamber or the instrumen axpeiances
wibration or impact, the data wil be degraded. Shaking or tapping a “dirty™ instrument will creeta data
exoursions that ara far langer than thosa of & “dean”™ unit. These effects ans amplified greathy at the shorter
tirmebase settings. Our recommendations for cheaning are based upon the likalibood of contamination and the
rature of use.

Contamination Probability for Yarouws Use Scenarios

Sampling Scenario Contamination Probability
Diry, dusty emdronmeant High
Oecupational sattings with combusfon axhavst High
Exgaiirs 10 "oily™ smokes such as I'jl._'l"n.ﬂﬁ-b.lm.ng L‘Jm High
2-cychs anging ax

Presance of suspended Auff, fibers, pollen High

Immiediate vicnity of taffic and roadways Madium

Cutdoor urban amdronments Madium
Outdaor rural erdronments faithout dest, fuf, pollan) L
Residential indoor emdronmients Lenw

Recommended Mours of Operation Beteeen Cleaning & Maintenance

Sampling Scenario Contamination Probability

High Medium Low

Mobila zampling with impacts: an parsan or in wehicls 100 200 400
Mobils sampling on cushioned support 150 300 G500
Stationary sampling, relocated during operation 800 a00 1200
Stationary sampling, not moved during operation B30 1200 2000

NOTE: If a microCyclone™ |5 being used with your microfeth, please clean | on a frequent basis,
depending on sampling environment and conoentrations.

AathLakbs microdath’ Modal AES1 Opomting Manual 1
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2.3 Filter Media

IMPORTANT NOTE:

* Always make sure that a filter strip is
installed in the microActh when it is
operating.

* Whenever the filter strip Is exchanged, the
microAeth should be tumed off to prevent
dust or debris from being drawn into the inlet
and analysis chamber.

2.3.1 General

The sample colection and anaysis s performed on
a fier strip, consisting of a small section of fiter
materid held between and supported by a specially
designed flter holder 10 create the filter strip
assembly. As the asrosol sample 8 drawn Srcugh
the fiter media by the instrument's integrated,
Interrss sample pump, the aerosol sample collects
gradually on the filter medium to create a gray spot
3 mm In diameter. The microAsth determines the
attenustion of the source light as the accumulated
black carbon ncreases the opScal density of the
filter spot. After the optical density ressches 3 certain
level, the filter strip must be replaced 1o maintain
measurameant integrity.

To maintain a leak-free sample path, the filter strip is
clamped between two halves of he speing-loaded
samping head. A release button opens the clamp to
allow the fiter strip to be Inserted and removed. A
locating pin in the head engages in a matching hole
in the filter strip halder 1o ensure cormect placement.

2.3.2 Filter Strip Inzstallation and
Removal

1. The sample deposit side of the filter strip is the
white side. When the filter strip s instaled in he
sample chamber, the white side of the fiter strip
should be facing the same drection as indicated
by the white arrow on the faceplate of the
microAsth

May 2021

Figure 5: Top of
microAeth

Figure 6: Bottom of
microAeth with filter
strip release button.

Figure 7: White sample deposit side of filter strip
faces the top.

Figure 8: Metal side of filter strip taces the
bottom.

2. Hold the microAsth in one hand o that the filter
chamnber reléaase button is on the bottom of he
endlosure (Figure 9) ( of the icons will be right
side up).

w

Loosen the rubber cover on the from of the
microAeth by puling the tab away from the
instrument. This will expose the filter strip slot.

Figure 9: Inserting and removing filter strip while
depressing filter release button on bottom of
microAeth.

mizroActh” Model AES1 Operating Marua!

AethLabs
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4. Iif thers ks a fiter strip alrsady installed, dépress
the releass buthon with your thumb and pull the
fiter Strips owt of the sampling hesd.

5. Install a new filer sidp by pressing and holding
the releass buthon and then irserting the nesy
filter strip iro the sampls chamber opaning with
the white plastic sde facdng up (Figure 3).

6. blaks sure to push the new fiter Strip all the way
ity thes slot and that thes locating pinboks on the
filter St i not wisible.

7. Release the release bution and werify the
locating pin has registerad property in the fiter
Strip locating hola.

B. Feplace the nubber coeer. A tght fit i essantisl
10 prewent the ermry of comamination and stray
light into the sample chamibear.

2.4 Power

The power Swiich is locabed on the from panel of the
instrument. There ara two options fior rechanging:

s USE o PC-USE port (S00mA): 4 hours to Bl

change
= USHE 1o AC-UISE wall adapber (S00ms): 4 hours

o full chame.

The insrument uSes a LISE-based power charper
(100-500ma) for intemal SVIDG lithium on batbery.
Thea yellow changing light illuminates when the
microfath s connectad 10 an external power Sourte
and s recharging thea battery. When the bathery is
fully charged, the yallow light turres off.

May 2021

2.5 microAethCOM PC
Software Installation

The micrashethOM softwans application s desigred
1o install and operate on a PO using Windows® XP
with Service Pack 3, WindowsE 7, and Windows®
8. All software components ane induded in tha
irstaller named microfathiCOM Instal. sxe which s
located on the GO included with the microfeath or
Gan be downloaded from the Asthlabs websie, This
irstaller will install the microfeshCOM, ranual fiow
caliration software and the Smmwane file.

1. Do not commect the microbeath o the LISE port
o the computer undil the software irctalation s

complate

2. Maks sume thart pou hanes the necessany user
privibeges on your compuier fo install Ssoftwans.

3. Locats and double dick
miksrafsthCOb Installaxd b start e install,

The installér will prompt you throwgh the setep,

¥ User Frmreri Dol
1 Doy w30l kowy e Folipwningg program frommian
- unkrgan pulbd idher o make change o his compuen?
Wi Awes oo i W (0 el B Lea e
Bankibim Dk mere
Rl i Bt bl i e
[=] Show deish Ll P
Ll aiyr e aonficper) popee
- [ EE———— = = |
Welonme o the meonofehicos

Lrftup Warard
T T [y S— e pen—

I i T e O aokol o Bekes
iU

0 it ] e et O, ] O D

hathlaks
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4. In order o instal the microAsthCOM software,

plesse read and accept the license agreermnent.

- Setep - odtnCOM .
L r Agrewmand

Patar bl T i, a0 (S el S N

Prnnr as ¥ 0 by ot S . (s rvmi w | b b
B e el S Sedng W T e IO,

END USER LMCENSE AGREENMENT -

READ THIS END [SER LICENSE AGREEMENT
I"AGREEMENT") CAREFULLY BEFORE USING THE
ACTOMPANTING SOFTWARE (THE “SCFTWARE™)
BY DOUNLOADING AND USING THE SOFTRARE
YOU ACENOWLEDGE THAT YOU HAYE READ THIS
ACIRFEMENT THAY VOIm INDEFRSTAND 1T AN ™

LR e ]
€ 3 108 A D By it

5. Plaase review changes to micreAethCOM and

frmware.

. Setap  oabett COM -

ot wrwns b
Pbbad bl T Nt mnial of | Al Wi 2 G

Ve pme aw rmady b b sl Setan b Vet

hnml{h(\wu.-? ae -

~ Nappert by wonotety Wackd 85T Svwees s 708 e
wpvarwts m weves N5 beion) Setlety recormete
et o v wtrwrd bemewy ko e NE ke son fostuen
Wl v (TN

Duralins Con som bt dueonded s e DAT or CEV Bty e
et LU R B

v

= IR MM CRONE e 20 BEpiryed i X000 MY ol

" Bt ot » Comnt

6. Select he directory location where

microAethCOM, manual flow cibration
software and the firnware file should be installed
on the computer.

- Setup

Crbeod Do e | e e
Ve # IO b T CTM b el

Wkt COM -

] T R e D e L

I i, At et B e st B s 5 e e, Art Svne
[ $v-gm Py oy ] Er—

B e e R e ]
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7. The communication drivers will nead to be
Instaied next. The installer wil peompt you
through this saction of the setup.

Devies Driver Iactaiaton Winysd

Welkome to the Desvice Drtver
Trstalation Wizaed!

T wiand S0e vou Pl e ey i it s
sy Srerar rewd = e As v

200t N P

w _1LE len

8. Once all the correct drivers are installed, the
setup wil be complete.

» WAL - I ORA OV - 2 N

Completing the microAethCOM
Selup Wizard

S0 e St rin g DA AT COM 0n Our RPN
. T AR T B Sunchec I g O amaied
v

Ok P b oot S0

A
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2.6 Operation and
Communication

Before starting a sampling run, it is recommendead
thrt the user wewify all parameter sattings. A
description of sach operating pararméter and

its configuration is described in section 2.8.2
Configuration of Instremeant Opeating Parameters.

Tha microAsth startup sequence automatically
begins when the power is turned on. Sampling

and data collection begin starting the neod mirube
afber the startup process 5 complefe. & new
maasuremert data filke s ceated for the nes
sampling session. The microdéath will continues
sampling and stodng dats wuib] $e instrorment is
shutdown. A shubdown, the data file is dosed. Any
activa sampling session and data file will dso be
closed if data s downloaded or erssed or if seitings
are =aved to the micrsfeth. In order o start a new
sampling session, the micrafath must be restarbed.

Status indicabor lights locaied on each and panel
aof the micrahath provide information regarding the
instrument operating stahis. Plasse read section
2887 LED Statis Indications for more irformation.

2.8.1 microfsth Opsration

IMPORTANT HOTE:

= Absays make sune that a filter strip is
installed in the microdeth when it is
operating.

*  '‘Whenever the filter strip is exschanged, the
mioredeth should be turned off to prevent
dust or debris from being drawn into the inlet
and anabysis chambeer.

= A new sampling session and data file is
created each time the microfeth i turned
on and completes the smiomatic startup
SEqUenoe.

= Any active sampling session and data file
will be closed i the microfeth is shutdown,
data is downloaded or erased, or if settings
are s=aved to the microfeth. In crder to start

4,

May 2021

a new sampling session, the microfeth must
be restarted.

Maks suee that a fiber Sirip s installed in tha
micrAsth. Turn on e microAsth by depressing
i powesr button for 4 seconds wti tha
micmAsth beeps for the second time and the
red and green LEDs lluminae fogether.

Raaass the power button and walt for & few
senonds. The pump will tum on and the LEDs
will then bagin o biink on and off in unison
about every second il the baginning of tha
mexct rinute. Whan the LEDs stop blinking, the
instrumént will chirp indicating fhe start of data
colaction.

While the unit & operating, the green LED wil
biirk periedically. If the unit = set 10 store data
tox it inbernal memory, the green LED will amit
single biinks avery few seconds. If it kas been
sif o shore dada inbemally and stream data, e
grean LED will blink twica every few saoonds.

Start the microfathCOM softwars.

T [-]

Pl puood
Tawprs
LIy BT

sy [yp—

AathLaks
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5. Comnect the USB cable %o the microAeth and
your computer.

6. After the microAsth establishes communication
with the microAsthCOM software, the
connection status in the bottom left comer of
the main screen will change to Connected and
the microAeth sertal number, status, and setfings

will be dispiayed.
ovosheriOM i
Sy e
Deves ARS] 5479 10 Fow ot gord %0 rdewn ——p——
Faorwssn 26 Tretwa 0 o

Toe 38 A 200 507 40 Dby rmaong 33 4%

T

T~ ot il
Do bl

7. W e serd number, status, and settings are
not displayed, disconnect the USB cable and
reinsert it.

May 2021

& To shut down the microAeth through the
microAetCOM software, click Options then
Shut down microAeth. Depending on the curent
settings of the microAath, the power button on
the front of e instrument can be used to shut
down tha instrument.

—
Ty o
Flom 4ot it O swwy ool daa
Tt 2 a0 Som & e
Batuwy s O %
Mewary owanwy % (nagogh
o}
Ty
- Gea |
e 'y
“. PR
L)
B . 2 {"H 3 ] - o Y . . 1 ‘
[T T
T . Mvwn o s S Tew A K

B

R

2.6.2 Configuration of Instrument
Operating Parameters

IMPORTANT NOTE:
* The microAeth will not collect data with new
saved settings until it has been restarted.

Al Instrument pararneters ane configured through
e micraAsthCOM user interface. The varlous

parameters e acoessed through Settings in he
Options menu on the tool bar,

1. Turn on the microAeth.
2. Stat the microAethCOM software.
3. Comnect the USB cable to the microAesth and the

computer. Wait until $he microAeth establishes
communication with microAethCOM.

16
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4. Click Options then Settings

Rl Lae o
Oy
v
Fow st powt. ¥ i [
[rerr —— Twetame X0 s Pon ol
Gndt Aume smnledvd By mosem) 3%
IR Mcyrwony (0% e e
i
" }
. 1
- '
| Dean)
o
- 4
: ‘. 4
w f
Lns hn g
O L v - N Tor Tow b &E
-
e —— e w—.—
—ns e R

5. On the Setfings screen, the microAeth can be

configured.

May 2021

6. When all settings are selected as desired, click

the Save settings button.
VRN 3]
s
Seteryn -
-
TR e | Jeeneva
RMEmI) I [Ye—— ~
# T - =
BaEaL m.w_
Pt ot
B e PR creeessessseea -
Teetese
w s
e ey s
T~ e e Ty e K
.
= - Oweisd  iom ™
 r——

7. Once the settings have been saved, you wil

PRI a
yame be prompted to shut down the microAath. The
Oevens AL S = microAeth will not collect data with the new
Famwosw
T et v - saved settings until it has been restarted.
Toe W) quxusiixm N ooy
E R S -
LA FTE LR T ) Befilus et = PRTMACOM D
LR ~ »
O 4. e e
R, L e ’.-'-' Dover AL ey -
§'~ T rwetes Favws = =
g . L » e M) sudoiiism o h——
17 & -t R e ] »
) K - Usy hme (e muiatezme el "
55 - ) -, |
[Ppe—_— - ' e ale (M
™ - = s o s _lon b=« : L1 Thm dnens ol vt sndew e sl 4 wnam Vadd pes Mete Bhs s e
E . it i ol S, e &
- .
{ e )
o — e ——. rtn] [etants —
c . "
— T il P = s far Tem e
L
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28.2.1 microfsth Time & Tims Sync
Thes tirr on the micradeth ks displayed . In order to
syrse the fime on the microdsth with te PG time,
elick the Syre with PC time check box.

It & very imgsortant o confirm the date and tima
of tha PC prior 1o synchronizing 1o the microes.
Orce confirnad, it is good operating practice
ber alwearys synichronize the date and time when
configuring the micrAsth befons stating a nes

2.8.2.2 Flow Sat Point
T fioer Sét point permits the wer 10 select a flow
rabe sed poirt of 50, 100, 150, or 200 mlmin

Wi recammiend using lower flaws in ansas with high
BC concentrations, md bigher fow rates when
maximum sensitivity B requinsd in sees of low BC
concantration. A lower flow e shoud g be
sedected for longer run tmes and exterded battary
. Plagss sad section 2 2 Best Lse Practioss
Rascornrmendations for more imformation,

2823 Timsbaas
Thie timebass parnibs the user o Select an aralysis
timebarse perkad of 1, 10, 30, 60, or 300 Ssconds.

W recommend 30 or B0 seconds fior mest “human
expasure’ or ‘amniblent monitorng' use. Faster
tirmabasaes will result in highsr nai=e on each
miedsurermant point, and an most useful aither fior
direct souree montoring (talpipe aratysis) or for
other appiications requirkg extremsty rapid data. A
J00 second timebase can be vsed o sdend ety
e and run tima. Please mad saction 2.2 Best Usa
Practices Aacommendations for mone information.

2.8.2.4 Operating Mode

The opérating mode parmits the user be configure

data storage and sEeaming opSors.

= Store to flash savés dats o e inbemal meamaorny
anly.

= Flash and streaming sawes data to the imterral
memary and outputs & continuous data stream
through thea LISE port.

May 2021

2.8.2.5 Shubdown Mode

Tha shuidown modé permits the wser o configuna

how the instrument |5 shutdown.

=  Simple mode wil dlow the microAeth 10 b
shut down by depressing the power Button fior 3
saconds.

*  USE onby mode will only allow tha micraAeth
10 be shut down Lsing the micrshethGOM
Softwars.

*  Seoure mode will allow the microdaeth to
b shut down by pressing and relessing the
power buthon thinss times in Sucoession. Tha
srmoothiy-timed Saquencs is coondinated by
a simultanssus baep and bliink of the red and
green LED indicator Bghts,

Each cydda of ths Secuna mods takoss about 1
sacond &S follows:

1. Press and hold the powar Button,

2. Wi you hear/ses the first ‘besp/blik’
releime the butten quickly.

2, Wi you haarsss the next beap/blink’
tquichly press s bold the pawer buttan.,

4, Whar you haarsss the next beap/blink’
neleme the busten quickly.

5. Wher you hearses the next besp/blink’
tquickly press and bold the pawer button.

8. Wher you haarses the next besp/blink’
ez the butten quickly.

7. The micreeth wil then shut down

26,26 Sound Notifications

The sound netifications seting permits the user
to sebact If the audible notifications sseed by the
milcrodieth are turned On ar OF.

18 mikroAath” Miodal AES1 Onomating Marual
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283 Dn.wnlnﬂding Data 8. Salect the db‘ﬂ.‘.h:ﬂ'_r te sarve tha data. Tha data
will b saved Ina folder named AES 1 -S3-200( -
1. Turmon the microtath. YYMM in this drectory.
bt a
2. Stan tha microssthCOM Softwans, (e
iz AEE1 i F o Pk ||
ra s o
3. Cormect the USE cable to the micrabeth and the | o wn =L
cormputer. Wik witil the microAsth establishes L Eete 2l
sornemunication with microdethiEOmM. = —1
_ s Y e ]
o m |lior || o=
el - | '
Cwvize: AEE1-54-1% TEG Flowoosi poind: MEINSn | e e =
Famemda M- Torsosss 1wt Cnd i i
Tie M iR SOTA0FA  Datary remainig: 55 % | =
s Hercsroranng 10 5% = "'"T: . .
:,. I- -
g. . ) : ] k] R 1] L
; - ; -.h-q_-:;.—w - [——

7. Wait urtl $he dowrload has complated. The
T progress bar in the bottomn left comer of the
miain Stréen wil Show you Fia progress. of the
dowriload. The status window will also inform

et g e ol T ey [ e—re—— you whien thes download is h:lﬂ'lFiﬂ'I.ﬂ.
ot
e R a
4. Click the Download data button ta downlaad o
the data stored on the imterral memony of the Coves AF ...
Farsds X
rilcrafsth T e
Tae 35 il =
[ i
5. Select DAT or S5V data file type to download. S - —3
[rp—— ] | ALY
g E° ]
Cwacs SERIG4-TSE1NE Fiewsspont HONE | oeanae i
Frrasss X Tirmshas d) S Do e =1 ] il =
T S5 il 005 HH R P Fralt pry oy 't L i
e + , — —— - Chas T Pl Dm0 Pem Ty e K
g : [mi"fl‘rﬂ'_- ]
i _ S — 0 R [
Pt Fm Tl e
Lewk Ll ki
= e e B AT B Tew G B8
«
iy iy ooy e T g [ —.
-
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2.6.4 Eraaing Diata B 'Wait undl thes data arase has l.'.ﬂl'l'lp*ﬂtﬂd Tha
stahes window will show that the memony
1. Turn on the microdath. being erased.
g TR a
2. Start the microfathCOM soffwans. oy
Dy BFD Ex ]
Fameoes X e
3. Connect tha USE cable to the microAsth and the T 30 || [ |
computer. Walt uril the microdeth establishes T [T 3
commurication with microbathC0b. ST 1
== =
Cowame AES1-54-155 T3 Pl il posind W0 i B LER |
Famwa N Taraose B [y . =
Tare: 3 SaAAYIOTA0FA  Batbary mmsnng: 55 % ==
e Horcamrorang 1M % FESp— T Ty [T T—— ] e om L
E ] i g o e e L L]
} s

7. The stabus window will disappear wien the

T."L" Dy H L rarory bas Baan arasaed.
2.8.5 Viewing andfor Analyzing
it s ol —r ~.-.-..~:.-.- Measurement Data
=]
4. Click the Erase al data bution to erase al Diata files are named wsing the follewing naming
the data stored on the inbarnal mamary of tha cormeantion: AEST -S-3000- Yy Y YMMDD, wheans 00
ricriviath. is Eha instrurment uhigue indentifer rumber. Data

files are formatted such that they can be imporisd
B Yau will be prompled to confirm to erase ol tha dirsctly iro Microsoft Excel® or can be uploaded

data stored on the microdsath. o the Asthlabs welrsite. Plaase nobs ot when
e §]  oesning data fles in Microsoft Excel®, farmatting
o miay automaticaly ba changed, madng it difficult b
FrrFoma [ < |
e - upload to the websibe.
Famwosu | fa—
Tﬁa*. s, i puin e B0 P il e
g -
17 W L N
S
: aca I'III a
[T
e = Fulrrms L L1, s ey bw K
i Pl e Eleel O [ e
]
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2.8.5 Data File Structure

The data files ans plain tecd with e extension .dat or coe. The fila consists of a header containing descripthes
information; a ine idemifying the columns; and then a number of data lines with aach Hem sepacahed By a
samicolon or comma depending on the fle format chosen at the time of download.

An exampla of the header s

SDelimiter = ;"

fethLabs

Devioe 1D = AES] =54-558-1 20
Application version = 22.4.0
Flow = 100 mlmin

Timebase = 60 5

Start date = 201 505507

Start time = 1810000
Original date format = yyyyw MM dd
Orriginal time format = hhcmmess
Flow units = mkimin

PCB temp units = deg C
Battery units = %

BC units = ng/m*3

Date; Time;Aet; SeATHFlow; PCH temp; Status; Batteny;BC

Thaa first line of data does not cortain the final BC calculation; al subsasquent linas show this expressed in
units of ng'm™ of BC. A typical axcerpt of data lines & shown balow:

20 SFO5MT ; 181 Doddc S SR 00T AES 3005 906, 100;30:0cTd;

201 5F05M0T; 18:1 120008 22064 0505 91 2, 100;30;0 Td 730
20 570507 181 200822 2T e RES ST 5. 91 T 10029 0c 4321
20 5F05MT ; 18:1 Joddc S 2204 AESE1 505 8T 100; 26,00 Td ;560
20 570507 ; 18:1 4000822304 865151 ;5905 100;29:0c T4 61
201 5F05M0T; 18:1 Sodica 22 05 RES1 T5;5. 943, 10029 0c T4 4T
20 5F05MT ; 18:1 Sodc S E208RES1 1005962, 100;26, 0 TId B
201 5F05M0T ; 18:1 Ta00CA 22 NEAES0TT ;5. 958, 100;28;0c T3 340
201 5F05M0T; 1871 BoDlca 22 M RERCES S 10028, 00 T3 066
20 5F05MT ; 18:1 Goldc 8 2258 AENSS:5 470, 10028, 0c T30
201 570507 ; 18200008 224D RERCENY;S 975, 100;28:0c 73307

AmthLakbs microfath” Modal AES1 Opamting Manual 21
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2.6.7 Statuz Indicationsz
28.7.1 LED Status Indications

The microieth has one yellow LED located on the nsar pans that ums on when the microseth is charging.
The microiesh has two LED indicators, one green and one red, located on the front pansl immediately to
thue haft of the filler chamber. These lights indicate the instrument’s curert operating status. Tha grean LED
penarally indicates that the instrement & functioning propedy and ks or is not coliecting data. The red LED
indicator generally indicates that the unit is not opeating in a nomal sampling state. The status indications
signaled by the LEDs are given in the foliowing table.

Run Modes
Graen 1 heryg Bdink: & besy 2ound Stan of data stodng to internal mamony.
Green 1 blink every 3 sac Acquiring data 1o intemal rmemony.
Gireen 2 blinks ewvery 3 Sac Acquirng data o intemal memony and Stresming.
Grésen 1 oy Blink: every 1 ar 5 min Data writé 10 internal mémory (1, 5 min tmabase),
Status 'Wamings during Aun Modes [see above)
Gireen indicates Aun Mode (sse abows), Red Indicates Warning (see below)

| R 1 blinks ewvery 1 sac Waming - Chamnge filter strip
| P 2 hilirnks every 1 sec Wizrrirng - Battery low

| R 3 blinks every 1 sac Waming - Flow amror

Stop Modes

Rad & Green | synchronows 1 blink every 1 sac mﬂw: H;:gtguu:g gﬁ'ﬁuil } A’

. y Critical handwara aror:
A=peat blink onfoff sequence;on | O e hr skt
Bied Orly I:ir'nF is Same as off time. Emits o= - Lightsu E t1$ :E Errm:::
=erics of  tripke: becpe. = Light sourcs fesdback circuit amror.

2.8.7.2 Data Fils Status Codes

Reported Status Code in Dista File | Reason  Indication

1 Batbery Low

2 Flow ouwt of range

4 Change filter tickat / Serse signal out of ranga

B Optical sigral fesdback out of range

18 Power supply 5V out of range

a2 LED currant out of range

= Flash mesmary ful

128 Automatic shutdcwn ocourmad on configured Scheduke
o 0K - Irstrument aperating within specfications

NOTE: If mons than one states amor code 5 active Smultansously, the resulting code written to the dats file is
thwe Sum of the ermor codes shown in the table above. For exampla, | the batbery & low (stathes code = 1) and
thwe flow is out of range (status code = 2), the status code shown in the data file will be 3.

&2 mizoAath’ Modal A1 Opomating Marual AsthlLabs
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2.7 Upgrading microAeth 3. Gk Opticrs: fhan Lipgrade Firniars
Operating System Firmware — =1
]
Before upgrading the microdeth operating e A
[T Iretme
system firmware, make sure that all data on the afiary i
instrument has been downloaded. Aftar the e I_“"'__ T —
firmmware: has been installed, the memony of the :
microfeth will rsed o be arased. g
1. Start the microAshCOM Softwars. o
2. Comeact the USE cable 1o the microsath and s e e
the computer. Do not turn an the microdeth, - .
The microdathC O softeans will show Shat tha
bt s Disconnected. = 5
Pt sy s b ded [y [AT——
e a E———
Cmam
[emms Flow 5 puwed .
—— : 4, Inarder o install e irmwars on 5 rmicroteth,
T [T —. plaass raad and acoapt the Ecerss agréament
Ly i P A —
T [T ] [+]
1 pa
E Femille | pmu [ = |
E.: STE T S =
E}_.-%‘“‘"gﬁ.’%"‘.’?f..!-? ...._‘.T:lf o |..=
i ¥ xﬁ‘ﬁ!' e T -v-. it
[S—— e .p-l-;ﬁ'l-..q
: _"'h T T T WL : L -\.'\-. e ﬁ% -I&In: ,{_'.E:"‘..,T.,:_
E?t .u-.....; i b -"-'-eEiﬁﬁ-
' 1 o e, | Ml s ¢ e L WS i b
S - B B L | il s e B o B il B B el B
e ) [ [ b e Trnnmd Doy Fomeme
Kot el — =
"""'-—H—"""" [T —
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5 A waming window will appear 10 makos Sore Hhet
all diata on the devics has besn downlcaded and
to inform the user of what should be completed
after the upgradee.

May 2021

7. When prompbed, turm on the microdeth within 5
Saconds.

i e TRA

o e LA

& e e ean ooy | [ i

[ =R

i
(- rr kil [ = I8
[e— L
. e | T T S —
el i
T ——

TR L e L

1 B m e,
= P T b ghen B o e o e o o o B e
a8 [T
1

=T

= —re—r——r ==
-
o i e e B
—ri

B Salact fha he file PG hex e oo refers 1o
tha version mumber o irstall on the micnofeths

il CdA

B | the microfAsth i= not temed on within 5
saconds, the uwsar will Ba told that the desica
did not respond. The uSer will have to closa the
window and start the firmwars upgrade over
again. If this occurs, go back to step 4.

o [ = ] W
=
] Lo - T . i
2 ]
—— i -0 =
Ferwws =
s .
[y - fa—— i Yo s 0 il
Boamr e il ol i i 3 sl e
Femey plere -
< Lirr=e il
[if SR
o Haen
i P
.
W s v mwm 1 1
B el D i
. F - Sl Bama  ATH [ -
LE T = el ] B i +
g Carmsi
[ p——— e ——
D bel
g ey ] i b s ol A
oo o v
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8. IF the micrfusth B tumed on within 5 seconds,
the frrrnacare irestall ation will bagin. Tha mamory
will ba srased and e néw firmedans will ba
werithan Lo memory.

WA

e Toriey i e’

Py i -

e e

May 2021

11. IF o ermors are found, e firrmeeans installagon
will cormplete and the user will be promphed 1o
unplug the micnasfeth.

CEr e S L
g
Dwan -
b el e T
Trra e
S O i e
A
P .- S
e L)) WiE ~
= [y T ] [ -

e ol vyl

e e b e
P mmes peg

[ H= RN Lr]

100 Onca Bd Airmwans has baen installad, &a
rmicraAsthiCIOM software will check B memary

for amors.
WA
[
Darem -
Ferverw —
Trea Frmy it
ety e —

Geming i

12 After a successful firmwane upgrade, the
falowing should be complated bafore using e
micraAsth for a new sampling session:

= Set all instrument settings. Plasses read section

2 6.2 Configuration of Instrumert Opssrating
Parsmaters for more information

= Erase all data on flash memorg. Plaase read
section 264 Erasing Data for more information,

=  Check the flow calibration with an external
flowmeeter, Plasses raad section 28 Flow
Caliration Procadure for moma information.

AathLabs
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2.8 Manual Flow Calibration
Procedure

In order to complets a manual flow calibration

of the microdeth, you will need to use the

AES1 FlowGal software. The installation of the
microAathCOM PC softwans audomatically instals
tihe AEST FlowCal softwars into the dinsciory chogsen
by thes user during the installation pmooass. Pleaass
read section 2.5 micrasethCOM PC Softeans for
more information abowt the installation procass,

1. Inmstall a chean, unused fiker strip into the
microfeth. Plaase read section 2.0.2 Flter Strip
Instaliation and Réemoval for mone information.
NOTE: A pré-used flber strip with hesnry loading
may create an offset in e flow calibration table
of the microdeath.

I Connéct e axbernal flowrmeter B0 the inkét of
the miGrafusrth.

A Torm on the micradsth and the adermal
fovwmater. Lat Sa foermats stabilzs for af laass
10 rrirutes bafors use.

4. St the AEST FlowCal softeans.

5 Connact ha USE cable bo tha micnafsth and tha
compuer. Wait urtil the microdeth establishes

May 2021

- S b Wl el Be® - |
iy e it s
] o e S —
FeT. ppe—
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9. Then click the Save Flow Satpoint bution to
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flow calibration table stored in the instrument |
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min, the pump drive and internal flowmeter
values also increase. If this is not the case,
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this Esue persists, plaasa contact AsthlLabs for
further assistance.
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G. AirBeam Operating Procedures

AirBeam Technical Specifications, Operation &
Performance

POWER BLUETOQOTH LANYARD
BUTTON CONNECTION ATTACHMENT
INDICATOR POINTS

BATTERY
CHARGING
INDICATOR

MICRO-USB

INTAKE PORT

BELT CUP
ATTACHMENT

EXHAUST POINT

ADD-ON
SENSOR PINS

Hardware Specifications

Weight: 7 ounces

Particle Sensor: Shinyei PPD60PV

Temperature & Relative Humidity Sensor: MaxDetect RHO3
Bluetooth: Nova MDCS42, Version 2.1-EDR
Microcontroller: Atmel ATmega32U4

Bootloader: Arduino Leonardo
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About the AitBeam

Habitathlap worked with a commumity of scientists, educators, engineers, and other non-
profitz to create the AwBeam The AuBeam measures fine particulate matter (PM2.3),
temperature, and relative humidity. The AirBeam uses a light scattering method to measure
PM2.5. Aur 1z drawn through a zensing chamber wheremn light from an LED bulb scatters off
particles in the airstream. This light scatter 1z registered by a detector and converted into a
measurement that estimates the number of particles m the air. Via Bluetooth, these
measurements are commumicated approximately once a second to the AwCasting Android
app, which mapsz and graphs the data in real time on your smartphone. At the end of each
AnCasting session, the collected data 13 sent to the AmrCasting website, where the data is
crowdsourced with data from other AuwrCasters to generate heat maps mdicating where PM2 3
concentrations are Ighest and lowest As an open-sowrce platform, modifying our
components to take other measurements and or transmit the data to other websites or apps is
easy and encouwraged. We've even icluded 4ddd-on Semsor Pins on the AnrBeam to make
adding sensors sumple.

Power

The AwrBeam has a 2000 mAh 3.7V rechargeable hithium battery. When the battery 1z fully
charged, the AirBeam can operate for 10 hours. The battery charpes via the micro-USE port,
which can also be used to power the AirBeam directly. The Battery Charging Indicator tumns
sohid green when the AnBeam 1z charging and tums off when the AwBeam 15 erther fully
charged or unplugged.

Power On/Off

To power on the AitBeam press down on the Power Buffon. The AirBeam iz on when the
Bluetooth Connection Indicator blinks red. Push the Power Bution a second time to power off
the AirBeam

Intake & Exhaust
While operating the AirBeam be sure to keep the Jntakte and Exhaust free from obstructions.

Comnect the AirBeam to the AirCasting Android App

Download the AirCasting app from the Google Play store. Launch the app, then nawvigate:
menn button > “Settings” > “External devices™ > “Pair with new devices™ > “Search for
Devices” = pair with the device labeled “AwBeam . . . ™ (note that vou only need to pair once)
> return bufton > press “AnBeam . . . 7 > press “Yes” when prompted to connect. The
AnBeam iz connected to the AirCasting Androad app via Bluetooth when the Bluefooth
Commection Indicator 13 solid red and the AwrBeam sensor streams appear on the AwrCasting
App Sensors Dashboard.

Acouire AirBeam Diata via Senal honitor
You can acquire the AnBeam data wia the AMicro-USE Port or Bluetooth using a senal
maonitor.
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Programming
The AirBeam board iz based on the Arduine Leonardo, so you can reprogram your AirtBeam
using the Arduno IDE.

