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on the Use and Applications
of “Low-cost” Air Monitoring Sensors

Main Objective

Provide communities across California with the knowledge
necessary to appropriately select, use, and maintain “low-

cost” sensors and to correctly interpret the collected data
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Aim 1: Develop new n \
empower local cor _ ,
“low-cost” sensors - " ‘

Aim 2: Conduct field and laboratory testing to characterize the
performance of commercially available “low-cost” sensors and
to identify candidates for field deployment

Aim 3: Deploy the selected sensors in multiple California communities,
and perform a thorough validation and interpretation of the
collected data

Aim 4: Communicate the lessons learned to the public and organize
outreach activities



Develop a Toolkit

Engage local communities to inform toolkit
materials through in- person meetings and phone
interviews. Survey community on their knowledge

and perception of sensors.

®

Draft guidebook, training videos, and data
x collection checklist.

Share draft toolkit with community members )

and survey them regarding sensor use to assess if
their interaction and perception of sensors has
changed.

Revise toolkit materials based on community
feedback.




. www.agmd.gov/ag-spec
Field Testing

v

> Started in September, 014 i

o Over 30 sensors evaluated

P;\((‘

» Process
o Sensor tested in triplicates
o Two month deployment
o<~ §2,000: purchase
o>~ $2,000: lease or borrow

> Location

o Rubidoux station (main)
* Inland site
* Fully instrumented



http://www.aqmd.gov/aq-spec

www.agmd.gov/ag-spec

Laboratory Testing
g’

> Started in November, 2015 .-

o Over 10 sensors evaluated

P;\«‘

> Process " —
o Sensor tested in triplicates _Q' c
> Location

o SCAQMD Laboratory

Fully instrumented


http://www.aqmd.gov/aq-spec
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Most PM sensors s
* Minimal down time

* Moderate intra-model variability

* Strong correlation (R?) with EPA “approved”
instruments (e.g., FEM)
However...

* Sensor “calibration” is needed in most
cases

* Very small particles (e.g. < 0.5 um) are not
detected

* Bias in algorithms used to convert particle
counts to particle mass

www.agmd.gov/ag-spe
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PM Sensors

Approx. P x
Sensor | Manufacturer Field Lab Summary
Image (Model) = Eollbiani(=) (E(;Sl)t) R? RrR? Report
_ BC
- G | G (Black ~$6,500 RZ~ 0.79 to 0.94
(microAeth)
Carbon)
) Air Quality
= Egg Optical PM ~5200 R2~ 0.0
(Version 1)
Air Quality 2
. PMys: R? ~ 0.79 to 0.85
' !
@ Fag el Bt $240 | pyo R? ~ 0,31 to 040
(Version 2)
PMyo: R? ~ 0.63 to 0.82
B Algfcsﬁ';e optical | "M :;r: M25& | 4450 | PMps, RZ~ 03810080 | RZ ~ 0.99 @ ZP;FKB)
o PMyp; R? ~ 0.41 to 0.60 ’
Dylos - = 2 PDF
Optical PM.s- ~$300 R? ~ 0.65 to 0.85 R? ~ 0.89
l (DC1100) [ B85 = o (1,384 KB)
—E Foobot Optical PMp 5 ~$200 rZ ~ 055
HabitatMap . > 2 PDF
' e Optical PMy.5 $200 R? ~ 0.65 to 0.70 R? ~ 0.87 i
- Hanvon N > 2 .,
:f (Hanvon N1) Optical PM2.5 $200 R 0.52 to 0.79
MetOne
(Neighborhood | Optical PM.5 ~$1,900 R2 ~ 0.53 to 0.67
Monitor)
( Moji China . 2
:/ G Optical PM2.5 $150 R 0.81 to 0.88
PM
Naneos 3 (LDSA: Lung- PMyp: RZ ~ 0.1
. (Partector) Ebee Depasited LY PMps: RZ ~ 0.2
Surface Area)
1 . ) PM2.5 & PM2.5: RZ ~ 0.58
< Origins Optical ~$200 o e
N e e PM10 PM10: R 0.0
Perkin Elmer .
Optical PM ~$5,200 RZ ~ 0.0
=~ N A= 52
PM1.0:
RZ ~ 0.95
: PM1.0: R? ~ 0.93 to 0.95
q B optical | PMeo PM2s & | o150 | pMas: RZ ~ 0.77 to 0.92 2PM2'5‘ [HEIP
(PA-T) PMig PMig: R ~ 032 to 044 | . 099 | (1,072 KB)
. : : PM10:
p2 . oo
PM1.0:
RZ ~ 0.99
. PM1.0: RZ ~ 0.96 to 0.98
A PurpleAir . PM1.0, PM2.5 2 PM2.5: PDF
- Optical ~$200 PM2.5: R ~ 0.93 to 0.97 2
. (PA-II) & PM1o PM1g: B2 ~ 0.66 to 000 | . 099 | (1328 KB)
PMip:
RZ ~ 0.95
RIT N ~ 2. 2 PDF
g ) Optical PMys $2,000 R? ~ 0.65 to 0.90 R? ~ 0.99 T
] ! Shinyei PDF
L (PM Evaluation | Optical PMy.s ~$1,000 R? ~ 0.80 to 0.90 RZ ~ 0.93
kit (1,156 KB)
E Speck Optical PMps ~$150 R? ~ 0.32
TSI - 2
] (Arasaurey | VAl PMas $1,500 RZ ~ 0.82



