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» Established in July 2014
» Fully funded by SCAQMD

» Main Goals & Objectives
o Provide guidance & clarity
o Promote successful evolution
and use of sensor technology
o Minimize confusion

» Sensor Selection Criteria
o Commercially available
= Optical
= Electrochemical
= Metal oxide
o Real- or near-real time
o Criteria pollutants & air toxics
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Field Testing

» Started in September, 2014
o 40+ sensors evaluated to date

» Approach
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
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Aerosol Test Laboratory Testing Gas Test
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Laboratory Testing (cont.)

Particle testing
» Particle generation systems
* Particle monitors: mass
concentration and size distribution

Gas testing
» Gas generation / dilution system
g « Gas monitors: CO, NO,, O3, SO,,
T and RH controlled: T (0-50 °C); RH (5-95%) H,S, CH,/NMHC, and VOCs
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Recently added/updated:

NEW! AirBeam? - Field Evaluation (posted,
11/15/18)

NEW! Alphasense OPC-N3 - Field
Evaluation (posted, 11/15/18)

NEW! Dylos DC1700-PM - Field
Evaluation (posted, 11/15/18)

2017 Progress Report: U.S. EPA STAR
Grant @ South Coast AQMD (posted,
11/6/18)

Article by Hagler et al. in Environmental
Science & Technology

Article by Papapostolou et al. in
Atmospheric Environment

AQ-SPEC

Background
In an effort to inform the general public about the actual performance of
commercially available "low-cost” air quality sensors, the SCAQMD has established
the Air Quality Sensor Performance Evaluation Center (AQ-SPEC) program. The AQ-
SPEC program aims at performing a thorough characterization of currently available

“low-cost” sensors under ambient (field) and c

Main Goals & Objectives
Evaluate the performance of commercially available "low-cost” air quality sensors

in both field and laboratory settings
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Provide guidance and clarity for ever-evolving sensor technology and data

interpretation

Catalyze the successful evolution, development, and use of sensor technology

Sensor Selectlon Criteria
The sensor shall have potential for near-term use.

The sensor shall provide real- or near-real time measurements.

The sensor shall measure one or more of the National Ambient Air Quality

il of concern and non-

Standards (NAAQS) criteria poll

air toxics, p

air toxics. Examples of the targeted gases and particles are carbon monoxide (CO),
ozone (03), nitrogen oxides (NO,), particulate matter (PM), volatile organic
compounds (VOCs), hydrogen sulfide (H,S) and methane (CHg).

The market cost of the sensor shall be less than $2,000.

Turnkey products will be tested first.
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Back to Sensors Page

PurpleAir PA-Il

Unitee -~ SENS-IT

UNITEC SENS-IT CO - Summary Report
UNITEC SENS-IT - Field Evaluation
UNITEC SENS-IT CO - Lab Evaluation

General Description

The SENS-IT (TF-MOS: Thick Film Metal Oxide Semiconductor)
measures CO (carbon Monoxide) (0.1-80 ppm). NO; (nitrogen
dioxide) (10-250 ppb). O (ozone) (10-250 ppb), CH; (benzene)
(0.1-30 ppb) and CH4 (methane) (1-1,500 ppm).

Principle of Operation

The active surface of the sensor is based on a specific nano-
structured semiconductor metal oxide. The first reaction which
happens on the surface of the sensor is the adsorption of
atmospheric oxygen with consequent charge transfer from
semiconductor to oxygen molecules. The second reaction is related
to specific gas to monitor, which while reacts with adsorbed oxygen
(through Red-Ox reactions) allows the electrons to be released in the
conduction band of the semiconductor. Taking the current signals
from the sensors during theser ions, the direct ation of
the specific gas can be measured. Selectivity and sensitivity are
reached using special doped semiconductor metal oxides.

Features

Dimensions: 50 x 50 x 90 (H) mm

+ Weight: 2008

+ Battery:No

« Power supply: Yes (+12VDC)

+ Power consumption: 3.0 - 40 W

+ Sensor lifetime: N/A

Clock function: No (No internal clock. must be connected to computer for
time/date stamp)

Sampling mechanism: Fan

« Envi N/A

+ PC data logging: Yes (USB to RS485 cable)
Signal Output: Linear 0-5 V / Digital RS485
+ Weatherproof: No

Items per page: 12 24 36 View All
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(Model)

Aethlabs
(microAeth)

Air Quality
Egg
(Version 1)
Air Quality
Egg
(Version 2)

Alphasense
(OPC-N2)

Dylos
(DC1100)

Foobot

HabitatMap
(RirBeam)
Hanvon
(Hanvon N1)
MetOne
(Neighborhood
Monitor)
Moiji China
(Aimut)

Naneos
(Partector)

Origins
(Laser Egg)
Perkin Elmer
(ELM)

PurpleAir
(PA-I)

Purpleir
(PA-IL)

RTI
(MicroPEM)
Shinyei
(PM Evaluation
Kit)

Speck

TSI
(AirAssure)

PM Sensors

Type Pollutant(s)
BC
Optical (Black
Carbon)
Optical PM
Optical PM
PMy.o, PMz;5 &
Optical PMyg
Optical PMio.5-2.5)
Optical PM2.5
Optical PMz 5
Optical PMz.5
Optical PMy 5
Optical PM2.5
PM
Electrical (5% Loy
Deposited
Surface Area)
PM2.5 &
Optical PM1a
Optical PM
i PMy.g, PMz5s &
Optical :
ptical PMs
PMi.0, PM2.5
Optical !

