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Background

 From 11/14/2020 to 01/09/2021, three Airly multi-pollutant sensor units were deployed at
the South Coast AQMD stationary ambient monitoring site in Rubidoux and were run side-
by-side with Federal Equivalent Method (FEM) and Federal Reference Method (FRM)

instruments measuring the same pollutants
« Airly (3 units tested): » South Coast AQMD Reference instruments:

> Gas Sensors: (Electrochemical: non-FEM) > 05 instrument (FEM); cost: ~$7,000

> Particle Sensor: Light Scattering (non-FEM; PMS5003 by > Time resolution; 1-min
» NO, instrument (FRM); cost: ~$11,000

Plant
> ot messe: 0,00, NO, g B Pa, 7 Trerton i
and PM,, (g/m?), T (°C), RH (%) ~$20,000 o
» Units also measure pressure > Tin’1e resolution: 1-hr
> Unit cost: $1000 > Teledyne API T640 (FEM PM,); cost: $21,00
> Time resolution: 5-min > Time resolution: 1-min
> Units IDs: 1107, 1108, 1109 > Met station (T, RH, P, WS, WD); cost: ~$5,000

> Time resolution: 1-min




Ozone (Q,) in Airly




Data validation & recovery

« Basic QA/QC procedures were used to validate the collected data (i.e., obvious outliers,
negative values, and invalid data-points were eliminated from the data-set)
« Data recovery for ozone from Unit 1107, Unit 1108 and Unit 1109 was ~ 98%, 82% and 98%,

respectively. . . .
Alirly; Intra-model variability

* Absolute intra-model variability was ~ 1.3 ppb for the 0zone measurements

(calculated as the standard deviation of the three sensor means)

* Relative intra-model variability was ~ 3.4% for the 0zone measurements

(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
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Airly vs FEM (Ozone; 5-min mean)
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Airly vs FEM (Ozone; 1-hr mean)

Airly vs FEM Ozone
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Airly vs FEM (Ozone; 8-hr mean)

Airly vs FEM Ozone
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Summary: Ozone

s ;V:;::eoozfoie Airly vs FEM, Ozone FEM Ozone (ppb)

perage SO R sope et o0 MAE RS ey average Femsp Range during the
5min | 383 330 09010094 Og‘ggm 02910 0.74 18.8 10 22.0 12'23_;" 40510430 195 16.3 0410689
the | 383 326 09110095 00 0150052 18010210 oF° 2440281 186 16.1 0910659
ghr | 381 286 09110095 Og‘j& 03710122 17,610 205 1;35 2710242 186 13.4 1310436

' Mean Bias Error (MBE): the difference between the sensors and the reference instruments. MBE indicates the tendency of the sensors to

underestimate (negative MBE values) or overestimate (positive MBE values).

2 Mean Absolute Error (MAE): the absolute difference between the sensors and the reference instruments. The larger MAE values, the higher
measurement errors as compared to the reference instruments.

3 Root Mean Square Error (RMSE): another metric to calculate measurement errors.




Nitrogen Dioxide (NO,)

In Alrly




Data validation & recovery

» Basic QA/QC procedures were used to validate the collected data (i.e., obvious outliers, negative
values, and invalid data-points were eliminated from the data-set)
« Data recovery for NO, from Unit 1107, Unit 1108 and Unit 1109 was ~ 98%, 82% and 98%

respectively.

Alirly; Intra-model vanability

* Absolute intra-model variability was ~ 4.3 ppb for the NO, measurements

(calculated as the standard deviation of the three sensor means)

* Relative intra-model variability was ~ 6.3% for the NO, measurements

(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
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Airly vs FRM (NO,; 5-min mean)
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Airly vs FRM (NO,; 1-hr mean)
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24-hr mean NO, conc. (ppb)

FRM

Airly vs FRM (NO,; 24-hr mean)
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Summary: NO,

Q;’:srzf’: ‘;lfgz Airly vs FRM, NO, FRM NO; (ppb)

merage SO R sope mterpt  on MAE RS leguaverage FrMsp ange duing e
5.min | 686 332 05410080 03010034 261029 40.9t048.1 4ig1t° 70410863 212 13.1 1010 76.3
hr | 686 323 05610082 03110035 -321023 42510493 425;‘) 48510545 216 128 1310 62.1
24hr | 684 146 03310082 0.35100.46 -11.1t0-0.64 42.11049.5 423;0 43310508 213 75 7410343

' Mean Bias Error (MBE): the difference between the sensors and the reference instruments. MBE indicates the tendency of the sensors to
underestimate (negative MBE values) or overestimate (positive MBE values).