http://www.aqmd.gov/aq-spec
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R PurpleAir PM Sensor

Laboratory Evaluation Highlights

Accuracy
A =100 - LR

“AQ-SPEC

Air Quality Sensor Performance Evaluation Center

=% 100

Steady State Sensor mean GRIMM Accuracy i ql:;:
3 3 )
. (#) (na/m’) (ngfm’) (%) concentration
Sen Evaluation Summary 197 135 [543 | smping cxperiment
m 443 35.7 75.7 >
Qng ®  Overall, the theee Pn:pkAx PA-II sensors showed moderate to good accucacy, — The sensor’s readings
Dgspnpnqn pared to the ref for PA, PMfz, and PALyg, for a 80.8 84.1 96.1 <t exch samping
concentration sange between 0 to 250 pg/m?. B 7 155.1 86.8 steady state aze
M.mﬁmfm ®  The three PA-II sensors exhibited high precision for most of the tested T/RH — 186.3 2335 798 mpm_m the
PﬂlPhAlt‘PA ]I combinations. reference instrmment.
®  PA-TI sensors showed low intra-model vasiability as well as good seasor 2 aad b Precision (PM.
P corgelation in each node. )
ollutants: o PAI sensors had good data recovery (95%). Low cone. Medium conc. High cone.
ml: mns.m« *  For PM,; and PMys, the PA-II sensors had high correlation with the reference |Relative Humidity 15% 1 40% W65% IRelative Humidity 15% 140% W65% Relative Humidity 15% 140% 165%
instroment from both the field (PM; o R? > 0.96, PALs R? > 0.93) and laboratory
studies (Linear correlation PM; R? > 0.99, PMz s R? > 0.99). For PMy, the PA-II asc ——— s — 35°C —
sensors did not always follow the concentration change recorded by FEM
instrument in the eld (PMyo R > 0.66), however in the laboratory, the PA-II 20 o ——— 207 e 207 —
e i 5 s et g (B — Cr—— —
R? > 095). 5°C  — s°C - —— 5°c [ —
95 9 97 9 99 100 95 9% 97 98 99 100 95 9 97 9% 99 100
Fleld Evaluation Highlights PRECSON b PRECSON b9 srison b9
Deployment pesiod 12/18/2016- 01/26/2017: the three PA-IT aodes coccelated 100% represents high precision.
well the PM;, PM,s change as 5 d by GRIMM and BAM. PA- Sensor’s ability of generating precise measurements of PM concentration at low, medinm, and high pollutant lev-
1I nodes did not always follow the PM;) concentration change. el wee dunder 9 combinations of T and RH, including weather conditions like cold and dry (5
' The units showed 95-99% data recovery as well as low intra-model vagiability.
Purpler S v A G (PO} Linear Correlation Coefficient
e i s s Rt Furpledir PA-Il FM, , vs GRIMM [mass conc : 20 °C, 40%) The three PA-IT sensors showed excellent corselation
526 - ;"“’“:‘ e s o with the corresponding FEM PM:s data (R? = 0.99) at

20 *C and 40% RH.

For conc. ramping experiments of PM; and PMip,
please see full length lab reports.

..

Ad‘hﬂﬂnﬂl PMio R2~ 0.96 10 0.98 : | ) ’: re—
Infnrmannn (T N T 3
s

ﬂl

PMio R2~ 0.6 10 0.70 i ub\-‘\. “

PMasR2~ 09310097 |

From the labogatory studies, temperature and relative
hmmd.ltvhzdmmlmal effect on the PA-TI sensors’ preci-
sion. At the set-points of RH changes, PA-II reported
spiked changes in concentrations.