PUcal 1 & pMig
Optical PMy 5
Optical PMz 5
Optical PMz5
Optical PMa5

Approx.
Cost
(USD)

~$6,500

~$200

~$240

~$450

~$300
~$200
~$200

~$200

~%1,900

~$150

~$7,000

~$200

~$5,200

~$150

~$200

~$2,000

~$1,000

~$150

~$1,500

“Field
RZ

R?~ 0.79 to 0.94

RZ~ 0.0

PMz5: R? ~ 0.79 to 0.85
PMyp: RZ ~ 0.31 to 0.40

PMyo: R? ~ 0.63 to 0.82
PMa.s: R? ~ 0.38 to 0.80
PMyg; R? ~ 0.41 to 0.60

R? ~ 0.65 to 0.85
RZ ~ 0.55
R? ~ 0.65 to 0.70

R? ~ 0.52 to 0.79

R? ~ 0.53 to 0.67

RZ ~ 0.81 to 0.88

PMyg: RZ ~ 0.1
PMas: R? ~ 0.2

PM2.5: RZ ~ 0.58
PM10: RZ ~ 0.0

R~ 0.0

PM1.0: RZ ~ 0.93 to 0.95
PM2.5: RZ ~ 0.77 to 0.92
PM10: R? ~ 0.32 to 0.44

PM1.0: R? ~ 0.96 to 0.98
PM 5: RZ ~ 0.93 to 0.97
PM10: R? ~ 0.66 to 0.70

R%~ 0.65 to 0.90

R? ~ 0.80 to 0.90

R? ~ 0.32

R? ~ 0.82

“Lab Summary
R2 Report
PDF
2,
RE~ D () 501 kB)
PDF
RZ ~ 0.89
(1,384 KB)
2., PDF
5 e Wiy (1,144 KB)
PM1 .0:
R? ~ 0.95
PMg2 5: PDF
RZ ~ 0.99 | (1,072 KB)
PMj10:
RZ ~ 0.97
PM1 .0:
RZ ~ 0.99
PMz.5: PDF
RZ ~ 0.99 | (1,328 KB)
PM10:
R? ~ 0.95
PDF
RZ ~ 0.99
(1,087 KB)
PDF
2.
RE~ 03 (4 156 kB)

Results (PM)

Most PM sensors showed:

e Minimal down time
e Moderate intra-model variability

e Strong correlation (R2) with EPA
“approved” instruments (e.g.,
FEM)

However...

e Sensor “calibration” is needed in
most cases

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

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



Manufacturer
(Model)

2B
Technologies
(POM)

Aeroqual
(5-500)

Air Quality Egg
(Version 1)

Air Quality Egg
(Version 2)

Air Quality Egg
(Version 2)

AQMesh
(v.4.0)
(Discontinued)

Perkin Elmer
(ELM)

Smart Citizen
Kit

Spec Sensors

UNITEC
(SENS-IT)

Gaseous Sensors

Type
uv
absorption
(FEM
Method)

Metal Oxide

Metal Oxide

Electrochem

Electrochem

Electrochem

Metal Oxide

Metal Oxide

Electrochem

Metal Oxide

Pollutant(s)

Oz

03

CO, NOz & O3

CO & NO;

O3 & S0,

€O, NO, NO;
& O3

NO, NO; & O3

CO, NO;

CO, NO; & O3

CO, NOz & O3

Approx.

Cost

(USD)

~$4,500

~$500

~$200

~$240

~$240

~$10,000

~$5,200

~$200

~$500

~$2,200

“Field
RZ

R ~ 1.00

R% ~ 0.85

CO: R% ~ 0.0
NOz: RZ ~ 0.40
05: R ~ 0.85

CO: R ~ 0.0
NOz: R? ~ 0.0

03:

R? ~ 0.0 to 0.20
S0,: R? n/a
CO:

R? ~ 0.42 to 0.80
NO:

RZ ~ 0.0 to 0.44
NOz:

RZ ~ 0.0 to 0.46
Os:

R ~ 0.46 to
0.83
NO: R? nfa
NOz: RZ ~ 0.0
03:

R? ~ 0.89 to 0.96
CO:

R? ~ 0.50 to 0.85
NOz: RZ ~0.0
CO:

RZ ~ (.84 to 0.90
NOz!

RZ~ 0.0t0 0.16
Os:

R? ~ 0.0 to 0.24
Co:

R? ~ 0.33 to 0.43
NOz:

R? ~ 0.60 to 0.65
03:

RZ~ 0.72 to
0.83

Results (Gases)

Most gaseous sensors

showed:

R?~ 0.82to | (1,177 KB)

e Acceptable data recovery

e \Wide intra-model variability
range

e CO; NO; O3 (when
measured alone): good
correlation with FRMs

e O3 + NOZ2: potential
O3/NO2 interference

e SO2;: H2S: VOC: difficult to
measure with available
sensors



Trustworthiness

Sensor Performance Testing: What is Needed?

|

I - - -

I Certification | SHSEEE
1

Self certification

Evaluations with performance standards

N _ Verification
AQ-SPEC
Air Quality Sensor Performance Evaluation Center
Evaluations by trusted source
Evaluations
Tests

Time & Complexity

TD Environmental Services



Sensor Certification

PM2.5 and O3 sensors seems to be good candidates
Field testing

« Establish various testing centers across the US and/or around the world
« Different RH/T environments (P also seems to impact performance)
« Different PM composition
« Wide range of concentrations
» Consistent use of FRM/FEM instruments for comparison purposes

Lab (chamber) testing
Account for a wide/representative RH/T range
« Specific aerosol composition (e.g., Arizona road dust)
» Specific range of concentrations
» Ability to test for multi-pollutant interference (e.g., O3/NO2)
» Consistent use of FRM/FEM instruments for comparison purposes

Standardized testing protocols
Well established performance parameters and standards
Certification model: Multi-tier vs pass/fail



Sensor Certification

« Tiered: different performance targets for different sensor
applications. Example:

Tier Uses Pollutants Precision Accuracy Sensitivity

Regulatory or
| ) . ozone, PM, .
compliance monitoring '

Fenceline and
[l i . ozone, PM, , VOC
community monitoring '

Area or source
characterization; ozone, PM, ,
supplement NO2, VOC
monitoring networks

Information, personal ozone, PM, ,
\Y; monitoring, and NO2, CO, VOC and
education others



Sensor Certification

Pass / Fall:
* One set of performance targets
« Target specific user / application (e.g., community monitoring)
« Easier to understand for non-technical audience
» Helps translating complexity into a simple choice

POM Climate Susceptibility

25 7OM v3 FEM (s Conc. Ramging; § €15% 1) 8 POM vs FEM (Brone Can. Ramping; 5 °C. 40% RK]