Add Another Sensor

You can add another zensor to the AnBeam using the Addom Semsor Porf When the
AnBeam 1z reshing on 1t’s back the five pms, from left to nght, are: Ground, 3V, 3.3V, Analog
2, Analog 1. Note that you must insert a tiny screwdriver into the slot above the pin to release
the pin.

Open Source

The AnBeam firmware and electronic schematics are available on GitHub. The STL files for
3D prnting the AtrBeam enclosure can be downloaded from Shapeways.

FCC Compliance Statement

Thiz device complies with part 15 of the FCC Bules. Operating 1s subject to the following two
conditions: (1) This device may not cause harmful interference, and (2) thiz device must
accept any interference received, including mterference that may cause undesired operation.
Caution: Modifying or tampering with internal components can cause a malfunction and will
void FCC authorization to use these products.

Thiz equipment has been tested and found to comply with the limits for a Clasz B dugntal
device, pursuant to Part 15 of the FOC Bules. These hmits are dezigned to provide reasonable
profection agammst harmful mterference in a resmdential mstallation. This equipment generates,
uses, and can radiate radic frequency energy and, if not installed and uzed n accordance with
the manufacturer’s instructions, may cause interference harmful to radio communications.
There iz no guarantee, however, that interference will not occur in a particular mnstallation. If
this equipment does cause harmful interference to radio or television reception, which can be
determined by turning the equipment off and on, the user iz encouraged to fry to comrect the
interference by one or more of the following measures: reoment or relocate the recerving
antenna; increase the separation between the equipment and receiver; comnect the equipment
to an outlet on a circut different from that to which the receiver 13 connected; and'or consult
the dealer or &n expenienced radic or TV technician for help.

Performance Diata

The below claims and disclaimers are based on comparizons between the AwrBeam a Thermo
Scientific pDE-1300 with a PM2.5 cut-point inlet, and teflon filier samples subjected to
gravimetric analyziz. The pDR-1500 is a $3,000, 2.5 Ib air quality monitor frequently used by
govemment and academic researchers to evaluate personal exposure to fine particulate matter
or PM2 5. Teflon filter samples were taken with a Leland Legacy 10L pump and PM2.3 cut-
point inlet and weighed at the NYLT School of Medicine’s filter weighing room, which meets
EPA gmdelines for filter condifioning, storage, and gravimeinc measurement of PM2.5 and
PMI10 filters. Filters subjected to gravimetnic analysis are the “gold standard™ for measuring
PM2.5. Additional rezearch is required to fully characterize the performance of the AirBeam
and we look forward to werlang with the ArCasting commumity to “fill in the gaps™.
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When prezenting owr performance data on the AwrBeam below, we include B2 or B-squared
values to mmdicate how the AirBeam compares with other methods for measunng PM2.5. B2 13
a statizhcal measure that mdicates how well data fit a stabstical model, m thiz case, the
prediction of the Y-axiz (AuBeam) from the X-axis (pDR-1500) using a lnear (straight) or
nonlinear (corved) line. The B2 value iz a fraction that ranges from 0.0 to 1.0 with higher
values indicating that the regression came more closely to the points. An B2 value of 1.0
means that the predictive power of the model 15 perfect, that all the points lie along the lme or
curve with no scatter.

Below 100 micrograms per cubic meter (pg'm”), samples collected in ambient air in
Manhattan (samples were collected on 11 different occasions and averaged over 12 hour
perieds) and while buming cardbeard indoors (samples were collected over a 1 hour period
and averaged every minute) both showed a strong linear relationship between the AirBeam
and pDR-1500 measurements. As illustrated in Figore 1, the B2 wvalues below 24 pg/m® for
two AirBeams in ambient air in Manhattan were .98 or better.

Lower Manhattan Ambient Air
8000~ Linear Regression

7000-
6000
5000-
4000+
3000-
< 2000~

1000+

rBeam (hppcf)

R*=.98
Eguation: ¥ = 302.8*X + 512.1

1 1. 1 1 1 1 117 T 7171
0 2 4 6 8 10 12 14 16 18 20 22 24

pDR-1500 (pg/m?)

Figure 1

Az illustrated in Figure 2, the B2 values below 100 pgm® for four ArrBeams while buming
cardboard mdoors were 94 or better. Alzo shown in Figure 2, “out-of-the-box™ vanability
between AnrBeams i1s more pronounced as the measurements climb above 30 pg/m®. Meaning
that measurements recorded by two AnBeams exposed to identical air samples may begn fo
dnft apart as PM1.5 concenirations mereaze. Out-of-the-box vanability can be substantially
reduced by using the AnCasting app calibration featore (zhll m beta) and adjustng the zide-
facmg potentiometer on the Shimyel FPDG0PY.

112



PSCAA — QAPP — XA01J87901-0 May 2021

Burning Cardboard Indoors -
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Figure 2

Becanze the relationship between the AiBeam and pDR-1300 measurements becomes
increasingly non-linear above 100 pg/m’, a nonlinear regression curve was used to determine
the relaticnship between the ArBeam and pDE-1300 measurements at higher concentrations,
see Figure 3 (zamples were collected over 2 1 hour peniod and averaged every minute). Churing
separate sampling mins, we calenlated B2 values for the nonlinear regression curve ranging
from Q.60 to 0.80. The decreaze in B2 values az compared to the linear regression 1= likely
atiributed to higher variability near and above the AirBeam’s maxinmum limit of detection,
which we estimate to be approximately 400 pg/m®.

Cooking Indoors
Nonlinear Regression

AirBeam (hppcf)

0 100 200 300 400 500 600 700 800
pDR-1500 (pg/m?)

Figure 3
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Additional rezesrch iz required to see how the maximum limit of detection is impacted by the
reflectivity of the zeroscl bemng sampled. The relative reflectivity of aerosols impacts the
AwBeam measurements. Highly reflective zeroscls, like wood smoke, bias the AirBeam
measurements upwards, whereas less reflective aerosols, like diesel exhanst, bias the AirBeam
measurements downwards.

During ambient air sampling in Lower Manhattan dunng the summer months, messurements
from a pDR-1300 and two Airbeams were compared against a teflon filter subjected to
gravimetric analyzis, see Figure 4. Sampling was done in 12-hour averages each day for 11
days and averaged to compare the real time instruments against the gravimetric filters. When
compered aganst the gravimetnic filters, the B2 value of AirBeams was found to be 0.70
compared to .76 for the pDR-1500. Time weighted averapes of the gravimetric filter data
ghowed consistently higher values as compared to the pDR-1500 at ambient levels. We
assurne this downward bias iz also in effect with the AwrBeam, since both are light scattering
particle counters. Further, we assume part of this this has can be atinbuted to the relative
reflectivity of the aerosol being measured. The B2 value of the pDE-1300 measured against
the AirBeams during these 12-hour day averages was found to be 0.98.

Lower Manhattan Ambient Air
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Figure 4
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Fesearch conducted by others on light scattering particle counters indicates that high relative
humidity (=80%%) iz likely to have a negative impact on the accuracy of the AwrBeam When
relative humidity 15 high, asrosols take on water becoming more reflective. Additicnal
research iz required to better characterize this effect as it applies to the AirBeam.
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AnrBeam performance data collection, analyzis, and findings are the work of Alex Besser and
Michael Heimbinder. Alex 13 a graduate stodent in Environmental Toxicology at New York
University. Michael is the Founder and Executive Director of Habitathap and AirBeam Lead
Developer. Dr. George Thurston, Alex’s academic advizer and professor of Environmental
Medicine at New York University School of Medicme, provided the matenal resources and
guidance that made this research possible.

PSCAA Comments about the purpose and use of the AIRBEAM monitor

CAUTION: The Air Beam monitors are used for primarily educational purposes. The Air Beam monitor
measurement is NOT regulatory in nature. This data CANNOT be used as evidence to force regulatory
change. However, the Air Beam monitors can be very useful as screening tools, and as educational tools.

This light scattering measurement technique is highly susceptible to bias associated with the nature of
the aerosol, as noted in the operating notes from the manufacturer. Further, the technique is also
sensitive to Relative Humidity. As RH goes up, hygroscopic growth can occur, and the measurements can
be biased high.

For this study, the Air Beam monitor is to be used for Educational purposes. The data may also be used
to confirm other measurements, but shall not be used to draw any conclusions, or primarily drive any

recommendations.
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H. Purple Air Operating Procedure

PA-1I IR QUALITY SEXS2S )
www.purpleair.com

DEVICE-ID 84:F3:EB:E0:03:04

(AT

About PurpleAir

¥ What do PurpleAir sensors measure?

PurpleAir sensors measure airborne particulate matter (PM). Particulate matter describes solid particles suspended in air; this includes
dust, smoke, and other organic and inorganic particles. PurpleAir sensors use laser particle counters to count the number of particles by
particle sizes 0.3, 0.5, 1, 2.5, 5, and 10 pm, and use the count data to calculate mass concentrations of PM1.0, PM2.5, and PM10.

¥ How do PurpleAir sensors work?

PurpleAir sensors use laser counters to measure particulate matter in real time. A laser counter uses a fan to draw a sample of air past
a laser beam. Any particles in the air will reflect some light from the laser beam onto a detection plate, like dust shimmering in a
sunbeam. The reflection is measured as a pulse by the detection plate, and the length of the pulse determines the size of the particle
while the number of pulses determines the particle count. The PM1.0, PM2.5, and PM10 mass concentrations are calculated from these
particle counts.

¥ Who uses PurpleAir data?

PurpleAir sensors are used by a wide variety of individuals and groups from government air districts, school districts, and universities to
industrial and commercial organizations to home enthusiasts and concerned citizens.
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Our Technology

PurpleAir sensors are an “Internet of things" (I0T) air quality sensor or
particulate sensor consisting of a network of elements

Laser Particle Counter:

PurpleAir uses PMS5003 and PMS1003 laser particle counters. These sensors count suspended particles in sizes of 0.3, 0.5,
1.0, 2.5, 5.0, and 10um. These particle counts are processed by the sensor using a complex algorithm to calculate the PM1.0,
PM2.5, and PM10 mass concentration in ug/m3. PM35003 and PMS1003 sensors come factory calibrated.

Before deploying any devices, we verfy that they are giving out readings that are consistent from sensor to sensor during tests
in a smoke chamber. So far, all sensors we tested have produced consistent output using laser particle counters.

ESP8266 and Arduino:

PurpleAir sensors use an ESP8266 chip to talk to the particle counter and provide all functionality, including connecting to a
WiFi network and uploading data to the cloud. This ESP8266 chip runs code developed using Arduino. PurpleAir firmware has
remote update features, meaning we can modify the software and the Arduino air quality sensor device will download the new
version and update itself. Each device checks for updates from time to time.

ThingSpeak and HighCharts:
ThingSpeak provides the cloud storage for PurpleAir sensor data. PurpleAir uses HighCharts and data stored on ThingSpeak to
create graphs on the PurpleAir map.

Google:

Using services from Google makes for a robust, reliable, and secure system. Google maps provides the map interface for
sensor registration. Google App Engine provides the processing power to place the sensor icons on the PurpleAir map and
create the graphs and other elements to display sensor data on the PurpleAir map.

Mapbox:
Mapbox provides the PurpleAir map interface.

BME280 Sensor:
Each PurpleAir sensor includes a BME280 pressure, temperature, and humidity sensor. Where these are present, there will be
graphs for these values.

The temperature values may be elevated due to the case and other factors that do not provide ideal temperature sensing.
These values are provided as is and are just for interest.

Power Supply:
PurpleAir sensors are powered by a 5v USB power source.

117



PSCAA — QAPP — XA01J87901-0 May 2021

How do PurpleAir sensors compare to regulatory particulate matter sensors?

There are two major differences between PurpleAir sensors and regulatory sensors: the method of measuring particulate matter and the
averaging time of the data collected.

Methods:

PurpleAir sensors use a laser particle counter to count the number of airborne particles in the air. That count is used to calculate a mass
concentration, assuming an average particle density in an algorithm developed by the laser counter manufacturer, Plantower. An
average density must be used because not all PM of a particular size is made of the same stuff. For instance, PM2.5 from wildfire
smoke will have a different density than PM2.5 from dust blowing off a gravel pit. This means that mass concentration reported by a
PurpleAir sensor can vary depending on the specific composition of PM for a given area thus making the sensors appear to “read high.”
So far, two different research groups have completed studies for their areas and created conversion factors specific to the composition
of particulates in their air: AQ&U and LRAPA.

Federal reference sensors typically measure mass concentration of PM by drawing air through a filter and weighing the filter. This
method is expensive, difficult to install, requires a specialist to maintain the sensor, and reports on an hourly scale. Because of this,
many cities have a limited number of these sensors (or none at all) and it's not feasible for the general public to have their own.

Averaging Time:

PurpleAir uses the AQI breakpoints established by the US EPA to convert the mass concentration into the AQI published on the
PurpleAir map. However, most regulatory groups report AQI as a 24-hour average that gets updated every hour or so. If you lock at
particulate matter data on a website like AirNow, a PM2.5 AQ| of 150 means the average AQI in the last 24 hours was 150.

PurpleAir sensors use laser particle counters to count the number of particles in sizes from 0.3um up to 10um. These get converted into
a mass concentration (ug/m3) and reported every 120 seconds. Since air quality can fluctuate greatly throughout the day, the real time
PurpleAir AQI reading may appear "high" when compared to 24-hour averaged AQI data.

If you want to compare 24-hour averaged AirNow data with 24-hour averaged PurpleAir data, you can look at longer term averages on
the PurpleAir map by selecting the averaging period from the options in the bottom left, or by checking the "Averages as Rings" in the
map legend in the lower left-hand corner of the map.

Each ring represents an average for a time range:

Center of the circle = Real time average
1st ring = Short-term average

2nd ring = 30-minute average

3rd ring = 1-hour average

4th ring = 6-hour average

5th ring = 24-hour average

Bth ring = 1-week average
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Startup Guide for PurpleAir Sensors

Getting started with WiFi configuration, registration, and installation.

Before you begin

Before connecting your sensor to WiFi, please ensure you are connecting to the right type of network. PurpleAir sensors only
support 2. 4Ghz WiFi networks. They will need special authorization from the network administrator to allow them to
communicate on captive portal networks, such as those used by coffee shops, universities, etc. PurpleAir sensors do not
support WPA2-Enterprise networks at this time. Supported networks types are WPA and WPA2-PSK (Pre-Shared Key). WPA2-
PSK is the most common type of WiFi network.

We recommend configuring WiFi on your sensor indoors, near your computer or where you have a good WiFi signal. You
should also check that there is a reasonable WiFi signal where you intend to mount the sensor. This can be done by browsing
the internet using WiFi with a phone or computer near the desired location.

PURPLEAIR PA-1l OR PA-11-SD SENSOR

In the box

* Sensor
» Qutdoor power supply
» Optional mounting screw (1 per sensor)

* Optional mounting zip ties (3 per sensor includes spares)

Powering your sensor

1. Plug the Micro USB end of the power supply into the base of the sensor.
2. Plug the power supply into a functioning wall outlet.
3. Look for a very dim red glow up inside the sensor housing to confirm the sensor is receiving power. (You may have to cup

your hands around the sensor and peer inside to see it.)
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CONNECTING YOUR SENSOR TO WIFI

The WiFi configuration process is the same for all PurpleAir sensors.

1. It's best to configure your sensor to WiFi with the router, computer/phone/tablet, and sensor in the same room. After
plugging in your device and confirming it is receiving power (look for the dim red glow inside the sensor housing, or for
indoor sensors, make sure the device itself is glowing), on a WiFi-enabled device, open the list of available WiFi networks.

2. Connect to the sensor's network, PurpleAir-****. The ****is a 2-4 character code determined by your sensor. (It may take
up to up to 10 minutes after the sensor is plugged in for this network to appear.)

3. Depending on your operating system or device, you may get a pop-up window or a message to sign in to the network. If
you receive a message to sign in to the network, press it to make the pop-up window appear. The pop-up window will list
all available WiFi networks.

Note: If the pop-up window does not appear, after making sure you've selected the "PurpleAir-*"**" network and waiting a
bit, if you still don't get the pop-up, try opening a web browser and loading a webpage. If you are indeed connected to the
PurpleAir network, this will load the sensor interface with the WiFi settings for the sensor. Another option is to open a

webpage and in the address bar, enter the default IP address for the sensor: hitp://192.168.4.1/config.

4. Choose the WiFi network you would like the sensor to connect to, enter the password for that network, and click Save. A
hidden WiFi network can be entered by selecting the option at the bottom of the list.

5. The WiFi status bar will turn green once your PurpleAir sensor is connected to WiFi and transmitting data. Once your
device is configured to your local WiFi network, it will no longer appear in the list of available networks - the fact that it has
disappeared means that the sensor is successfully configured to WiFi.

ETEEE

Important: If your sensor network name is AirMoniter_*""", you will need to go to www_purpleair.com/configure to

configure WiFi on your sensor.

REGISTERING YOUR SENSOR ON THE PURPLEAIR MAP

Registering your sensor places a map marker on the PurpleAir map. You will only need to do this once. If you would like to
change any registration details, please complete the registration form again. You will need fo use the same "Owner's Email”
that was used in the first registration to make changes.

1. Go to www _purpleair.com/register.

2. Enter the sensor's Device-1D exactly as printed on the sensor's label.

3. Enter the associated email address, which is usually the email that was used to purchase the sensor. If you do not
know the correct email address, please contact us for help or to associate a new email address. PurpleAir will need the
Device-1D in order to help you.

4. Complete the rest of the registration form. For additional help, you can view a full explanation of registration fields or read
our registration tips below.

5. Click register and look for a green "successful registration" notice. A registration confirmation email is sent to the
Associated Email and Owner's Email. This email includes a link to view your sensor on the PurpleAir map.
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Tips on PA-Il and PA-II-SD installation

» Choose a location that is convenient to reach, has access to a power outlet, and falls within range of the WiFi network.

» |f possible, mount the sensor away from vents, local sources of pollution such as BBQs, and any foliage that would
ncrease the likelihood of insects getting inside the laser counters.

» Install the sensor in the vertical position, with the open end facing toward the ground. The housing is designed to protect
the device from the elements while allowing air to flow freely past the two laser counters.

* Be sure to mount the sensor high enough off of any surface that would allow rain water to splash up into the underside of
the sensor.

* The power supply should be mounted so that it will not be submerged in water or covered by snow.

+ Use either cable ties or a screw to mount the sensor and power supply, and fashion a "drip loop" to prevent water from
running down the wires and into the electronics.

» PurpleAir outdoor sensors can withstand direct sun without being damaged. Mounting the sensor in a shady spot wi
produce temperature readings that are not affected by direct sunlight.

Please note that temperature readings are already elevated by as much as 10 degre
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by the WiFi module inside the sensor.

+» Connect the power supply to a power outlet and tuck the wires away.

PurpleAir sensors employ a dual laser counter to provide some level of data integrity. This is
intended to provide a way of determining sensor health and fault detection. Some examples of
what can go wrong with a laser counter are a fan failure, insects, or other debris inside the
device or just a layer of dust from long term exposure. If both laser counters (channels) are in
agreement, the data can be seen as excellent quality. If there are different readings from the
two channels, there may be a fault with one or both. In the case of a fault, the channel may be
marked as flagged or downgraded (suspect or known faulty).

PurpleAir provides ways to get direct access to the data and there are a few different
ways to do this. The simplest way to download the data is using the download page available
at https://www.purpleair.com/sensorlist. This page provides an easy-to-use interface to
download data based on a date range. You access this page by zooming into the map, then
using the download button in the bottom right of the screen. Alternatively, a download link is
available per sensor in the “Get this widget” section after clicking a map icon.

- Select the sensor/s in the list you want to download.

- At the top of the page, enter the desired date range, then click Download Selected.

Correction Factors for Purple Air data:

PurpleAir sensors use laser particle counters that measure the particle count, before converting
that count into a mass concentration. The purpose of this is to make it comparable to data
reported by regulatory sensors. To do this, the laser counters must assume an average particle
density. An average density must be used because, as mentioned above, not all particulate
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matter of a certain size has the same density. For example, if you weighed 1000 particles of
wildfire smoke and 1000 patrticles generated from gravel dust, the wildfire smoke would be
much lighter. In the case where the predominant source of PM2.5 is from wildfire smoke that
has a lighter density than the assumed density used by the sensor, the sensor data will
predictably overestimate the mass concentration and read higher than the regulatory monitor.
Similarly, if the predominant source of PM2.5 was a denser material like gravel dust, the sensor
data would predictably underestimate the mass concentration and read lower than the
regulatory monitors.

EPA and Oregon’s Lane Regional Air Protection Agency (LRAPA) have created their correction
factors to make Purple Air data more comparable to regulatory monitors and avoid over-
estimating the PM2.5 concentrations. We will be using one of these conversion factors for the
data collected during our study period.

PSCAA Comments about the purpose and use of the Purple Air monitor

CAUTION: The Purple Air monitors are used for primarily educational purposes. The Purple Air monitor
measurement is NOT regulatory in nature. This data CANNOT be used as evidence to force regulatory
change. However, the Purple Air monitors can be very useful as screening tools, and as educational
tools. This particular light scattering measurement technique is highly susceptible to bias associated
with the nature of the aerosol, as noted in the operating notes from the manufacturer and by EPA.

For this study, the Purple Air monitor is to be used for Educational purposes. The data may also be used
to confirm other measurements, but shall not be used to draw any conclusions, or primarily drive any
recommendations.
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I. PM2.5 Partisol Procedure Link and PM-10-2.5 Designation

The link below goes to the PM, 5 Partisol sampling procedure for sequential sampling. The PSCAA has
been using this procedure since 1999 and is very familiar with this sampling equipment.

PSCAA will modify this equipment to sample for PM1o rather than PM, s by installing the WINS bypass
downtube (RFPS-1298-127). This method replicates the sampling method for PM1o metals at the Beacon
Hill monitoring site, so this procedure is chosen to maintain the ability to compare data from the fixed
study site (10" & Weller) to the Beacon Hill monitoring site, which is sampling that is already in place
due to the NCORE requirements.

https://apps.ecology.wa.gov/publications/documents/1802020.pdf

Thermo Scientific Partisol®-Plus 2025 Sequential PM10-2.5 Air Sampler Pair or Thermo Fisher Scientific
Partisol® 2025i Sequential PM10-2.5 Air Sampler Pair

Manual Reference Method: RFPS-0509-176

“Thermo Scientific Partisol®-Plus 2025 Sequential PM10-2.5 Air Sampler Pair” or “Thermo Fisher
Scientific Partisol® 2025i Sequential PM10-2.5 Air Sampler Pair,” for the determination of coarse
particulate matter as PM10-2.5, consisting of a pair of Thermo Scientific Partisol®-Plus 2025 sequential
samplers or a pair of Thermo Fisher Scientific Partisol® 2025i sequential samplers, with one configured
as a PM2.5 sampler (RFPS-0498-118) and the other configured as a PM10c sampler with the PM2.5
separator replaced with a Thermo Scientific Partisol® 2025 downtube (RFPS-1298-127). Partisol®-Plus
2025 to be operated with any software version 1.003 through 1.5 and Partisol® 2025i with firmware
version 2.0 or greater, with the modified filter shuttle mechanism. Method to be operated in accordance
with the Partisol®-Plus 2025 or Partisol® 2025i instruction manual supplement, as appropriate.

Federal Register: Vol. 74, page 26395, 06/02/2009

Latest modification: 06/ 2011
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J. Enmont Ultrafine Particle Monitor Procedure

PUFP

Personal Ultrafine Particle Counter
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Notes and Cautions

? | Notes are helpful information that can help you make
\ | better use of the PUFP Sensor and its components.

Cautions are warning about potential damage to the
PUFP Sensor if used improperly.
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Safety Information

Important safety messages are provided in this manual
for the purpose of avoiding personal injury or instrument
damage.

Laser Radiation: This device contains a Class |
laser product. To avoid harmful laser radiation DO
AR NOT open or perform services on the PUFP sensor.

Hechargeable Battery: This device contains a

@ lithium-polymer battery pack with capacity of 7.4V

— and 10A. To avoid fire, keep the PUFP sensor away
Li<ion from high heat areas (= 60°C). When the battery
power is low, charge PUFP with the included power
cable and power adapter (12 VCD and 5A). Do not
charge or use PUFP in any area with a potentially
explosive atmosphere, such as a fueling area, or in
areas where the air contains chemicals.

The PUFP sensor contains sensitive electronics and
should not be operated in the rain or snow.

Repainng: Don't open PUFP and don't attempt to
repair PUFP by yourself. Disassembling PUFP may
damage it or may cause injury to users. If PUFP is
damaged, malfunctions, or comes in contact with
liquid, contact Enmont (enmont @ enmont.com).

Operating and Storing Temperature: One of the
internal components of the sensor is a water
cartridge. To avoid damage to the PUFP sensor, do
not store PUFP in temperatures below freezing.
PUFP is designed to work and be stored in ambient
temperatures between 10° and 33 °C.
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Unpacking & Parts
|dentification

O~NOOO A WN -

PUFP C100
Optional Silicon Exhaust Tube

oyringe to refill water cartridge
USB cord

EView Software

Water bottle

Power adapter and cord
Additional Aerosol Inlet Fitting

May 2021
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Air intake

Water refill OUTLET
Water refill INLET
Micro SD card port
USB connection
Charging port
Exhaust

Air Outlet

Fan / Air Inlet

May 2021
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PUFP Sensor Setup

Battery and Charging

A battery pack is installed in a PUFP. The battery allows

up to 6 hours of continuous operation. Operation hours

can shorten over time. The length of operating hours is
dependent on the age of the battery. The percentage of
battery remaining is shown on the bottom of the sensor
display screen. When fully discharged, the battery will take
approximately 8 hours to charge fully. To charge the sensor,
attach the power cord to the charging port on the sensor and
plug the cord into an electrical outlet. When connected to

a power source the sensor display screen will show “CHG”
during operation. The screen will display “D5G" when the
sensor is in operation and not connected to a power source.

Refilling Water

Caution: Purified water like distilled or de-ionized
water should be used in the PUFP sensor. Using tap
or other types of water may result in damage to the
SEensor.

The device for filling the sensor with water consists of two
syringes, one with a plunger, and one without. The syringe
with the plunger is used to transport water into the sensor.
omall tubes are connected to

each syringe.

. _ &
To refill the sensor with water,
submerge the end of the small

tube attached to the syringe with o
the plunger in water. Pull the .
plunger back to draw the desired
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amount of water into the syringe. Once the desired amount
of water is achieved, pull the tube out and remove excess
water on the tube and plastic tip with a paper towel or other
absorbent material.

Position the sensor on a flat surface such that the air intake
and IN and OUT water ports are pointing skyward. Gonnect
the tube (blue) of the syringe with the plunger to the IN port
by pressing downward and tuming the plastic tip clockwise.
You will hear a click when the tip is locked in position with
the IN port. £ DO NOT PRESS THE PLUNGER DOWN
YET TOFILL THE SENSOR.

Connect the plastic tip of the tube (red) without the plunger
to the OUT port by pressing down. Lock the tube into
position by turning clockwise. Gently and slowly push the
plunger down to move water into the sensor. When the
sensor is completely refilled, water will begin to accumulate
in the side without a plunger. & DO NOT REMOVE THE
TUBES FROM THE WATER POHRTS YET.

To avoid dripping water and damaging the sensor, tum the
sensor on its side so that the air intake and water ports are
pointing horizontally near the edge of the flat surface. Hold
the water filling device level with or below the water ports.
Remove the IN tube by tuming the plastic tip counter
clockwise and pulling gently. Remowve the OUT tube and
keep tip pointed upward. /A Caution, water will leak out of
the OUT tube if left to hang.

Replace excess water in container. Remove excess water
from IN and OUT ports with a paper towel or absorbent
material. Water level should be monitored carefully. A
waming will appear if the amount of water is low. However,
it is recommended that the PUFP sensor be refilled prior to

each use. /A Gaution, sensor may be damaged if run while
dry.
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Sensor Display

Information regarding GPS signal, battery life, date and time,
PUFP concentration, and amount of water is shown on the
display screen.

1—— 2oB0:01:01 21:19:35

Warming Up

Low Optic Temp

2 |
\iaps: Mo Signal SD card: nn*"ﬂ

3 —BAT:100% 8.10 25¢  CHG— 5

Display information:

Date and time

GPS Status

Battery life

oD Gard notification

Gharging (CHG) or Discharge (DSG)

o L fa =
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Operating the PUFP
Sensor

Caution: During operation, keep objects clear of the
air intake, fan, and air outlet. Obstructing these ports
will result in damage to the sensor.

Caution: The PUFP sensor is assembled with a

A protective black plastic covering on the air intake.
This must be removed before operation to avoid
darmage to the PUFP sensor.

Turning on the sensor

Tum on the PUFP sensor by pressing and holding the power
button ([@) at the center of the key pad (about 2 seconds).
The sensor must operate for a short period of time (~10
minutes) before measurements can be made in order

heat to the intemal components of the sensor. During this
period, the sensor display will show “Warming Up.” The time
remaining for the warm up process will appear on the sensor
display.

When the wam up is complete “"Measuring” will appear on
the sensor display. The sensor will begin making
measurements and recording data. During operation, it is
normal for water to drip from the air outlet. ® |Water can be
directed away from the sensor by attaching the provided 1/8"
silicon tubing.
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User Settings

To adjust the settings of the sensor, press down and hold
the right arrow ([J) approximately two seconds. A screen will
appear, showing “SELECT KEY ™ —press down (§]). Date and
time, screen brightness, and resetting options will appear.
Use the up () and down (§2) keys to scroll through menu
options. As you scroll downward, the selected menu item
will be highlighted blue. Gontinuing to scroll up or down will

take you to a new page that shows “GPS Time Difference.”
This is covered in the next section.

To select a parameter, press the right amow ([3). Selected
parameters will appear in red. Use the up () and down (3

) keys to adjust the parameter. To save the desired settings,
press the right arrow key ([J) and the parameter will again
turn blue. Press the left (£J) armow to exit to the main display.

GPS Status

The PUFP sensor will indicate whether a GPS signal has
been received. The sensor display will show "GPS Active”
when GPS data is being recorded. When the GPS signal
is inactive, "GPS No Signal” will be shown at the bottom left
side of the display screen.

Date and Time Setting

The PUFP provides two ways for the user to set the date
and time: 1) Manual setting and 2) GP5-based setting. The
PUFP has an internal clock to track the date and time, which
is powered by a token battery on an electronic board. The
format is YYYY:MM:DD HH:MM:55.
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Manual Setting: The date and time of the PUFP sensor

can be modified manually. To manually manage the time
and date, set “GPS Time Difference” to 13. Date and time
parameters will then need to be adjusted to the desired time
at the user settings screen.

The time and date for the sensor can automatically sync
when the GPS signal is active. Time and date are calculated
based on Greenwich Mean Time (GMT). In order sync
properly, the time difference must be specified to indicate the
current time zone. To do this, first press and hold the right
arrow ([3) to get to the user settings menu. Scroll through all
options (year, month, day ect.) until a new screen appears
and “GPS Time Difference” is highlighted blue. Press the
right arrow ([J) key to select the parameter and use the

up and down amows on the keypad to specify the time
difference (hours) from GMT respective to the current time
zone. Press the right armow ([J) to save the settings.

Turning off the PUFP Sensor

The sensor must go through a short shut down process to
clear moisture from and cool down the intemal components
(~3 min). Begin the shutdown process by pressing and
holding the [0 button in the center of the keypad for two
seconds. The display screen will indicate when the shutdown
has begun and the time remaining for the process to be
complete. The sensor will automatically turn off.

In case of emergency, the sensor can be tumed off
immediately without going through the shutdown process by
pressing and holding down the up ([Y) and down () arrow
keys simultaneously for two seconds.
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Heset the PUFP Sensor

There is a user option to reset the PUFP sensor. When the
PUFP is reset, all the parameters are reset to the onginal
factory setting.

Data Management

Measurements taken by the PUFP sensor are recorded
on a micro 5D card as tab delimited text files. A new file
is created each time the sensor is turned on.  The names
of the data files correspond to the date and time at which
the sensor began operation. For example, a file named
‘07300826 means that data recording began on July 307
at 8:26 AM. Real time and previously recorded data can
be displayed directly on a computer using EView software.
EView software will generate graphs, tables and Google
Earth KML files.

Micro SD Card Recording

The PUFP sensor comes equipped with a micro 5D card
and adapter. If not connected to a computer using EView
software, the micro SD card must be inserted into the PUFP
sensor for data to be recorded. Gently press the 5D card
into the port until it clicks into place. To remove the 5D card,
gently press down until it clicks and release.

Data from the micro 5D card can be downloaded to a
computer or other electronic device by using the adapter.
Insert the micro 50 card into the adapter, and insert the
adapter into the 5D port of your electronic device.

135



PSCAA — QAPP — XA01J87901-0 May 2021

EView Software

EView software can be installed on either Mac or Windows
computers. Graphs and charts can be generated from
previously recorded data or can be used to record and show
real time UFFP measurements.

Previously measurements can be opened by going to
File=0Open. When the desired file is opened, a chart and
graphed data will appear. The data can be navigated by
clicking on the graph area and dragging up and down and
side to side.
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To record data in real time, connect the PUFP sensor with
the USB cable to your Mac or Windows computer while
EView software is running. Driver software from the PUFP
sensor will begin to install on your computer. Once complete,
click on the wrench icon on the toolbar at the top of the
EView screen. A screen will appear named “Serial Port
oetting.”
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Tumn on the port connection by 3 Serid Port Setting  * HEIN
selecting “Port Connection Test: Serial | ., .. .
Port Open/Close.” Measurements Mot (31000 =
should begin to appear in the dialogue =~ .. .. -
box. If text does not appear, adjust mmow 3 -
the port options. When textbeginsto | .~
appear, close the window. P

. Frrt L orrsbon T Sl Bt Openy s

To begin recording data, select the

blue play button on the toolbar or

select the "Realtime” option on the

menu bar and then “Healtime Mode.”

To stop recording data, select the red stop button.