T e————
g

[ —
&

8 @ PM, 5 (S-min mean; ug/m’)
- o 190 - o6201x 427288 oot fhicient (1) quaatifs how: Observed Interferents
Wllmawpvi-? § g0 V= Rl u‘g;gx . the three sensors followed the PM 0 s oo /A
‘spec/evaluations/labosatory g o o concenteation change by GRIMAL
40
s . . An R? approaching the value of 1 reflects a
iAch m £ 20 r; neac perfect agreement, whereas a valve of All documents, reports, data, and other information provided in this do('nmmt are for mfolmnona] uze onlv.
w’/mwlw 0 0 ind = Jete Lack of Jati o Mention of trade names or commer lucts does not ¢ The South
0 20 40 60 80 100 b Coast AQMD’s AQ-SPEC program. as a government agency, recommends the mlel‘fsted parties to make pur-
Unit 8464 chase decisions based on their applicatio
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PurpleAir PM Sensor

Rationale for Selection

* Open-access data: this makes the data easily accessible to all
community members (including those not hosting a sensor) and
project leads

e Low-cost: the cost enables the distribution and installation of more
sensors than initially proposed

* Performance: relatively well-performing sensor based on AQ-SPEC
evaluation


http://www.aqmd.gov/aq-spec
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%|0n Tue Dec 26 2017 13:43:57 GMT-0800 (Pacific
|Standard Time)
| Short-term PM2.5 is MEDIUM at 55pg/m3

| If medium readings continue (for an hour or more), use the Air Quality Index to plan activities.

Short-term AQI DA4fS
1 5 0 Unhealthy for Sensitive Groups

101-150: Members of sensitive groups may experience health effects. The
general public is not likely to be affected.

[Trends | Particles I Sensor I Current Weather

A\ Channel A Running Averages

53ug/m3 || 55pg/m3 | 57pg/m3 | 61ug/m3 || 63pg/m3

A\ Channel B Running Averages

127 B2

LN 23pg/m3

S4ug/im3 | S5pg/m3 || 58ug/m3 || 62ug/m3 | 67pg/m3 23pg/m3

* Laser Temperature: 75°F * Laser Humidity: 32%
* Approximate conditions the laser is exposed to. Readings are affected by the electronics, sunlight or wind

Temperature may be elevated and humidity under estimated

Real Time | Short-term Average | One Hour Average | 24 Hour Average |

100 ( — ) —PM2S @ |

23. Dec 24. Dec 25. Dec

Date
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Standard Time)
Short-term PM2.5 is MEDIUM at 37pg/m3

If medium readings continue (for an hour or more), use the Air Quality Index 1o plan activities.

Short-term AQI AQMD_NASA 8

106

101-150: Members of sensitive groups may experience health effects. The
general public is not likely to be affected.

Trends | Particles | Sensor | Current Weather

Channel A Running Averages
Real Time 30 minute
103 104
36pg/m3 37pgim3

Channel B Running Averages
Real Time J| Short-term || 30 mimute
111|107 | 107
40ug/m3 | 38pg/m3 | 38pg/m3

* Laser Temperature: @BE * Laser Humidity: 28%

* Approximate conditions the laser is exposed to. Readings are affected by the electronics, sunlight or wind.

Unhealthy for Sensitive Groups .

Temperature may be elevated and humidity under estimated.

Real Time | Short-term Average | One Hour Average | 24 Hour Average
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Specific Aims

Aim 1: Develop new ) \i--m-m-u/ i€ and

empower local cc i€ Y A —

“low-cost” sensors

Aim 2: Conduct field and laboratory testing to characterize the
performance of commercially available “low-cost” sensors and
to identify candidates for field deployment

Aim 3: Deploy the selected sensors in multiple California communities,

and perform a thorough validation and interpretation of the
collected data

Aim 4: Communicate the lessons learned to the public and organize
outreach activities
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PurpleAir PM Sensor

} PA-Il Dual Laser Sensor.

} Micro USE connector.

) 5V 2A USE Outdoor Power Supply.
)

1
2
3
4) 17 foot power cable.



1. INSTALLATION

2. WiFi CONFIGURATION
3. REGISTRATION



INSTALLATION

Congratulatlo i Air sensor owner!

Installation Tips

The housing is designed to protect the device from the elements while allowing air to flow freely past the two
laser counters.

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

Use a "drip loop" to prevent water running down wires and into electronics

If possible, mount the sensor in a shady spot out of direct sun

If possible, mount the sensor away from vents or other local sources of pollution like BBQ's.

Use either cable ties or a screw to mount the sensor and power supply.

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

all Next: Configure WiFi

Press continue to configure your sensor to connect to
WiFi..