. . FeM - POMILA  POMIIZD —POMILEL s poMIMA POMIZ —POMINI
. a0
Data validation & recovery ; - = I
;s Low Temp-Low RH | ;: wo  High Temp-LowRH [T
« Basic QA/QC procedures were used to validate the collected data (i.e. E 00 25l % 20 = <
outliers, negative values and invalid data-points were eliminated from ' § H 4
« Data recoveries from units 1043, 1105, and 1106 were 99, 92, and 91° E e
o
* = NO, Interferent
2B Technologies POM; intra-model Ve ..oocamwim g e—
* Low measurement variability was observed between the three POM units b B ® ~ &
z < 3
: . £ £
2B Technologies POM vs FEM (Ozone; 5- H gz
e s g
- —bo e ) P
. H £
e | : $
" rone m E baseline - §
. . . . 2three 3 ime (min =
POM Linear Correlation Coefficient with FEM colent -
respor
= 1’:::” '::,::,m :::‘::m:;:,:: i =, ';;?:',:;:“" ~100) In the laboratory, the effect of NO, interferent is evaluated by exposing sensors to increasing ;onoentranons
a00 \eir baseline
o z
3 300 . .
B I Discussion
‘; § % erall, the three 2B Technologies POM Ozone sensors (FEM: EQOA-0815-227)
™ ] formed very well and showed:
] WOE. L * Minimal down-time; data recovery from each unit was higher than 90%
g 100 it ot o oo™ [+ Verylowinira model variabiity
& o three POM units showed excellent correlation with a more expensive FEM instrument
0 50 100 150 200 * Inozone concentration range of ~1.00)
Time (minute) 0-350 ppb, the three POM units :
J showed excellent correlation with
+ Three POM units tracked well with the ozone conc. change as the corresponding FEM data (R? sensor calibration by AQ-SPEC was performed prior to the beginning of this field
recorded by FEM. >0.99) a1 20 °C and 40% RH, ting

«  POM units slightly underestimated the ozone conc. as recorded

by FEM. Joratory chamber testing is necessary to fully evaluate the performance of these
1sors under controlled temperature and relative humidity conditions, and in the
ssence of interfering species such as NO,

« These results are sill preliminary




Sensor Certification

« A sensor certification program is desirable but very expensive

/ time consuming to implement
« Multiple field testing locations
« Multiple laboratory testing facilities
« Extended testing time

 The U.S. EPA s leading the way at the National level

« E-Enterprise

* On-going discussion in California between CARB, SCAQMD,
BAAQMD and other air districts

« Sensor performance verification
« ASTM method development
« Other models



Sensor Deployment Challenges

Sensor Unit

* Assume you have
a “certified” PM2.5
sensor

Sensor Network

68 & 868 [ ) 568 [ S Y 6§68
5 6 & & 66— & &68 668 &6 8§68
6 &8 5 88 L3 Y & 68 L3 T & 68
68 § 88 5 &6 &8
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888 & & & L S 688
868 868 [ S ) 86 8 668 [ 3l
5% 6 &8 &8 668 5 & 8 8§86 586
5 & & & & & & &8 6 &6 & 5 & & 8 &8

Design and configuration
Data communication (e.g.,
cell; wi-fi; LoRa; other)
“Calibration” procedures
QA/QC requirements
Other

Different sensor networks comprised
of the same “certified” sensor may still
produce inconsistent data / results

Network Data

y’. =y, ==
|.......||||||||||||||II

-9 @
-—__, 'l- @i
IIIIII||||I||WWIIIHIM *

Backend application and data
handling procedures
Validation and other QA/QC
requirements

Correction algorithms /
models

Time averaging

Analysis and interpretation
Integration with existing
network and other available
data



Sensor Deployment Challenges

Sensor Units Sensor Networks
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Networks Data

“s
.8
LR
1t
(R .
68 v Illllll

« Assume you have 4  Design and configuration .
different “certified” PM2.5 < Data communication (e.g.,
sensors cell; wi-fi; LoRa,; other) .

» “Calibration” procedures
* QA/QC requirements .
* Other .

Different sensor networks comprised of different
“certified” sensors measuring the same pollutant(s)
will probably produce inconsistent data / results

sssssssssssssssssssssssssssssssssss

sssssssssssssssssssssssssssssssssss

E - N
-—__| 'l‘ _‘1‘ |
A =
| IIII"||||IIIWWIIIHIM | *
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Backend application and data
handling procedures
Validation and other QA/QC
requirements

Analysis and interpretation
Mapping

Correction algorithms /
models

Time averaging

Integration with existing
network data



SCAQMD Sensor Monitoring Projects

: Regional :
Fence-line
- network US EPA STAR Grant Other projects

9 PM sensors ~ 100 nodes to ~ 400 PM sensors in MATES V
measure: O;, NO,, 14 communities
& PM
loT vendor platform ROSE/NASA Project

Wi-Fi connected
Cellular to PaaS

Cellular to Saa$S Mobile monitoring
Data sent to :
APl access PurpleAir Map;
API Access AQMD Azure AB617 community
monitoring

SCAQMD Rule 1180
implementation



SCAQMD Sensor Monitoring Projects

Regional :
- US EPA STAR Grant Other projects

9 PM sensors ~ 100 nodes to ~ 400 PM sensors in MATES V

measure: O3, NO,, 14 communities

& PM
loT vendor ROSE/NASA Project
platform Wi-Fi connected

Cellular to PaaS
Mobile monitoring

Cellular to Saas Data sent to :
APl access PurpleAir Map;
AQMD Azure AB617 community
API Access monitoring

SCAQMD Rule 1180
implementation



Fenceline Monitoring
(Rainbow Disposal Facllity)

14 Acre Waste
Transfer Facility

Pre School Campus

&

[ Elementary School J




Fenceline Monitoring
(Rainbow Disposal Facllity)

Fence-line Monitoring OPC Thiamis

* 9 sensors measuring PM
» Wireless connectivity
» Power independence
* Remote access to data / device SEER

‘ . MY Cloud Data storage
Web & mobile
Application

S50 Email Alerts




Fenceline Monitoring
Rainbow Disposal Faclility
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SCAQMD Sensor Monitoring Projects

Fence-line - US EPA STAR Grant Other projects

9 PM sensors ~ 100 nodes to ~ 400 PM sensors in MATES V
measure: O;, NO,, 14 communities
& PM
loT vendor platform ROSE/NASA Project

Wi-Fi connected

Cellular to PaaS Data sent to -

PurpleAir Map;
API access AQMD Azure
APl Access AB617 community
monitoring

Cellular to Saa$S Mobile monitoring

SCAQMD Rule 1180
implementation



Regional Monitoring Network
(AQY Sensors: PM, s, O, and NO,)

» 100 AQY installed in Southern
California

 AQY measures temperature,

relative humidity, and air pollutants:

O,, NO,, and PM, .