Save data by selecting File> Save/Save As. Data can be
saved in multiple formats. For example, data can be kept

as tab delimited or CSV files and imported into statistical
software for analysis. Graphs can be saved as picture files
(PDF, JPEG, PNG). Exposure data can also be saved as
KML files and loaded into Google Earth software to show the
spatial distribution of measured UFP concentrations.

Maintenance

Air intake nozzle with dust-mesh filter

The PUFP sensor comes equipped with an additional air

intake nozzle. The air intake nozzle has a mesh covering
to catch large particles and dust. This should be cleaned
periodically by using an air canister.

A Enmont

environmental monltoring technology

137



PSCAA — QAPP — XA01J87901-0 May 2021

PSCAA Comments about the purpose and use of the Enmont monitor

CAUTION: The Enmont monitors are used for primarily educational purposes. The Enmont monitor
measurement is NOT regulatory in nature. This data CANNOT be used as evidence to force regulatory
change. However, the Air Beam monitors can be very useful as screening tools, and as educational tools.

For this study, the Air Beam monitor is to be used for Educational purposes. The data may also be used
to confirm other measurements, but shall not be used to draw any conclusions, or primarily drive any
recommendations.
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K. Air Quality Web: Air Drop Procedure

Air Quality Web: Air Drop

March 2016

Version 1.0.0

Puget Sound Clean Air Agency
1904 Third Avenue — Suite 105

Seattle, WA 98101
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Document Revisions

Date Version Number Document Changes

6/18/16 1.0.0 Initial draft

Air Drop Overview

Air Drop is a tool that can be used to upload, crop, and shift data from mobile air quality studies. Once you have
uploaded your data and made any necessary changes to the observation times, your data will be ready for review
in our Telemetry database. You can retrieve your raw files from this application at any time.

Navigating to Air Drop

Air Drop is a web app that is available via this URL: https://secure.pscleanair.org/AirQualityWeb/. While
this app is responsive to different screen sizes, it is for intended desktop and not optimized for mobile
use.

Uploading Data

Overview

No data to display

Drag file(s) here

WSelect... 2] Upload Files || @ Remove Files
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Accepted formats

You can upload a single file or a package of files in a .zip file. The current version of Air Drop can read
data from these file formats: AeroqualVoc, AirBeam, CarClipCo, CarClipO3No2, Dylos, Enmont, GPS, GPX,
HourlyTelemetry, MicroAeth, Package, RadianceResearch, SenonicsMinnow, and TsiNanoScan. If
additional formats need to be supported, please let Ross or Nate know so the work can be planned.

Uploading

You can upload your file(s) via the drag and drop feature or by browsing for them. To use the drag and
drop feature, drag your file(s) from their file location to the drop zone on the web page. If you wish to
use the browsing feature, click the select button under the drop zone and navigate to your file(s). After a
successful upload you will be taken to the page where you may crop and shift your data.

Cropping and Shifting Data

Overview

g

On this page, your data will be displayed on a line chart. If you have multiple QMUs in your data set,
they will be displayed on separate panes. This allows you to visualize any time discrepancies in your
data. You can see details about your files on the left side of the page. Each file will have a separate “card
view”. This view allows you to edit the start and end date/times of your files, thereby cropping your data
set. By selecting the file’s card view, you can use the shift buttons to adjust the observation times of
your study.
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Crop

Fie e Osweateet
Pl rormat ows
T
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Start Date Time: | 4/16/2014 10:13:00 AM |

End Date Time: |4/16/2014 10:22:00 AM |

it
Copure et ST
o mesh: |

Update Cancel

If all sensors did not start or end at the same time and you would like to trim remaining data points from
display, you can do that with this card view. Select edit in the bottom right and you will see what is displayed
in the screen shot to the right. As you can see, only the start and end date fields are editable. Select update
after you have made your changes and you will see your modified data displayed. Please note: your data is
not being deleted when it is cropped. It will still exist in our database and ignored in display.

Select
File Name: Dylos Paired Test.txt
File Format: Dylos
Original Start Date Time: 4/16/2014 10:13:00 AM
Original End Date Time: 4/16/2014 10:22:00 AM
Start Date Time: 4/16/2014 9:13 AM
End Date Time: 4/16/2014 9:22 AM
Elzpsed Time: 0:09:00
Capture Interval: 0:00:05.1428571
Total Time Shift: -1:00:00

Edit

[[] Select
File Name: GPS Paired Test.csv
File Format: GPS
Original Start Date Time: 4/16/2014 9:12:37 AM
Original End Date Time: 4/16/2014 9:21:18 AM
Start Date Time: 4/16/2014 9:12 AM
End Date Time: 4/16/2014 9:21 AM
Elzpsed Time: 0:08:41
Capture Interval: 0:00:10.0192307
Total Time Shift: 0:00:00

Edit
— Hour — Min — Sec + Sec + Min + Hour
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Shift

If your sensors’ internal clocks are not in sync, you can shift all the observation times in a file by hour,
minute, or second. To do this, select one or more files by checking Select in the upper right of the card
view and clicking the time adjustment buttons below the card view(s). In this example you can see the
Dylos monitor was an hour ahead of the GPS device. | have applied a one-hour shift and the screen shot
below is the result. The Dylos file recorded two QMUs and the time shift was applied to both since they
are contained in the same file. Now you can visualize this data set is in sync.

Moblie Data Package
c "
L JE
—— — —
File Nam GPS Paired Test.csv
s
Stat Dste Tre: 4/16/2014 9:12:37 A
Start Date Tin 4/16/2014 9:1.
End e T a/162014 921 A
Elapsed Time: 0:08:41
0:00:10.0192307
Edi }
o S B e T L —T— 1

Save and Discard

Once you are satisfied with your changes simply select the save button that is also located
below the card view. At this point, your raw data is being adjusted according to your changes and moved
into a permanent structure. Depending on your data size this may take a few moments. After saving,
your raw files will become locked, preventing any adjustments to the time shift as well as the start and
end dates. If you wish to discard changes you may do so my clicking the discard changes button.
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Unlocked Files

Unlocked Files

To finish the import process, double click the row that contains the file or file(s) you wish to edit

File Id State Format Type File Name File Size File Date Maodified Package Id Entered
00| ity | eyapories x| 1633 sporsseom | Lammarsssn
1002 HourlyTelemetry HourlyExportFileExcel_ddythvlz.xlsx 16233 | 3/15/2016 7:36:32 AM 3/15/2016 7:56:35 AM
1006 Dylos Dylos Paired Test.txt 1642 | 3/15/2016 8:22:16 AM 3/15/2016 8:22:18 AM
1018 Package largeDataPackage.zip 181519 | 3/16/2016 1:39:35 PM 1627 14ac-10d8-4f1a-bcc-a60e11cf8741 3/16/2016 1:39:39 PM
1022 Package largeDataPackage.zip 2692881 | 3/16/2016 1:36:31 PM d3264338-5a78-476e-34a8-d14082fed7cl 3/16/2016 1:56:57 PM

1046 Package TestPackage.zip 2052 | 3/19/2016 10:14:00 AM 963920eb-be58-4c23-80ed-351069909cc19 3/19/20716 10:14:07 AM

If you upload your file(s) and were not able to complete the crop and shift process you can pick

your file(s) from this list and continue. You can navigate here by selecting the Crop and Shift link in the
header. Simply find your file or package and double click to be directed to the crop and shift page.

Exporting Files

Export

You can download the original file(s), structured CSV. structured XML, or structured JSON files by selecting the link in the Export column. Hourly export files from Department of
Ecology are not exportable in a structured format.

Fileld | State Format Type File Name File Size | File Date Modified | Package Id Entered Export
5327| | HourlyTelemetry | HourlyExportFile Tuesday, August 18, 2015 12_13 PM.txt | 7658 | 3/2212016 T
5328 | Locked | Package TestPackage.zip 2052 | 3/24/2018 deTb6c25-ed71-4bab-bcdc-542127b19d1e | 3/24/2016 mlgmal CSV XML JSO
Page 109 of 109 (4322 items) @ 1 2 3 103 104 105 106 107 108 109
¥ Create Filter

You can retrieve your files at any time via this page. You can get the original unmodified data or
structured CSV, XML, and JSON formats.
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L. NFRM Metal Sampling Procedure

T ¥

v

§ A ARA N-FRM Sampler

i (
]
¥ "

Operation Manual
March 19, 2020

Overview

In response to the need for a low cost alternative to traditional site-based particulate monitors, ARA
Instruments introduced a sampler that establishes a new class of air sampler we call “MNear FRM" (N-
FRM). The ARA N-FRM Sampler is a portable, rapidly deployable, battery powered particulate sampling
and monitoring device that delivers Federal Reference Method (FRM) level of performance. It integrates
with many additional components for unmatched versatility. The compact sampler collects 24-hour TSP,
PM10, or PM2.5 filter samples and can simultaneously measure local meteorological parameters. It can
also be equipped with a Real-Time Particulate (RTP) Profiler to log temporal particulate variations. For
added versatility, the N-FRM Sampler can be operated in directional wind sampling mode or collect only
sensor data in metecrological mode.

The N-FRM Sampler offers near FRM performance, while costing a fraction of traditional site-based air
samplers. Its compact size and battery-powered function, gives the N-FRM Sampler many advantages
over traditional air samplers. Deployment and relocation is quick and easy, and allows monitoring in
locations that are inaccessible with traditional air samplers. Flexible mounting options allow for stand-
alone support or the use of existing poles and structures. The ability of the N-FRM to operate on
rechargeable batteries also significantly reduces the cost of establishing a monitoring site.

The M-FRM is designed for easy operation and maintenance. The intuitive user interface makes
programming and calibrating the sampler simple. PM10 and PMZ2.5 inlets are field serviceable and
require only monthly cleanings. Filter holders accept standard 47mm FRM cassettes for easy handling of
various filter media. Batteries can be recharged in approximately 1-hour. Data log files with 5-min
averages for all sensors can easily be downloaded to a USB Flash drive.

Cities and governments are deploying networks of N-FRM Samplers to survey unmenitored areas and
validate permanent Reference Method equipment. Researchers and consultants use the N-FRM in air
guality studies and environmental impact assessments. They are also utilized in industrial pollution
applications, such as mines and quarries, and in large construction projects for fence line and roadside
monitoring. The small and quiet N-FRM air sampler is also a great tool for indoor and industrial
workplace sampling that requires high accuracy.
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1.1 Principles of Operation

The M-FRM Sampler is specifically designed to meet the US-EPA operational specifications for PM10 and
PM2.5 air sampling. To meet the EPA specifications, the N-FRM Sampler is designed to operate at 16.7
LPM and collect 24-hour samples to compare to EPA National Ambient Air Quality Standards. The ARA
M-FRM Sampler is a microprocessor-controlled portable air sampler, which can be operated manually or
programmed to collect scheduled samples. As specified by the EPA, all critical air sampling parameters
are continuously monitored and logged as time indexed 5-min averages to validate the sample. These
parameters include: flow rate, temperature, barometric pressure, and accumulated volume. Other
sampler related performance parameters are also logged. If the N-FRM Sampler is equipped with the
Real-Time Particulate (RTP) Profiler and meteorological sensors, then PM10, PM2.5, wind speed, and
wind direction are also included in the data record.

The M-FRM sampler can be easily deployed. It can be mounted on a variety of structures using our
universal mounting bracket that can be screwed, clamped, or attached to utility poles, trees, fence
posts, etc. Another option is to use a freestanding tripod.

The M-FRM Sampler is equipped to operate from either AC or DC power sources. In the DC mode, the
sampler operates from an internal battery pack. A charged battery pack is capable of operating the
sampler for about 30-40 hours. This robust capacity allows the sampler to be used in cold weather and
high altitude applications. A charger is supplied so the batteries can be re-charged in approximately one
hour.

1.2  Particulate Matter Sampling

The N-FRM Sampler can be set up for TSP, PM10, or PM2.5 particulate sampling by configuring the
sampling inlet components prior to the filter medium. To measure TSP, the omnidirectional Louvered
Inlet is all that is required. For PM10 sampling, an FRM style inertial separator (PM10 Impactor) is
added. To collect PM2.5, the sharp-cut ARA VIS-A Cyclone is attached, which physically selects particles
2.5 microns and below. Common N-FRM inlet configurations are shown in FIG. 1.

The N-FRM inertial separators (PM10 Impactor) are designed to operate at a nominal sampling rate of 1
cubic meter per hour (16.7 liters per minute). The N-FRM Sampler incorporates a microprocessor-based
active flow control to maintain the sampling rate as ambient conditions and filter loading changes. The
sampling rate is monitored and adjusted several times a second and logged at 5-min intervals along with
all other important sampling parameters.

To allow for unattended operation, the N-FRM Sampler is easily programmed to initiate and stop
sampling. For each sampling event, the N-FRM Sampler generates a summary of important sampling
parameters such as start and stop times, total sampling volume, and average ambient temperature and
pressure as well as 5-min averages of all ambient and sampler operational parameters. The logged data
file can be easily downloaded to a USE flash drive by the operator. The “csv” (comma separated value )
file can easily be imported into a spreadsheet.
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2 Hardware Description

2.1 PM10 Inlet

The ARA omnidirectional PM10 Inlet is a compact version of the EPA

prescribed Reference Method Inlet. It features a screened inlet, wind

deflector, and precision PM10 inertial separator (impactor) with

moisture trap. The PM10 Inlet is designed to operate at 1 cubic meter b
per hour (16.67 LPM). The inlet can be used alone for PM10 sampling ‘ %\ e
or in combination with the ARA VIS-A sharp-cut vortex inversion A ¥
separator for PM2.5.

2.2 PM2.5 Cyclone .

1aggl!
The ARA VIS-A (Vortex Inversion Separator) is a precision engineered a1
and compact sharp-cut cyclone fitted to the N-FRM inlet that
physically selects particles 2.5 microns and below. This ensures N s
precise measurement of only the PM2.5 size fraction. The PM2.5
separator is designed to operate at 1 cubic meter per hour (16.67 ‘ g
LPM) and requires the ARA PM10 omnidirectional inlet to collect g

accurate PM2.5 samples.

2.3 Filter Holder

The aluminum filter holder is precisely manufactured for a tight seal
and no contamination of the filter media. The filter holder is
designed to use common EPA specified 47mm cassettes for PM2.5
sampling.

2.4 Flow Control System

The N-FRM Sampler incorporates a microprocessor-based active flow control to maintain the sampling
rate as ambient conditions and filter loading changes. The sampling rate is monitored and adjusted
several times a second and logged at 5-min intervals along with all other important sampling
parameters. Under normal conditions the active flow control will maintain the sampling well within +/-
2%. If the sampling rate cannot be maintained within +/- 5% a flow error is generated and logged, and if
the error continues for 5-minutes the sampler will shut down.
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3.3

Power Source
31.3.1 Batteries

Each N-FRM Sampler is equipped with two 18V/5Ah

) ) 75-100% charged
Dewalt lithium-ion batteries.

:

| | | . 51-74% charged

Check Battery Charge

Each battery has a Charge Gauge on the front, | I I < 50% charged

consisting of three green LED lights and a button. Press
and hold the Charge Gauge button. The LED lights will
illuminate designating the level of charge left. See
Figure 4 to determine if your batteries need to be charged. Figure 4. Battery Charge Levels

Pack needs to be charged

EEE

Charge Batteries

Plug the charger into an appropriate AC outlet. The charger provided by ARA Instruments is
rated for 220VAC. If you prefer a 110VAC charger, we recommended DeWalt DCB105.

Please read all of the DeWalt instructions for the batteries and Figure 5. Battery Charger

charger included with your sampler for more details about
charging and storing batteries.

Insert the battery into the charger as shown in Figure 5.
The red charging light will blink continuously, indicating
the charging process has started. Batteries should be fully
charged within 1 hour. Completion of the charging cycle is
indicated by the red light remaining ON continuously.

The battery is fully charged and may be used at this time
or left in the charger.

The charger is designed to detect certain problems that
can arise. Problems are indicated by the red charging light
flashing at a fast rate. Try a different battery to determine
if the charger is working properly. If the new battery

charges correctly, then the original battery is defective
and cannot be used.

Install Batteries
Insert two charged batteries into the ARA N-FRM Battery

Holder as shown in Figure 6. Make sure the batteries are fully '

seated and latched to the Battery Holder.
Insert the Battery Holder into the ARA N-FRM.
Figure 6. Battery Inserted Into Holder
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3.3.2 AC Power Supply

Each N-FRM Sampler is also equipped with a 120/240V AC Power Supply to be used when an
outlet is available.

3.3.3 Using Batteries and AC Power Supply

The AC Power Supply does not charge the batteries. The batteries can only be charged with the
included Dewalt Battery Charger.

When both the AC Power Supply and Batteries are connected, the N-FRM Sampler will run off
the AC Power Supply. If the AC Power Supply is interrupted, the Batteries will take over until AC
Power Supply is restored.

3.3.4 Solar Panel System

The ARA N-FRM Sampler utilizes a Zamp 24V Solar Panel System.

3.4 Powering N-FRM Sampler On/Off

Place the Power ON/OFF Rocker switch at the lower right of the front panel of the air sampler in the ON
position. The Sampler will boot up into the Home Screen. The default operational mode is MODE:OFF.

3.5 Navigation

Mavigate through the menus by rotating the selector knob to highlight a desired selection. Press the
knob to select. The menu system is intuitive, especially to those with air sampling experience. To exit
any menu, rotate the selector knob to highlight the top item of all menus and select EXIT. MODE: OFF
takes you back to the Home Screen.

3.6 Sleep Mode

selector knob. In this mode, the LCD screen is blank. To wake up the N-FRM Sampler, press and

f The N-FRM Sampler enters power saving “sleep mode” after a few minutes of no input from the
hold the selector knob for 3-seconds.

3.7 Setting Time and Date

On the Home Screen, confirm that the date and time are accurate. If necessary, follow these steps to set
the correct Time and Date:

e Select SETUP from the Home Screen

s  Scroll down, highlight SYSTEM SETUP and select

s  Scroll down, highlight DATE/TIME and select

e  Scroll down until the Day is highlighted and select

* Rotate the selector knob until the correct date is highlighted and select
s Repeat for Month, Year, Hour, Minute, and Second

* Select DATE/TIME:EXIT

e Select YES to save Date/Time

&  Select SYSTEM:EXIT and then SETUP:EXIT to return to Home Screen
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3.8 Filter Media
3.8.1 Choosing Filter Media

The ARA N-FRM Sampler is designed to use the filters specified by the US-EPA Federal Reference
Method for PM2.5 Sampling. These types of filters work best for sampling...

¢ 2 um PTFE Teflon Filter w/support ring — Recommended if chemical analysis for non-carbon
based compounds will follow gravimetric analysis. Several manufacturers produce Teflon filters
that meet the US-EPA specifications, and work well in the N-FRM Sampler. The key
specification to meet for operation on battery power for is: Filter Resistance of < 30 cm-H20
@ 16.7 LPM. If you will be running samplers on battery power, we recommend the PALL Teflo
Filters (#R2PJ047) as they have a very low resistance and will maintain battery charge beyond
24 hours.

+ Teflon-Coated Glass Filter = Ideal for gravimetric analysis.

e  Pure Quartz Filter - Recommended if chemical analysis for carbon based compounds will follow
gravimetric analysis.

For the sampler to maintain flow and run efficiently, use filters with a maximum pressure drop (with a
clean filter) of 30 cm H20 column @ 16.67 LPM clean air flow. If filter media is too restrictive, the
sampler will not be able to complete a 24-hour run and will automatically shut-off if batteries are

depleted.

3.8.2 Installing a Filter

filter medio should be limited to the non-exposed outer edge with smooth tipped forceps (non-

j Note: This procedure should take place in o laboratory or clean area. Contact and handling of alf
serrated) or plastic tipped forceps. Filter media should never be handled with fingers.

# Unscrew the Filter Holder Top from the Filter Holder Bottom

+ Remove Filter Cassette

s Use ARA Cassette Separator to open the cassette. The top and bottom of the Filter Cassette
are machined for a press fit. The Filter Cassette Top has a large beveled interior edge. See
Figure 7 for appropriate use of Cassette Separator.

Warning: Manually prying the cassette apart with fingers can result in the cassette violently
opening, causing damage to filter media or support screen.

Figure 7. Open 47mm Cassette
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4

4.1

Once the N-FRM Sampler is powered ON, the Home
Screen appears. The Home Screen displays the Time,
Temperature, Barometric Pressure, Wind Speed,
Battery Voltage, and Hour Meter (Total Pump
Operating Hours).

There are three menu selections across the top of the
Home Screen: OFF, DATA, SETUP. These are the
Administrative Modes.

e With forceps, place a pre-weighed, clean filter media onto the Support Screen in the Filter
Cassette Bottom. Install the Filter Cassette Top, firmly and evenly pressing down to
complete the assembly.

e Place the Filter Cassette into the Filter Holder and reassemble by firmly screwing together
the Filter Holder Top and Filter Holder Bottom. Note: Cassettes can be handled with fingers.
But make sure not to touch filter media.

Operational Overview

Home Screen

4.2

Operational Modes
4.2.1 Mode: OFF
When the N-FRM Sampler is powered on, Mode: OFF is the default setting.

Select this administrative mode to move between the Operational Modes: OFF, ON, MET,
PROGRAM, SECTOR and REMOTE.

4.2.2 Mode: ON
Select to manually turn the N-FRM pump ON.
4.2.3 Mode: MET

Select to view and log current meteorological parameters and particle sensor data if the Wind
Sensor and RTP Profiler are installed. In this mode, data logging begins after 5 minutes. The
pump will not run in MET MODE.

4.24 Mode: PROGRAM

Select to set the sampler to run at user-defined parameters: time, date, duration, interval, and
flow rate. This mode logs all standard parameters, in addition to real-time particle data and
meteorological data (if installed). This mode also allows the user to set parameters for
conditional sampling. Options include: minimum wind speed, wind direction (defined sector),
and minimum PM2.5 and PM10 concentrations (if Real Time Profiler is installed).
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4.3 Data

The DATA administrative mode allows the user to view or erase summaries of the last few sampling
events.

VIEW SUMMARIES - In this selection, the last 10 sampling events are stored and organized by
Start Time. The summary data for each event is viewed by scrolling down the LCD screen. To
change and view other events, scroll and select ST (start time and date). Each press of the
selector knob changes the event data to view.

EXPORT LOG - Scrolling to the bottom of the VIEW SUMMARIES screen and selecting
EXPORT LOG allows the user to export a summary, including 5-minute averages of
sensor data and sampling parameters of the selected event to a USB flash drive.

ERASE ALL SUMMARIES - Selecting this option allows the user to erase all sampling event data.
Mote: It is not necessary to erase summaries. The newest sampling event will overwrite the
oldest summary data once the maximum has been reached.

4.4 Setup

The SETUP administrative mode has various options relating to the sampler program and system setup.

SET PROGRAM: Allows the user to set the program for the next sampler run. Instructions that are more
specific can be found in Section 5.1.1.

CLEAR ALL DATA: Will delete all sampler runtime data.

EXPORT SETUP: Using USB drive, the user can download sampler settings.

IMPORT PROGAM: A program may be imported from the USE drive.

SYSTEM INFO: Lists sampler information, including the Serial Number and latest Firmware version.

UPDATE FIRMWARE: With the correct file on a USB drive the user can update the firmware of the
sampler. The latest firmware is available on the ARA Instruments website — www.arainstruments.com

SYSTEM SETUP: This menu allows the user to set the date and time and other sampler parameters.

DATE/TIME: User can set the current date and time. Note: When the sampler battery is
removed, the sampler will hold the current date and time for approximately two weeks.

FLOW RATE: User can turn the pump on and off and set the flow rate. This mode is useful for
flow audits and calibration. There is a user adjustable SLOPE and INT (Intercept) if flow
calibration is needed.

AMBIENT TEMPERATURE: This mode allows the user to turn ON or OFF the ambient
temperature sensor if desired. If turned OFF the sampler defaults to a user adjustable, standard
temperature of 25° C. The user can also enter an offset for calibration purposes.

BAROMETRIC PRESSURE: This mode allows the user to turn ON or OFF the ambient pressure
sensor. If turned OFF the sampler defaults to a user adjustable, standard pressure of 760
mmHg. The user can also enter an offset for calibration purposes.
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STANDARD TEMP PRESS: This mode allows the user to adjust the standard temperature and
pressure used to calculate “standard” flow and volume, and also the default conditions if the
temperature and/or ambient pressure sensors are turned off. Also, in this screen the user can
select to sample at standard conditions or local conditions. The default for the sampler is
sample at actual conditions of local temperature and pressure (LTP).

LCD BRIGHTNESS: Allows adjustment of the LCD backlight.

RESTORE DEFAULTS: Will set sampler back to factory defaults (be cautious in using this option
since it will erase all user input calibration data).

BLUETOOTH CONTROL: For future use.

PARTICLE COUNTER: The N-FRM Sampler comes with default mass values for PM2.5 and PM10
particulates. Users can adjust these values proportionally to match their local aerosol
characteristics.

BOOT HISTORY: This mode is for troubleshooting firmware issues.

REBOOT: Will reboot the sampler.
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Operating the N-FRM Sampler

User-Defined Programming

5.1.1 Creating a Program to Operate at a Specific Time Interval

There are two methods to view the SET PROGRAM screen.

Method 1: On the Home Screen, highlight SETUP and select by pushing the selector
knob. Scroll down to SET PROGRAM and select.

Method 2: On the Home Screen, highlight MODE: OFF and select. Rotate the knob until
MODE: PROGRAM is highlighted and select. Scroll down to ST (start date and time) and
select to open the SET PROGRAM page.

You can now select the fields you desire to edit as you setup the sampler to run:

CLEAR PROGRAM: Select this option if you want to clear the current program. This is not
necessary but can be helpful if you plan to change most of the parameters.

SAMPLE ID: A unigue 4-digit ID can be entered but is not necessary. Sometimes used to
identify site or filter media.

START: Select this option to enter the Start Date and Time. Scroll to the field that you
would like to edit and push to edit. Turn the selector knob to choose the desired date
or time variable, then select and continue to scroll through the fields until the START
Date and Time are set as desired.

DURATION: Select this option to enter the duration of the sample event. Enter hours
and minutes by turning the selector knob and pushing to edit the desired field.

INTERVAL: This option is used to setup a repeating sample event. Enter the hours and
minutes from the end of the programmed run that you would like the event to repeat.
An entry of 72:00 would repeat the sample every 72 hours. For a single non-repeating
event set the INTERVAL to 00:00.

SET FLOW: Use this field to set the desired flow for the programmed event. The
nominal flow rate for ARA PM10 and PM2.5 inertial separators is 16.7 LPM.

CONDITIONS: Select this field to open a sub-menu for conditional sampling. When
conditions are set the sample pump will run after the condition has been met for 5-min,
and will turn off when condition has not been met for 5-min. If multiple conditions are
set all conditions must be met for the sample pump to run.

MINIMUM WIND: Set a minimum wind speed threshold. The default is 0.0
meters/sec.

SECTOR AZIMUTH: Works with Central Angle for Directional Sampling. Set a
centerline azimuth wind direction (direction wind is from) . The defaultis 0
degrees.
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5.1.2

CENTRAL ANGLE: Set the size of the central angle (bisected by Sector Aziumth).
The default is 0 degrees. For example, if the Sector Azimuth was set to 50
degrees, and the Central Angle was set to 40 degrees, the sampler pump would
only turn on when the wind direction was between 70 and 110 degrees.

PM2.5: Set a minimum PM2.5 Concentration threshold. The defaultis 0
micrograms/cubic meter.

PM10: : Set a minimum PM10 Concentration threshold. The defaultis 0
micrograms/cubic meter.

REMOTE TRIGGER: Allows user to turn on the sampling pump with a external
relay. (requires factory modification). The default is NO.

CLEAR COMNDITIONS: Select this option to reset all conditions to default.

MNOTE ON SAMPLING AT STANDARD CONDITIONS: If the method requires sampling at standard
conditions, this can be changed in SETUP -> SYSTEM SETUP - STANDARD TEMP PRESS. (See
Section 4.4)

Running a Program

To activate the sampler at the programmed time and interval the sampler must be set to the
Program Operational Mode.

On the Home Screen, select MODE: OFF. Rotate the knob until MODE: PROGRAM is highlighted
and select.

The LCD screen displays TM (current date and time) and ST (start date and time) of the
programmed event. Confirm that these parameters are correct and leave the sampler in
Program Mode.

5.1.3 Ending a Program

After a programmed sampling event, the sampler remains in MODE: PROGRAM unless manually
changed.

Highlight MODE: PROGRAM at the top of the LCD screen and select. Rotate the selector knob
until MODE: OFF is highlighted and select. The Home Screen will appear.
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5.4 View Summaries

A summary of the programmed event can be viewed and downloaded by selecting DATA from the Home
Screen. Scroll down until VIEW SUMMARIES is highlighted and select. The LCD screen shows the 5T
(start date and time) of the last programmed event and the important sample parameters. Note:
Repeated selecting of ST will scroll through the last ten sample events.

* Sample Duration, hrs:min

s Sample Volume, cubic meters (at sampling conditions)

s Average Sample Flow Rate, LPM

s Average Ambient Temperature, °C

* Average Barometric Pressure, mm-Hg

s Error Codes, if any

* Sample Volume, cubic meters (at standard conditions for PM10 sampling)
s Starting Battery Voltage

s Ending Battery Voltage

5.5 [Export Data

In the VIEW SUMMARIES menu, scroll down and select EXPORT LOG. Follow the prompts and insert a
USE Flash Drive.

Warning: The USB port has low power capabilities. Plugging in devices other than USB Flash Drives,
' such as cell phone chargers and portable hard drives, can damage the port. The best option for data
. removal is using a USB 2.0 Flash Drive.

The LOG file is a CSV (Comma Separated Value) file suitable for import into a Spreadsheet Program for
viewing, printing, and analyzing. In addition to the summary of key sampling parameters at the top, the
file contains time delimited 5-minute averages of all sensors for analysis and sample validation. See
Figure 8 for an N-FRM Sampler CSV file imported into Excel.
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Figure 8. CSV file imported into Excel
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The LOG file name is an 8-digit number designated as "NNMNNJJIH'.
NMNN = Last 4 digits of Sampler serial number
11 = Start day of sampling event, Julian (Ordinal) Day Number (Example: February 5" = 36)
H = Start hour of sampling event, Letter (Example: 2 a.m. = B)

The following is a description of the sampling parameters found in the exported LOG file:

PARAMETER | DESCRIPTION

DATE Sample Date (Day-Month-Year)

TIME Sample Time Interval (5 minute averages)

SECONDS Interval Time (seconds)

SLPM_STD Flow Rate (standard conditions, SLPM)

LPM_LTP Flow Rate (Local Temp and Press, LPM)

VoL M3 LTP Sample Volume (cubic meters, accumulated)
VOL_STD Sample Volume at Standard Conditions (cubic meters,

accumulated)
TEMP_EXT External Temperature (degrees Celsius)

MMHG Barometric Pressure (mmHg)

WIND_AZ Wind Azimuth (degrees)

WIND_MPS Wind Speed (meters per second)

VOLTS Battery Voltage

AMPS Battery Amps

TEMP_INT Internal Temperature (degrees Celsius)

PM2.5 Estimated Concentration (micrograms per cubic meter)
PM10 Estimated Concentration (micrograms per cubic meter)
AQl US-EPA PM2.5 Air Quality Index

FLAGS MOME = No errors during sampling

B — Battery failed, not enough voltage

F = Flow rate could not be maintained

W - Wind direction is in programmed sector

A= Amps are too high. Possible pump failure.

V — External Valve activated (cartridge sampler option)
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The Seattle and Tacoma Air Toxics Trends report is available for viewing or
downloading on the internet at

Links to additional documents for download are also available at the web site.

This material is available in alternate formats for people with disabilities. Please call
Joanna Cruse at 206-689-4067.


https://www.pscleanair.gov/
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days following the date of the alleged discriminatory occurrence. For more
information, or to submit a complaint, please visit our web site at
www.pscleanair.gov, or call (206) 343-8800 and ask for the Title VI Coordinator.