2 Mean Absolute Error (MAE): the absolute difference between the sensors and the reference instruments. The larger MAE values, the higher
measurement errors as compared to the reference instruments.

3 Root Mean Square Error (RMSE): another metric to calculate measurement errors.




PM in Airly




Data validation & recovery

« Basic QA/QC procedures were used to validate the collected data (i.e., obvious outliers, negative
values, and invalid data-points were eliminated from the data-set)
« Data recovery from Unit 1107, Unit 1108 and Unit 1109 was ~ 100% for all PM fractions.

Alirly; Intra-model variability

» Absolute intra-model variability was ~ 0.36, 0.29 and 0.41 pg/m? for the PM, , PM, 5 and PM,, respectivel
(calculated as the standard deviation of the three sensor means)

* Relative intra-model variability was ~ 4.7%, 2.5% and 1.3% for the PM, , PM, s and PM,, respectively.
(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
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Reference Instruments: PM,
FEM BAM & FEM T640

Basic QA/QC procedures were used to validate the collected data (i.e. obvious outliers, negative values and invalid data-
points were eliminated from the data-set)

Data recovery for PM, s from FEM BAM and FEM T640 is ~97% and 100%, respectively

Very strong correlations between FEM BAM and FEM T640 for PM, - measurements (R? ~ 0.91)
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Reference Instruments: PM,,
FEM BAM & T640

« Basic QA/QC procedures were used to validate the collected data (i.e. obvious outliers, negative values and invalid data-

points were eliminated from the data-set)

* Data recovery for PM,,from FEM BAM and T640 is ~99% and 100%, respectively
« Strong correlations between FEM BAM and T640 for PM,, measurements (R? ~ 0.88)
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5-min mean PM, , conc. (ug/m?3)

T640

Airly vs T640 (PM, ,; 5-min mean)
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5-min mean PM, s conc. (ug/m?3)

FEM T640
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Airly vs T640 (PM,,; 5-min mean)
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1-hr mean PM, , conc. (ug/m3)
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1-hr mean PM, 5 conc. (ug/m?3)

FEM T640

Airly vs FEM T640 (PM, s; 1-hr mean)
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1-hr mean PM, conc. (ug/m3)

T640

Airly vs T640 (PM,; 1-hr mean)
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24-hr mean PM, , conc. (pg/m?3)

T640

Airly vs T640 (PM, ,; 24-hr mean)
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24-hr mean PM, 5 conc. (pg/m?3)

FEM T640

Airly vs FEM T640 (PM, s; 24-hr mean)
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24-hr mean PM,, conc. (pug/m?3)

T640
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1-hr mean PM, ¢ conc. (ug/m3)

FEM BAM
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24-hr mean PM, 5 conc. (pg/m?3)
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Summary: PM