* Project leads:

 Aeroqual
e Www.aeroqual.com

. SCAQMD

« www.agmd.gov

Measuring

AIR QUALITY

in your community

Aeroqual is a New Zealand-based company that helps communities make better air quality
decisions by providing them with reliable instruments that measure the quality of their air.

We're warking with the South Coast Air Quality Management District to set up
a network of air quality instruments across Central and Southern California.

OUR TECHNOLOGY: Aeroqual AQY

«  The Aerogual AQY is a low-cost, low-power in networks and work together to measure
air quality monitoring instrument designed a community’s air quality.
to provide real time data of air quality. «  Allthe device needs is a standard power
«  AQY push data to the Aerogual Cloud Server. connection, and to be placed where there
This allows the instruments to be deployed is pood access to the surrounding air.
™

'3-0 06

WHAT IT MEASURES

Ozone « Nitrogen Dioxide « Particulate Matter (PMzg, PMy) » Temperature, humidity and dew point

KEY COMPONENTS

Wi-fi and cellular enabled «+ On board data processing and storage
Weather resistant « Air quality sensors
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Regional Monitoring Network
(AQY Sensors: PM, , O,, and NO,)

I , Aeroqual AQY Q

Multi-pollutant Air Quality Monitor
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Regional Monitoring Network
(AQY Sensors: PM, s, O,, and NO,)




Regional Monitoring Network
(AQY Sensors: Network Status)

Sensors online via cellular network (AT&T)

Online statistics monitored to provide metrics on deployment rate, and
network uptime

Sensor replacements due to failure over 9 months have been low: 5 x
O; sensors; 3 X PM, - sensors

Network Status

1001

L e B = v )
[ B s o [ s N |
1 1 1 1 1 1

Mumber of Instruments
=

—5 [wd L
[ R st [ s Y o |
1 1 1 1

Statistic
=— Installed

— Mumber Offline

W e

Nov2017  Dec2017 Jan 2018 Feb 2018  Mar2018 Apr2018 May 2018 Jun 2018 Jul2018 Aug 2018

it

Date



AQY Oj (ppb)

Regional Monitoring Network
(AQY Sensors: O, Collocation Data)

AQY O3 vs Reference

AQY.AA100 AQY.AA102 AQY.AA103
100-

03-118-101x R?=097 . 03--0449-095x R*=006 03--0.229-106x R° =098

f5-

20-

25-

0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
O, Reference (ppb)

Hourly averaged data (Jan 1 — April 30, 2018)
Collocation data collected at SCAQMD’s Rubidoux station

Fan degradation corrected data (active method)



Regional Monitoring Network
(AQY Sensors: NO, Collocation Data)

AQY NO, vs Reference

AQY AA100 AQY .AA103 AQY AA161

NO2:-0527+0859 x R°=08 NO2:-0265+101x R’=076 NO2:-632+105x R° =079

AQY NO, (ppb)
s 8

M2
=

0 20 40 60 0 20 40 60 0 20 40
NO, Reference (ppb)

» Hourly averaged data (Jan 1 — April 30, 2018)
e Collocation data collected at SCAQMD’s Rubidoux station

* NO, data corrected for O, interference

60



Regional Monitoring Network
(R? (AQY vs Reference) vs Distance: O,)

Rubidoux Rubidoux

R? of AQY vs Reference - O, R? of AQY vs Reference - 0O,
2018-02-19 to 2018-02-26 2018-01-01 to 2018-03-30
1.00-@ 1.00-@
. " L. - .
.. - : ™ l. . L L)
"‘". .. - " .? s .'- "" *
0.751 . — —— 0.751 —
™ L
L ] - L ]
“br 050 “tr 0.50
L ]
0.25 0.251
0.00 0.001
0 10 20 30 0 10 20 30
Distance from Rubidoux (km) Distance from Rubidoux (km)

A one week ‘snapshot’ is similar to the 3 month period




Regional Monitoring Network
(R? (AQY vs Reference) vs Distance: O,)

2 . .
R of Site vs Distance - O,
2018-01-01 to 2018-03-30

2 . .
R” of Site vs Distance - O,
2018-01-01 to 2018-03-30

1004 J& 1 1007 @ I
b ] I 1 - 1
| ‘.
I .a e ! 1 S I
0751 | . L] 075 e, 1
- I .. L ]
1 | 1 L
I i | . .
I Source I . . . . Source
|
Wos0] = = = e e e e e e = L - a - _mew_%f.g_sg.—l————.————l " * AQMD
= AQY . AQY
0.25 0.25
0.00 0.00

0 10 20 30
Distance from Rubidoux (km)

« DQO =90% (R?)
factor

so far

25 50 75 100
Distance from Rubidoux (km)

Correlation not always linear with distance; site location and characteristics also a

How often should the sensor data be corrected using this procedure? Quarterly



Regional Monitoring Network
(R? (AQY vs Reference) vs Distance: NO,)
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« DQO =90% (R?)
« R?drops more rapidly with distance (compared to O, plot)

» Greater site variation than O3 due to various sources in the area



Regional Monitoring Network
(O4, NO, and PM, s Maps’)

» Higher
granularity for
maps
obtained
using sensor
data

> Elevated NO,
along the
freeway

| s O 50

» PM, ¢ is more
homogeneously
distributed
throughout the
Basin

Lo 1 o s by Stann Covgn CCY 30— ap e © ocesreeins i
*Inverse distance weighted interpolation
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Regional Monitoring Network
(AQY Sensors Improvement)

Problem: The project has shown PM accumulates on the O, sensor inlet mesh
over time reducing flow and sensitivity

O3 sensor inlet mesh after 6 months
/ ' S Ly, #P? - 17

AQY-AA100

O, Reference

. Decrease of O3 sensor sensitivity versus regulatory FEM 0; AQY
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AQY Oj (ppb)
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Regional Monitoring Network
(AQY Sensors Improvement)

Solution: use O3 sensor air flow data to correct O3 slope. Results in
stabilisation of drift and extension of re-calibration time from 2 months to > 6
months.