Report authors and researchers

Lead author: Graeme Carvlin
In alphabetical order:

- Graeme Carvlin

- Matt Harper

- IshaKhanna

- James Laing

- Clément Miege

- Adam Petrusky

- Erik Saganié

- Phil Swartzendruber



Acknowledgements and contact information 2
Accessibility 3
Title VI statement 4
Report authors and researchers 5
Contents 6
List of figures 9
List of tables 12
List of appendices 13
List of abbreviations 14
Executive summary 16
Introduction 20
Background 20
Sampling study design 23
Overview 23
Sampling details 26
Community sampling 30
Sampling locations 32
Monitoring results 32
Data considerations 33
Box plots 35
Acetaldehyde 36
Acrolein 38
Antimony 40
Arsenic 4
Benzene 43
Beryllium 45
1,3-Butadiene 46



Cadmium 48
Carbon tetrachloride 50
Chromium 52
Cobalt 54
Ethylbenzene 56
Ethylene Oxide 58
Formaldehyde 62
Lead 64
Manganese 66
Mercury 68
Nickel 70
Selenium 71
Tetrachloroethylene 73
Potential non-cancer risk 74
Potential cancer risk 77
Overall potential cancer risk estimates 77
Potential cancer risk estimate methodology 78
Potential cancer risk from VOCs, aldehydes, and PAHs 80
Air toxics trends 81
Trends in VOCs and aldehydes 81
Trends in wood smoke 85
Trends in diesel particulate matter 86
How trends compare to population and vehicle miles traveled 88
AirToxScreen comparison 90
Seattle Duwamish Valley comparison 91
Seattle Beacon Hill comparison 93
Tacoma Tideflats comparison 94
Seattle 10" and Weller comparison 95




Tacoma South L Street comparison 96

Tacoma S 36" St comparison 97
Source apportionment 98
About source apportionment 98
Methodology 99
Results 100
Community-directed monitoring and community concerns 102
Community engagement summary. 102
Online community feedback 103
Community feedback results 104
PM.s sensor measurements at community sites 105
Community-directed small sensor PM,s discussion m
Duwamish Valley cancer risk from metals m
Community interest: Lead 13
Crosswalk of air lead levels to blood lead levels 15
Community interest: Local fire on June 13™, 2022 n8
Dust as a source of metals in Duwamish Valley air samples 120

Spatial modeling to extrapolate risk from on-road diesel particulate matter and

equity analysis 120
Conclusions 129
Mitigation recommendations and resources 131




Figure 1. Study sites, PM2s maintenance area, and an Agency environmental justice

map (Community Air Tool) scores. 24
Figure 2. Map of outreach results and corresponding location of where monitors were
placed. 31
Figure 3. Acetaldehyde box plot. 37
Figure 4. Acrolein box plot. 39
Figure 5. Antimony box plot. 40
Figure 6. Arsenic box plot. 42
Figure 7. Benzene box plot. 44
Figure 8. Beryllium box plot. 45
Figure 9.1,3-butadiene box plot. 47
Figure 10. Cadmium box plot 49
Figure 1. Carbon tetrachloride box plot. 51
Figure 12. Total chromium box plot. 53
Figure 13. Cobalt box plot 55
Figure 14. Ethylbenzene box plot. 57
Figure 15. Results from EPA analysis of NATTS site data from late 2018 to early 2019

showing Seattle Beacon Hill's site with the lowest levels nationally. 60
Figure 16. Ethylene oxide box plot. 61
Figure 17. Formaldehyde box plot. 63
Figure 18. Lead box plot (not including community-directed samples). 65
Figure 19. Manganese box plot. 67
Figure 20. Mercury box plot 69
Figure 21. Nickel box plot. 70
Figure 22. Selenium box plot. 72
Figure 23. Tetrachloroethylene box plot. 74
Figure 24. Estimated total potential cancer risk from air pollution at 5 Sites........ 78
Figure 25. Estimated potential cancer risk from VOCs, aldehydes, and PAHs only........ 81
Figure 26. Historical trend of VOCs and aldehydes at Seattle Beacon Hill.....weu 82
Figure 27. Historical trend of VOCs and aldehydes at Seattle Duwamish Valley....... 83
Figure 28. Historical trend of VOCs and aldehydes at Seattle 10th and Weller........ 83
Figure 29. Historical trend of VOCs and aldehydes at Tacoma South L St. .. eemeree. 84
Figure 30. Historical trend of VOCs and aldehydes at Tacoma Tideflats. ... 84

Figure 31. Estimated wood smoke potential cancer risk trend at Tacoma South L. 86

9



Figure 32. Annual black carbon trend. 87

Figure 33. Quarterly average black carbon trend. 88
Figure 34. Population of King, Kitsap, Pierce, and Snohomish Counties since 2000........89
Figure 35. Daily vehicle miles traveled (VMT) for King, Kitsap, Pierce, and Snohomish

Counties 90
Figure 36. Seattle Duwamish AirToxScreen cancer risk comparison. 91
Figure 37. Seattle Duwamish AirToxScreen concentration comparison 92
Figure 38. Seattle Beacon Hill AirToxScreen cancer risk comparison. 93
Figure 39. Seattle Beacon Hill AirToxScreen concentration COMPAriSON. . 94
Figure 40. Tacoma Tideflats AirToxScreen cancer risk comparison. 94
Figure 41. Tacoma Tideflats AirToxScreen concentration comparison. 95
Figure 42. Seattle 10th & Weller AirToxScreen cancer risk comparison. 95
Figure 43. Seattle 10th & Weller AirToxScreen concentration COMPAriSON. . 96
Figure 44. Tacoma South L AirToxScreen cancer risk comparison. 96
Figure 45. Tacoma South L AirToxScreen concentration comparison. 97
Figure 46. Tacoma South 36th AirToxScreen cancer risk comparison. 97
Figure 47. Tacoma South 36th AirToxScreen concentration COMPAriSON. .. 98
Figure 48. PMF contribution to PM,s mass concentration. 101
Figure 49. PMF contribution to percent of PM;s. 102
Figure 50. Spatial community input results and eventual temporary monitoring

locations 104
Figure 51. Community feedback on sampling locations. 105

Figure 52. The dates of sampling for PM,s at locations based on community interest.
106
Figure 53. A timeseries of the PM,s measurements at the community directed sites (all

in 2022), shown as daily averages 107
Figure 54. Community-directed PM,s sites over an extended duration. ... 108

Figure 56. Diurnal (hour of the day, midnight to midnight) average for the community
directed PM2.5 measurements. 1o

Figure 57. Estimated cancer risk from metals with risks over 0.1 per MillioN. ... n2
Figure 58. Average lead levels sampled at temporary Duwamish Valley locations.......115
Figure 59. Portion of table showing blood lead to air lead slope factors from the most

recent EPA Integrated Science Assessment. 17
Figure 60. Wind direction during the hours of 6/13/22 11IPM to 6/14/22 1AM and potential
trajectory of smoke generated from a fire at the Seattle Iron and Metals facility........ n8

10



Figure 61. Hourly fine particle (PM2.5) levels on 6/13/2022. 19
Figure 62. Estimated diesel particulate matter cancer risk model performance..... 122

Figure 63. Estimated on-road diesel particulate matter potential cancer risk map....124
Figure 64. On-road diesel particulate matter potential cancer risk statistics by race,

ethnicity, and income. 125
Figure 65. Probability of living in top 5% potential cancer risk from on-road diesel
particulate matter block by income and race. 126
Figure 66. Probability of living in top 5% potential cancer risk from on-road diesel
particulate matter block by income and ethnicity. 127
Figure 67. Potential cancer risk from on-road diesel particulate matter by race -
BIPOC. 127
Figure 68. Potential cancer risk from on-road diesel particulate matter by ethnicity -
Hispanic/Latino. 128

Figure 69. Potential cancer risk from on-road diesel particulate matter by race -
White. 128

1



Table 1. Sampling sites, parameters monitored, duration, and freqUEeNCY......m 26

Table 2. Sampling sites and leveraged monitoring parameters for analysis. ... 27
Table 3. Frequency of blanks and collocated samples. 29
Table 4. Sampling locations selected by community. 30
Table 5. Type of areas of interest to community. 31
Table 6. Site names and addresses with permanent monitoring sites (first 6 rows) and
community-directed sites (last 5 rows) 32
Table 7. Potential non-cancer hazard quotients by compound 74
Table 8. Compounds and associated body systems for non-cancer effects....... 76
Table 9. Potential non-cancer hazard indexes by body system 76
Table 10. Site dataset descriptions for PMF analysis. 99

12



Appendix A. Monitoring site descriptions

Appendix B. Quality assurance

Appendix C. Meteorology representativeness
Appendix D. Pollution roses for PM.s and black carbon
Appendix E. Low carbon tetrachloride samples
Appendix F. The effect of temperature on aldehydes
Appendix G. Comparison of Purple Air data to NFRMs

Appendix H. Community interest: Attempt to spatially extrapolate moss study results
to air samples

Appendix |. Community interest: Attempt to map pollutant-specific and zoning maps
for moss comparison

Appendix J. Comparison to Portland moss study

Appendix K. PMF site pie charts and factor profiles

Appendix L. Additional PMF analysis including air toxics
Appendix M. Metal ratios compared to crustal abundance ratios

Appendix N. Single race graphs for average potential cancer risks from on-road
diesel particulate matter

Appendix O. Box plots for PAHs
Appendix P. Summary statistics for fixed sites

Appendix Q. Integrated Exposure Uptake Biokinetic Model for Lead in Children (IEUBK)
model estimates

13



AQS Air Quality System

ASIL Acceptable Source Impact Level

BC Black carbon

CFR Code of Federal Regulations

CcO Carbon monoxide

DAS Data Acquisition System

DQOs Data Quality Objectives

EPA Environmental Protection Agency

EtO Ethylene Oxide

GIS Geographical Information System

GPS Global positioning system

10 Inorganic (refers to methods for measuring inorganic compounds)
MQOs Measurement Quality Objectives

m3 Cubic meter

NAAQS National Ambient Air Quality Standard

NATA National Air Toxics Assessment

NATTS National Air Toxics Trends Stations

N-FRM Near - Federal Reference Method

ng Nanogram (10° grams)

NO Nitric oxide

NO; Nitrogen dioxide

NOXx Nitrogen oxides (NO + NO2)

NOy Total reactive nitrogen. The sum of NOX, nitric acid, and organic nitrates.
PAHs Polycyclic aromatic hydrocarbons

PM2s Particulate matter less than 2.5 micrometers in diameter
PMuo Particulate matter less than 10 micrometers in diometer
PMF Positive Matrix Factorization

ppb Parts per billion

ppm Parts per million

PSCAAPuget Sound Clean Air Agency

PUF Poly-urethane foam

QA/QC Quality Assurance/Quality Control

QAPP Quality Assurance Project Plan

14



SLAMS State and Local Air Monitoring Stations

SOP Standard Operating Procedures

STN Speciation Trends Network

SVOC Semi-Volatile Organic Compounds

TO Toxic Organic (refers to methods to measure toxic organic compounds)
UFP Ultrafine particles

VOCs Volatile organic compounds

ug Microgram (10°¢ grams)

15



Air toxics are a broad group of chemicals found in air that are known to or suspected
to cause serious health problems. Potential health effects are broad and include
cancer, lung damage, and nerve damage, and more systemic effects.! Typical air
toxics found in our region include individual chemicals like benzene and
formaldehyde, but also include mixtures like diesel particulate matter and wood
smoke. The Agency has made observations of air toxics for over two decades in
partnership with the Washington State Department of Ecology and the US
Environmental Protection Agency.

This study updates air toxics health risks and trends. This study also included
community-directed air monitoring, which focused on metals (within dust size
particles 10 micrometers in diameter or smaller known as PMy) at the Duwamish
Valley community’s request.

We sampled at six sites over the course of a year spanning 2021-2022. These sites,
which are in our routine regulatory network, were equipped with instruments that
measure volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons
(PAHS), PMy, metals, and metal and ion speciated fine particles (particles 2.5
micrometers or smaller known as PM2_5).

our study’s main finding was that overall cancer risk from air toxics continues to
be dominated by diesel particulate matter, with around 85% of the risk across alll
sites. The other 15% is split between estimated hexavalent chromium (~6%), wood
smoke (~4%), and other compounds. A total of 12 compounds had a cancer risk over
our health screening cancer threshold of one-per-million potential cancer risk. One
compound was above the non-cancer health threshold, acrolein, though levels were
similar to other sites across the country. All other air toxics monitored (n=26) were
below both the cancer risk and non-cancer risk screening thresholds.

These air toxics contributions are consistent with our previous studies in our region
dating back to 2003, showing that diesel particulate matter was and continues to be
the major contributor to cancer risk from air pollution. We also found wood smoke is
still a contributor to air toxics risk in the region, with levels of benzene and other air
toxics at wood smoke sites being comparable or higher than industrial sites. Wood

1US EPA “What are Air Toxics” Module, extracted Oct 2023,
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smoke levels have decreased from many efforts, including outreach, incentive
programs to recycle older stoves, and enforcement.

Despite our region growing 30% in population, air toxics levels have dropped by half
since we started monitoring for them in 2003. Improved technology standards,
particularly for cleaner engines, fuels, and wood stoves have resulted in significant
reductions in air toxics, particularly in diesel particulate matter.

In this report, we identified on-road diesel particulate matter exposure is not
equitably distributed. We found Black, Indigenous, and other people of color and
lower income households have higher potential cancer risks from living near
major freight corridors. In our region, targeting diesel particulate matter can have a
great impact on addressing socioeconomic differences in pollution exposure and
health outcomes.

Ethylene oxide is a newly prioritized air toxic since its unit risk factor was updated in
2016 to be 34 times more protective. And in 2019, the Washington State Department of
Ecology updated the acceptable source impact level for ethylene oxide to be 57
times more protective; incorporating age dependent factors to account for the extra
impact to children. Past comparisons to other monitors around the country showed
the lowest levels of ethylene oxide were in Western Washington (Seattle Beacon Hill
and Lacey, WA). Our comparison in this study showed median levels to be uniform
(with the lowest site within 32% of the highest site). From our results, we could not
conclude any obvious sources of ethylene oxide to our region. Ethylene oxide
sampling has two known issues: the limited ability to detect the very low
concentrations of ethylene oxide in ambient air and issues with sampling canisters
being contaminated by previous uses. Most of our ethylene oxide samples were
flagged for these reasons. Therefore, we didn’t include ethylene oxide potential
cancer risk in the summary results. However, we did include concentration box plots
within this report. When quality assurance methods improve, we will revisit
estimating potential cancer risk from ethylene oxide.

For the community-directed sampling, we worked with a community partner, the
Duwamish River Cleanup Coalition (DRCC), to gather community concerns, locations
to sample, and types of pollution to sample. Throughout the analysis phase of the
study, we shared initial results with the community. Now that the study is complete,
we will continue to discuss the results with the community to understand their
interpretation and discuss follow up actions.
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The community was interested in sampling PMiec metals to build upon the metals-in-
moss studies? performed by DRCC, the Duwamish Valley Youth Corp, Western
Washington University, the US Forest Service, and others. In that study the Duwamish
Valley Youth Corp took samples of moss from trees around the Duwamish Valley and
sent samples to a lab to measure the amount of metals in the moss. While moss
sampling may show gradients of metal levels, the values are not directly related to
human exposure pathways and ambient air levels. This community-led sampling
effort provided an opportunity to perform follow up air sampling for PM; metals in
areas that the community identified to be of concern from moss sampling.

The community chose five sites, two in industrial areas and two in residential areas in
Georgetown and South Park and one next to King County International Airport (Boeing
Field). Overall, metals levels at the industrial and residential sites were similar to
our longstanding Duwamish Valley air monitoring site, which was established in
1971.

We estimated that hexavalent chromium has the highest potential cancer risk of
PMI10 metals in ambient air in the Duwamish Valley. Arsenic was next highest, with
risks of 5 per million or less. The remaining metals were all below the one-in-a-million
potential cancer risk screening level, and none were over non-cancer screening
levels. To estimate hexavalent chromium, we applied the best available but
outdated ratio based on a previous sampling® and a meta-analysis study“. We will
conduct a follow-up study starting in 2024 to measure current hexavalent
chromium to total chromium ratios. If the follow up study shows substantial
differences, we will publish an addendum to this report to update potential cancer
risk from hexavalent chromium.

Measured lead levels were well below the EPA health-based standard and health
screening level. Additionally, lead levels were lowest at our near-airport site.
Community and others have expressed recent concerns with leaded fuels from
propeller planes still used at King County International Airport. The Duwamish Valley

2 Duwamish River Community Codilition, 2019, “Moss Study Community Fact Sheet’,

8 PSCAA, 2013 Air Quality Data Summary,

4Torkmahalleh M.A,, Yu CH, Lin L, Fan Z, Swift J.L, Bonanno L, Rasmussen D.H, Holsen T.M. Hopke
PK. (2013). “Improved atmospheric sampling of hexavalent chromium’. J Air Waste Manag
Assoc. 63(11):1313-23.
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did have higher lead levels than other study sites, but still far below health
benchmarks.

In our report, we hypothesize that dust resuspended by vehicles is a main
contributor to the metals found in our air samples and in moss samples. The near-
airport site had the lowest metal values overall and was set back furthest from any
vehicle traffic.

Based on the findings from this report, we will continue to focus on reducing diesel
particulate matter in our region through emissions reduction incentives. The
Agency leverages grant funding to switch diesel vehicles to cleaner and electric
vehicles and to remove old highly polluting wood stoves. This is work that we have
been doing for many years, starting with our Diesel Solutions program—developed
following the recommendations in the original 2003 air toxics study.

We will also continue to address wood smoke. We heavily invested in our wood stove
programs following EPA designating Tacoma-Pierce County nonattainment in 2009
for PM,s. Today, we continue to support wood smoke reductions through outreach,
incentives, and enforcement.

We also actively work with industry to comply with regulations through our
inspection, permitting, and complaint response programs.

As we move forward with our 2030 Strategic Plan, we will use the information
obtained through this study to help guide our work to address the most harmful air
pollutants and reduce socioeconomic disparities in air pollution health risk.

19



In 2020, the United States Environmental Protection Agency (EPA) awarded the Puget
Sound Clean Air Agency (Agency) a Community Scale Air Toxics Grant to characterize
the impacts of air toxics in communities in and around Seattle and Tacoma,
Washington. The air toxics study includes updating baseline potential cancer risk
values, looking at trends, and spatial analyses. The award also funded a community-
directed portion to follow up on community concerns about metals in the Duwamish
Valley. This grant was a three-year award.

Our Agency is a municipal corporation dedicated to healthy air, climate, and
environmental justice for the benefit of all people in the Puget Sound region. The
mission of the agency is to preserve, protect, and enhance air quality and public
health, enforce the Clean Air Act, support policies that reduce climate change, and
partner with communities to do this work equitably.

The purpose of this report is to analyze the long-term trends associated with air
toxics risks, in the hopes of informing policymakers, educating the public, and
focusing resources on where the pollution reductions can make the most impact to
improve the health and well-being of all people in King, Pierce, Kitsap, and Snohomish
counties.

In this study, we collected air toxics samples over one year in 2021 and 2022 in the
Seattle and Tacoma areas. In our analysis, we also included various air toxics studies
in the region over the last two decades to make comparisons. We also included data
from the National Air Toxics Trends monitoring site at the Beacon Hill station that is
run by the Washington State Department of Ecology (Ecology).

The Agency has completed several air toxics studies and analyses over the years.
This section gives a brief overview of the studies included in our analysis.

For this project, we built upon the results of our previous studies and community
engagement work to characterize the impacts of air toxics in environmentally
overburdened communities in Seattle and Tacoma.
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Agency Overburdened Communities

We sampled in areas that are a priority for the Agency: all monitoring sites in this
study were completed within our Agency Overburdened Communities Map. Our
Community Air Tool shows that the area where we did community-directed sampling
in the Duwamish Valley is one of the most disproportionately impacted areas in our
region.

Community-directed sampling: community interest in metal sampling

Based on past air deposition studies, both the Seattle Duwamish Valley and Tacoma
Tideflats industrial areas have higher levels of metals from atmospheric deposition
compared to other areas.>® A more recent metals-in-moss sampling study (in 2019,
led by a group of Duwamish Valley partners including support from the US Forest
Service and Duwamish Valley Community Coalition) in the Seattle Duwamish Valley
found metal gradients in moss samples, and raised questions about how that
translates to air quality health risks.’

We actively engaged with community members from the Georgetown and South
Park neighborhoods of the Duwamish Valley to gather input. We engaged early in the
planning process for this grant. This included gathering input online and through an
in-person public workshop that resulted in the identification of pollutants of concern
at five locations in the Duwamish Valley, including specific feedback telling us where
to monitor in the Georgetown and South Park neighborhoods. The community also
emphasized an interest in sampling for metals based on recent metals-in-moss
sampling results collected by the Duwamish Valley Youth Corps.

® King County Department of Natural Resources and Parks, Dec 2013, “Lower Duwamish
Waterway Source Control: Bul Atmospheric Deposition Study Final-Data Report”,

¢ Washington State Department of Ecology, “Control of Toxic Chemicals in Puget Sound Phase
3: Study of Atmospheric Deposition of Air Toxics to the Surface of Puget Sound”, Pub no 10-02-
012, 2012,

7 Duwamish River Community Coalition, 2019, “Moss Study Community Fact Sheet’,
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Previous studies: diesel particulate matter is the highest priority air toxic

Previous studies have highlighted that traffic pollution is a significant source of air
toxics risk nationally and in our region. In 2003, the Agency and Ecology completed a
toxics study in the Seattle area.? This study found that the most important air toxics
risk was from diesel particulate matter (with 70-85% of total potential cancer risk from
air toxics) and wood smoke, with significant contributions from formaldehyde,
hexavalent chromium, and benzene. This 2003 study did not include a near-road
monitoring site.

In 2010, in partnership with the University of Washington, we completed another air
toxics monitoring campaign that extended the evaluation to three sites in the
Tacoma area and the industrial valley in Seattle.® This study identified vehicles,
specifically diesel particulate matter, as the main source of air toxics risk in the region
(with over 70% of the total potential cancer risk from air toxics). The study also
confirmed that wood smoke was also an important contributing factor. The 2010
study confirmed much of the knowledge gained from the 2003 study, including the
pollutants that drive air toxics risk in the region.

Our most recent air toxics study was completed in 2018 and looked at near-road
emissions centered in Seattle’s Chinatown-International District (CID).°® We used
novel approaches with positive matrix factorization (PMF) using air toxics data to
identify two types of diesel emissions from highway traffic, a “fresh” near-road diesel
factor and evidence of a “background” diesel factor. This project also included
community-directed samples that showed an expected spatial gradient from the
adjacent freeways and was dominated by diesel PM air toxics risk. In this study, diesel
particulate matter contributed over 75% of the total potential cancer risk from air
toxics.

8 Puget Sound Clean Air Agency, ‘Final Report: Puget Sound Air Toxics Evaluation”, 2003,
9 Puget Sound Clean Air Agency, “Tacoma and Seattle Area Air Toxics Evaluation”, 2010,

'© Puget Sound Clean Air Agency, “Near-road Air Toxics Study in the Chinatown-International
District’, 2018,
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Ethylene oxide

In 2016, the EPA Integrated Risk Information System (IRIS) updated the cancer risk
factor for ethylene oxide," listing it as significantly more carcinogenic than previously
estimated. Also, EPA has recently included ethylene oxide in the standard suite of
measured volatile organic compounds. Prior to this study, limited sampling at the
Seattle Beacon Hill site showed a few values above the detection limit. However,
because the cancer risk factor was increased, samples that just meet the detection
limit now translate to cancer risk estimates in the hundreds per million potential
cancer risk. In this study, we aimed to collect more ethylene oxide samples around
the region to see how the Beacon Hill site compares and identify potential sources.

Overview

The sampling was primarily designed to update air toxics risks in the Puget Sound
region. By studying areas where we have measured air toxics risks in previous
campaigns, we also designed the study to evaluate long term trends. Additionally, we
designed the study to better estimate risks from specific sources using PMzs
speciation data and source apportionment techniques.

Core fixed monitoring locations used in this study included three sites in Seattle and
three sites in Tacoma. The sites included: Seattle Duwamish (industrial area), Seattle
10t & Weller (near-road), Seattle Beacon Hill (NATTS - National Air Toxics Trends
Station), Tacoma Tideflats (industrial site), Tacoma South L Street (residential), and
Tacoma South 36 Street (near—road). Seattle Beacon Hill and the near-road sites are
operated by Ecology. The core monitoring site locations can be found on Figure 1 and
further details in Appendix A. The core monitoring stations are already part of the
approved Ecology State and Local Air Monitoring Stations (SLAMS) network.

TEPA Integrated Risk Information System, Ethylene Oxide, 2016,
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Figure 1. Study sites, PM,s maintenance area, and an Agency environmental justice map
(Community Air Tool) scores.

Since the Seattle Beacon Hill site is a NATTS site, there is a historical record of air toxics
since 2000 at this location. The Beacon Hill site data served as a consistent historical
trend at the urban spatial scale. The urban spatial scale is defined by EPA as a site
which can represent overall city conditions with dimensions on the order of 4 to 50
kilometers. Seattle Duwamish, Tacoma Tideflats, and Tacoma South L Street were also
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used in the 2009 air toxics study. These sites are defined by EPA as neighborhood-
scale sites, which represent concentrations within some extended area of the city
that has relatively uniform land use with dimensions in the range of 0.5 to 4
kilometers.

The near-road monitoring sites were established by updated EPA requirement;
Seattle 10™" & Weller in 2014 and Tacoma South 36™ Street in 2016. These sites were
designed to collect data on mobile sources from nearby large freeways. We utilized
the Seattle and Tacoma near-road sites to quantify air toxics from freeways. Near-
road sites are generally considered microscale, defined as concentrations in air
volumes associated with area dimensions ranging from several meters up to about
100 meters. The usefulness of the microscale sites is that they are designed to
achieve an understanding of the highest concentrations of air pollutants. Near-road
monitoring locations are helpful for characterization of air toxics emissions and risks
from freeways.
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Sampling details

Table 1 shows the sampling equipment that was added specifically for this study.
More details can be found in the data completeness table located in Appendix B
(Table B-1). The following table, Table 2, shows the sampling equipment that was
already in-use at the study sites and could be leveraged.

Table 1. Sampling sites, parameters monitored, duration, and frequency.

Sites | Measured parameters Duration Monitoring Frequency
TacomaSL | Select VOCs (Note A) August 2,2021 |1in6
Street Select aldehydes (Note B) —Sep2,2022 |1ine
(residential)
Tacoma Select VOCs (Note A) August 2,2021 [1in6
Tideflats Select aldehydes (Note B) —Sep 22022 |qing
(industrial)
PMi metals 1in 6
Tacoma S Select VOCs (Note A) August 2,2021 [1in6
36" street Select aldehydes (Note B) -Sep2,2022 |1ine
(near-road)
Seattle 10t Select VOCs (Note A) August 2,2021 [1in6
and Weller Select aldehydes (Note B) —Sep2,2022 |1ine
(near-road)
Seattle Select VOCs (Note A) August 2,2021 [1in6
Duwamish Select aldehydes (Note B) —Sep 22022 |4ine
(industrial)
PMy, metals (Note C) :
1in6
Polycyclic Aromatic .
1in6
Hydrocarbons (PAHs) (Note D)
Community- | PMy metals Summer 2022 | Week-long samples
directed sites PM,5 Sensors start dates per request to cover as
varies much time as possible
between sites | with no breaks

Note A: Benzene, 1,3 butadiene, carbon tetrachloride, tetrachloroethylene, ethylbenzene, acrolein, and ethylene oxide.
Note B: Formaldehyde and acetaldehyde.

Note C: Antimony, arsenic, beryllium, cadmium, chromium, cobalt, lead, manganese, mercury, nickel, and selenium.
Note D: Acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(e)pyrene, benzo(gh.i)perylene, benzo(k)fluoranthene, chrysene, coronene, dibenz(a,h)anthracene,
fluoranthene, fluorene, indeno(1,2,3-c.d)pyrene, naphthalene, perylene, phenanthrene, and pyrene.
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Table 2. Sampling sites and leveraged monitoring parameters for analysis.

Leveraged parameters (not funded by this

grant)

Procedure (see QAPP)

Tacoma S L Street
(residential)

PM2s

PM2s speciation

PM2s SOPs
CSN-Supplemental

Temperature, winds Met SOP
Black carbon Black carbon SOP
Tacoma Tideflats PMa2s PMa2s SOPs

Black carbon

(industriai) PM2s speciation CSN-Supplemental
Temperature, winds Met SOP
Black carbon Black carbon SOP
Tacoma S. 36t street NO», NO, NOx NOx SOPs
(near-road) PM2s PMz5 SOPS
Temperature, Winds Met SOP
Traffic Counts WA DOT

Black carbon SOP

Seattle 10t and Weller
(near-road)

NO2, NO, NOx, CO
PMa2s

PM2s speciation
Temperature, Winds
Traffic Counts

Black carbon

NOx, CO SOPs

PM2s SOPs
CSN-Supplemental
Met SOP

WA DOT

Black carbon SOP

Seattle Duwamish
(industrial)

PMa2s
PM2s speciation
Temperature, winds

Black carbon

PM2s SOPs
CSN-Supplemental
Met SOP

Black carbon SOP

Seattle Beacon Hill

Full suite of VOCs
PAH

Aldehydes

PMio metals

NOs, NO, NOx, SO, CO
PM2s

PM2s speciation

Temperature, Winds

PAMS and NATTS
NATTS

PAMS and NATTS
NATTS

NCORE

PM2s SOPs

STN and IMPROVE
Met SOP

27




Select Volatile Organic Compounds (VOCs) - We used an established Standard
Operating Procedure (SOP) as described in Appendix A of the study Quality Assurance
Project Plan (the School Air Toxics Program SOP for sampling VOC's using a passive
regulator and timer for a 6L SUMMA canister). The equipment that we used was from
Entech, which was equivalent to the equipment used in the SOP. The select VOCs that
were sampled were based on prior air toxics monitoring of compounds that had
potential cancer risks of one-in-a-million or higher. These compounds were benzene,
1,3 butadiene, carbon tetrachloride, tetrachloroethylene, ethylbenzene, acrolein, and
ethylene oxide.

Select aldehydes - The Washington Department of Ecology (Ecology) previously used
a carbonyl sampler called a XONTECK; and those samplers are no longer
functional/available. Therefore, we acquired and tested the available ATEC samplers.
We used an established SOP as described in Appendix B of the QAPP, and we used the
same laboratory analytical methods so that our data can be comparable to
historically collected data. The compounds measured were formaldehyde and
acetaldehyde.

PMie metals — We sampled for PM,, metals at two fixed industrial sites by using the
Thermo (formerly Rupprecht & Patashnick) Model 2025 samplers that are already
used in our state’s Federal Reference Monitoring program. Our operators routinely
operate these monitors using the Ecology SOP, and we followed the designation
stated in Appendix | of the QAPP. These samplers were configured for collecting PMy
filters on a I-in-6 sampling frequency for the year of the sampling campaign. We
have a limited number of this model of instrument and due to their size, they could
only be used at our primary sampling sites. For the PMy, Metals sampling at
community determined sites, we used the N-FRM monitor provided by ARA per the
procedure in Appendix L of the QAPP. The N-FRM monitors were tested and then
configured for collecting filters for I-week durations, which was the sampling period
selected by the community. These samplers proved useful for collecting data in the
five specific locations determined by the community. The metals sampled were
Antimony, arsenic, beryllium, cadmium, chromium, cobalt, lead, manganese,
mercury, nickel, and selenium.

Polycyclic Aromatic Hydrocarbons (PAHs) — We used a standard High Volume PUF
sampler to collect samples for PAH analysis at the Duwamish industrial site per the
SOP in Appendix C of the QAPP. This method is identical to the one used for the NATTS
sites. The compounds sampled were acenaphthene, acenaphthylene, anthracene,
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benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(e)pyrene,
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, coronene,
dibenz(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene, naphthalene,
perylene, phenanthrene, and pyrene.

Black carbon (BC) — We used the Aethalometer AE-33 model sampler to collect the 7-
channel black carbon continuous data for use in the analysis at each of the study
sites, to give us a surrogate measure for diesel particulate matter.

Laboratory analysis was conducted by Eastern Research Group (ERG), the national
contract laboratory for the NATTS program.

Table 3 below shows the frequency of field blanks and collocated sampling. QC
checks were performed monthly on the ATECs, Partisols (PMy, metals), AE-33s, and
BAMs. Leak checks were performed on VOC canisters before and after every sample.

Table 3. Frequency of blanks and collocated samples.

Sampler Blanks Collocated Samples

VOC canister (ENTECH) None One per 10 samples

Carbonyl samples Tevery 10 samples One per 10 samples for the
only 2-channel sampler
(ESwA).

PAH samples Tevery 5 samples None

PMi HAP metals 1every 5 samples None

The EPA-approved Quality Assurance Project Plan (QAPP) provides a high level of
detail about the sites, pollutants, locations, chemicals, periodicity of the monitoring,
as well as the detailed site descriptions. The QAPP is available upon request.

The results of the collocations, blanks, flow checks, and other quality assurance
parameters mostly met quality thresholds as outlined in the QAPP for all the data
used for analysis included in this report. For collocated samples, seven out of the
nine ethylene oxide duplicates were outside of 80-120% recovery. For all other
analytes there were 19 duplicate samples outside of the 80-120% recovery window,
out of 445 duplicate samples. In most of these cases the sample concentrations
were low and at least one of the samples was less than 3 times the method detection
limit. Appendix Table B-5 shows the duplicate samples that were outside 80-120%
recovery and had both primary and duplicate sample concentrations greater than
3x the MDL.
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For blank samples there were some analytes which had blank concentrations close
to sample concentrations, but in most of those cases the concentrations were close
to or below detection limits. Appendix Table B-6 provides the mean ambient
concentration, mean field blank concentration, and mean MDL concentration for all
sites and analytes at which field blank samples were collected.

Community sampling

We reached out to community members to involve them in discussions around the
nature and objectives for the community sampling. Ultimately five sites were chosen
to perform additional monitoring of air toxic metals using a PM,, sampler which
collected material on a filter, which was further analyzed for air toxic metals. Table 4
shows the community feedback, describing the locations where the community
desired extra sampling. Table 5 below shows the interest of community in the types
of areas to do monitoring. Figure 2 shows a map of outreach results and
corresponding locations of where monitors were eventually placed (green stars) with
the corresponding name of the site. The level of community interest is represented

by the size of the blue circles.

Table 4. Sampling locations selected by community.

Letter on Map | Location Response
G South Park residences 28%
C The “triangle’ (higher concentration from metals-in-moss study) 20%
D Georgetown residences 15%
F South Park industrial area (higher concentration from metals-in- 13%
moss studly)
H Near King County Airport 1%
E North Georgetown 8%
A West industries 3%
B North industries 3%
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Table 5. Type of areas of interest to community.

Area type of interest Response
Residential areas 34%
Higher concentration areas from the moss study (E Marginal Way S 22%
and northern South Park)

Industrial sources 14%
How metal levels compare to other places with similar data, such as 1%
Tacoma or Beacon Hill in Seattle

King County Airport 10%
Major roadways 8%

Figure 2. Map of outreach results and corresponding location of where monitors were placed.

Based on the community input, there were five temporary sampling locations which
were chosen to sample for PMy,, metals. Table 6 shows the sampling locations;
community sites are in blue and core monitoring sites are in yellow. The community
directed monitoring sites are considered middle-scale, which represents
concentrations typical of areas up to several city blocks in size with dimensions
ranging from about 100 meters to 0.5 kilometer.

The community indicated that for PMy, metals sampling, they preferred continuous
monitoring to not miss any potential spikes in pollution during a week. Longer sample
duration also helped collect enough sample that detection limit issues were less
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common. Therefore, for the temporary community-directed PM,; metals samples, we
collected samples for week-long periods, and adjusted our Quality Assurance
Practices to accommodate that change.

Sampling locations

Table 6 below shows the site locations used in the study. More detailed information,
site descriptions, and satellite imagery can be found in Appendix A.