@ Skip to: Register

Press register to skip WiFi setup and register the sensor

on the PurpleAir map...
Register »


http://www.purpleair.com/install
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WiFi CONFIGURATION

Saltlings

Wi-Fi

416 GUEST WIFI

CHOOSE A NETWORK...

416AF WIFI @ =000
AirMonitor_9e2c = (i) On a device:
Plug in the power chord | DIRECT-uGM267x 287xSe.. & = () | 1. Goto _ S.ettmg§ and Click
and ensure that the on "Wi-Fi” settings.
. Wi-Fi ]
power is turned on. _ o
@ ecumsTHE a | 2. On the list of WiFi network
You will see a red light I o . names, find |
if powered. O sinwonitor 9fés “AirMonitor_xxxx” (xxxx will
| W DIRECTUGM267x 287x Series 8 | be actual letters and

numbers like “9f66")



@ WiFi CONFIGURATION
0 To == 192.168.4.1

u!l T-Mobile =

7 @ % 69% W) ! T-Mobile & 20:36 7 @ 3 69% wm )

192.168.4.1

tor_f434
Status | WiFi Settings | (31dBm) | V2.49j

WiFi Settings

oCorkyl* (-77)
©1ROOF_2GEXT* (-76)
OATT256* (-75)
©ECOVACS_0727 (-88)

PM2.s oOcurson2h* (-84)
©1ROOF_EXT* (-78)
OMilesApt* (-83)
1 5 0 ONETGEAR19* (-77)
CHAMMERMILL* (-86)
. Hg/m3

oNYC516* (-87)
odavidyu94* (-86)
©ONICOMIKA* (-89)
OBYTE ME SLOW* (-79)
©1ROOF* (-80)
OWIFIA1FDOF* (-89)

PM1.o PM1o

1.04... 1.98..

Particle counters (particles/deciliter)
03um  OSum  1L0um  25um  5.0um  10um

s 97 9 165 059 030 Burton House* (-78)

More information at www.purpleair.org ©2WIRE986* (-75)
OKHUSLEN-2G * (-77)
©CCTK* (-90)

OWIFIF95536* (-63)
©OFDAsecureRamen* (-62)
©ONETGEAR88* (-79)
©HP-Print-4C-Photosmart 7520* (-82)
OATT096* (-75)

©Rosalie 10* (-82)
OWHITSETT* (-84)

OWIFIF86A27* (-84)

©MAT Network* (-68)

omkirkwood* (-61)

©ODIRECT-D7-HP Officejet 5740* (-66)
obuffalo* (-75)

©just 2kevs takin on the big city * (-83)
OWIFIF17B5E* (-58)

0TG1672G72* (-69)

©Gloria* (-71)

= SAVE!

Password: )

Refresh Ceue)



REGISTRATION

eIBIR WWW.purpleair.com/reqiste

@ Register Your PurpleAir deVice

In addition to PurpleAir, send data and the sensors "Map Location” to these 3rd party services

Congratulations; one'step away from adding your device to the map! To help citizen science, share your device's

location and sensor readings with Weather ‘
Underground, an IBM business w J
Weather Underground v
| WEATHER UNDEAGROUND
# Create new Weather Underground sensor ID ‘

Data Processor #2

Data Processor #1

Please complete the following form to place your sensor on the PurpleAir Map:

None v

Printed on the device label just above the bar code. Please include the
colons (:)

— | 0000000000 Device Owner's Information

This email address would have been used in the device purchase or
other communication with PurpleAir. (4 copy of this sensor registration val be &-

mailed to this address.) .
Owner's Name®

— [ aﬂ Sp“&c @q I I l al I " C O l I I — 2 | Probably Your First & Last name
—
Installed @ nside Owner's Email* Used as a key to link you with this device. It must match any current
wvalue you may have set before.
— Location Name* Q | The name that appears SCTV ##
I Visibiy’

Device-ld (MAC)*

Associated Email * This person can manage the device on the PurpleAir web site and may receive device notifications

‘We use this name when sending alerts for this device.

X | An email address

l

May be used to send text alerts for this device.

Public (everyone)d§ Private (only me) SMS Alert Phone Number

%, | Your phone number

l

@ Set a location on the map

Map Location* Latitude = 34.0286226
(drag the marker to adjust) N
Longituds ¥ g -
ongitude | -117.8103367 PurpleAir Terms Of Use And Conditions

(Updated as of June 1, 2017}

NWIN€Gua D; THE FOLLOWING AGREEMENT BETWEEN YOU AND PURPLEAIR COVERS THE TERMS OF USE AND CONDITIONS FOR THE
PURPLEAIR PRODUCT. SOFTWARE. APPLICATION, AND WEBSITE(S] (COLLECTIVELY KNOWN AS THE “SERVICES”). IN ORDER
TO DEFINE THE RELATIONSHIP BETWEEN YOU AND PURPLEAIR AND ITS SERVICES, IT IS IMPORTANT FOR YOU TO READ AND
UNDERSTAND THE FOLLOWING TERMS. BY CLICKING "AGREE" YOU ELECTRONICALLY CONSENT THAT THESE TERMS APPLY
TO ¥OU WHEN ACCESSING OR USING THE SERVICES.