O3 sensor vs FEM

Flow corrected O3 sensor vs FEM
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Sensor vs FEM slope decreased
from 0.96 to 0.57 in 9 months
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Sensor vs FEM slope more stable.
Slope = 0.89 at 9 months




Regional Monitoring Network
PM Sensor Network - 2017
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Regional Monitoring Network
PM Sensor Network - 2018
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SCAQMD Sensor Monitoring Projects

: Regional :
Fence-line

9 PM sensors ~ 100 nodes to ~ 400 PM sensors MATES V
measure: O5;, NO,, in 14 communities
& PM
loT vendor platform ROSE/NASA Project

Wi-Fi connected
Cellular to PaaS

Cellular to Saa$S Mobile monitoring
Data sent to:
API access PurpleAir Map;
API Access AQMD Azure AB617 community
monitoring

SCAQMD Rule 1180
implementation



U.S. EPA STAR project

Engage, educate, and empower California communities
on the use and applications of “low-cost”
Provide communities with the knowledge

air monitoring sensors
necessary to select, use and maintain low-cost -

. South Coast 1
sensors and to correctly interpret the collected AQMD mSTI
data |

Three year study:

SCAQMD (PI)

University of California Los Angeles (UCLA; Co-PI)
Sonoma Technology Inc. (STI; Co-Pl)
BAAQMD

Santa Barbara County APCD

Other CAPCOA agencies

Community Groups

Leisure World (Seal Beach, CA)
Aeroqual Ltd, Auckland, New Zealand
University of Auckland (New Zealand)

0O 0O O O O O O O O O



U.S. EPA STAR Project

Engage, educate, and empower California communities
on the use and applications of “low-cost”

air monitoring sensors
S avl ucLa
» Four specific aims:

1. Develop educational material for communities AGMD STi
Evaluate / identify candidate sensors for deployment AR T———

2
3. Deploy selected sensors in California communities
4. Communicate the lessons learned to the public

« On-going activities:
o Wide Spread Sensor Deployment across California
« 300+ PM sensors
« 100 Aeroqual (AQY) nodes (i.e., PM, O3, NOX)
o Cloud Based Platform Development
« Data ingestion and storage
« Data visualization and mapping
« Data dissemination




U.S. EPA STAR Project

Engage, educate, and empower California communities
on the use and applications of “low-cost”
air monitoring sensors

PM Sensors

Approx.
Sensor | Manufacturer G “Field ‘tab | Summary
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Image (Model) R? R Report
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U.S. EPA STAR Project
PM, 5 (PurpleAir) Sensors in SoCal Communities

Redlands Deployment @RUSD @Seal Beach @ Sycamore Highlands Community Action Group (Riverside) @UCLA UV
:‘
L 15

Cajon

Group @ APIFM - Asian Pacific Islander Forward Movement (Alhambra)
IKULK
Three Points
§ ) -Olive View
Falling Springs
il g n Fernando
Y R i
L (S ~ ake Arrowhead
AE T San Marino { 1210 - Crestline Big'Bear La
South Pasadena La Crescenta Arrowhead )
La Caflada Flintridge Highlands Running
Springs
S o ool 170 Bulsgnk Altadena San Antonio 215
3 Heights
@ - 134 dale Monrovia : Muscoy Pinezanita
% 2 s
Arcadia {210} Glendora 210 -
® & Azusa G\ e 259 Highland T
O South PasiNena emple.City Vincent iand @,
Mg yg ! Sal DT e ane Rancho  contana San Bernardino =
’ = West Hollywood Alha semead ~ BaldwinPark cpsrter 0ak Claremont Cucamonga 210~ Forest i
DI L od 0@ o Beverly Hil : El Monte - 10 ) West Covina Montclair Ontario Colton (ﬁ‘ '*\\_/ﬂ\.,)\h\)
3 - \J T
LOS Angele o) South El Monte - Valinda Pomona G - Redla\nqi\i\’ i
.ver City Lontah walnut 60 rand Terrace Loma LmdQ{k >
anta, Monica ; i Glen Avon — ./ N
Santa M R Montebello a Puente Chino ‘ ?.-\
3 Diamond Bar Calimesy Cherry
\Vista Flg Hacienda Heights Chino il Jirupa” R 0 Valiey
4 (e 3l
South Gate Whittier Rowland Eastvale Valley @
Inglewood ke 2 Wbt Heights Los Serranos
o e
Lennox Westmon Downg ! N E3Habra—L57 @ 5 —
El Segfindo’ - Hawthorne Lymuood Norwalk Brea Norco @ i
mpton La Mirada (]
Mpnhattan Beach Gardena SHUto Yorba Linda Corasn WO@
o T ot BuenaPark - Fullerton  Placentia .| o1
e OT i i ened il El Cerrito @
orrance 2ot i
Catson 710 Cypress Anaheim Villa Park
alos Verdes West Carson IR - -‘!5
Estates Lomita Signal Hill Los Alamitos Stanton Orange 5 g
o 2 Rolling Hills Estates Lon,each ""'—“ Garden Grove  North Tustin . e o °
e} ' Ran&gr%;alo; i Westminster Santa Ana _ ustin Siiverado Homeland—71 | oL VAl
® ntain ok 24 74 Sun City
o= © Hiumntinatan rhoiee ¥ 133! Foothill.Ranch CanhyoniLake — Menifee
@
. i 5 Brangd)
® A ) '
STY PARK s
STATES
.
jorld Ho
o ooty —
' LE
t'" CalenCtr
Mexicali