Table 6. Site names and addresses with permanent monitoring sites (first 6 rows) and
community-directed sites (last 5 rows).

Site common name Sitecode Site address*

Seattle 10t and Weller BKWA 10th Ave S & S Weller St, Seattle, WA 98104
Seattle Beacon Hill SEWA 4103 Beacon Ave S, Seattle, WA 98108
Seattle Duwamish CEWA 4700 E Marginal Way S, Seattle, WA 98134
Tacoma Tideflats EQWA 2301 Alexander Ave E, Tacoma, WA 98421
Tacoma 36th YFWA 1802 S 36" St, Tacoma WA 98418

Tacoma South L St ESWA 7802 S L St, Tacoma, WA 98408
Georgetown South Seattle College  UAWA 6737 Corson Ave S, Seattle, WA 98108

South Park Residential UBWA S Eimgrove St & 12t Ave S, Seattle, WA 98108
Georgetown Residential UCWA Carleton Ave S & S Willow St, Seattle, WA 98108
Georgetown Steam Plant UDWA 6605 13th Ave S, Seattle, WA 98108

South Park Industrial UEWA S Fontanelle St. & 3@ Ave S, Seattle, WA 98108

* We only provide approximate locations for the residential community-directed sites.

Most of our data come from monitoring we conducted between August 2021 and
September 2022, but we were also able to leverage air toxics data from the Seattle
Beacon Hill site and speciation data from Seattle 10" and Weller, Tacoma South L, and
Tacoma Tideflats, with instruments maintained by the WA State Department of
Ecology. The monitoring results in this section encompass the fixed sites and the
community-directed sampling that occurred in the Seattle Georgetown and South
Park neighborhoods in the summer of 2022. The data include air toxics (VOCs,
Carbonyls, SVOC PAHs, PMy metals), PMss, black carbon, meteorology (barometric
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pressure, ambient temperature, wind speed and direction), and PM,s chemicall
speciation. Summary statistics for fixed sites can be found in Appendix P.

Data considerations

Impact of wildfire smoke

Wildfire smoke impacts occurred in our region on August 12-14, 2021. August 12*" and
13" had regional impacts, whereas the 14" was primarily isolated to eastern
Snohomish County. So, even though August 14" was a sample day, the impacts were
deemed to be minimal.

Weather summary and representativeness

The full extent of sampling for this project was from August 2, 2021 to September 2,
2022.The core sites Seattle 10" & Weller, Seattle Beacon Hill, Seattle Duwamish,
Tacoma South L, Tacoma Tideflats, and Tacoma S 36" included VOCs, carbonyls, PM.s
speciation, and black carbon. These data represent slightly more than a full calendar
year. The community-directed PM;, metals samples were collected during the
following times: two sites ran from late July 2022 through September 2, 2022, two
other sites ran from July 1,2022 through Sept 2, 2022, and one site ran from March 25
through September 2, 2022 (Appendix B, Table B-1). These samples would represent
only summer conditions.

For both time periods, it is important to note the degree to which these represent A) a
typical year, B) a typical late summer, and C) how representative a late summer is in
relation to a full year.

The primary meteorological factors for consideration of representativeness in this
study are temperature, wind speed and direction, and precipitation. Based on past
analyses of regional weather patterns, longer term anomalies (more than just a few
days) are almost always regional, and so would not be confined to a single monitor.
Therefore, precipitation from the University of Washington Atmospheric Sciences
Building (about 5 miles to the north), and temperature, wind speed, and wind
direction from the Duwamish site should be sufficient to address the issue of
temporal representativeness for all sites.
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As can be seen in Figure C-1in the Appendix, the temperatures tracked the 10-year
average fairly well. There were only a few large departures beyond +/- 1 standard
deviation that were relatively short. The only notable deviance from the average was
the period from mid-April through late June that was mostly below or well below
average temperatures. This is likely indicative of greater than normal cloud cover and
precipitation. During the metals sampling period of July though the beginning of
September, the temperatures were close to average with a normal amount and
range of variation.

A similar plot for daily average wind speeds is shown in Figure C-2 in the Appendix.
November and December appear to be moderately windier, while January through
mid-March appear to be somewhat calmer than typical. During the metals sampling
period, winds appear to be fairly typical for that time of year.

Wind directions also appear to be typical for the past decade. As shown in Figure C-3
in the Appendix, the wind rose of wind speeds and direction for the sampling year are
very similar to the past 10 years. The biggest difference appears to be a slightly lower
frequency of winds from the NW. For the metals sampling period, there is also a close
similarity between the sampling period and previous years. Figure C-4 shows the
metals sampling year and the previous year during the same period. Other years (not
shown) are very similar to the previous year. The largest observable difference is
slightly more southerlies and fewer SSW in the metals sampling period (Jul-Aug,
2022).

Weekly precipitation is shown in Figure C-5. The full sampling period had the second
highest total precipitation out of the adjacent 10 years (in the same period of the
calendar year). Ten weeks had the greatest weekly precipitation of the full 10-year
comparison period (5 or 6 would be typical). There were four notable periods: well
above normal precipitation in late October/early November and briefly in early
January; mid-January through mid-February was atypically dry; and May into early
June were modestly wetter than normal. The metals sampling period (July and
August) was almost completely dry, as is typical. Deviations from typical precipitation
that would be worthy of noting for air quality purposes would be extended below
normal precipitation in the winter and extended above normal precipitation in the
summer.

Since the wind directions and speeds were close to normal, it appears unlikely that
any typical major contributors would have been missed, or that any atypical sources
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would have been sampled. The only atypical meteorological factor that has the
potential to influence or bias the results would be the greater than normal
precipitation in the late fall and early winter. This may have reduced the amount of
residential wood smoke that would have accumulated and been detected but could
also have been offset by the relatively dry period from mid-January through mid-
February. The other atypical weather pattern, modestly cooler temperatures and
greater precipitation from mid-May through mid-June, could have reduced ozone
production, but this would not impact any of the sample collection sites of this
campaign.

Box plots

The box plots below show the 25t percentile (bottom of box), median (middle line in
box), 75" percentile (top of box), and outliers (circles) for the compounds that we
sampled. The whiskers are the furthest data point from the box within 1.5 times the
inter-quartile range. The box plots are shaded only for aesthetic effect. Data from our
sites are shown alongside data from 2019-2021 at all National Air Toxics Trend Stations
(NATTS) sites. Only the sites which sampled for the given compound are shown. The
dashed line is the minimum detection limit (MDL). Any values below the MDL may not
be accurate. The asterisks next to site names indicate that a t-test showed the mean
for that site was significantly (p > 0.05) different than the NATTS sites. In some graphs,
very high outliers at NATTS sites are removed so that the boxes aren’t shrunk so far
that it makes them hard to compare visually. Boxplots for PAHs can be found in
Appendix O. None of our sites had any PAH values above the MDL.

The purpose of the NATTS network is to provide long-term measurement of air toxics™
There are 26 NATTS sites; 21 urban and 5 rural. Some are located close to nearby air
toxics sources and others measure primarily background concentrations. The NATTS
network provides the most comprehensive national view of air toxics, however it is
not strictly a national average.

12 Air Toxics Ambient Monitoring, EPA. 2023.
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https://www.epa.gov/amtic/air-toxics-ambient-monitoring#natts
https://www.epa.gov/amtic/air-toxics-ambient-monitoring#natts

Acetaldehyde

The EPA lists acetaldehyde as a probable human carcinogen. Acute exposure to high
concentrations of acetaldehyde is also associated with irritation of the eyes, throat,
and lungs.” Main sources of acetaldehyde include wood burning and car and truck
exhaust. Agency efforts that target vehicle exhaust and wood stove emission
reductions also reduce acetaldehyde emissions. Since 2000, we found a statistically
significant drop in risk from acetaldehyde at a rate of about 0.1 per million per year at
Seattle Beacon Hill."*

The box plot in Figure 3 shows that our fixed sites are lower than most of the NATTS
concentrations. Like formaldehyde, acetaldehyde is also readily formed in the
atmosphere. So, we would expect the concentration patterns to be similar to
formaldehyde.

Appendix F shows the relationship between acetaldehyde and temperature.
Generally, acetaldehyde increases with increasing temperature.

¥ EPA Hazard Summary,

4 Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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https://www.epa.gov/sites/production/files/2016-09/documents/acetaldehyde.pdf
https://www.epa.gov/sites/production/files/2016-09/documents/acetaldehyde.pdf
https://pscleanair.gov/DocumentCenter/View/4828/Air-Quality-Data-Summary-2021-PDF

Figure 3. Acetaldehyde box plot.

37



Acrolein

Only one air toxic, acrolein, failed the screen for non-cancer health effects, with
measured concentrations consistently exceeding the reference concentration. Non-
cancer health effects are measured using a parameter called the hazard quotient,
where any value over 1is beyond the reference concentration. A hazard quotient
above 1 does not mean that health effects will definitely occur, however, a higher
hazard quotient is associated with a higher likelihood of health effects. The average
hazard quotient at our sites was 1.8, slightly higher than the NATTS average of 1.6.
Acrolein is a byproduct of combustion of fossil fuels, high-temperature cooking of
some foods, and cigarette smoking. It irritates the lungs, eyes, and nose.”

The box plot in Figure 4 below shows a higher median at most of our sites compared
to NATTS sites, except for Beacon Hill.

® EPA Hazard Summary,
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https://www.epa.gov/sites/production/files/2016-08/documents/acrolein.pdf

Figure 4. Acrolein box plot.
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Antimony

Acute exposure to antimony can lead to irritation of the skin and eyes, while chronic
exposure can cause lung inflammation and disease'™. Antimony occurs naturally in
the environment; however high levels can be produced by metal working industries.

Many metal working businesses are regulated by our agency.

Figure 5 shows median antimony levels were higher at Duwamish than NATTS sites.
However, Tacoma Tideflats and Beacon Hill were lower — with the exception of a
single high sample at Tacoma Tideflats.

Figure 5. Antimony box plot.

16 EPA Hazard Summary,
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Arsenic

EPA lists arsenic as a known carcinogen. Exposure to arsenic is also associated with
skin irritation and liver and kidney damage.” Arsenic is used to treat wood and was
historically used in glass coloring. Combustion of distillate oil is also a source of
arsenic in the Puget Sound area. Since 2000, we found a statistically significant drop
in risk from arsenic at a rate of about 0.05 per million per year at the Seattle Beacon
Hill site.®

The Agency’s permitting program also works with and regulates industrial sources of
arsenic to reduce emissions. lllegal burning can also contribute to arsenic emissions
in our area.

The box plot in Figure 6 shows that arsenic is higher at the Duwamish and Tacoma
Tideflats sites compared to the NATTS sites. Beacon Hill has a similar median as the
NATTS sites.

7 EPA Hazard Summary,

18 Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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https://www.epa.gov/sites/production/files/2016-09/documents/arsenic-compounds.pdf
https://www.epa.gov/sites/production/files/2016-09/documents/arsenic-compounds.pdf
https://pscleanair.gov/DocumentCenter/View/4828/Air-Quality-Data-Summary-2021-PDF

Figure 6. Arsenic box plot.
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Benzene

The EPA lists benzene as a known human carcinogen. Benzene inhalation is also
linked with blood, immune and nervous system disorders.™ This air toxic comes from
a variety of sources, including car and truck exhaust, cigarette smoking, wood

burning, evaporation of industrial solvents, and other combustion.

Benzene levels are likely decreasing in our area due to factors including less
automobile pollution with cleaner vehicles coming into the fleet, better fuels, and
fewer gas station emissions due to reduced vapor loss and spills (better compliance
and use of control measures). At the Seattle Beacon Hill site, we found a statistically
significant drop in risk from benzene at a rate of about 0.35 per million per year since
2000.%°

Figure 7 below shows the box plot for benzene. The median benzene was highest at
the near-road site, 10" & Weller, which is located approximately 50 feet from I-5. The
median benzene was also high at the other near road site, Tacoma S 36" St. The
residential Tacoma location, S L St, with significant impacts from wood smoke in the
winter months, had median levels comparable to the industrial valleys on an annual
average. Meanwhile most of those higher days fell in the winter heating months with
significantly lower levels in the summer months. The median values at most of the
sites were comparable to the NATTS sites.

9 EPA Hazard Summary;

20 puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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https://pscleanair.gov/DocumentCenter/View/4828/Air-Quality-Data-Summary-2021-PDF

Figure 7. Benzene box plot.
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Beryllium

Acute exposure to high levels of beryllium can cause lung inflammation?. Chronic
exposure can cause berylliosis, a disease characterized by non-cancerous lung
lesions. EPA has classified beryllium as a probable human carcinogen. Beryllium
occurs naturally in the environment. However, high levels can be produced by metal

working industries. Many metal working businesses are regulated by our agency.

Figure 8 shows the median level of beryllium was higher at NATTS sites than our sites.
However, Tacoma Tideflats did have a few days with higher concentrations.

Figure 8. Beryllium box plot.

2 EPA Hazard Summary,
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13-Butadiene

The EPA lists 1,3-butadiene as a known human carcinogen, and inhalation is also
associated with neurological effects.? Primary sources include cars, trucks, buses,
and wood burning. Our Agency has efforts that reduce vehicle exhaust and wood
stove emissions, which helps reduce 1,3-butadiene emissions. Since 2000, we have
found a statistically significant drop in risk from 1,3-butadiene at the Seattle Beacon
Hill site at a rate of about 0.1 per million per year.%

For this study, all our 1,3-butadiene concentrations were higher than the median of
the rest of the NATTS. The highest sites were our near-road sites, 10" & Weller and
Tacoma S 36™ St. With most of our sites near a major highway, heavy diesel traffic, or
wood burning households, we expect to have higher levels than most other NATTS
sites. The exception is Beacon Hill, which is higher in elevation, further from |- 5/I-90,
and generally has lower air toxics levels that come from fuel combustion. As
expected, the inter quartile range (IQR) of the Seattle Beacon Hill data falls within the
IQR of the NATTS. Also, note there is substantial uncertainty in the values with many
medians near the detection limit (dashed line).

2 EPA Hazard Summary;

% Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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https://www.epa.gov/sites/production/files/2016-08/documents/13-butadiene.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/13-butadiene.pdf
https://pscleanair.gov/DocumentCenter/View/4828/Air-Quality-Data-Summary-2021-PDF

Figure 9.1,3-butadiene box plot.
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Cadmium

Acute exposure to cadmium can cause lung irritation?. Chronic exposure can cause
kidney disease. EPA has classified cadmium as a probable human carcinogen.
Cadmium is released by burning fossil fuels and incinerating municipal waste. We

have programs that aim to reduce fossil fuel use and we regulate waste incinerators.

Since 2000, we have not found a statistically significant change in risk from

cadmium.?®

Figure 10 below shows the median level of cadmium was higher at Duwamish Valley
than NATTS sites. Tacoma Tideflats had one day with a high concentration near two

nanograms per cubic meter.

24 EPA Hazard Summary,

% puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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https://pscleanair.gov/DocumentCenter/View/4828/Air-Quality-Data-Summary-2021-PDF

Figure 10. Cadmium box plot.
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Carbon tetrachloride

The EPA lists carbon tetrachloride as a probable human carcinogen.?® Carbon
tetrachloride inhalation is also associated with liver and kidney damage. It was
widely used as a solvent for both industry and consumers but was banned from
consumer use in 1995. Trace amounts are still emitted by local sewage treatment
plants. Carbon tetrachloride has a relatively long lifetime in the atmosphere, and
since emissions have dropped significantly, it is well mixed in the atmosphere and

concentrations are similar in urban and rural areas.

The Agency does not target efforts at reducing carbon tetrachloride emissions, as
carbon tetrachloride has already been banned. At the Seattle Beacon Hill site, we
have not found a statistically significant trend in carbon tetrachloride levels since
2000.7

Figure 11 below shows the box plot for carbon tetrachloride. The data show no
significant differences across the sites in Seattle or nationally. Because carbon
tetrachloride is a relatively constant background pollutant, we expect values to have

a relatively small range.

As shown in the graph, some samples had low carbon tetrachloride values. This
occurred both at our sites and at the NATTS sites. This happened to approximately 2%
of our samples. Those samples, when compared with the sample mean, were 20%
lower when averaging across all other pollutants. It could be that there was an
analysis issue for some of these samples; either only affecting carbon tetrachloride
or affecting all compounds. However, with the small number of samples, we cannot
decipher any difference. Visual analysis of graphs highlighting the low carbon
tetrachloride days does not reveal any obvious pattern (Appendix E). And benzene
and 1,3-butadiene, which used the same canister as carbon tetrachloride, did not
show any difference on low carbon tetrachloride days compared to the mean. Days
with low carbon tetrachloride had higher nickel, but with the very small number of
samples (4), this was likely coincidental (Table E-1, Appendix E). Performing the same

28 EPA Hazard Summary;

27 Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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https://www.epa.gov/sites/production/files/2016-09/documents/carbon-tetrachloride.pdf
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https://pscleanair.gov/DocumentCenter/View/4828/Air-Quality-Data-Summary-2021-PDF

comparison for all NATTS sites led to no strong positive associations and a strong
negative association with 1,3-butadiene (Table E-2, Appendix E). We performed a
sensitivity analysis by removing the samples that had low carbon tetrachloride. This
resulted in a less than one-per-million change in our cancer risk estimate (<1%
difference).

Figure 1. Carbon tetrachloride box plot.
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Chromium

There are two main forms of chromium - Cr Il (trivalent) and Cr VI (hexavalent).
Trivalent chromium is an essential mineral for humans, while hexavalent chromium is
highly toxic. EPA has classified hexavalent chromium as a carcinogen, and it has a
very low unit risk factor; meaning that it is harmful in small amounts.?® Aside from
cancer, acute and chronic exposure to hexavalent chromium causes respiratory
effects. Trivalent chromium occurs naturally in the environment, while hexavalent
chromium is mostly produced by industrial processes. The Agency regulates
businesses that emit chromium. At the Seattle Beacon Hill site, we have found in past
years a statistically significant reduction in cancer risk due to estimated hexavalent
chromium of 0.7 per million per year since 2000.%

Figure 12 below shows total chromium. Only a small amount of the total chromium in
the air is hexavalent chromium. Since we did not have a speciated chromium
sampler, we don’t know the actual hexavalent chromium ratio, which could differ by
site. A 2013 study at our Beacon Hill site showed hexavalent chromium to be 0.8% of
total chromium.® In our cancer risk analysis that follows, we have chosen a more
conservative value of 3% and applied that to all of our sites. A meta-analysis of
hexavalent chromium sampling showed that the ratio can vary from about 1% up to
30%, when sampling next to large metal factories. *

Median total chromium levels were highest at Seattle Beacon Hill, where the 25"
percentile was higher than the 75" percentile of NATTS sites. We do not know of an
obvious source of chromium at this site. The Seattle Duwamish site also saw higher
levels than NATTS sites. The Tacoma Tideflats site was comparable to the NATTS sites.
However, we cannot infer much from the data as the results are all technically below
the detection limits across the sites.

28 EPA Hazard Summary,
2 Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,

%0 jbid, PSCAA 2013 Data Summary
¥ jbid, Torkmahalleh (2013)
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Figure 12. Total chromium box plot.
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Cobalt

Cobalt is an essential element for humans, used in producing vitamin Br. It is found
naturally in the environment and can be found in high concentrations in some metal
working industries.*? Another potential source of cobalt could be from resuspended
dust from cobalt-rich soils. Acute exposure to high levels of cobalt can cause lung
damage. Chronic exposure can lead to more pronounced respiratory symptoms,
cardiac effects, and organ congestion. Many metal working businesses are regulated
by our agency.

Figure 13 below shows the median level of cobalt at the Duwamish site was close to
the 75™ percentile at NATTS sites. The Tacoma Tideflats had a lower median, but
higher 75" percentile and outliers.

%2 EPA Hazard Summary,
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Figure 13. Cobalt box plot.
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Ethylbenzene

EPA lists ethylbenzene as a Group D pollutant, which is not classifiable as to human
carcinogenicity due to limited data.®® Chronic exposure to ethylbenzene may affect
the blood, liver, and kidneys. Local sources of ethylbenzene are likely from combustion
of fossil fuels and volatilization from fuels, asphalt, naphtha, and other solvents. It is
also used in styrene production. At Seattle Beacon Hill, we did not find a statistically
significant trend in ethylbenzene levels over the time frame that we had data.®* The
Agency works with and regulates solvent-using businesses to reduce ethylbenzene
emissions.

Figure 14 shows slightly higher ethylbenzene at Duwamish and 10™ & Weller compared
to the NATTS sites. Our other sites were similar to the NATTS sites.

% EPA Hazard Summairy,

34 Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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Figure 14. Ethylbenzene box plot.
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Ethylene Oxide

Ethylene oxide (EtO) is a flammable colorless gas with a sweet odor. It is primarily
used to produce other chemicals including antifreeze, textiles, detergents,
polyurethane foam, solvents, medicine, adhesive and other products®. In smaller
amounts, it can be used as a pesticide and a sterilizing agent for medical purposes.
EtO has the ability to damage DNA, which makes it effective as a sterilizing agent, but
it also accounts for cancer-causing activity.

In industrial settings, ethylene oxide is used in closed systems. Occupational exposure
risk is decreased if the chemical is used in more tightly closed systems. However,
people can be exposed to EtO through uncontrolled emissions from industrial
facilities, as a by-product of tobacco smoke, and the use of products that were
sterilized by EtO such as medical products, cosmetics, and beekeeping equipment. In
our jurisdiction there is only one registered source that currently has an EtO sterilizer.
During the study, there was a second source that was rarely operating an EtO
sterilizer, but they have since shut it down.

The Environmental Protection Agency has concluded that EtO is carcinogenic to
humans by the inhalation route of exposure. Evidence in humans indicates that
exposure to EtO increases the risk of lymphoid cancer and breast cancer.

EPA changed its toxicity value for EtO in December 2016 to be 34 times more
protective.®*® Based upon that, in 2019 the Washington State Department of Ecology
updated the acceptable source impact level for ethylene oxide to be 57 times more
protective (from 0.0114 to 0.0002 pug/m?). The new value, which we use in risk
assessments, reflects our updated understanding that EtO is more toxic than in
previous estimates. When the EPA released the 2018 National Air Toxics Assessment,
this new information was included in the models. Since then, the EPA has included
ethylene oxide in its list of chemicals that is monitored through the National Air Toxics
Trends Laboratory Contract. This is the first air toxics study in the region estimated
EtO concentrations.

% EPA Hazard Summary,

% EPA, IRIS Evaluation of the Inhalation Carcinogenicity of Ethylene Oxide (Final Report), Aug
2023,
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EPA added ethylene oxide into the routine air toxics suite in 2019. A comparison
study® across the country showed Seattle Beacon Hill had the lowest levels. The
results are shown in the map below in Figure 15.

¥ EPA 2019. Map of ethylene oxide averages from NATTS/UAT Sites,
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Figure 15. Results from EPA analysis of NATTS site data from late 2018 to early 2019 showing
Seattle Beacon Hill's site with the lowest levels nationally.

Current monitoring methods for ethylene oxide have multiple issues. The current
sampling method is not sensitive enough to get adequate measurements to quantify
effectively. The method detection limits equate to potential cancer risks in the
hundreds per million. For 2021, we estimated the ethylene oxide average potential
cancer risk estimate at Seattle Beacon Hill at 700 in one million. Ethylene oxide also
tends to “stick” to the sampling canisters, which can carry over false readings into
subsequent samples.*® During our study, the contract lab flagged most of the
samples for being potentially inaccurate for ethylene oxide.

% EPA 2020, EPA’s Work to Understand Background Levels of Ethylene Oxide,
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Despite high uncertainty, we created box plots (Figure 16) to compare sites. Samples
below the MDL are shown as-is. Samples that were flagged for canister
contamination were removed; this comprised about half of the samples and left
about 20-30 samples per site. We generally saw uniform medians across all the sites,
including the compiled national site data (NATTS). However, 75t percentiles are
generally higher at the other sites compared to Seattle Beacon Hill and the NATTS
sites. The Beacon Hill location generally has less pollution (e.g. fine particle and black
carbon) than other monitoring site locations across Puget Sound.

We look forward to improvements in sampling methodology to better understand
levels of EtO and related health risk in our region.

Figure 16. Ethylene oxide box plot.
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Formaldehyde

The EPA lists formaldehyde as a probable human carcinogen. Inhalation is also
associated with eye, nose, throat, and lung irritation.*®* Ambient formaldehyde can
both be emitted directly from a source or formed in the atmosphere from emissions
from plants and trees, automobiles, trucks, wood burning, cigarettes, and other
combustion sources. Agency efforts that target vehicle exhaust and wood stove
emission reductions also reduce formaldehyde emissions. Since 2000 at the Seattle
Beacon Hill site, we found a statistically significant drop in risk from formaldehyde at
a rate of about 0.35 per million per year, however the risk has been increasing slightly
in recent years.*

Figure 17 below shows the formaldehyde data as a box plot. Our sites are much lower
than the median of the NATTS. This is likely due to formaldehyde being mostly
generated as a byproduct of atmospheric chemical transformations of other
pollutants. Our region is better ventilated by cleaner Pacific winds with less
secondary chemistry and reactions than the rest of the country. Our airshed typically
ventilates out daily, especially in the summer months, when temperatures are
warmer and typically formaldehyde production is highest. This incoming background
air has less direct emissions and less atmospheric formation than other parts of the
country.

Appendix F shows the relationship between formaldehyde and temperature.
Generally, formaldehyde increases with increasing temperature.

%% EPA Hazard Summary,

40 puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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Figure 17. Formaldehyde box plot.
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Lead

Chronic exposure can cause damage to the nervous, renal, cardiovascular, and
immune systems and slow cognitive development in children. Acute exposure to
high levels of lead can cause neurological deficiencies, injure the kidneys, and cause
reproductive issues, and gastrointestinal symptoms.* EPA has concluded that lead is
likely carcinogenic to humans. Lead can be emitted into the air from metal working
industries, waste incineration, resuspended dust from contaminated soils, and small

aircraft. Many metal working businesses are regulated by our agency.

Figure 18 shows the median level of lead at the Seattle Duwamish site was higher
than the 75" percentile of NATTS sites. Duwamish also had some of the highest daily
lead values. The Tacoma Tideflats site was also higher than NATTS sites. For health
context and lead results from the community-directed sampling campaign, see
section on “Community-directed monitoring” later in this report.

4 EPA Hazard Summary,
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Figure 18. Lead box plot (not including community-directed samples).
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Manganese

Manganese is a hecessary mineral for human nutrition and naturally occurs in the
environment. However, chronic exposure to high levels can lead to central nervous
system effects, respiratory effects, and a condition called manganism—
characterized by weakness, tremors, and psychological issues.*> Manganese can be
emitted into the air from metal working industries and power plants. Many metal

working businesses are regulated by our agency.

Figure 19 below shows the median level of manganese at the Duwamish site was
close to the 75" percentile at NATTS sites. Duwamish also had two days with an order
of magnitude higher concentration.

42 EPA Hazard Summary,
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Figure 19. Manganese box plot.
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Mercury

Mercury is found naturally in the soil and can be emitted into the air from metal
working industries, waste incineration, and fossil fuel combustion.*® Humans can also
be exposed to mercury through dental fillings and by eating fish. Depending on the
form of mercury (elemental, inorganic, or organic) acute effects include
gastrointestinal problems, irritation of mucous membranes, central nervous system
problems, and renal problems. Chronic effects are similar, with a more pronounced

effect on the kidneys for inorganic mercury.

Many metal working and waste management businesses are regulated by our
agency. We also work to reduce fossil fuel combustion by helping the transition to
electric vehicles.

The mercury found in our analysis is particle-bound mercury, meaning it is adhered
to small particles, and is likely mostly elemental mercury with some inorganic
mercury. The median level of mercury at all our sites was lower than NATTS sites.
There was one outlier of 1.6 ng/m? at the Seattle Duwamish site, which was removed
from the graph for display. We have no definitive conclusion on the source of the
outlier, but it may be a lab handling issue or other source.

43 EPA Hazard Summary,

68


https://www.epa.gov/system/files/documents/2021-12/mercury-compounds_12-3-2021_final.pdf
https://www.epa.gov/system/files/documents/2021-12/mercury-compounds_12-3-2021_final.pdf

Figure 20. Mercury box plot.
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Nickel

EPA lists nickel as a known human carcinogen. Nickel is also associated with
respiratory effects.* Combustion of gasoline and diesel fuels (car, truck, and vessel
exhaust) is a main source of nickel in the Puget Sound area. Agency efforts that
target reducing vehicle exhaust also reduce nickel emissions.

Figure 21 below shows the Duwamish and Tacoma Tideflats sites are higher than the
NATTS sites and have some high daily values. Seattle Beacon Hill is lower than the
NATTS sites.

Figure 21. Nickel box plot.

44 EPA Hazard Summary,
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Selenium

Selenium is a necessary mineral for human nutrition and naturally occurs in the
environment. However, it is harmful at high concentrations. Acute exposure can lead
to irritation of the mucous membranes, gastrointestinal problems, and headaches.*®
Selenium can be emitted into the air from glass production, electronics production,
and industries that work with selenium containing pigments. We regulate glass

manufacturers and many types of painting businesses.

Figure 22 below shows the 25™ percentile at the Seattle Duwamish site was higher
than the 75" percentile at NATTS sites. The Duwamish site also had the highest daily
values of selenium. Tacoma Tideflats and Beacon Hill were lower than NATTS sites. We
did not conclude why the Seattle Duwamish had higher selenium levels than

elsewhere.

4% EPA Hazard Summary,
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Figure 22. Selenium box plot.
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Tetrachloroethylene

EPA lists tetrachloroethylene, also known as perchloroethylene or “perc’, as a
probable human carcinogen. Tetrachloroethylene inhalation is also associated with
central nervous system effects, liver and kidney damage, and cardiac arrhythmia.*
Dry cleaners are the main source of tetrachloroethylene.

The Agency works with dry cleaners to monitor for and repair leaks in their equipment
to reduce the release of tetrachloroethylene. Since 2000, we found a statistically
significant drop in risk from tetrachloroethylene at a rate of about 0.04 per million per
year.

Figure 23 below shows that all of our sites are similar to or lower than the NATTS sites
and most samples are below the minimum detection limit.

46 EPA Hazard Summary,

47 Puget Sound Clean Air Agency, 2021 Air Quality Data Summary,
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Figure 23. Tetrachloroethylene box plot.

Potential non-cancer risk

Table 7. Potential non-cancer hazard quotients by compound

Seattle Seattle | Seattle Tacoma | Tacoma | Tacoma
10th & Beacon | Duwamish | SouthL | S36th St | Tideflats
Weller Hill
1,3-Butadiene <01 <0. <0.] <0.] <01 <0.
Acetaldehyde <01 <01 <01 <01 <01 <01
Acrolein 2 1.4 1.8 17 1.9 22
Arsenic <01 <01 <01
Benzene 0.3 0.1 0.2 0.2 0.2 0.2
Beryllium <01 <01 <01
Carbon <0.] <0.1 <0.1 <0.1 <0l <0.1
tetrachloride
Ethylbenzene <01 <01 <01 <01 <01 <01
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lene

Formaldehyde | 0.2 01 01 01 01 0l
Hexavalent <01 <0l <01
Chromium

Manganese <01 0.2 0.1
Mercury <0.1 <0.1 <01
Nickel <01 0.1 0.1
Tetrachloroethy | <01 <01 <01 <01 <01 <01

Table 7 shows the hazard quotient value across the primary study sites. This list

includes compounds that have a chronic reference exposure level (REL) assigned by

CA OEHHA “8. A chronic reference exposure level is the “concentration of a chemical

at or below which adverse noncancer health effects are not anticipated to occur”

over the course of a lifetime*. To calculate the hazard quotient, the average

concentration of each compound across the duration of the study is divided by the

REL. A hazard quotient value over 1indicates an elevated risk of non-cancer health

impacts over a lifetime of exposure to that level of a compound. Lead has non-
cancer health effects and has a national ambient air quality standard based on

those health effects. Lead results are addressed later in this report under

community-directed sampling. The only compound with a hazard quotient above 1is

acrolein, where the hazard quotient is between 14 and 2.2. See the Box Plot listing for

acrolein above for a discussion of sources.

Compounds with a hazard quotient between 0.1 and 1 are benzene, formaldehyde,

and, at some sites, manganese and nickel. All other compounds have a hazard

quotient less than 0.1 or do not have an REL.

Hazard quotients can be added together for compounds that effect the same body

system into a hazard index.

48 OEHHA Acute, 8-hour and Chronic Reference Exposure Level (REL) Summary. California
Office of Environmental Health Hazard Assessment. Updated Oct 11, 2023.

4 Technical Support Document for the Derivation of Noncancer Reference Exposure Levels.

California Office of Environmental Health Hazard Assessment. 2008.
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Table 8. Compounds and associated body systems for non-cancer effects

Compound

Target System

1,3-Butadiene

Reproductive

Acetaldehyde

Respiratory

Acrolein Respiratory

Arsenic Development; cardiovascular; nervous;
respiratory; skin

Benzene Hematologic

Beryllium Respiratory; immune

Carbon tetrachloride

Alimentary; nervous; development

Ethylbenzene

Alimentary (liver); kidney; endocrine;
development

Formaldehyde

Respiratory

Hexavalent Respiratory

Chromium

Manganese Nervous

Mercury Nervous; development; kidney
Nickel Respiratory; hematologic

Tetrachloroethylene

Kidney; alimentary

Table 8 shows the relationship between air toxics and the body systems that they

can impact due to non-cancer health effects®. “Development” stands for

developmental effects.