AR Py

Interactive
Map

PurpleAir [Purpledir’) provides tha following Servicas, which parmit you to utiize certsin Intenet sarvices and making this content
available on your compatible devices and computers, only as defined by the tems of this Agreement. Specifically, the Services directly
refer to the PurpleAir website(s) including but not fimited fo www.purplesizorg and any relsted family ing

| agree with the terms and conditions

Py IPH 9880



http://www.purpleair.com/configure
mailto:aq.spec@gmail.com

>

Air quality awareness:

Where is the sensot

D

Logbook/e-journal/e-diary thoughts

Where is your low-cost

N

<

» Did you look at the data today?

» Were air quality values higher or lower than yesterday?

» If the values were higher, what do you think caused them?

» If the values were lower, what do you think happened?

» What types of activities around your home could be contributing to particle levels
at your sensor?

» Have you looked at air quality information from another source
(e.g., www.airnow.gov , www.agmd.gov )?

» If so, how do the PM values differ?

Weather:

» |s it windy today?

» Is it rainy today?


http://www.airnow.gov/
http://www.aqmd.gov/

South Coast

AQMD

On Wed Jan 03 2018 10:16:29 GMT-0800 (Pacific

Standard Time)
Short-term PM2.5 is LOW at 9ug/m3

U.S. EPA Science Tg Achieve Results Grant:
Engage, Educate and Empower California Communities

on the Use and Applications of Low-Cost Air Monitoring Sensors
| AQMD Log-Notes
User Name:
Trends | Particles | Sensor | Current Weather
Sensor ID:
Channel A Running Averages
Address/Location:
Sensor Reading
Date Time Short- Channel A Channel A Channel B Channel B
(mm/dd/yy) term AQI Real-time 24-hour Real-time 24-hour Activity/Observation/Event o>
PM:.s PM:.s PM.s PM2.s
(pe/m?) (pe/m?) (pe/m?®) (pe/m?)
| E— *Lager Temperature: 79°F * Laser Humidity?
* Approximate conditions the laser is exposed to. Readings are affected by the electronics, sunlight or wind.
Temperature may be elevated and humidity under estimated.
I Real Time | Short-term Average | One Hour Average | 24 Hour Average |
150 L—-— PMIZ.E & =—— PMZ.5 B} —— Tamperaturs () —— Humidlty &} ]
primary 1year 12.0 pg/m? annual mean, averaged over 3 years
100
secondary 1year 15.0 pg/m? annual mean, averaged over 3 years
PM;5 50 .
Particle Pollution primary o
(PM and 24 hours 35 pg/m? 98th percentile, averaged over 3 years
Secondary -0 30. Dec 31. Dec 1.Jan 2. Jan 3. Jan
Date



http://www.purpleair.com/map

ommunity

Surveys/Workshops

Surveys/Workshops k ‘ nsor

deployment to assess the ommunity:

» Knowledge of air pollution, monitoring, and exposure

» Perception of sensor operation and data usefulness

GOAL -> Inform the Sensor Educational Toolkit:

> Informational material about “low-cost” sensors

> Best practices for data collection and interpretation
> Analysis reports

> |dentification of pollution sources



®

Key Qs...and As

Q: How many sensors will be deg
A: We have already purchased ovel
We are also working with University of AL
multi-pollutant sensor devices.

Q: Where will the sensors be deployed?
A: Outdoors, at a location suitable to collect representative air quality data.

Q: What is going to happen with the sensors after the project ends?
A: The PM sensor is yours to keep and the sensor data will be posted online even after the end of the
study.

Q: How are residents/project participants going to access the data?
A: Via dedicated website.



®

Key Qs...and As

Q: Is the data going to be r;rese
A: Yes. One of the main goals of this s
interpret by the general public.

Q: Other than providing access to WiFi and access to a power outlet, what other commitments are
required from project participants?

A: Commitment to participate in meetings/workshops before, during and after the sensors have been
deployed.

Q: Can schools participate in the project? If so, can they use the sensors as an educational tool?
A: Yes. We will work with a few schools in different parts of California, deploy sensors at students’ and
teachers’ homes, and educate them in the use and operation of air quality sensors.



Thank you!