30mi

$e

San Luis
Obispo- 5g5g 1t

il Santa Maria

Lompoc

. 1584 ft

Carnzm
Plain
National
Monument

Cuy
Yy,

Los Padmes
National
Farest

Santa
Earbara

Santa
Cuz
I5tand’

U.S. EPA STAR Project
PM, s (PurpleAir) Sensors in California
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U.S. EPA STAR Project
Community recruitment

LOW-COST AIR SENSORS STUDY

Purpose of study

Low-cost air sensors present an exciting opportunity to supplement
data from fixed monitoring stations to help us better understand
local-scale air pollution and climate change. This study aims to
determine how low-cost sensors compare to traditional air
monitoring devices, explore how air quality changes in the
community given diurnal wind patterns across the freeway, and gain
a better understanding of users’ experience with these low-cost
sensors. In the changing climate, we want to determine if low-cost
sensors can produce reliable data compared to standard devices and whether they serve as useful tools for the
future of air-quality monitoring.

HOW YOU CAN GET INVOLVED

About the sensors

The sensors used in this study will be the PurpleAir Il sensors
(shown on the right). The sensors will be mounted outdoors
throughout the community and inside select apartments.
They will require connection to a wireless internet connection
for transmitting data in real-time. This sensor has shown
promising results in laboratory and field testing for accuracy,
ease of use, and ability to track diurnal variations in air quality.
Everyone in the complex, as well as the general public, will be
able to view the real-time sensor data on the PurpleAir
website, helping you become informed about the air quality
in your area and plan outdoor activities accordingly.

Attend an educational workshop
* Volunteer to host an air quality monitor

Requires a covered patio with a power outlet and

wireless internet nearby

Eligibility for participating Take care of the operating air monitor for about 2

If interested in participating, you must be planning to live to in your
apartment until at least November 2018 and be able to provide wi-fi
to the sensor. You must also be willing to fill out short questionnaires
about your perception of sensors and sensor data and feedback
about using the device and keep a simple log-book regarding your 3 3 = 1 -

use of the sgensorv You will also :eed mij)armgipate in 1-92 bnefgf:cus Monltor your air quallty Onllne anytlme
group sessions or on-on-one interviews to discuss your experience
with the project. Participants will receive a $100 gift card upon

years

NM 9/2017

completion.

« Yifang Zhu, PhD  UCLA Fielding School of Public Health + Department of Environmental Health Sciences * 650 Charles E. Young Drive



Wi-Fi Setup and Registration

Get familiar with the PurpleAir PA-II Air
Quality Sensor.

“Location Name” - It will be used during
Registration (Take a photo or write it down)

“Device ID” - It will be used during Registra-
tion (Take a photo or write it down)

Two sensors

Micro USB port to plug in the power chord.

Plug in the power chord and ensure that the
power is turned on.

You will see a red light if it is on.

U.S. EPA STAR Project

Sensor installation guide

iPhone/iPad

(Samsung, LG,

Google, Hc)

iPhone/iPad

Android Phone/
Tablet
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Go to (A) to set up on a cell phone or tablet
Go to (B) to set up on a laptop that uses Wi-
Fi.

(A) Cell Phone or Tablet Set Up

1. Go to “Settings” and Click on “Wi-Fi”
settings.

2. On the list of WiFi network names, find

“AirMonitor_xxxx” (xxxx will be actual
letters and numbers like “9f66”)

3. Click on or touch “AirMonitor_xxxx."

This is what it will look like if connected
correctly.

Curenty comected o

[ s

o HecusTIm
et scess

CGGUESTWH Comnected

Eha.b,

(B) Laptop or Computer Set Up (Windows)

1. Click on the Wi-Fi icon in the bottom right
corner of the screen.

2. On the list of WiFi network names, find
“AirMonitor_xxxx” (xxxx will be actual

letters and numbers like “9f66”)

3. Click on or touch “AirMonitor_xxxx."

Cumertly corvected o “

B

dentitying.. KirMoritor 9620
No btermet access

Laptop or Computer Set Up (Windows)

continued

4. Go to “Settings “and Click on “Wi-Fi"
settings.

This is what it will look like if connected
correctly.

Wi-Fi is now set up and you are ready to set
up the sensor!

oK

W mirsdontor e2c

AirMonitor_9e2c
Sl | St | (1] VA
75°F Humidity 43%

Pressure 1017.75 hPa

9.87.

1. On your cell phone, tablet, or laptop open
on an internet browser like:

@0020

2. In the internet browser bar, type:

http://192.168.4.1

This will connect you to the sensor.

Tip: You may get disconnected during this
step. It is okay. Just repeat Step 2.

Tip: You may see some messages pop up on
your phone or tablet. Just click “OK” or
“Yes”. The pop ups will be small boxes in the
middle of the screen.

Once you have connected to the sensor
through “192.168.4.1" then you will see
this.

This page shows your sensor’s data so all of
the numbers will be different than this
example photo.




U.S. EPA STAR Project
Sensor installation guide
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Now you are ready to connect your sensor
to your home Wi-Fi network.

1. Click or press on “WiFi Settings”.

Tip: You may get disconnected during this
step. It is okay. Just repeat Step 2 and 3.

2. Once you are in the “WiFi Settings”, click
or touch the name of your Wi-Fi network.

3. Type in your Wi-Fi network password.

4. Click or touch “Save”.

The screen will change and you will see a
window that looks like this. It should say
“Restarting WiFi..."

Your cell phone, tablet, or laptop will auto-
matically reconnect to your home Wi-Fi net-
work and the air sensor name will no longer
be seen in your Wi-Fi settings.

Online Registration

Online Registration

1. On your cell phone, tablet, or laptop i
open on an internet browser like:

@006:20

2. In the internet browser bar, type:
www.purpleair.com/register

@ Registr Your Purplelee

Enter the following information on the web page.