Table 9. Potential non-cancer hazard indexes by body system

Seattle Seattle | Seattle Tacom | Tacom | Tacomad

10th & Beaco | Duwamish | aSouth | aS36th | Tideflat

Weller n Hill L St s
Alimentary <01 <01 <01 <01 <01 <01
Cardiovascular <01 <01 <01
Development <01 <0.1 <01 <0.1 <0.1 <0.1
Endocrine <0.] <0.1 <0l <0.1 <011 <0l

50 jbjd, OEHHA Acute, 8-hour and Chronic Reference Exposure Level (REL) Summary. 2023.
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Hematologic 0.3 02 0.3 02 02 0.3
Immune <01 <01 <01
Kidney <01 <01 <01 <01 <01 <01
Nervous <01 <0.1 0.3 <0l <0.1 0.2
Reproductive <0l <0l <01 <0l <01 <01
Respiratory 22 1.6 21 1.8 2.0 25
Skin <01 <01 <01

Table 9 shows the hazard index values for various body systems and developmental
effects. The only body system with a hazard index above 1is the respiratory system,
which is almost completely due to the effect of acrolein. The hematologic system
has hazard indexes above 0.1, primarily due to benzene. Finally, the nervous system
has hazard indexes above 0.1 at some sites, due to primarily to manganese.

Overadll potential cancer risk estimates

We found the maijority of cancer risk (82-94%, 86% on average) is due to diesel
particulate matter across the sites. This is because of the high toxicity of diesel
particulate matter and relatively high concentration (compared to metals and
VOCs). Estimated hexavalent chromium is the second highest with approximately 6%
of the risk. Figure 24 shows the estimated potential cancer risk at all of our sites that
had PM,s speciation data (which excludes the Tacoma near-road site at S 36t St).
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Figure 24. Estimated total potential cancer risk from air pollution at 5 Sites.

Seattle 10" & Weller and Tacoma South L did not have metals or PAH samples and
Tacoma Tideflats did not have any PAH samples, so the total cancer risk is slightly
underestimated in those locations (less than 10 per million).

Potential cancer risk estimate methodology

The diesel particulate matter and wood smoke estimates are based on the Positive
Matrix Factorization analysis reported later in this report. The diesel particulate
matter unit risk factor, 3x10™ risk per pg/m3, is from California OEHHA.®' The wood
smoke unit risk factor, 1X10°® risk per ug/m?, is from Lewtas J. (1988).52

5 OEHHA Chemical Database - Diesel Exhaust Particulate,

52 Lewtas J. (1988). “Genotoxicity of Complex Mixtures: Strategies for the Identification and
Comparative Assessment of Airborne Mutagens and Carcinogens from Combustion Sources’”.
Funda and Appl Tox 10: 571-589.
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Cancer risk estimates for other pollutants used the Washington State Acceptable
Source Impact Levels updated in 2019.%3

Hexavalent chromium estimates were from a 3% assumption of total chromium
values for Duwamish and Tideflats. The 3% assumption is based on a range found in
a meta-analysis.** We included a 1% error estimate to help cover some of the
uncertainty in the hexavalent to total chromium ratio from the meta-analysis.
Beacon Hill uses a 0.8% ratio based on our 2013 study at that site.*®

Ethylene oxide risk estimates are not included due to potential detection limit issues
and sampling canister cleaning problems as discussed in a recent EPA letter.®®

The diesel cancer risk in the graph above combines two PMF factors: 1) “diesel +
crustal’ and 2) “sulfate rich”. The diesel + crustal factor combines on-road diesel
particulate matter with a crustal component. We attribute the combination of road
dust (crustal) and diesel particulate matter to the trucks and other heavy vehicles
that couldn’t be statistically delineated separately. The sulfate-rich factor is
associated with maritime diesel emissions.

The diesel + crustal estimates are multiplied by a site-specific adjustment factor to
remove the crustal component. Comparing the ratio of diesel particulate matter to
crustal factors from previous PMFs at our study sites, led to an adjustment factor of

% Washington State Acceptable Source Impact Levels, 2019,
54 jbid, Torkmahalleh (2013)

% jbid, PSCAA 2013 Data Summary
56 EPA, Technical Note: The Ethylene Oxide (EtO) Canister Effect, 2021,
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0.566 at Duwamish; 0.33 at Tideflats; and 0.68 at Beacon Hill.?*%8%95° The uncertainty
bars are set to the site-specific adjustment factor for diesel particulate matter.

This may not work well at the Tacoma Tideflats site, which had a much higher diesel +
crustal factor compared to previous PMF studies. It was also much higher than
expected in the analysis of other study sites and nearby truck tonnage. This could be
due to the large amount of construction work happening during the study period that
may have contributed significantly to the crustal component. The sulfate-rich
maritime component generally agreed with previous studies at Beacon Hill and
Duwamish but was lower at the Tideflats site. This could mean that the maritime part
of the diesel estimate for Tideflats is an underestimate and was combined in the
diesel + crustal factor.

At the Duwamish site, 27% of the total diesel was on-road (107 per million) and 73% was
maritime (285 per million). At Tideflats, 35% was on-road (114 per million) and 65% was
maritime (213 per million). At Beacon Hill, 51% was on-road (127 per million) and 49%
was due to maritime (120 per million). At 10t & Weller, 61% was on-road (452 per
million) and 39% was maritime (291 per million).

Potential cancer risk from VOCs, aldehydes, and PAHs

This section focuses on potential cancer risk from VOCs, aldehydes, and PAHs (with
the diesel particulate matter, wood smoke, and metals risks removed). These findings
are directly measurable air toxics, whereas diesel and wood smoke are mixtures
estimated in other ways (e.g. PMF modeling). Metals are presented in the
Community-directed monitoring section. We only included compounds that have
greater than one-per-million potential cancer risk. The largest contributor is

57 Kotchenruther R. (2013). “A regional assessment of marine vessel PM,s impacts in the US.
Pacific Northwest using a receptor-based source apportionment method”. Atmos Env 68:103-
.

58 Hopke P., Kim E. (2008). “Source characterization of ambient fine particles at multiple sites in
the Seattle area”. Atmos Env 42:6047-6056.

5 Friedman, B. (2023). “Technical Report: Port of Tacoma Source Apportionment Study”. WA
Ecology, Publication 23-02-075.

60 Kotchenruther R. (2020). “Recent changes in winter PM,s contributions from wood smoke,
motor vehicles, and other sources in the Northwest U.S.” Atmos Env 237:117724.
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formaldehyde at around 9-18 per million. Then acetaldehyde with around 4-7 per
million. The Seattle near-road site, 10" & Weller, is higher than other sites, largely due
to higher benzene and formaldehyde. The only PAH that was above the 1 per million
threshold was naphthalene. Figure 25 below summarizes these results.

Figure 25. Estimated potential cancer risk from VOCs, aldehydes, and PAHs only.
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Air toxics trends

In this section, we compare this current study to previous studies in our region to
understand long-term trends in air toxics. Overall, we saw air toxics cut in half or
more over the last two decades.

Trends in VOCs and aldehydes

Over the past 20 years, the cancer risk from VOCs has decreased substantially. Most
VOCs have seen a reduction in every subsequent study. One exception is carbon
tetrachloride, which remains a national concern for potential cancer risk. Although
this chemical has been banned from most applications for many years, low level

8l



emissions continue to impact the area and country. The chemical is stable in the
atmosphere, and there are no known reduction or mitigation methods available.

Acetaldehyde also did not see significant changes. Acetaldehyde is often the
product of secondary chemistry, including dependence on temperature and
meteorology. We expect the lack of change is due to complex photochemistry
equilibria, but we did not pursue further investigation at this time.

The following five figures (Figure 26 through Figure 30) all show the potential cancer
risks from VOCs and aldehydes.

Figure 26. Historical trend of VOCs and aldehydes at Seattle Beacon Hill.
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Figure 27. Historical trend of VOCs and aldehydes at Seattle Duwamish Valley.
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Figure 28. Historical trend of VOCs and aldehydes at Seattle 10th and Weller.
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Figure 29. Historical trend of VOCs and aldehydes at Tacoma South L St.
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Figure 30. Historical trend of VOCs and aldehydes at Tacoma Tideflats.

Tacoma Tideflats

W Formaldehyde H Benzene H Carbon tetrachloride

W 1,3-Butadiene B Acetaldehyde Tetrachloroethylene

—_ (] &3 w w B
&) o al o al o

Potential cancer risk per million (2019 ASIL)
o

2003 2010 2016 2021

84



Trends in wood smoke

In this section, we describe the change in estimated potential cancer risk from wood
smoke at our Tacoma South L site.

Figure 31 below shows our estimated potential cancer risk from wood smoke at the
Tacoma South L Street site. The results show nearly half the wood smoke impact
when comparing 2006-2011 to 2018-2021. The earliest studies show a cancer risk of 51
per million in the mid to late 2000s, consistent with the high levels of wood smoke at
that time. After the Agency took many actions to reduce wood smoke in the area,”
the potential cancer risk levels were significantly lower at 39 per million. And
continued to drop as measured in our study to 25 per million.

Figure 31We estimated wood smoke levels by combining “fresh” and “aged” wood
smoke factors from various PMF analyses.®>%3%4 The 2006-2011 category in the figure
below represents the average of 3 studies. The 2018-2021 result is from the PMF
completed and described later in this report.

® WA State Dept of Ecology and Puget Sound Clean Air Agency, ‘Progress in Reducing Fine Air
Pollution in Tacoma-Pierce County’, April 2019.

62 jbid Kotchenruther 2013

& jbid Kotchenruther 2020

84 Ogulei D. (2010). “Sources of Fine Particles in the Wapato Hills-Puyallup River Valley PM,s
Nonattainment Area’. WA Ecology, Publication 10-02-009.
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Figure 31. Estimated wood smoke potential cancer risk trend at Tacoma South L.
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Trends in diesel particulate matter

Because of uncertainty between different PMF factors that represent diesel
particulate matter, we did not do a comparison of PMF diesel particulate matter
values as was done for the wood smoke section above.

However, we did include black carbon measurements over the last two decades.
Black carbon can be a surrogate for diesel particulate matter and can give us more
of an apples-to-apples comparison at our study sites.

Figure 32 below shows the decreasing trend in black carbon over the past 20 years in
King and Pierce Counties. This graph averages all sites within each county and
excludes wildfire days. Over the last two decades, black carbon has decreased
significantly, from an average of around 2.5 ug/m? to around 0.75 ug/m?3, a 70%
reduction. Both diesel particulate matter and wood smoke contribute to black
carbon, with diesel particulate matter year-round and wood smoke only in the winter
months.
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Figure 32. Annual black carbon trend.

We also included the quarterly trend in black carbon at our study sites since the
fourth quarter of 2002 (Figure 33), also with wildfire days excluded. Black carbon has
decreased in both the winter and summer, suggesting that both diesel and wood
smoke have decreased over time.
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Figure 33. Quarterly average black carbon trend.
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How trends compare to population and vehicle miles traveled

In this section, we show changes in population growth and vehicle miles traveled.
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This graph shows the total population for our four-county region, King, Kitsap, Pierce,
and Snohomish Counties, from 2000 to 2022.5°%%57 Qver that period, the population
has risen from 3.3 million to 4.3 million people, a 30% increase. Yet, air toxics levels fell
by roughly 50% over that time.

Figure 34. Population of King, Kitsap, Pierce, and Shnohomish Counties since 2000.
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Figure 35 below shows the increase in daily vehicle miles traveled (VMT) in King,
Kitsap, Pierce, and Snohomish Counties.®® There was a 14% increase in daily VMT
between 1999 and 2019. The COVID pandemic dramatically decreased daily VMT
before starting to rebound in 2021. Even with a nearly flat comparison of VMT for 2022
vs the last two decades, we still saw pronounced reductions in air toxics.

85 U.S. Census Bureau (2012). County Intercensal Tables: 2000-2010.

86 U.S. Census Bureau (2020). County Population Totals: 2010-2019.
67 U.S. Census Bureau (2022). County Population Totals and Components of Change: 2020-2022.

¢ Washington State Department of Transportation, Highway Performance Monitoring System,
received via email request to WSDOT in November 2023,
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Figure 35. Daily vehicle miles traveled (VMT) for King, Kitsap, Pierce, and Snohomish Counties.
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These results indicate that improved technology standards for vehicle engines, non-
road equipment, fuels, and other emission reduction programs are the main reason
for the significant reduction in air toxics in our region. In our region, we have also
seen reductions for PM2s generally, as can be seen in our latest annual data
summary.®®

AirToxScreen comparison

AirToxScreen (previously called the National Air Toxics Assessment or NATA) is a yearly
product created by the EPA to model and display air toxics concentration and risk. It
contains information at the census tract level. We can compare the AirToxScreen
concentrations and cancer risks to our monitoring results using the census tracts
that our monitors are located in. For this analysis, we have included AirToxScreen
results from 2017, 2018, and 2019 (the latest publicly available at the time of writing).

8 PSCAA, 2021 Air Quality Data Summary,
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In order to make the cancer risk estimates comparable, AirToxScreen cancer risks
have been recalculated from AirToxScreen concentration data using the 2019 WA
ASILs that were used for the cancer risk calculations for our data.

Seattle Duwamish Valley comparison

This graph in Figure 36 shows the cancer risk for AirToxScreen predictions and our
measurements (in purple). AirToxScreen estimates most of the risk is born by
hexavalent chromium. For this site, AirToxScreen predicts almost 10x more
hexavalent chromium than what is estimated by our monitoring. This may be
because AirToxScreen bases its models off self-reported emission from sources that
is input into the National Emissions Inventory (NEI). For example, we know one of the
three listed sources has had a significant decrease in production since the latest
AirToxScreen. Another possible discrepancy is that we estimated hexavalent
chromium levels from prior total chromium-to-hexavalent chromium ratios.
Because of these results and to increase our certainty, we are planning on doing a
follow-up hexavalent chromium study in the area to refine our estimates to ensure
we have a more accurate assessment of the risk in the Duwamish Valley.

Figure 36. Seattle Duwamish AirToxScreen cancer risk comparison.

A note regarding the concentration ratio graphs below: If the bars are positive then
AirToxScreen is overestimating, and if the bars are negative, then AirToxScreen is
underestimating. The dotted red lines indicate when an AirToxScreen concentration
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is more than 2x different from the measured value. If the AirToxScreen concentration
is greater than or equal to the measured concentration, then the value is
AirToxScreen/Measured. If the AirToxScreen concentration is less than the measured
concentration, then the value is —1/(AirToxScreen/Me0|sured). This means that a value
of 5 can be read as “the pollutant is 5x higher on AirToxScreen” and a value of -5 can
be read as “the pollutant is 5x lower on AirToxScreen’.

Figure 37 below shows the ratio between AirToxScreen and our measurements for the
Duwamish site. The graph shows that AirToxScreen overpredicts hexavalent
chromium (as discussed above) and nickel, and underpredicts arsenic and
tetrachloroethylene. Because hexavalent chromium carries most of the cancer risk
the net result is an overestimate of cancer risk.

Figure 37. Seattle Duwamish AirToxScreen concentration comparison.

Nickel is likely overpredicted for the same reason as hexavalent chromium. That is,
the results are dependent on self-reported emissions from sources that gets input
into the NEI and may not reflect actual operations.

The largest arsenic source listed in the NEl is the rail yard. Arsenic in resuspended
dust and soils would also be unaccounted for in AirToxScreen. At this time, we do not
have a direct conclusion why arsenic is underreporting in the NEI.

The NEI does not have any significant sources for tetrachloroethylene listed within
King County. Additionally, there are no open drycleaning businesses that use
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tetrachloroethylene nearby. However, this underprediction is the case for all our sites.
Therefore, it is likely that AirToxScreen’s background estimate of tetrachloroethylene
is generally too low for our region.

Seattle Beacon Hill comparison

Figure 38 below shows the cancer risk comparison for Beacon Hill. At this location, we
estimated the hexavalent chromium value from total chromium results using a 0.8%
ratio that we calculated from previous monitoring results there.”® AirToxScreen also
overestimated hexavalent chromium at the Beacon Hill site but improved somewhat
with more recent versions of AirToxScreen.

Figure 38. Seattle Beacon Hill AirToxScreen cancer risk comparison.

Figure 39 shows the Beacon Hill concentration ratios. The 2017 and 2018 AirToxScreen
estimates of arsenic were low, but the latest version is closer. The AirToxScreen
beryllium estimates are higher than our measurements. Generally, AirToxScreen is
overpredicting for most of the air toxics generally at this location.

0 puget Sound Clean Air Agency, Air Quality Data Summary, 2013,
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Figure 39. Seattle Beacon Hill AirToxScreen concentration comparison.

Tacoma Tideflats comparison

Figure 40 and Figure 41 shows the results for the Tacoma Tideflats site. AirToxScreen
underestimates arsenic, beryllium, and tetrachloroethylene. Beryllium values and
tetrachloroethylene values are generally near the detection limit and will look
variable. Arsenic is also underpredicted by AirToxScreen as we found in other sites.

Figure 40. Tacoma Tideflats AirToxScreen cancer risk comparison.
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Figure 41. Tacoma Tideflats AirToxScreen concentration comparison.

Seattle 10* and Weller comparison

Figure 42 and Figure 43 show the Seattle 10" and Weller comparisons. AirToxScreen
estimates were within two times the measured values and had generally close risk
approximations at 10" & Weller. The only exception was tetrachloroethylene (which

was discussed earlier).

Figure 42. Seattle 10th & Weller AirToxScreen cancer risk comparison.
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Figure 43. Seattle 10th & Weller AirToxScreen concentration comparison.

Tacoma South L Street comparison

Figure 44 and Figure 45 shows the results for Tacoma South L Street. AirToxScreen
was within two times the measured values and resulted in generally close
approximations for risk at Tacoma South L St. The only exception is
tetrachloroethylene (which was discussed earlier).

Figure 44. Tacoma South L AirToxScreen cancer risk comparison.
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Figure 45. Tacoma South L AirToxScreen concentration comparison.

Tacoma S 36" St comparison

Figure 46 and Figure 47 show the results for the Tacoma S 36™ St site. The risks and
concentration ratios were generally in range, like the Tacoma South L and Seattle 10"

and Weller locations.

Figure 46. Tacoma South 36th AirToxScreen cancer risk comparison.
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Figure 47. Tacoma South 36th AirToxScreen concentration comparison.

About source apportionment

We completed source apportionment analyses on five of the study locations to
better estimate risk from diesel particulate matter and wood smoke. Positive Matrix
Factorization (PMF) is a widely used factor analysis tool used to identify source
contributions in complex, mixed airsheds. PMF reduces a complex set of data into
factors that have both a fingerprint comprised of differing amounts of each
pollutant, and a time series of the factor showing the strength of that factor at any
given time. Briefly, this modeling approach assumes 1) that a small number of source
categories or factors (typically 5-10) are responsible for the vast maijority of the
chemical mass measured in a data set, 2) after being emitted, dispersion and mixing
are the primary changes that occur and any loss or production is relatively
consistent, 3) the contributions from each source add together to form the sum for
each chemical, and 4) the source emissions profiles don’'t change significantly
throughout the study period. The PMF algorithm identifies the individual factors
(which can be associated with sources to varying degrees of completeness) that
could generate the observed data set. The individual factors can be compared to
known emission profiles and temporal activity profiles to test for consistency. If an
underlying source changes in time, or there are changing losses or secondary
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production, a source could be split into two or more factors that have temporal
structure. The PMF approach has been widely used and is generally regarded as
reliable to the extent that the underlying data are sufficiently extensive, of good
quality, and the solutions are found to be robust with respect to sampling uncertainty
and rotational ambiguity.” "2

Methodology

Source apportionment was done using EPA’s PMF 5.0 model.”® For our analysis, we
used daily average (24-hour, midnight to midnight) values from PM,s Chemical
Speciation Network (CSN) data. PMF analysis was done separately for Seattle sites
(10t and Weller, Beacon Hill, and Duwamish) and Tacoma sites (South L and Tideflats).
CSN samples are collected every 6 days at all sites except Beacon Hill, where
samples are collected every 3 days. At Duwamish and 10" and Weller, 24-hour
average brown carbon (BrC) was added to the analysis. BrC is calculated as the
black carbon (BC) minus the UV (ultraviolet dbsorption) channel measured by AE-33
aethalometers. Dataset descriptions for each site are in Table 10. Site dataset
descriptions for PMF analysis.. The missing samples are all from March 2022 — August
2022 during Covid pandemic shutdowns.

Table 10. Site dataset descriptions for PMF analysis.

H# Missing
Site Start date End Date samples samples
Seattle Duwamish 8/12/2018 6/28/2022 237 29
Seattle 10th and Weller 8/12/2018 7/28/2022 242 30
Seattle Beacon Hill 8/12/2018 9/29/2022 506 60
Tacoma South L 8/12/2018 9/26/2022 252 29
Tacoma Tideflats 8/12/2018 2/10/2022 214 28

"Paatero P., Hopke P.K. Discarding or downweighting high-noise variables in factor analytic
models. 2003. Anal. Chim. Acta 490: 277-289.

72 Norris G., Duvall R, Brown S., Bai S. EPA Positive Matrix Factorization (PMF) 5.0 Fundamentals
and User Guide. 2014. US. Environmental Protection Agency. EPA/600/R-14/108.

3 EPA, Positive Matrix Factorization Model for Environmental Data Analyses,
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The CSN data was corrected for field blank concentration by subtracting the mean
field blank concentration from the sample concentration. The PMF model requires an
uncertainty for each sample. Sample values were not changed if they were below the
method detection limit (MDL), but their uncertainty was calculated differently. For
samples above the MDL, uncertainty was calculated as analytical uncertainty plus
1/3“ of the MDL. For samples below the MDL, uncertainty was calculated as 5/6™ of the
MDL. Missing and negative values were replaced with the species’ median
concentration, and the associated sample uncertainty was set to four times the
species’ median concentration. For species without an analytical uncertainty or MDL,
the uncertainty was calculated as the measured value divided by 10. Species were
not included in the dataset in the percentage of samples below the method
detection limit (MDL) was greater than 75%. Unfortunately for our analysis, but
fortunately for the health of the population, a majority of the metals have greater
than 75% of samples below the MDL. The species not included in any analysis include
nickel and vanadium, which are markers for residual fuel oil combustion and marine
diesel. Certain chemical species measured are very similar (ex. sodium and sodium
ion, chloride and chlorine, potassium and potassium ion), so in order not to double
count the species, we selected those with the lower signal to noise ratio was
discarded from the analysis. To avoid double counting sulfate/sulfur non-sulfate
sulfur (NSS = SO4 - S) was calculated by subtracting the sulfur component of the
measured sulfate concentration from the measured sulfur concentration and having
NSS replace sulfur in the analysis. Similarly, EC1 was recalculated to remove the OP
portion in EC1 (ECI=ECI-OP). Samples with high concentrations from fireworks and
wildfires were excluded from the dataset. Species with a signal-to-noise ratio less
than 0.5 were excluded from the dataset. Species with a signal-to-noise ratio
between 0.5 and 1 were marked “weak” in the PMF analysis.

Results

Figure 48 below shows the factor specific PM2s mass for each site. All sites shared
eight common factors we identified and labeled as: Sea Salt, Ammonium
Sulfate/Nitrate, Nitrate-rich, Sulfate-rich (potentially a maritime related factor),
Crustal/Diesel (road dust and diesel particulate matter combined), Motor Vehicles —
Gasoline, Fresh Wood Smoke, and OP-rich/Aged Wood Smoke. Each site also had its
own unique factor. Seattle 10" & Weller had a separate diesel factor. Seattle
Duwamish had a calcium (Ca)-rich factor, potentially associated with nearby
cement plants. Seattle Beacon Hill had an Unidentified Urban factor with no obvious
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source, but most closely related to secondary organic aerosols from fuel combustion.
Tacoma South L had an Aged Sea Salt factor. Tacoma Tideflats had a potassium (K)-
rich factor associated with fireworks. A full discussion of each factor and factor pie
charts for each site can be found in Appendix K.

Figure 48. PMF contribution to PM,s mass concentration.

Generally, 10™ & Weller, a near-road site, saw higher contributions from diesel, with
both the Crustal/Diesel and Diesel factors. Tacoma South L, a residential wood smoke
impacted site, saw higher contributions from fresh wood smoke and equal
contributions from aged wood smoke. The crustal/diesel factor was also high at
Tacoma Tideflats, possibly because there was a high amount of construction going
on during the sampling period, which involved large trucks driving on dirt roads,
contributing to the combined mix of diesel particulate matter and dust. Seattle
Duwamish had a large contribution from the Nitrate-rich factor. This factor was
higher in the winter for all sites, which potentially is secondary nitrate. Along with the
presence of carbon species, this points to the presence of wood smoke. Seattle
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Duwamish had the lowest contribution from aged wood smoke, so this may have
balanced out by being factored into the larger contribution from the nitrate-rich
factor.

Figure 49 shows the factor specific percentage contribution by site. This graph shows
generally similar percent contributions by category. It also illustrates the
observations outlined above more clearly as the total mass concentration of PMas
differed by site.

Figure 49. PMF contribution to percent of PMys.
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Community-directed monitoring and community concerns

Community engagement summary

In addition to fixed sites detailed above, our EPA grant application included a
component for community-directed sampling in the Duwamish Valley. We listened
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to community concerns and found there was significant interest in knowing more
about heavy metals levels in the Duwamish Valley following an earlier metals-in-
moss studly.

Before deploying the air toxics samplers, we worked with the Duwamish River
Community Coalition (DRCC) over several weeks to find the best ways to talk to
community members about air quality and collect input on the best locations to
place air monitoring equipment.

On Tuesday August 17th, 2021, we hosted a community workshop in collaboration with
DRCC in the South Park neighborhood of Seattle. We introduced information on air
toxics, sources of air pollution in the area, and the health impacts of air pollution. We
provided all participants with food and a box fan filter kit, and had interpretation
available for Khmer, Spanish, Somali, and Viethamese speakers.

We also invited high school students for the Duwamish Valley Youth Corps (DVYC) to
share the results of their metals-in-moss sampling campaign. In 2019 and 2021,
twenty-six students partnered with scientists from the US Forest Service (USFS) to
sample moss from 80 locations in the Duwamish Valley and surrounding areas. The
samples were analyzed for 25 heavy metals in a USFS laboratory.

Finally, we asked for participants input through four activities. The first had them
explore a large map of the area and identify exact locations for monitoring air toxics.
Second, we asked them to rank what additional areas were also a priority for them.
Third, we taught them how to assemble and use a box fan filter and then gave them
their own kit to take home. The fourth activity was a visioning exercise where
participants added their thoughts and ideas with sticky notes.

Online community feedback

We invited community members to share their input and identify locations that
should be prioritized for study. We gathered feedback online from August 6 -
September 22, 2021, in English, Spanish, Somali, Viethamese, and Khmer.

Community members could also provide feedback via internet connected tablets at
Duwamish Riverfest—an in-person event. We also shared our request for feedback
with multiple organizations, including Villa Comunitaria, Environmental Coalition of
South Seattle (ECOSS), South Park Neighborhood Association, Georgetown
Community Council, and DRCC.
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Community feedback results

The community feedback results indicated community members were primarily
interested in monitoring in residential areas, particularly in the South Park and
Georgetown neighborhoods. Areas of interest also included locations with the
highest values as identified by the moss study, industrial areas of South Park, and
near the King County International Airport. Figure 50 below summarizes the results on
a map. The map shows areas of increasing interest by size of circle. Green stars are
where we placed monitors to correspond with the areas of interest. Figure 51 below
also shows the types of areas of most interest. The areas with the highest values
from the moss sampling study is “C” in the map.

Figure 50. Spatial community input results and eventual temporary monitoring locations.
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Figure 51. Community feedback on sampling locations.
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PM_s sensor measurements at community sites

Based on community feedback, we deployed small PM,s sensors at five locations
where the greatest interest was indicated. Two types of sensors were deployed, N-
FRM and Purple Air (PA) — see Appendix G for details on data quality control and
adjustments of these air sensors. The sampling dates are shown in Figure 52. The
period from July 1 - Sept 1 when the PM,s sensors were operating at all the community
directed sites is called the ‘intensive’ period in this section.
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Figure 52. The dates of sampling for PM,s at locations based on community interest.
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Figure 53. A timeseries of the PM,s measurements at the community directed sites (all in 2022),
shown as daily averages.

A time series of the PM,s measurements at the community directed sites during the
intensive sampling period, is shown in Figure 53. On most days, the values from all the
sites are very similar and are difficult to visually distinguish in the figure, with the
exception of South Park Residential, which on three days spiked above all of the other
sites.
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Figure 54. Community-directed PM,s sites over an extended duration.

An extended timeseries of the small sensor PM,s measurements is shown in Figure 54.
Only the South Seattle College site was available for the extended duration, and a
small sensor was also installed at the existing Duwamish site to provide some
comparison data. This range also includes the intensive period shown in Figure 53
and used for Figure 55.

During the intensive sampling period (July 1 - Sept 1), the hourly average PM,s
concentrations were well correlated. All sites except for South Park Residential had
very strong correlations (Pearson’s R) > 0.96, while South Park Residential was still
strong, > 0.91, with all of the other sites.
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Figure 55. Distribution of daily average PM,s concentrations for July 1- Sept 1,2022

Figure 55 shows the distribution of PM,sconcentration data from only within the
intensive period of July 1 - September 1,2022. In this figure, the box represents the
range of half of the data, going from the 25t percentile to the 75th percentile (aka the
interquartile range). The extremes are represented by the lines above and below the
box which extend to the 5" and 95" percentile. The South Park Residential and
Industrial sites had similar, but slightly higher 75" percentile values, while the South
Park Industrial site had a 95" percentile value above the other sites.
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Figure 56. Diurnal (hour of the day, midnight to midnight) average for the community directed
PM2.5 measurements.

The diurnal pattern (hour of the day overqge) for the community directed PM,s
samples during the intensive period is shown in Figure 56. Several noteworthy items in
this figure include: South Park Residential appears to have a diurnal pattern with a
spike in the early morning, and an elevation in the evening. Also, South Park Industrial
rises in the early morning and then slowly declines in the late afternoon and evening.
And, South Seattle College has a significant spike in the 11 pm-midnight hour, due to a
single event on June 13 in which the hourly values exceed 100 pg/m?. Lastly, South
Seattle College and Duwamish are both offset (lower) from the other sites. This
amount of offset is within the normal uncertainty in accuracy (bias) for these
instruments.
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Community-directed small sensor PM:s discussion

The daily average concentrations in the intensive period were very well correlated.
This level of correlation would be consistent with an area that doesn’t have any
significant, localized PM,s sources (that is, affecting only an area of less than a km),
with the possible exception of near South Park Residential and South Park Industrial.
Based on the diurnal patterns shown in Figure 56. Diurnal (hour of the day, midnight
to midnight) average for the community directed PM2.5 measurements, the South
Park Residential site may be experiencing a short early morning spike and small
evening elevation, both about 1ug/m? above other sites. This diurnal pattern is typicall
for the influence of residential wood burning but considering that the sampling
period is the late summer, home heating is unlikely to be a major factor. It could also
be due to vehicle traffic, including commuting/personal (early morning commute &
commute home and personal travel) or delivery vehicles which leave in the early
morning and return in the evening.

Also based on the diurnal patterns, the South Park Industrial site has the signature of
a high-traffic highway or active industrial area, or both. The PM concentration
increases in the early morning and stays high through the day and slowly decreases
in the late afternoon and evening. Since this site was well correlated with the other
sites, it is likely sampling the same general sources, but is closer and so experiences
and is detecting a higher concentration of the same sources.

Duwamish Valley cancer risk from metals

Figure 57 shows cancer risk from metals sampled from July 29™, 2022 through Sept
24,2022 at the Duwamish Valley community-directed sampling sites. The other sites
to the right were sampled for the full year along with the other air toxics sampling
described in this report above. Only compounds with greater than 0.1 per million
cancer risk are shown. The primary contributor is estimated hexavalent chromium.
Estimated hexavalent chromium contributes about 14-38 per million. The next
highest contributor is arsenic at around 1-4 per million.
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Figure 57. Estimated cancer risk from metals with risks over 0.1 per million.
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Note, hexavalent chromium is estimated at 3% of total chromium for Duwamish sites
and the Tideflats site. The error bars represent an additional 1% due to the uncertainty
of the estimate being drawn from literature and past sampling in the area. These
estimates are described in more detail in the “Overall potential cancer risk” section
earlier in this report. Beacon Hill is shown here using a 0.8% estimate because we
have a direct measurement for this ratio for the Beacon Hill site from a previous
study.” Beacon Hill metals lab analysis lagged significantly and were past protocol
holding times. Beacon Hill total chromium values were higher than the rest of the
samples across all the regions. At the time of writing this report, we don’t have a
specific explanation for Beacon Hill's higher total chromium samples.

The samples with the annual averages were taken in 24-hour increments, which for
chromium was below detection. The error bars in the graphic includes the total
chromium method detection limit, which translates into roughly 70 per million with
the 3% hexavalent assumption.

The Georgetown residential, Tideflats, and especially the Georgetown Steam Plant
sites are lower than the other sites. The Steam Plant site had the lowest average
cancer risk for chromium, arsenic, and nickel. This may be because it is further away

4 jbid, PSCAA 2013 Data Summary
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from the industrial areas and roadways than other sites. Elsewhere in this report, we
hypothesize most of the trends in the metal concentrations to be a result of
resuspended dust and soils from vehicle traffic.

Appendix H contains an analysis comparing the results from the prior moss studies
performed by DRCC and partners with the air sampling from this study.

Community interest: Lead

As part of the community-led monitoring, we measured lead levels at the five
temporary monitoring locations in the Duwamish, along with our one year of metals
sampling at the Tacoma Tideflats and Seattle Duwamish sites for comparison.

Like many metals in this study, lead levels can result in non-cancer health impacts.
For lead a main impact is cognitive development in children.”® Lead is unique in that it
is an both an air toxic as well as a criteria pollutant with a National Ambient Air
Quality Standard.

The EPA is in the process of reviewing the national ambient air quality standard for
lead (last retained at 0.15 pg/mé in 2016) and recently released an endangerment
finding that lead from propeller aircraft “may reasonably be anticipated to endanger
public health and welfare™.”

The results of the study showed all the lead levels were well below the EPA ambient air
standard.” The levels were also well below the Washington State Acceptable Source
Impact Level screening level.”® However, the results were higher in the Duwamish
Valley compared to other locations such as the Tacoma Tideflats industrial area and
the average of national monitors. You can see a summary of these results in Figure
58 below.