Average of 3 .
Se‘r:sori, e Airly vs T640, PM, , T640 (PMy g, pg/m’)
Average  SD 2 MBE' MAE? RMSE® Range during the
(g Im) (g Im) R Slope Intercept (uglm3) (uglm3) (uglm3) Ref. Average  Ref. SD field evaluation
5min| 77 72 07910089 1.51t01.65 -0171006 -48t0-40 421053 11.9t013.2[ 121 12.3 0.3t0217.0
1hr | 76 70 08610091 1.54t01.66 -041t0-0.07 -4.8t0-4.0 42t05.1 7.1107.9 12.1 12.0 0.4 t0 63.2
24-hr | 76 49 09310095 15410170 -041003 -4.8t0-40 40t04.8 14110147  12.1 8.1 1510 31.6
Average of 3 .
Se‘r’]sog, o Airly vs FEM BAM & FEM T640, PM, ; FEM BAM and FEM T640 (PMy5, pg/m’)
Average  SD 2 MBE’ MAE? RMSE? Range during the
(bgim®) _(ugim) R Slope Intercept (hgm’)  (ugim¥)  (ugim) Ref. Average  Ref. SD field evaluation
5min | 115 109 08310089 11710122 201023 -48t0-41 451050 11.11012.0]  15.9 14.0 0.8 t0 239.7
1-hr 1.5 10.7 0.77t00.90 095t01.22 19t028 -48t0-19 40t048 57t07.0 | 14.0t0 159 11'37;0 0to 165.1
24-hr | 115 75 0881009309110122 181034 -46t0-20 271048 331056 | 14010159 721094 3410397
s’;‘;es’:ie ;:\nfo Airly vs FEM BAM & T640, PM,, FEM BAM and T640 (PMio, pg/m?)
Average SD . MBE’ MAE? RMSE? Range during the
(g Im) (ug Im) R Slope Intercept (pglm3) (uglm3) (g Im) Ref. Average  Ref. SD field evaluation
Smin | 330 224 03410037 08110084 21200219 op® 000 4row047s 485 308 13105472
th | 330 219 01810040 06010084 2050273 oo ° 00 © 27610325 46910485 T 110349
24-hr | 330 154 0.27100.47 05910 0.85 20.0t0 27.4 '1_5’571t° 1?'74 8t° 2051t021.4] 46910485 1?855;0 5.4 10 96.5

"Mean Bias Error (MBE): the difference between the sensors and the reference instruments. MBE indicates the tendency of the sensors to underestimate (negative MBE values) or
overestimate (positive MBE values).

2 Mean Absolute Error (MAE): the absolute difference between the sensors and the reference instruments. The larger MAE values, the higher measurement errors as compared to

t

3 Root Mean Square Error (RMSE): another metric to calculate measurement errors.
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Airly vs South Coast AQMD Met Station
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Discussion

The three Airly sensors’ average data recovery for ozone, NO, and PM was ~ 93%, ~ 93% and ~100%;
respectively.

The absolute intra-model variability was 1.3 ppb for ozone, 4.3 ppb for NO, and 0.36, 0.29 and 0.41 ug/m? for
PM, o, PM, s and PM, respectively.

The reference instruments (FEM BAM and FEM T640) showed very strong and strong correlations with each
other for PM, . and PM,, mass concentration measurements (R?~ 0.91 and R?~ 0.88, 1-hr mean), respectively.

During the entire field deployment testing period:

> Ozone sensors showed very strong correlations with the FEM instrument (0.90 < R? < 0.94, 5-min mean)
and overestimated the corresponding FEM data

» NO, sensors showed moderate to strong correlations with the FRM instrument (0.53 < R2< 0.81, 5-min
mean) and overestimated the corresponding FRM data

» The sensors showed strong to very strong correlations with the corresponding PM, , data (0.85 < R?< 0.91,
1-hr mean); and showed strong correlations with the corresponding PM, . data (0.77 < R? < 0.90, 1-hr
mean) and very weak to weak correlations with the corresponding PM,, data (0.17 < R? < 0.40 respectively,
1-hr mean). The Airly sensors underestimated the corresponding PM, ,, PM, s and PM,, data.

> Temperature and relative humidity sensors showed very strong and strong correlations with the South Coast
AQMD Met Station data, respectively (T: Rz~ 0.93 and RH: R? ~ 0.89) and overestimated the T data and
underestimated the RH data as recorded by the South Coast AQMD Met Station

No sensor calibration was performed by AQ-SPEC prior to the beginning of this field testing

Laboratory chamber testing is necessary to fully evaluate the performance of these sensors under controlled T

and RH conditions, and known target and interferent pollutants concentrations.

These results are still preliminar