Device-4d (MAC)

Location Name

Associated Email

& = g
Installed Outsige | | insice
Device-id (MAC)
Location Name °
Visibity Pubkc (everyone) || Privase (ony me
¥ seta me map

Map Location

3. Click and hold (don’t unclick or stop
pressing down) and drag to your home '
location.

-3
@

1 1he Gesice abel just 3bove I b code. Prease include the,,

Lincolr
Sauare P

4. Leave this information un- Daia Processors
changed.

o processore @

5. Use this exact information
for Device Owner’s Infor-
mation.

6. Click here to “agree” with
the terms and conditions.

7. Click here to complete the
Registration.




U.S. EPA STAR Project
Sensor installation survey

English Version

The Science To Achieve Results (STAR) Grant team at the South Coast AQMD
would like to thank you for your participation in the project entitled, " Engage,
Educate and Empower California Communities on the Use and Applications of
"Low-cost" Air Monitoring Sensors” and to invite you to participate in this very
brief online survey about your sensor installation location. Completing this
survey with a smart device with a camera will allow you to easily submit a
picture.

Installation Survey

Moving forward, please keep an eye out for upcoming community group
meetings, an email containing the electronic log note entry form, and changes
for end user data visualization and accessibility!

South Coast

AQMD

Unsubscribe Forward to a friend
South Coast Air Quality Management District - 21865 Copley Drive, Diamond Bar, CA 91765
909-396-2000 - www.agmd.gov

Spanish Version

EPA STAR Grant: La encuesta de instalacién del sensor ahora disponible en Espafiol
El equipo del programa otorgante/ la beca “la ciencia para lograr resultados (STAR, por sus siglas en inglés)” de la
Administracion de la calidad del aire de la costa sur, (South Coast AQMD, por sus siglas en inglés) le da las gracias por su
participacion en el proyecto llamado “"Envolver, educar y habilitar a comunidades en California en el uso y aplicacion de
sensores con monitoreo de aire a bajo costo" y le invita a participar en esta encuesta muy breve acerca del lugar de instalacion
de su sensor. Si completa esta encuesta con un dispositivo inteligente de camara le permitiré facilmente someter/enviar una
foto.

Encuesta de instalacién

Una vez que haya oprimido el enlace de |a encuesta, oprima el tabulador “Default Language”, (idioma predeterminado), arriba
en la esquina a la derecha de la encuesta y seleccione “Espafiol” del menu desplegable.

Con miras al futuro, esté al pendiente de préximas reuniones en grupo, un correo electrénico con una forma llamada
“electronic log note entry form”, y cambios de datos finales para el usuario de visualizacién y accesibilidad!

South Coast

AQMD

Remover su nombre Enviar a un amigo
South Coast Air Quality Management District « 21865 Copley Drive, Diamond Bar, CA 91765
909-396-2000 - www.agmd.gov



U.S. EPA STAR Project
Sensor installation survey

Community Group*
Select from the following communities:

This survey is intended as a one-time survey to be completed when a community scientist

installs a sensor as part of the South Coast Air Quality Management District's (SCAQMD) U.S. -Please Select- >4
EPA Science to Achieve Results (STAR) grant project entitled "Engage, Educate and Empower

California Communities on the Use and Applications of Low-Cost Air Monitoring Sensors."

El Monte City School District A
Fresno, Central California Environmental Justice Network (CCEJN)
Name*
Community Scientist Name Imperial County, Comite Civico del Valle, Inc. (CCV)
Kern, Central California Environmental Justice Network (CCEJN) 7 Xy
Nipomo, southern SLO County
—_—— — g ——— —=
Email Address g
@)
Date of Installation* Esri, Garmin, NGA, USGS Powered by Esri
a3 @) Lat:0 Lon: 144.96552
Time of Installation What best describes the type of dwelling where the sensor is installed?*

Morning Afterncon Evening Single Family Home

What best describes the location where the sensor is installed?*

Front Porch or Patio

Rear Porch or Patio

Eave of the Home

External Wall of Home

Balcony

Other

What direction is the installation location facing?*

North Facing

South Facing



U.S. EPA STAR Project
(Sensor Deployment Across California)

STAR Grant: Sensor Deployments status
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U.S. EPA STAR
(Seal Beach Community)

» 10,000 residents (average age 70 yrs)

« 1 km?area

» Borders the 405 freeway (in its most congested section)
» Borders the LADPA and AES electric generating stations
» Few miles from Port of Long Beach

* In landing path for Long Beach Airport

« Two military installations nearby

EEEEEEEEEEE

What can one do with this
data?

o\ PM 2.5
. (ug/m?®)
» Assess spatial and temporal -

variability

« Identify potential nearby PM
sources

» Evaluate impact of wind
speed/direction




13

12
19

U.S. EPA STAR
(Seal Beach Community)

January-2018 February-2018 March-2018 April-2018

.. .5 1 2 1 2 1 2 3 4 5 6
?SB1U11..456?33 3 4 5 6 ¥ &8 9 ¥ 8 9 10 11 12 13

14 15 16 17 18 10 (41 12 13 14 15 16 0@ 11 12 13 14 15 16 14 15 16 17 18 19 20 VEI"_-{ High 51-300 ug/mg
21 2 23 24 25 26 1F 18 19 20 21 22 23 17 18 19 20 21 2 23 21 22 23 24 25 X6 27
28 29 30 N 24 25 28 27 2B 24 25 28 27 28 29 30 28 9 30

3 High 21-50 ug/m3

SMTWTF SSMTWTF SSMTWTF S SMTWTF

May-2018 June-2018 July-2018
1 2 3 4 1 1.2 3 4 5 6 Low 11-20 ug/m3
6 7 8 9 10 11 2 3 4 56 7 8 7 8 9 10 11 12 13
13 14 15 16 17 18 9 10 11 12 13 14 15 14 15 16 17 18 19 20
20 21 22 23 24 25 16 17 18 19 20 21 22 21 22 23 24 25 26 ¥ Very low 0-10 Hg/m3
27 28 29 30 31 23 24 25 26 27 28 29 28 29 30 31