75

76

77

8 Washington Administrative Code 173-460-150,
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https://www.epa.gov/lead/learn-about-lead
https://www.epa.gov/regulations-emissions-vehicles-and-engines/regulations-lead-emissions-aircraft
https://www.epa.gov/regulations-emissions-vehicles-and-engines/regulations-lead-emissions-aircraft
https://www.epa.gov/lead-air-pollution/timeline-lead-pb-national-ambient-air-quality-standards-naaqs
https://www.epa.gov/lead-air-pollution/timeline-lead-pb-national-ambient-air-quality-standards-naaqs
https://app.leg.wa.gov/wac/default.aspx?cite=173-460-150

The result at the near-airport site was the lowest among the Duwamish Valley
temporary monitoring locations. This result likely demonstrates that propeller aircraft
isn't directly making a significant contribution of lead to the area. We hypothesize
elsewhere in this report also, that the metals and lead deposition in the region is
attributed to soil dust resuspension. The soils can resuspend from gusts of wind or
vehicles driving over unpaved curbs and corners. The soils themselves in the
Duwamish Valley are likely higher from a legacy of older leaded vehicle fuels and
decades of older unregulated industry before the Clean Air Act existed. This is also
evidenced by a King County Deposition Report that showed higher values in the
Lower Duwamish Valley compared with other parts of King County.”

9 King County DNRP, Lower Duwamish Waterway Source Control: Bulk Atmospheric Deposition
Study Final-Data Report, Dec 2013,
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https://your.kingcounty.gov/dnrp/library/wastewater/iw/SourceControl/Studies/Air/2013/LDW_BulkAirDepFinalDataReport_Dec2013.pdf
https://your.kingcounty.gov/dnrp/library/wastewater/iw/SourceControl/Studies/Air/2013/LDW_BulkAirDepFinalDataReport_Dec2013.pdf

Figure 58. Average lead levels sampled at temporary Duwamish Valley locations.
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This figure shows the average lead levels sampled at temporary Duwamish Valley locations during the summer
months of 2022, and the Seattle Duwamish Valley site, the Tacoma Tideflats site, Seattle Beacon Hill, and all National
Air Toxics Trends Assessments sites sampled for a full year. The dashed bars represent the EPA National Air Quality
Standard for lead’”” and the Washington State Acceptable Source Impact Level’ for permit screening as established
by the Washington State Clean Air Act.

Crosswalk of air lead levels to blood lead levels

To provide greater context to these results, we did a sensitivity comparison using the
highest lead sample we collected at the highest monitoring location, using the most
conservative (showing highest risk) of all the blood to air slope values.

This slope is a value that helps translate air samples to blood lead levels and was
taken from the EPA Integrated Science Assessment® that comes with their review of

80EPA, Lead Integrated Science Assessment, 2013, page 584,
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https://ordspub.epa.gov/ords/eims/eimscomm.getfile?p_download_id=518908

the standard each cycle. Figure 59 below shows a portion of the table that lists seven
different studies. The crosswalk value ranges from 3 to 9.

To estimate the respective blood lead level, we use the following equation:

(lead concentration in micrograms per cubic meter) x (blood to air slope value) =
(blood lead level in micrograms per deciliter)

The highest site during our sampling was at the South Park Industrial Site, and it was
0.009 ug/m? (9 ng/md). If we use the most conservative slope of 9.3, we estimated a
0.08 ug/dL increase in blood lead levels from the air at the highest site using the most
conservative crosswalk value.

This is our best estimate, there is uncertainty in that the slopes are all from studies
with much higher ambient lead levels (an order of magnitude). All our samples we
collected were below all the levels in the studies from the table.

Similarly, using cautious values to estimate 1Q scores, a value of less than 0.1 ug/dL
blood lead level less than a 0.1 children’s IQ score change.®

The CDC updated their reference for action level to 3.5 ug/dL blood lead level in 2021.82
As a result, the most conservative estimate contributes to 2% of the CDC action level
threshold.

In Appendix Q we present estimated daily lead intake for children using EPA’s
Integrated Exposure Uptake Biokinetic Model for Lead in Children (IEUBK) software.
The software comes with a set of default parameters that were used as-is, however
the air concentration was updated to the highest value from this study (0.009 ug/m?).
Lead from air only contributed 0.05% of the overall lead intake; with most being from
the ingestion of outdoor soil and indoor dust (74%) and diet (23%).

81 Jusko et al, “Blood Lead Concentrations < 10pg/dL and Child Intelligence at 6 Years of Age”,

Environmental Health Perspectives, 2007,
82
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https://ehp.niehs.nih.gov/doi/full/10.1289/ehp.10424
https://www.cdc.gov/nceh/lead/data/blood-lead-reference-value.htm

Figure 59. Portion of table showing blood lead to air lead slope factors from the most recent
EPA Integrated Science Assessment.

Table 3-12 (Continued): Summary of estimated slopes for blood Pb to air Pb slope factors

in humans.
Blood Pb—
Air Pb
Reference Study Methods Model Description Slope®

Model: Linear

Location: Mumbai, India (multiple residential
( P Blood Pb: 5.6-14.4 pg/dL

locations) _ _
Tripathi et al Years: 1084-1006 ;{fﬁl‘;ﬂﬁﬁ:ﬁg}e for residential 160 45)‘
2001 Subjects: 6-10 yr (M = 544) T

Air Pb: 0.10-1.18 pg/m®

(GM range for residential
locations)

Analysis: Regression of residential location-
specific average blood Pb and air Pb data

Children Populations — Air and Soil !

Location: Germany

Years: 1983-2000 (blood Pb and air Ph),
Ranft et al. 2000-2001 (soil Pb)

2008 Subjects: 6-11 yr (N = 843)

Analysis: Pooled multivariate regression of
5 cross-sectional studies

Model: Log-Linear

Blood Pb: 2.2-13.6 pg/dL
(5th-95th percentile) 3.2 64"

Air Pb: 0.03-0.47 pgim®
(5th-95th percentile)

Mixed Child-Adult Populations

Location: U.5. )
Years: 1976-1980 Model: Linear ,
Schwartzand  Subjects: NHANES I, 0.5-74 yr. whites Blood Pb: 11-18 ug/dL
Pitcher (1989), (N = 9.087) (mean range) 9.3 (0.75)'
LEII;SE'.EEPA Analysis: Multivariate regression of blood Pb ~ Air Pb: 0.36-1.22 pg/m’
(1986a) with mass of Pb in gasoline (derived from (annual maximum quarterly
gasoline consumption data and Ph mean)”

concentrations in gasoline for the U.S.)

* Slope is predicted change in blood Pb {pgidL per pg/m3) evaluated at = 0.01 pgim® from central estimate of air Pb for the study
(shown in parentheses), with the exception of Ranft et al. (2008) in which the slope from the paper is provided because the
regrassion equation was not available. The central estimate for Brunekreef (1884) is the median of air Pb concentrations since it
was a meta-analysis; for all other studies the mean is presented. For multiple regression models, this is derived based only on air
Pb coefficient and intercept. Depending on extent to which other variables modeled also represent air Pb, this method may
underestimate the slope attributable to air pathways. In single regression models, the extent to which non-modeled factors,
unrelated to air Pb exposures, exert an impact on blood Pb that covaries with air Pb may lead to the slope presented here to over
represent the role of air Pb.

“In(PLE) = In{PbA) x 0.3485 + 2 853

“In{PbB) = In(Pba) x 0.2159 + 2,620

“In{PbE) = In(PbA) x 0.24 + 3.17

“PbE = Pha& x 7.0, see Table 3-13 for more information.

' Observed blood Pb values not provided: data are for regressed adjusted blood Ph.

“PbE = Pb& x 8.6

" Bazed on air Pb data for U3, (1986 Pb AQCD) as a surrogate for Chicago.

PbE =Pb Ax 3.6

! Study that considered air Pb and soil Pb where the air Pb-blood Phb relationship was adjusted for soil Pb.

" Slope provided in paper with background blood Pb level of 1.5 and 3 pg/dL, respectively, and GMR of 2.55 for ambient air.
PbE = PbA x 9.63

GM, geometric mean: G50, geometric standard deviation: PbB, blood Pb concentration (pg/dL); PbA, air Pb concentration (pgém®)
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Community interest: Local fire on June 13", 2022

In the late evening of 6/13/2022, a fire broke out on the property of Seattle Iron and
Metals from approximately 1IPM to 1AM. The wind direction at time (Figure 60 below)
shows our South Seattle College temporary air monitoring station was downwind at
the time. Our metals samples sample for an entire week, so no significant difference
was expected, and was confirmed to be true when we compared to other samples at
that site or comparing to other locations sampled during the same week. Fine
particle monitoring (via light scattering) is shown in Figure 61.

Figure 60. Wind direction during the hours of 6/13/22 TIPM to 6/14/22 1AM and potential trajectory
of smoke generated from a fire at the Seattle Iron and Metals facility.
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Figure 61. Hourly fine particle (PM2.5) levels on 6/13/2022.

We responded to community concerns after the event and presented these results
to the Georgetown Community Council on 6/20/2022. We shared that all EPA health
categories are based on 24-hour exposures. The noon-to-noon average during the
fire was still in the GOOD category of 6.9 micrograms per cubic meter.

With the short duration of this event (3 out of 168 hours sampled), the sampled metal
concentrations for that week were not impacted in any measurable way.
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Dust as a source of metals in Duwamish Valley air samples

We hypothesize that most of the metals in the air samples were coming from the
soils across the Duwamish Valley more broadly. A likely contributor could be vehicles
driving through roadways, especially unpaved shoulders and unpaved roads, which
can cause dust to resuspend, particularly in dry episodes during the summer.

A recent study based on moss sampling in the Duwamish Valley found two factors
from a principal component analysis. The main factor that explained most of the
result showed strong correlation among all the metals broadly. This would point to
no point specific sources, but a broader ubiquitous source, like soils.

A follow-up study of the moss sampling results identified traffic volume as the most
consistent predictor of increasing heavy metals. Similarly, proximity to dirt roads
predicter higher arsenic and chromium levels.

These studies do not identify an originating source of the metals to the soils in the
valley. We can presume a legacy of over a hundred years of industrial activity and
leaded fuels may have contributed.

To investigate this hypothesis with our air sampling, we performed correlations of
various metals to compare to typical crustal soils. See Appendix M.

We found that arsenic, cadmium, and lead concentrations sampled at the Duwamish
Valley monitoring sites had some correlation. We investigated these correlations and
found that they generally matched crustal abundance ratios. Crustal abundance
ratio is the ratio of the given elements in the earth’s crust. These ratios can be used to
represent dust in the atmosphere.

The PMF analysis resolved several factors. One that is directly linked to health, and
contributes the majority of the cancer risk, is diesel particulate matter. The diesel
particulate matter factor from the PMF analysis is a measure of near-road diesel
particulate matter with some crustal elements from road dust. We identify
specifically on-road diesel particulate matter, which means diesel particulate matter
that was recently emitted and hasn’t undergone secondary chemistry or from more
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distant sources to form “aged diesel particulate matter’. Using this metric of on-road
diesel particulate matter, we can apply the unit risk factor to the site averages to get
an estimate of cancer risk from just the on-road portion.

To understand the impact of diesel particulate matter on a larger scale, the potential
cancer risk at our sites was correlated with measures of truck traffic and that
calibration can be applied to all the blocks in our region. For this analysis, the
measure of truck traffic we chose was the sum of truck tonnage within 500m of
census block centroids. The sum of truck tonnage is a measure of the total weight of
trucks for a given road segment. This estimate is provided by the Washington State
Department of Transportation and encompasses most medium and large size roads,
where there is appreciable truck traffic. The analysis was performed on the census
block level, which is quite granular. Truck tonnage was summed only within 500m of
the center of a block because some blocks in rural areas are quite large and
summing within 500m of the entire block polygon would have included roadways
that were at the edge of those rural blocks.

2020 census block shapefiles for our four-county region were downloaded from
Puget Sound Regional Council. Demographic data for our four-county region was
downloaded from data.census.gov. Specifically, the P5 table, “Hispanic or Latino
origin by race’, from the 2020 decennial census at the block level and table B19013,
“Median Household Income in the Past 12 Months (In 2021 Inflation-adjusted Dollars)’,
from the 5-year American Community Survey 2021 at the block group level. For block
groups where the median annual income is greater than $250,000 the ACS data file
says “$250,000". This was adjusted so that those block groups had a value of exactly
$250,000, however that is certainly an undercount. Though the effects of this are
likely to only be seen on the very last data point for the income graphs.

The truck tonnage data layer was joined to block centroids, and PSCAA sites within
500m and summed. Then the PSCAA data were exported into R and a linear model
was created (see Figure 62). The linear model had the intercept set to 0 so that
blocks far away from roads did not end up with inflated “background’ levels of on-
road diesel potential cancer risk. The adjusted R? of the model was 0.56. (And a
model without a set intercept had an adjusted R? of 0.64). In general, sites with lower
cancer risk were slightly underpredicted (a facet of setting the intercept to 0). One
site that stands out as quite different from the others is the Tacoma Tideflats site.
This is the point in the model comparison graph at the center left. The model
significantly underestimates on-road diesel particulate matter potential cancer risk
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at Tacoma Tideflats. This could be because there is another source of diesel
particulate matter other than trucks, such as maritime activities, which is not
accounted for in the model. Or it could be that the PMF diesel particulate matter
factor for that site is slightly different compared to other sites and is pulling in
another source of pollution.

Figure 62. Estimated diesel particulate matter cancer risk model performance.
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After the model was created, it was applied to the census block shapefile. This was
then combined with the block level race and ethnicity data and the block group level
income data and re-exported for analysis in R.

From the total population count per block and race/ethnicity specific population
counts, the percent of each race/ethnicity was calculated for each block. Two types
of analyses were performed: (1) a logistic regression model predicting whether a
block was likely to be in the top 5% of potential cancer risk from air pollution by race,
ethnicity, and income; (2) comparisons of race, ethnicity, and income versus average
cancer risk. These analyses will be discussed along with associated graphs below.

The map below (Figure 63) shows the estimated potential cancer risk from on-road
diesel particulate matter. The highest values are seen near large highways (15, I-405,
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I-90). Lower values are seen near medium sized roads. Blocks not near large or
medium size roads have a lower potential cancer risk.
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Figure 63. Estimated on-road diesel particulate matter potential cancer risk map.
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Figure 64 below shows the 5™, 25™, 50", 75", and 95" percentile of potential cancer
risk from on-road diesel particulate matter for race, ethnicity, and income groups.
Here, BIPOC includes all non-white race groups. These values are calculated on a
per-person level (not a per-block level). So, for race and ethnicity, the potential
cancer risk value for a block is assigned to each person in that block. Then the
summary statistics are calculated. For income, each person in the block is assigned
the median annual income and the block’s potential cancer risk. Also, from that
dataset the potential cancer risk percentiles are calculated.

Figure 64. On-road diesel particulate matter potential cancer risk statistics by race, ethnicity,
and income.
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Figure 65 below shows the probability of living in the top 5% of cancer risk blocks by
percent Black, Indigenous, People of Color (BIPOC) and median annual income.
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BIPOC, for the purposes of the graphs in this section, is defined as any non-white
census racial group. Hispanic is not a racial group in the 2020 census and is treated
separately. This graph is based on a simple logistic regression model. In the graph,
we can see the separate effects of race and income. With higher incomes less likely
to be associated with higher potential cancer risk blocks. And, apart from income,
blocks with more BIPOC residents are more likely to have high cancer risk. The 95"
percentile for cancer risk is 333.5 per million. The low category for BIPOC is when the
population is 0-26% BIPOC, the medium category is 26-46%, and the high category is
above 46%.

Figure 65. Probability of living in top 5% potential cancer risk from on-road diesel particulate
matter block by income and race.

Figure 66 below shows the probability of living in the top 5% of potential cancer risk
blocks by Hispanic/Latino and median annual income. The low category for
Hispanic/Latino is when the population is 0-5% Hispanic/Latino, the medium category
is 5-13%, and the high category is >13%. The graph also shows a separate effect for
income and ethnicity, with areas with a higher percentage of Hispanic/Latino
residents and lower income more likely to be in blocks with high potential cancer risk.
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Figure 66. Probability of living in top 5% potential cancer risk from on-road diesel particulate
matter block by income and ethnicity.

These graphs (Figure 67 to Figure 70) show average potential cancer risk from diesel
particulate matter by race, ethnicity, and income. They only contain data from
blocks with more than 11 people (greater than the 5 percentile). This was done to
limit the effects of small numbers leading to large percentages and affecting the
tails of the graphs. The dotted black line is the average overall potential cancer risk
from on-road diesel. The dotted red line is a trendline; the trend equation and r? are
shown on the graph. See Appendix N for all single-race graphs.

Figure 67. Potential cancer risk from on-road diesel particulate matter by race - BIPOC.
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Figure 68. Potential cancer risk from on-road diesel particulate matter by ethnicity —
Hispanic/Latino.

Figure 69. Potential cancer risk from on-road diesel particulate matter by race — White.

Figure 70. Potential cancer risk from on-road diesel particulate matter by income.
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The average estimated cancer risk due to on-road diesel particulate matter for a
block with no BIPOC population is 29 per million. For blocks with 100% BIPOC
population the estimated cancer risk is 111 per million. The White graph is the inverse
relationship by our definition, since BIPOC includes all non-White races. The Hispanic
or Latino graph has a less straight line and the final datapoint may be swayed heavily
by only having a small number of blocks. However, the general trend upwards, from
a risk of 29 per million to around 119 per million at the highest. The first point on the
income graph is lower than the following points, likely due to the lower number of
blocks with that income level. However, the average cancer risk drops from about 140
per million to around 25 per million as income increases.

In summary, the population that lives near larger roads tends to be more non-White
and have a lower income. This leads to a disproportionate health impact from on-
road diesel particulate matter.

Consistent with our studies in 2003, 2010, and 2016, this report found that diesel
particulate matter continues to be the primary contributor to the total potential
cancer risk in the region. Most sites across those studies measured diesel particulate
matter as being above 70% of the total potential cancer risk, much larger than the
second highest pollutant.

Air toxics concentrations have been decreasing over time. Levels of VOCs have
decreased by half at the Beacon Hill site over the past 20 years. All other sites
presented have shown decreases in VOCs. Estimated wood smoke has been
decreasing over time as well at our Tacoma South L site. This follows the large-scale
effort to return to attainment of the national standards after being designated non-
attainment in 2009. It also tracks with the updated wood stove standards and our
efforts to recycle or replace older, more polluting wood stoves.

We estimate diesel particulate matter levels to be about half of what they were two
decades ago, despite 30% population growth and corresponding increases in
economic activity. In terms of tracking diesel particulate matter concentrations over
time, PMF has become increasingly more challenging to use. One important factor is
the increasingly smaller quantities of species we could include in the factor analysis
due to lower and lower signal (ambient concentrations) with air quality
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improvements. That is, many of these species are now below detection limits while in
prior years, they were well above. Additionally, there are other variables that can
make PMF more challenging such as choice of number of factors, robustness of the
model, uncertainty, and co-emission of sources. In essence, while you may have a
specific factor in mind to quantify, such as diesel particulate matter, that source can
be co-emitted with other types of particles, such as road dust, and the two can
become inseparable with PMF. However, if we use black carbon as a surrogate for
diesel particulate matter the trends become clearer. All sites, with the exception of
10" & Weller, measured a decrease in black carbon over time. Seattle 10* & Weller,
which is only a few feet from I-5, showed a static (no) trend. However, population and
vehicle miles traveled (VMT) (apart from the impact of COVID) have been increasing
over time (Figure 34 and Figure 35). So, having a flat measure of black carbon
suggests a significant downward trend in emissions per vehicle.

EPA reporting® and internal analysis® suggests that diesel particulate matter
emissions will continue to decrease over time. With a steady activity level (VMT) we
would expect at least a 90% drop in diesel particulate matter by 2030, compared to
before 2007.

Overall, places near large highways show the greatest potential cancer risk from air
pollution, driven by diesel particulate matter. Our equity analysis showed that those
locations often also have higher percent BIPOC and higher percent lower-income
populations.

Residential wood smoke, while having decreased substantially over the past two
decades, still presents an ongoing addition to potential cancer risk. Depending on
the site, it is the second or third highest potential cancer risk and, unlike metals,
contributes significantly to overall PM2s mass, which is associated with
cardiovascular risk and mortality.®®> Our work in this area continues with our wood
stove recycling program, burn ban enforcement, and education and outreach.

83 EPA, 2000. Regulatory Impact Analysis: Heavy-Duty Engine and Vehicle Standards and
Highway Diesel Fuel Sulfur Control Requirements. EPA420-R-00-026. See i.a. table I.B-5

8 Based on MOVES data supplied by Sally Otterson (WA Dept of Ecology), in an email on May 1,
2019, in the file “IM_Sunset_documentation_Final.docx’, and MOVES data supplied by Kelly
McGourty (PSRC), in an emaiil dated Feb 13, 2019, in the file “Final RTP emissions.pdf’.

85 EPA, Integrated Science Assessment for Particulate Matter, 2019.
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The community directed sampling showed that estimated hexavalent chromium
had the highest risk of the metals sampled. The ratio used to estimate what fraction
of total chromium is hexavalent chromium is drawn from literature and older studies
in our region. We have received an EPA grant to perform a follow up study to do total
and speciated chromium sampling in the Duwamish Valley region to get a more
accurate ratio. This study will begin in mid-to-late 2024.

Lead, a major concern of the community, was higher in the Duwamish than other
areas, but was well below state and federal standards and would be associated with
only a minor increase in blood lead levels (less than 0.1 ug/dL using the most cautious
estimates or less than 0.11Q score change in children®®).

EPA’s AirToxScreen model matched well with many monitoring results from this studly.
However, the model underpredicted arsenic and tetrachloroethylene and
overpredicting hexavalent chromium at Seattle Duwamish and Seattle Beacon Hill.
We make some suggestions in our report on how to make the model more accurate.

Ethylene oxide was analyzed separately from other compounds due to the high
amount of uncertainty in its measurement and the large number of samples that
were flagged. In 2016, EPA increased the unit risk factor for ethylene oxide by 34x.

With the new unit risk factor, even results that are at the limit of detection lead to
potential cancer risk estimates in the hundreds per million. Complicating this
detection limit issue is a widespread sampling issue.?’ It is hypothesized that ethylene
oxide can stick to the inside of the sampling canister since many samples ended up
with failed duplicates and outliers with no found patterns. Many of the samples in this
study were flagged for that issue. While there is much uncertainty, Beacon Hill has
the lowest average ethylene oxide concentration of all NATTS sites. And the other
sites in our study were at similar concentrations.

Diesel particulate matter is the primary risk driver in our region. It is also one of the
main areas of focus in our strategic plan. One of the primary goals of the strategic

8 Jusko et al, “Blood Lead Concentrations < 10ug/dL and Child Intelligence at 6 Years of Age”,
Environmental Health Perspectives, 2007,
87 EPA 2020, EPA’s Work to Understand Background Levels of Ethylene Oxide,
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plan is to “‘reduce harmful diesel pollution emissions and exposures.” # This goal has
targets related to replacing diesel equipment with electric, specifically electric
drayage trucks, electric yard trucks, and electric equipment at rail yards.

This focus on diesel particulate matter is a continuation of our work in this area, which
started as our “Diesel Solutions™ program after the original 2003 air toxics study. There
are several emissions reduction strategies that our Agency has been involved in over
the years including administering grants to change out older more polluting diesel
engines with newer cleaner models and helping ports install shore power so that
idling ships can turn off their diesel engines. We have also worked with rail yards to
convert their on-premise diesel equipment to electric. Much of the funding for these
efforts have come through the state legislature and EPA Diesel Emissions Reduction
Act (DERA) programs, Dept of Ecology budgets, and the NW Seaport Alliance. The
benefit from these emissions reductions has the largest impact in near-road and
near-port communities, which in turn are benefiting overburdened communities
most. As shown in the spatial-demographic analysis of diesel emissions, these
communities typically have higher percentages of BIPOC residents and lower median
annual income.

The last federal heavy-duty engine standard with PM limits was for model year 2007
(and was fully implemented by 2010).2° Since then, there have been two phases of
standards to reduce greenhouse gas emissions and improve fuel efficiency, the first
affecting model years 2014-2018 and the second affecting model years 2018-2027°. A
third phase was proposed in 2023, which would take effect on model year 2027 and
later vehicles®. In addition to federal regulation, in 2022 Washington State created
the Clean Vehicles Program, which adopted standards developed by the California

88 PSCAA, 2030 Strategic Plan,

8 EPA, Final Rule for Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and
Vehicle Standards and Highway Diesel Fuel Sulfur Control Requirements, 2023,

% EPA, EPA Emission Standards for Heavy-Duty Highway Engines and Vehicles, 2023,

9 EPA, Proposed Rule: Greenhouse Gas Emissions Standards for Heavy-Duty Vehicles — Phase 3,
2023,
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Air Resources Board.®? This includes the Heavy-Duty Engine and Vehicle Omnibus
rules that require lower PM, NOx, and GHG emissions from heavy-duty vehicles
starting in model year 2026. It also includes Advanced Clean Cars Il rule which
requires a shift to EVs for passenger cars, light duty trucks, and medium duty vehicles
starting in model year 2026 with a goal of 100% EV sales for new passenger vehicles by
2035.

In terms of maritime emissions standards, the EPA created the North American
Emission Control Area for Marine Vessels (ECA), which put in place a fuel sulfur
requirement in 2015 and NO, standard in 2016.® Other efforts in the maritime space
include installing shore power, which allows ships to run off electricity when docked,
and switching the state’s ferries over to hybrid electric.9+%

The top contributors to potential cancer risk from metals were estimated hexavalent
chromium and arsenic. We will conduct a follow-up study to monitor hexavalent
chromium directly and to calculate the percent of total chromium that is hexavalent.
We will continue to enforce our regulations that impact businesses that work with
metals, including chromium and arsenic.

Lead results did not indicate that lead air pollution is a significant risk driver in our
jurisdiction, but we continue to track regulatory actions, such as the EPA’s efforts to
eliminate lead in some aviation fuels,® lead based paint hazards, and clean-up sites
that still suffer from lead contamination.

Ethylene oxide measurements had high uncertainty, canister issues, and no obvious
trend across sites. However, its high unit risk factor leads to hundreds per million

92 WA Department of Ecology, Clean Vehicles Program, 2023,
% EPA, Designation of the North American Emission Control Area for Marine Vessels, 2023,

94 Northwest Seaport Alliance, Shore Power,
% Washington State Department of Transportation, Ferry system electrification,

9% PSCAA, Regulations,
9 EPA, Regulations for Lead Emissions from Aircraft, 2023,

133


https://ecology.wa.gov/Regulations-Permits/Laws-rules-rulemaking/Rulemaking/WAC173-423-400Jan18
https://ecology.wa.gov/Regulations-Permits/Laws-rules-rulemaking/Rulemaking/WAC173-423-400Jan18
https://www.epa.gov/regulations-emissions-vehicles-and-engines/designation-north-american-emission-control-area-marine
https://www.epa.gov/regulations-emissions-vehicles-and-engines/designation-north-american-emission-control-area-marine
https://www.nwseaportalliance.com/environment/clean-air/investing-cleaner-air
https://wsdot.wa.gov/construction-planning/major-projects/ferry-system-electrification
https://pscleanair.gov/219/PSCAA-Regulations
https://www.epa.gov/regulations-emissions-vehicles-and-engines/regulations-lead-emissions-aircraft
https://www.epa.gov/regulations-emissions-vehicles-and-engines/regulations-lead-emissions-aircraft

cancer risk even for samples near the detection limit. We support EPA’s efforts to
reduce the use of ethylene oxide in sterilization of medical and other devices and
reduce the amount of ethylene oxide being emitted from chemical production
plants.®®

Other combustion-related potential cancer risk drivers such as acetaldehyde,
benzene, 1,3-butadiene, and formaldehyde could be reduced by continued effort in
both reducing transportation emissions and wood smoke. We continue to support
national programs that improve wood stove and transportation standards.

Efforts to reduce wood smoke emissions include our Wood Stove Reduction Program,
which offers a cash incentive for people to recycle their old wood stoves; air quality
burn bans; and our outdoor burning regulations.®#'%%" We also have done outreach
and education efforts, such as the Clean Burning Challenge, in which participants
can get a free wood moisture meter after completing a quiz about how to burn
cleaner.” Regulations also don't allow homes to smoke out their neighbors via
smoke density (opacity) standards.®

There are also federal and state standards for wood heating devices. EPA
promulgated the first New Source Performance Standard (NSPS) for wood heating
devices in1988.°4 Washington state adopted these standards (finalized in 1990) in
WAC 173-443-100.° In 2015, EPA amended their wood heating device standards and
reduced the PM emission limits. There is ongoing work into ensuring the effectiveness

98 EPA, Actions to Protect Workers and Communities from Ethylene Oxide (EtO) Risk, 2023,

% PSCAA, Puget Sound Wood Stove Program,
100 PSCAA, About Air Quality Burn Bans,

19 PSCAA, Outdoor Burning,

12 PSCAA, Clean Burning Challenge,

193 PSCAA, Regulation | Article 9,

104 EPA Final Standards of Performance for New Residential Wood Heaters and New Residential
Hydronic Heaters and Forced-Air Furnaces,

195 Washington State Legislature, WAC 173-433-100,
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of the wood heating device testing program and making sure that the wood stove
standards are updated every eight years, as required.

Beyond emissions reductions, another way to reduce health risk is to focus on
exposure reduction. Even though most people spend a significant amount of time
indoors, outdoor pollution can enter the indoor environment. This is most obvious in
extreme cases such as heavy wildfire smoke, where the thick smoke can enter a
building through a leaky building envelope or a poorly configured HVAC system. Also,
diesel particulate matter can enter homes from living near a freeway.

Some techniques to reduce exposure to outdoor pollution indoors include: HVAC
upgrades (especially a system that can use a MERV-13 or higher rated filter), air
cleaners, and DIY filter fans. Alongside those methods of removing pollution,
education regarding when to close or open windows and doors, use air cleaners, and
where to check the latest air quality are also helpful.

Throughout this discussion of emissions and exposure reduction, it is critical to think
of the populations that would benefit most from the interventions. For example, a
high value location for HVAC upgrades may be a school located near a busy
highway. Also, focusing on certain pollutants, such as diesel particulate matter, will
have a higher benefit to near-road communities, which often have a higher
percentage of people of color and lower median annual income.

Another aspect of mitigating exposure is the educational component to community
engagement and outreach. One of the goals of our 2030 strategic plan is to
‘measure, analyze, and communicate air quality risk”, with targets related to
expanding community science engagement events and providing tools to clearly
communicate air pollution risk information.'® We participate in many community
events, resource fairs, health fairs, youth education workshops, and presentations
each year. And one of the main topics is explaining the main sources of air pollution,
associated health risk, and measures that people can take to protect themselves.
We will continue these efforts over the course of our 2030 strategic plan and expand
them to reach all overburdened communities within our jurisdiction.

16 jbid, PSCAA 2030 Strategic Plan.
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Table A-1. Summary of site locations for the permanent monitoring and the community-directed

temporary sites.

Site name Site Site address* Site main Latitude  Longitude  Elevation

code attribute ©) ©) (m)
Seattle 10t BKWA 10th Ave S& S WellerSt, | Near road 475974 -122.3198 42
and Weller Seattle, WA 98104
Seattle SEWA  4103BeaconAves, Residential, 475682 -122.3086 102
Beacon Hill Seattle, WA 98108 NATTS**
Seattle CEWA 4700 E Marginal Way S, Industrial 475599 -122.3382 5
Duwamish Seattle, WA 98134
Tacoma EQWA 2301 Alexander Ave E, Industrial 472655 -122.3850 1
Tideflats Tacoma, WA 98421
Tacoma 36th  YFWA 1802 S 36" St, Tacoma Near road 472263 -122.4625 108

WA 98418
Tacoma ESWA 7802 S L St, Tacoma, WA | Residential 471863 -122.4516 103
South-L 98408
South Seattle UAWA 6737 CorsonAves, Community- 475418 -122.3257 4
College - Seattle, WA 98108 directed
Georgetown
South Park UBWA S EImgrove St & 12 Ave Community- 475305 -122.3178 3
Residential S, Seattle, WA 98108 directed
Georgetown  UCWA  CarletonAveS&S Community-  47.5411  -122.3222 6
Residential Willow St, Seattle, WA directed
98108

Georgetown  UDWA  660513thAves Seattle,  Community- 475427 -122.3157 5
Steam Plant WA 98108 directed
South Park UEWA $Fontanelle St & 3" Ave  Community- 47.5367 -122.3301 3
Industrial S, Seattle, WA 98108 directed

* We only provide the nearest cross street address for the community-directed sites.
**NATTS: National Air Toxics Trends Station — network of stations providing long-term air toxics monitoring.
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Seattle 10th & Weller (BKWA):

This station is Washington state’s primary near-road  Figure A-1.Seattle 10th and Weller
monitoring site from Google Maps

monitoring site. Washington State Dept. of Ecology imagery

installed the site in April of 2014. The site is located
within 10 meters from Interstate-5 highway and 350
meters from Interstate-90 highway. It has been
routinely collecting CO, NO,, NO,, PM2s, and black
carbon data, along with weather variables (wind &
ambient temperature). The station has been used in
severdl studies and is a common location for
additional monitoring (e.g. PMss speciation, air toxics).

Figure A-2. Seattle 10th and Weller Ecology air-quality monitoring

site is located in the red square. Aerial imagery is from Google
Earth Engine.

Appendix — 3



Seattle Beacon Hill (SEWA):

Figure A-3: Seattle Beacon Hill monitoring site from
This site, also operated by WA State Google Maps imagery.