30
SMTWTF SSEMTWTF SSMTWTF



PM 2.5 MASS CONCENTRATION (UG/M3)

PM 2.5 MASS CONCENTRATION (UG/M3)

U.S. EPA STAR (Nipomo Community)

» n n
DAY
—PM25 PURPLE AIR

30 n n

——PM25 PURPLE AIR_

3

)

»
NUMBER (MAY 27 -JUN 13 2018)

—PM2S BAMZS

3 »
DAY NUMBER (MAY 27 -JUN 13 2018)

—P25 BAMZS

Particle sensor largely
underestimates actual (BAM) PM2.5
concentrations (at times)

Particle composition is likely to
affects sensor readings

Community member developed a
correction algorithm to reconcile
sensor and FEM PM2.5 data

CORRECTION ALGORTHM INCORPORATING WIND VELOCITY:
Overall PurpleAir PM 2.5 Correction Factor = (P,)(1 + F, Fy)

W 2/ 5
5 /2 e~ Wa—Hqg) /Za'é

Ws e
F=/" T and:  Fy= P

P, ='Raw' (uncorrected) PurpleAir PM 2.5 readings (ug/m3)

F. = Windspeed Correction Factor

Fg = Wind Direction Correction Factor

W; and Wy = Wind speed and direction, individual data points
L, and py = Mean (average) of all wind velocity data points

o, and g, = Standard Deviation of wind velocity data sets

o.2 and 642 = Variance (standard deviation squared)

e = Constant (= 2.7182...) and base for natural logarithms

A; = Windspeed adjustment applied to F; for curve fitting



U.S. EPA STAR
(Next Steps)

« Development of a cloud-based computing platform to ingest,
store, analyze, and display sensor data

Alternate Data sources

Data analysis workloads larger I@Tur s A sawoons
—atd dNdlysls WOTRIDads 1dTEET - ol T Y & TP
}

than current tools can handle [
) CE—— Distribution Layer =~

NASA AOD
Weather Underground

Fence-line monitoring: ~15 million rows of data X 1oThub Batch Layer
. . . L »a ‘I ) @ Insights — Batch View
Regional monitoring network: ~40 million rows Rl J S Dt
Raw QA/QC VM {l\l"
Of data JSON l JSON J
I Database Real-time Layer

STAR Grant: ~50 million rows of data aase | © Coneatsdon ' —
South Coast AQMD R1180: XX million rows of ‘.7 03

B 2 Y

Dashboard

d d ta k Data Persistence Layer w \ ‘lnternet -
- 7 —(ghy M B
CA AB617: XX bl”lon rOWS Of data Data Key @ REST API o




SCAQMD Sensor Monitoring Projects

: Regional
Fence-line

9 PM sensors ~ 100 nodes to ~ 400 PM sensors in MATES V
measure: O;, NO,, 14 communities
& PM
loT vendor platform ROSE/NASA Project

Wi-Fi connected
Cellular to PaaS

Cellular to Saa$S Mobile monitoring
Data sent to :
API access PurpleAir Map;
APl Access AQMD Azure AB617 community
monitoring

SCAQMD Rule 1180
implementation



Other Projects
MATES V (2018-2019)

* Regional air toxics monitoring and modeling

« Advanced monitoring to find potential hotspots

* Focus on refineries and other industrial sources

« Community engagement through sensor network deployments

. eBurbank

Inland Valley S.B,r ‘

Central Lds Angeles S .
; . :

7 ePico Rivera i VAN
& Huntington Park e Rubidoux

__eCompton N~
N. Long|Beach | e ‘} " e Anaheim ‘
Wotfong Beach |~

*Actual location of a few monitoring sites may differ



Other Projects
MATES V (2018-2019)

y/ Flight measurements

Optical Tent * *Provides Continuous,
Real-Time Data
/ Fenceline | *
Y Monitoring
N Community | 4

' Sensor Networks

35 / ------ Monitoring/

.......... | Mobile Monitoring




Other Projects
(Mobile Monitoring)

» Ford Escape PHEV (MY 2010,
SCAQMD fleet vehicle)

* Mobile measurements of NAAQS
criteria pollutants and air toxics

» Fast response regulatory-grade,
research-grade, consumer-grade

* Vehicle speed: 30 £ 3 mph

« Extended on-road sampling periods Instruments

(> 4 hours) Pollutant Time Resolution

BC 1 sec

« Additional data parameters collected ,
Particle Mass (FEM, near-FEM,

» GPS Coordinates sensor) 6, 60, 80 sec

» Wind Speed/Direction Particle Count 1sec

* 340° Video CO (FRM) 1 sec
NO, (FEM, sensor) 6, 60 sec

O3 (FEM, sensor) 10, 60 sec



Other Projects
(Mobile Monitoring)




Other Projects
(Mobile Monitoring)




Current and Upcoming Air Monitoring
Initiatives at the SCAQMD

2016 2017 2018 2019 D

FluxSense

US EPA Benzene Monitoring

MATES V

Community Air Toxics Initiative (CATI)
AQ-SPEC

- AB 1647
Rule 1180




Conclusions

* Sensors and sensor networks:
« Great survey tools for hot-spots identification and to better understand spatial
and temporal variations of PM, ¢, O, and NO,
« Although they do not produce actionable data their measurements can lead
to action. Can be used to support community monitoring

* Need for a sensor certification program to provide users with
the knowledge to appropriately select sensors for specific

applications
» Additional guidance for air districts to correctly implement current/upcoming
state and local rules (e.g., AB617 and Rule 1180)

« Many challenges ahead, but it is difficult to see a future
where sensors and sensor networks will not be integrated In
existing ambient air monitoring networks



Thanks!

The AQ-SPEC Team

* Dr. Jason Low

 Dr. Andrea Polidori

* Dr. Vasileios Papapostolou
« Brandon Feenstra

» Dr. Hang Zhang

 Berj Der Boghossian

* Dr. Michelle Kuang

 Dr. Ashley Collier (NEW)
 Dr. Wilton Mui (NEW)

« Seven Boddeker (NEW)