Department of Ecology, is located in

the middle of Jefferson Park near the

highest part of the ridge connecting

Beacon Hill and North Beacon Hill. It is

surrounded by a golf course and a

public park with open grass fields and

a playground. -5 is approximately 0.8

km to the west at the bottom of a

sharp, 100-meter slope that is the

edge of Duwamish Valley and Beacon

Hill. The road nearest the site with

major traffic is Beacon Ave S, which is

about 100 m to the east. The closest

residences are about 350 m to the

west. The site is run by WA Ecology and

has been a primary monitoring station since at least 1979, although the location
within Jefferson Park has changed. The station includes monitors for ozone, CO, SO.,
NO,, PM,s, along with PM,s speciation and weather data (wind and ambient
temperature). It is also a part of the National Air Toxics Trends Stations (NATTS)
network and continuously monitors air toxics (Carbonyls, VOCs, PAHs) for recording
long-term trends.
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Figure A-4. Seattle Beacon Hill Ecology air-quality monitoring site is located in the red square. Aerial
imagery is from Google Earth Engine

Seattle Duwamish (CEWA):

The Seattle Duwamish monitoring  Figure A-5. Seattle Duwamish monitoring site from Google Maps
site has been in place for about 50  Magery
years (since 1971) in the Duwamish

industrial valley. This site is

designed to be a neighborhood-

scale site, representative of South

Seattle neighborhoods and

ambient exposure in the industrial

valley. This site is influenced by a

complex mixture of mobile sources,

marine sources, industrial sources,

winter home heating wood smoke,

and other pollution sources. The site

used to be located about 400
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meters NW of the current site. It is located about 80 meters East of E Marginal Way S,
which is a main arterial for many large haul trucks, as well as service vehicles, and
personal cars. The site collects continuous air quality data such as PM.s, Black carbon,
along with weather variables (wind, ambient temperature and pressure, rain gauge
(SPU - RGI5)). Given its settings, it is also a common location for additional studies
such as PM;s speciation and/or air toxics (Corbonyls, VOCs, SVOCs, etc.)

Figure A-6. Seattle Duwamish air-quality monitoring site is located in the red square. Aerial imagery is
from Google Earth Engine.

Tacoma Tideflats (EQWA):

This monitoring site has been in place since 1987 collecting air pollution data at the
Port of Tacoma, also known as the Tacoma Tideflats. It is a large container port in
North America and represents a critical hub for containers, heavy cargo, cars, and
trucks. The main industrial activities at the port include manufacturing (metal,
lumber, concrete, paper), oil refining, and large goods movement (warehouse,
shipping/receiving). The port is also connected to railroads and the major roadways
Hwy-509 and I-5 are located within 2 km and 2.7 km, respectively.
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Figure A-7. Tacoma Tideflats air-quality monitoring site is located in the red square. Aerialimagery is
from Google Earth Engine.
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Tacoma S 36" St:

Figure A-8: Tacoma S 36th monitoring site
This monitoring site, operated by WA State Dept. of from Google Maps imagery.
Ecology, corresponds to Tacoma’s near-road air-

quality monitoring site. It is located at 15 meters from

Interstate-5 highway and is routinely collecting NO,,

NO, and PM.s. We added a black-carbon monitor

(Magee AE-33 aethalometer) when we started the T-yr

air-toxics monitoring campaign in the summer of 2021.

Weather variables such as wind and ambient

temperature are also recorded at this site.

Figure A-9. Tacoma S 36th air-quality monitoring site from the
Department of Ecology is located in the red square. Aerial imagery is from Google Earth Engine.
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Tacoma South L St:

This site has been in place since 1999 in the South part of Tacoma. Itis a
neighborhood scale site and aims to be representative of Tacoma residential area.
The main source of air pollution comes from home heating using wood burning. The
site is also around 1km from any substantial traffic (I-5, Hwy-512, and neighborhood
arterials). While there are other sources likely contributing to PM2.5 concentration, the
majority is winter home heating from wood burning. This monitoring site has the
highest design value in the Puget Sound region for PM2.5 for the 24-hr standard.

Figure A-10. Tacoma South L monitoring site photo
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Figure A-Il. Tacoma South L air-quaility monitoring site is located in the red square. Aerial imagery is from
Google Earth Engine.

Community-directed sites:

These sites were identified after consultation with the Duwamish Valley community
(as described in the main report) to see what where their highest area of concern
regarding air pollution and where they wanted to locate the air-quality instruments.
These sites encompass various settings and aim to be representative of more
industrial settings (UEWA), residential settings (UBWA & UCWA, for South Park and
Georgetown, respectively), near regional airport (UDWA) and where a previous study
reported highest levels of metals for the area (UAWA). Nearest intersections are
shared in the main report.
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Figure A-12. Locations of the 5 community-directed sites for the summer of 2022 where we collected
weekly PMI0 metal samples in the Georgetown and South Park neighborhoods. Aerial imagery is from
Google Earth Engine.
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This appendix contains information on data completeness, non-detects (NDs),
samples that were below the detection limit (MDL), any recorded sampling issues,
collocated duplicate samples, and mean field blank values.

Table B-1. Data completeness and total sample collections for each studied site

Group of Collection | Collection Time Total Data
pollutants Start End interval samples | Complete
analyzed collected | ness (%)
Tacoma South L (ESWA) 53 053 0029
VOCs Aug 2,2021 |Sep2,2022 |l-in-6days | 64 95.5%
Carbonyls | Aug2,2021 |Sep 2,2022 |l-in-6days | 66 98.5%
PMa2s Aug 2,2021 |Sep2,2022 |lin-6days | 67 100%
Speciation
PMa2s Aug 2,2021 | Sep2,2022 | Continuous | 9216 96.7%
(hourly)
Black Aug 2,2021 | Sep 2,2022 | Continuous | 9370 98.3%
Carbon (hourly)
Wind Aug 2,2021 | Sep2,2022 | Continuous | 9468 99.4%
(hourly)
Tacoma S 36+ (YFWA) 53 053 0024
VOCs Aug 2,2021 |Sep2,2022 |l-in-6days | 62 92.5%
Carbonyls | Aug2,2021 |Sep2,2022 |lin-6days | 63 94%
PMa2s Aug 2,2021 |Sep2,2022 | Continuous | 8880 93.2%
(hourly)
Black Aug 2,2021 Sep 2,2022 | Continuous | 9515 99.9%
Carbon (hourly)
Wind Aug 2,2021 | Sep 2,2022 | Continuous | 9518 99.9%
(hourly)
Tacoma Tideflats (EQWA) 53 053 0031
VOCs Aug 2,2021 |Sep2,2022 |1in-6days | 65 97%
Carbonyls | Aug2,2021 |Sep2,2022 |lin-6days | 63 94%
PMzs Aug 2,2021 | Feb10,2022 |1in-6days | 33 100%
Speciation
PM2s Aug 2,2021 |Sep2,2022 | Continuous | 9132 95.8%
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(hourly)

Black Aug 2,2021 Sep 2,2022 | Continuous | 9245 97%
Carbon (hourly)
PMi Metals | Aug 2,2021 | Sep 2,2022 |1-in-6days | 65 97%
Wind Aug 2,2021 | Sep 2,2022 | Continuous | 9352 98%
(hourly)
Seattle Duwamish (CEWA) 53 033 0057
VOCs Aug2,2021 |Sep2,2022 |1in-6days | 62 92.5%
Carbonyls | Aug 2,2021 |Sep2,2022 |1-in-6days | 64 95.5%
PM2s Aug 2,2021 |Jun 28,2022 | 1-in-6 days | 56 100%
Speciation
PMa2s Aug 2,2021 |Sep2,2022 | Continuous | 9366 98.3%
(hourly)
Black Aug 2, 2021 Sep 2,2022 | Continuous | 9480 99.5%
Carbon (hourly)
PMi Metals | Aug 2,2021 | Sep 2,2022 | 1-in-6days | 67 100%
Wind Aug 2,2021 | Sep 2,2022 | Continuous | 9492 99.6%
(hourly)
SVOC PAH Aug 2,2021 Sep 2,2022 | I-in-6 days 62 92.5%
Seattle Beacon Hill (SEWA) 53 033 0029
VOCs Aug2,2021 |Sep2,2022 |1in-6days | 62 925
Carbonyls | Aug 2,2021 |Sep2,2022 |1-in-6days | 67 100%
PM.s Aug 2,2021 |Sep2,2022 |1in-3days | 133 100%
Speciation
PM2s Aug 2,2021 |Sep2,2022 | Continuous | 9136 95.9%
(hourly)
PMy Metals | Aug 2, 2021 Sep 2,2022 | I-in-6 days o8** 100%
Wind Aug 2,2021 | Sep2,2022 | Continuous | 8989 94.2%*
(hourly)
SVOC PAH | Aug2,2021 |Sep2,2022 |l-in-6days | 72** 100%
Seattle 10 & Weller (BKWA) 53 033 030
VOCs Aug2,2021 |Sep2,2022 |lin-6days | 64 95.5%
Carbonyls | Aug 2,2021 | Sep2,2022 |1-in-6days | 63 94%
PMys Aug 2,2021 |Jul28,2022 |1-in-6days | 61 100%
Speciation
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PM2s Aug 2,2021 | Sep 2,2022 | Continuous | 9342 98%
(hourly)
Black Aug 2,2021 |Sep2,2022 | Continuous | 9510 99.8%
Carbon (hourly)
Wind Aug 2,2021 | Sep 2,2022 | Continuous | 9522 99.9%
(hourly)
South Seattle College (UAWA)
PMi Metals | Mar 4,2022 | Sep 2,2022 | weekly 26 100%
South Park Residential (UBWA)
PM, Metals | Jull1, 2022 Sep 2,2022 | weekly 9 100%
Georgetown Residential (UCWA)
PMyo Metals | Jul1,2022 Sep 2,2022 | weekly 82 100%
Georgetown Steam Plant (UDWA)
PMi Metals | Jul 29,2022 | Sep 2,2022 | weekly 5 100%
South Park Industrial (UEWA)
PMip Metals | Jul 25,2022 | Sep 2,2022 | weekly 5.6 100%

*Beacon Hill wind data were invalidated due to a 6-8° misalignment for 12/3/21 - 3/11/22. While
slightly above our 5° tolerance, we still used the data in the wind/pollution rose analysis (Appendix

D): since it did not impact substantially the wind direction binned averages.

**Beacon Hill SYOCs and PMi metals had some extra samples (+ 5 and +3], respectively) collected

over the study period which are included in the data analysis, but we capped the data

completeness at 100%.

Table B-2. Air toxics log of instrument & sampling issues resulting in a missed sample, or a sample being

rescheduled (within +/- 3 days of planned date).

Date Site(s) Types Sample | Reason(s)
affected
(code)
Aug-2 2021 BKWA, CEWA, | Carbonyl (TO-11A) | No Not started
EQWA YFWA
Aug-2 2021 CEWA SsvoCs (TO-13A) | No Not started
Aug-2 2021 CEWA, EQWA | PMy, metals (IO— No Not started
3.5)
Aug-5 2021 CEWA Carbonyl (TO-T1A) | Yes Sample ran on 8/5
instead of 8/2
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Aug-8 2021 BKWA, EQWA, | Carbonyl (TO-T1A) | No Not started yet
YFWA

Aug-2 2021 CEWA SVOCs (TO-13A) Not started

Aug-14 2021 BKWA, CEWA, | VOCs (TO-15) No Skipped
EQWA, YFWA,
ESWA

Aug-14 2021 BKWA, CEWA, | Carbonyl (TO-TIA) | No Not started or skipped
EQWA, YFWA, due to coordination
ESWA with lab.

Aug-14 2021 CEWA SVOCs (TO-13A) Not started yet

Aug-202021 | YWFA VOCs (TO-15) No Sample voided — can
cross threaded

Aug- 26 2021 | YWFA VOCs (TO-15) No No canister received
from lab for collection

Aug-26 2021 | SEWA Carbonyl (TO-11A) | Yes Sample ran on 8/29
instead of 8/26

Sep-7 2021 BKWA, CEWA, | VOCs (TO-15) No Skipped because of

EQWA, YFWA, no canisters ready for
ESWA sampling (shipping
delays)

Sep-13 2021 ESWA VOCs (TO-15) No Canister voided
because reading
ambient pressure at
the lab (no vacuum
left)

Sep-13 2021 SEWA VOCs, SVOCs, Yes Samples ran on 9/16

Carbonyl instead of 9/13

Sep-19 2021 BKWA, CEWA | VOCs (TO-15) No Canister voided
because reading
ambient pressure at
the lab (no vacuum
left)

Sep-252021 | SEWA VOCs (TO-15) No Sample missing

Oct-13 2021 BKWA VOCs (TO-15) Yes Canister voided (no

vacuum at reception)
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but was able to use a
different canister and
still collect data for

that day

Oct-25 2021 CEWA Carbonyl (TO-11A) | No Instrument
malfunction

Oct-25 2021 SEWA Carbonyl (TO-11A) | No Void — power outage

Oct-25 2021 EQWA VOCs (TO-15) Yes Final field vacuum =0

Oct-312021 BKWA, CEWA, | VOCs (TO-15) Yes Final field vacuum at

YFWA, ESWA 0 with time shut-off
issues due to cold
temperatures.

Nov-30 2021 CEWA VOCs (TO-15) No Sample did not collect
(valve remained
close)

Nov-30 2021 SEWA VOCs, SVOCs, Yes Samples ran on 12/1

Carbonyl instead of 11/30

Dec-30 2021 EQWA PMic metals (10- No Sample did not collect

35) (instrument did not
run)

Jan-292022 | BKWA VOCs (TO-15) Yes TO-15 started at-12
inHg (instead of -30)
vacuum.

Feb-282022 | CEWA VOCs (TO-15) No TO-15 voided, canister
was not open for
sampling

Feb-282022 | EQWA Carbonyl (TO-11A) | No Instrument did not run

Mar-6 2022 YFWA VOCs (TO-15) No Valve did not open —
corrosion on timer.

Mar-18 2022 | BKWA, CEWA | VOCs (TO-15) Yes Only ran for 13:50 and
14:50 hours,
respectively

Mar-302022 | SEWA Carbonyl (TO-11A) | Yes Sample ran on 4/2

& SVOCs (TO-13A)

instead of 3/30
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Apr-5 2022

SEWA

VOCs (TO-15)

Yes

Sample ran on 4/2
instead of 4/5

Apr-5 2022

YFWA

VOCs (TO-15)

Yes

TO-15 started at-25
inHg (instead of -30)
vacuum.

Apr-12022

YFWA

Carbonyl (TO-11A)

No

Power outage

May-5 2022

BKWA

VOCs (TO-15)

Yes

TO-15 started at-24
inHg (instead of -30)
vacuum.

May-29 2022

SEWA

VOCs (TO-15)

No

Sample did not run -
received vacuum of
29.0 inHg at the lab

Jun-10 2022

SEWA

VOCs (TO-15)

No

Sample did not run -
received vacuum of
29.0 inHg at the lab

Jun-22 2022

EQWA

Carbonyl (TO-11A)

Yes

Instrument off due to
power outage. Make
up sample ran on
6/30

Jun-22 2022

SEWA

VOCs (TO-15)

Yes

Sample ran on 6/25
instead of 6/22

Jul-12022

UCWA

PM,, metals (IO—
3.5)

Yes

Sample ran for 25
hours instead of 1
week

Jul-4 2022

BKWA

Carbonyl (TO-11A)

No

Instrument did not run

Jul-10 2022

SEWA

Carbonyl (TO-11A)

No

Perhaps a low-
sample time but
would need to
confirm with Ecology

Jul-10 &16 &
222022

SEWA

VOCs (TO-15)

No

Samples did not run —
received at high
vacuum in lab.

Aug-3 2022

SEWA

SVOCs (TO-13A)

No

Voided by lab. Sample
fails all surrogates
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likely due to an
extraction error.

Aug-9 2022

SEWA

Carbonyl (TO-11A)

No

Sample did not run -
monitoring or
operation error.

Aug-9 &15
2022

SEWA

VOCs (TO-15)

No

Samples did not run —
received at high
vacuum in lab.

July-29 2022

UEWA

PMy metals (10-
3.5)

Yes

Sample ran for 5 days
instead of 7 days

Sept-2 2022

CEWA

VOCs (TO-15)

Yes

Sample ended at-18
inHg somehow

Table B-3. Percentage ( % ) of non-detect (ND) samples for each chemical compound ( cmalyte)

measured per site.

CGroups Analytes BKWA | CEWA | EQWA | ESWA | SEWA | YFWA

Carbonyls | Acetaldehyde 0 0 0 0 0 0
Formaldehyde 0 0 0 0 0 0

VOCs 1,3-Butadiene 0 5 2 2 6 0
Acrolein 2 0 0 2 0 3
Benzene 0 0 0 0 0 0
Carbon Tetrachloride 0 0 0 0 0 0
Ethylbenzene 0 0 0 0 0 0
Ethylene oxide 6 0 2 2 0 2
Tetrachloroethylene 0 0 0 0 2 2

PMio Manganese 0 0 0

Metals™ Lead 0 0 0
Chromium 0 0 0
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Antimony 0 0 0
Nickel 0 0 0
Selenium 0 2 0
Arsenic 0 0 0
Beryllium 19 14 24
Cadmium 0 0 0
Cobalt 0 0 1
Mercury 4 6 0
SVOCs Naphthalene 0 0
Acenaphthene 31 38
Phenanthrene 0 0
Fluorene 0 0
Fluoranthene 0 0
Pyrene 0 4
Acenaphthylene 35 50
Anthracene 13 0
Benzo(a)anthracene 13 13
Benzo(a)pyrene 8 24
Benzo(b)fluoranthene 44 49
Benzo(e)pyrene 8 1l
Benzo(gh,i)perylene 10 16
Benzo(k)fluoranthene 21 38
Chrysene 61 65
Coronene m 14
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Dibenz(a,h)anthracene 87 83
Indeno(1,2,3-c,d)pyrene 15 21
Perylene 89 93

*No non-detect (ND) samples were reported for the community-directed weekly

samples at the UAWA, UBWA, UCWA, UDWA, UEWA sites.

Table B-4. Percentage (%) of samples below the method detection limit (MDL) for each chemicall
compound ( analyte) measured per site. This percentage includes the non-detect samples (Table B-3).

Groups Analytes BKWA | CEWA | EQWA | ESWA | SEWA | YFWA

Carbonyls | Acetaldehyde 0 0 0 0 1 0
Formaldehyde 0 0 0 0 1 0

VOCs 1,3-Butadiene 8 48 54 53 71 23
Acrolein 17 23 17 22 29 13
Benzene 0 0 0 0 0 0
Carbon Tetrachloride 0 0 0 0 0 2
Ethylbenzene 0 0 0 3 0 0
Ethylene oxide 8 3 9 6 5 6
Tetrachloroethylene 80 63 75 80 98 84

PMio Manganese 0 0 0

Metals™ Lead 0 0 0
Chromium 97 98 90
Antimony 0 0 0
Nickel 12 3 48
Selenium 0 18 6
Arsenic 0 0 0
Beryllium 40 57 98
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Cadmium 0 5 3
Cobalt 34 46 62
Mercury 8l 82 93
SVOCs Naphthalene 0 0
Acenaphthene 31 38
Phenanthrene 0 0
Fluorene 0 0
Fluoranthene 0 0
Pyrene 0 4
Acenaphthylene 35 50
Anthracene 13 3
Benzo(a)anthracene 13 21
Benzo(a)pyrene 18 38
Benzo(b)fluoranthene 44 50
Benzo(e)pyrene 10 15
Benzo(gh,i)perylene 16 22
Benzo(k)fluoranthene 39 53
Chrysene 61 67
Coronene 1 15
Dibenz(o,h)anthracene 89 85
Indeno(1,2,3-c.d)pyrene 15 24
Perylene 95 96

*Samples reported below the MDL (method detection limit) for the community-directed
weekly samples are presented in the table below. UCWA MDL percentages are due to a partial
sample collected on Jul 1¢ of 25 hours instead of 7 days (table B-2).
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Table B-5. Percentage (%) of samples below the method detection limit (MDL) for each chemicall

compound ( analyte) measured per site.

Groups | Analytes UAWA | UBWA | UCWA | UDWA | UEWA

PMo Manganese | 0 0 0 0 0

Metals Lead 0 0 0 0 0
Chromium | 4 0 | 0 0
Antimony 0 0 0 0 0
Nickel 4 0 0 0 0
Selenium 0 0 0 0 0
Arsenic 0 0 0 0 0
Beryllium 0 0 | 0 0
Cadmium |0 0 0 0 0
Cobalt 4 0 0 0 0
Mercury 4 0 1 0 0

Table B-6. Table of collocated duplicate samples with percent recovery greater than + 20%. Samples
were only included if the primary and duplicate concentrations were greater than 3x the method
detection limit (MDL).

Site | Sample | Analyte Primary | Duplicate | MDL | Units | Percent
Date Conc Conc Recovery
SEWA | 8/5/2021 | Acenaphthylene 0.09 on3 0.003 | ng/m?® 126
CEWA | 2/16/2022 | Beryllium 0.015 0.019 0.004 | ng/m?® 131
CEWA | 11/18/2021 | Cobalt 0.346 0.424 | 0.077 | ng/m? 123
SEWA | 7/15/2021 | Dibenz(a,h)anthracene |  0.021 0.016 0.005 | ng/m? 78
EQWA | 11/18/2021 | Ethylene oxide 0.099 0.196 0.026 | ppbv 199
ESWA | 9/19/2021 | Ethylene oxide 0187 0.099 | 0.026 | ppbv 53
YFWA | 2/16/2022 | Ethylene oxide 0141 0.407 | 0.026 | ppbv 289
EQWA | 9/19/2021 | Lead 0744 0.905 0.065 | ng/m?® 122
CEWA | 11/18/2021 | Manganese 444 539 0.625 | ng/m? 121
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Table B-7. Mean ambient, field blank, and MDL concentrations for all Sites and Analytes for which blank
values were collected. Field blank values were not collected for VOCs, and field blanks were not collected

for the community-directed PMIO metals samples.

Site Analyte Type Units Median | Mean | Mean
Ambient | Field | MDL
Conc Blank
Conc
BKWA | Acetaldehyde Carbonyl | ug/m? Air 1243 0.020 0.031
BKWA | Formaldehyde Carbonyl | ug/m? Air 2.098 0.024 | 0.044
CEWA | Acetaldehyde Carbonyl | ug/m? Air 0.886 0.019 0.031
CEWA | Formaldehyde Carbonyl | ug/m? Air 1.336 0.020 | 0.044
CEWA | Antimony Metal ng/m? Air 1797 0.013 0.109
CEWA | Arsenic Metal ng/m? Air 1.315 0.0m | 0.032
CEWA | Beryllium Metal ng/m? Air 0.006 0.001 0.004
CEWA | Cadmium Metal ng/m?Air | 0126 0.003 | 0.010
CEWA | Chromium Metal ng/m? Air 4.514 1.988 8.890
CEWA | Cobalt Metal ng/m? Air 0191 0.010 | 0.098
CEWA | Lead Metal ng/m? Air 6.800 0.082 | 0.084
CEWA | Manganese Metal ng/m?Air | 22328 0.321 0.346
CEWA | Mercury Metal ng/m? Air 0.033 0.002 0.013
CEWA | Nickel Metal ng/m? Air 1594 0.487 | 0.640
CEWA | Selenium Metal ng/mé Air 2.036 0.009 | 0.050
CEWA | Acenaphthene SvOoC ng/m? Air 4.016 0.069 0.073
CEWA | Acenaphthylene SvVOC ng/m? Air 0.455 0.005 | 0.005
CEWA | Anthracene SvVOoC ng/m? Air 0.295 0.008 | 0.023
CEWA | Benzo(a)anthracene SVOoC ng/m?Air | 0.048 0.006 | 0.005
CEWA | Benzo(a)pyrene SVOC ng/m?Air | 0048 | 0008 | 0.008
CEWA | Benzo(b)fluoranthene SVOoC ng/m2 Air 0.051 0.01 | 0.009
CEWA | Benzo(e)pyrene SVOC ng/m?Air | 0.067 | 0008 | 0.008
CEWA | Benzo(gh.i)perylene SvVoC ng/m2 Air 0.092 0.010 | 0.005
CEWA | Benzo(k)fluoranthene SVOC ng/m?Air | 0040 | 0006 | 0.010
CEWA | Chrysene SvoC ng/m? Air 0.021 0.008 | 0.007
CEWA | Coronene SVOC hg/m3 Air 0.056 NA 0.007
CEWA | Dibenz(a,h)anthracene SVOC ng/m?Air | 0.006 NA 0.005
CEWA | Fluoranthene SvOoC ng/m? Air 1.808 0.015 0.040
CEWA | Fluorene SvVOoC ng/m? Air 3.537 0.021 0.054
CEWA | Indeno(1,2,3-c.d)pyrene NVele ng/meAir | 0.074 0.009 | 0.006
CEWA | Naphthalene SvVOoC ng/m? Air 43.319 0.550 1.730
CEWA | Perylene SVOC ng/m? Air 0.006 NA 0.009
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Site Analyte Type Units Median | Mean | Mean
Ambient | Field | MDL
Conc Blank
Conc

CEWA | Phenanthrene SvoC ng/m? Air 8.045 0.055 0143
CEWA | Pyrene SvVOC ng/m? Air 2532 0.014 0.033
EQWA | Acetaldehyde Carbonyl | ug/m? Air 1.012 0.026 | 0.032
EQWA | Formaldehyde Carbonyl | ug/m? Air 1.526 0.022 | 0.044
EQWA | Antimony Metal ng/m3 Air 1.864 0.034 om

EQWA | Arsenic Metal ng/ m? Air 1.050 0.013 0.033
EQWA | Beryllium Metal ng/m? Air 0.010 0.002 | 0.004
EQWA | Cadmium Metal ng/m? Air 0.105 0.003 | o.M

EQWA | Chromium Metal ng/m?Air | 2989 1644 | 9.000
EQWA | Cobalt Metal ng/ m? Air 0.207 0.012 0.099
EQWA | Lead Metal ng/m?Air | 3.995 0.097 | 0.085
EQWA | Manganese Metal ng/m? Air 9.582 0.610 0.345
EQWA | Mercury Metal ng/m? Air 0.009 0.002 0.013
EQWA | Nickel Metal ng/m3 Air 1.856 0.649 0.648
EQWA | Selenium Metal ng/m? Air 0.150 0.017 0.051
ESWA | Acetaldehyde Carbonyl | ug/m? Air 0.961 0.019 0.032
ESWA | Formaldehyde Carbonyl | ug/m? Air 1408 0.022 | 0.045
SEWA | Acetaldehyde Carbonyl | ug/m? Air 0.927 0.026 | 0.029
SEWA | Formaldehyde Carbonyl | ug/m? Air 1.308 0.044 | 0.043
SEWA | Antimony Metal ng/m?®Air | 1045 0.008 | 0105
SEWA | Arsenic Metal ng/m? Air 047 0.006 | 0.032
SEWA | Beryllium Metal ng/m?Air | 0.002 0.000 | 0.004
SEWA | Cadmium Metal ng/m? Air 0.045 0.003 0.012
SEWA | Chromium Metal ng/m?Air | 6293 4991 | 8688
SEWA | Cobalt Metal ng/m? Air 0.101 0.040 | 0.098
SEWA | Lead Metal ng/m?Air | 2376 0.030 | 0.089
SEWA | Manganese Metal ng/m? Air 5130 0.175 0.371
SEWA | Mercury Metal ng/m? Air 0.007 0.001 0.013
SEWA | Nickel Metal ng/m? Air 0.821 0162 | 0.606
SEWA | Selenium Metal ng/m? Air 0.249 0.005 | 0.050
SEWA | Acenaphthene SvOoC ng/m? Air 2.383 0155 0.067
SEWA | Acenaphthylene SvVOoC ng/m? Air 0129 0.026 | 0.004
SEWA | Anthracene SvoC ng/m? Air 0130 0.008 | 0.022
SEWA | Benzo(a)anthracene SVOC ng/m?Air | 0.041 0.002 | 0.005
SEWA | Benzo(a)pyrene svoC ng/m?Air | 0.044 NA 0.007
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Site Analyte Type Units Median | Mean | Mean
Ambient | Field | MDL
Conc Blank
Conc

SEWA | Benzo(b)fluoranthene SVOoC ng/m?Air | 0.062 0.004 | 0.008
SEWA | Benzo(e)pyrene SVOC ng/m?Air | 0.051 0.004 | 0.007
SEWA | Benzo(gh.i)perylene SvoC ng/m?Air | 0.056 NA 0.004
SEWA | Benzo(k)fluoranthene SVOC ng/m?Air | 0.031 NA 0.009
SEWA | Chrysene SvoC ng/m? Air 0.024 0.004 | 0.006
SEWA | Coronene SVOoC hg/m3 Air 0.029 NA 0.007
SEWA | Dibenz(o,h)anthracene SVOoC ng/m? Air | 0.009 NA 0.005
SEWA | Fluoranthene SvOoC ng/m? Air 0.889 0.016 0.037
SEWA | Fluorene SvOoC ng/m? Air 2.334 0.024 | 0.052
SEWA | Indeno(1,2,3-c.d)pyrene NVele ng/meAir | 0.057 NA 0.005
SEWA | Naphthalene SvOoC ng/m?Air | 26.939 0.665 1132

SEWA | Perylene svoC ng/m? Air 0.010 NA 0.008
SEWA | Phenanthrene SvOoC ng/m? Air 3.892 0.063 0.136
SEWA | Pyrene SVOC ng/m? Air 0.507 0.012 0.027
YFWA | Acetaldehyde Carbonyl | ug/m? Air 0.851 0.024 0.032
YFWA | Formaldehyde Carbonyl | ug/m? Air 1285 0.065 | 0.045
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Appendix C. Meteorology representativeness

Figure C-1below shows the ‘10-yr History’ line (blue), which is the 7-day running
average of the daily average temperature for the past 10 years. The +/- ‘stdV’ lines are
+ and - 1standard deviations, calculated daily, for each day of the daily average
temperature for the past 10 years. The ‘Sample Period’ line (rust orange) is the daily
average temperature for the sampling period of this study.

Figure C-1. Daily average temperatures at the Seattle Duwamish Valley site.
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Figure C-2 below shows the ‘10-yr History’ line (in blue) as the 7-day running average
of the daily average wind speed for the past 10 years. The +/- stdv lines are + and — 1

standard deviations, calculated daily, for each day of the daily average wind speed
for the past 10 years. The ‘Sample Period’ line (rust oromge) is the daily average wind

speed for the sampling period of this study.

Figure C-2. Daily average wind speed at the Seattle Duwamish Valley site.
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Figure C-3. Counts of hourly wind direction, colored by wind speed bin, for the past 10 years (below, top)
and for the year of the toxics sampling campaign (below, bottom).
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Figure C-4. Counts of hourly wind direction, colored by wind speed bin, for the July-Aug period for 2021
(below, top) and for July-Aug period of the toxics sampling campaign 2022 (below, bottom)
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Figure C-5 below shows results from precipitation measured at the University of
Washington Atmospheric Sciences building. Because precipitation is not distributed
smoothly like many other parameters (it has many zeros and extreme values, so is
not statistically ‘normal’), the data must be treated differently to analyze for outliers
and general trends. Here, this means not using extreme values, and averaging or
smoothing daily values to longer periods. For identifying extreme events, the median
and the second greatest weekly values were found for each week over the 10 years.
The values were then smoothed with a 5-week running average, plotted at the center
week. The median line shows a typical or central value, and the 2" Largest’ line shows
a value that we would expect to be significantly exceeded 5 or 6 times in a typical
year. Deviations from typical precipitation that would be worthy of noting would be
extended below normal precipitation in the winter and extended above normal
precipitation in the summer. The period from mid-January to mid-February was
unusually dry, and May through mid-June was unusually wet.

Figure C-5. UW Atmospheric Sciences-Geophysics Building precipitation values.

Appendix — 30



Appendix D. Pollution roses for PM2s and black carbon

Figure D-I1: Maps of the wind data collection in the Seattle area (A) and in the Tacoma area (B)
The location codes can be identified as follow: Seattle 10t and Weller (BKWA), Seattle Duwamish
(CEWA), Seattle Beacon Hill (SEWA), Tacoma Alexander Ave (EQWA), Tacoma 36t St (YFWA) and
Tacoma South L St (ESWA). Background maps are from Google Earth Engine.

(A) (B)
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Figure D-2. Hourly wind roses (wind speed) coincident with air-toxics samples (1 every 6 days) between
August 2021 and September 2022.
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Figure D-3: Daily PM:s times series (gray dots) at our 6 studied sites with teal colors representing 1-
in-6 air-toxics sampling days between August 2021 and September 2022. The green line
represents the I-in-6-day average, and the black line represents the overall average for the
entire sampling period.
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Figure D-4. Corresponding hourly pollution roses (PMzs) coincident with air-toxics samples (1 every 6
days) between August 2021 and September 2022.

Appendix — 34



Figure D-5: Daily black carbon (BC) times series (gray dots) at our 6 studied sites with teal colors
representing 1-in-6 air-toxics sampling days between August 2021 and September 2022. The green line
represents the 1-in-6-day average, and the black line represents the overall average for the entire
sampling period. Beacon Hill site (SEWA) does not record continuous black carbon concentrations.
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Figure D-6. Corresponding hourly pollution roses (black carbon - BC) coincident with air-toxics sample (1
every 6 days) between August 2021 and September 2022. Beacon Hill site (SEWA) does not record
continuous black carbon concentrations.
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Figure D-7: (A) Map of the wind data collection in the Georgetown and South Park neighborhoods of
Seattle. The location codes can be identified as follow: Seattle Duwamish (CEWA) & South Park (SEASPRK)
are the two permanent air-quality monitoring sites. South Seattle College (UAWA), South Park Residential
(UBWA), Georgetown Residential (UCWA), Georgetown Steam Plant (UDWA) and South Park Industrial
(UEWA) are the community-directed temporary sites. Background map is from Google Earth Engine. (B)
Comparison of Duwamish and Boeing Field wind roses for the summer of 2022. Note that Boeing Field
wind sensor does not resolve wind speeds less than 3.5 mph assigning a value of 0 in both wind
direction and speed, which are not included in the wind rose.

(A) (B)
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Figure D-8: Weekly evolution of the PM2s and PMi metals at the community directed samples over the 2022
summer. Week I: Jun 24t — Jul . PM2s and wind data are f