Field Evaluation
Ecomesure EComSmart




Background

 From 03/10/2022 to 05/10/2022, three Ecomesure EcomSmart (hereinafter EcomSmart) multi-
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.

+ South Coast AQMD Reference instruments:
» O, instrument (Teledyne T400, hereinafter FEM T400); cost:

o EcomSmart (3 units tested):
> Gas Sensors: Electrochemical (Alphasense, non-FEM) ~§7.000
» PM, . — Optical (Tera Sensors NextPM, non-FEM) > :I'ime resolution: 1-min

> Each unit measures: O (ppb), NO, (ppb), CO (ppb), PMyg 5. ¢ instrument (Horiba APMA 370, hereinafter FRM Horiba):

(Hg/m?), PM, 5 (pg/m?), PMy(ug/m?), T (°C), RH (%) cost: ~$10,000
> Unit cost: $4,550 as-tested + $480/year platform subscription 3 Time resolution: 1-min

fee » NOJ/NO, instrument (Teledyne T200, hereinafter FRM T200);
» Time resolution: 1-min cost: ~$11,000
> Units IDs: 0531, 0532, and 0533 > Time resolution: 1-min

»  PM Instrument (GRIMM EDM 180; FEM PM, 5, hereinafter FEM
GRIMM); cost: $25,000 and up
» Time resolution: 1-min

»  PMinstrument (Teledyne API T640; FEM PM, 5, hereinafter FEM
T640); cost: $21,000
» Time resolution: 1-min

> Met station (T, RH, P, WS, WD); cost: ~$5,000

» Time resolution: 1-min
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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 O, from Unit 0531, Unit 0532 and Unit 0533 was ~ 96.3%, ~ 96.2% and ~

96.1%, respectively

Ecomesure EcomSmart; Intra-model variabilit

* Absolute intra-model variability was ~ 9.4 ppb for the 0zone measurements

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

* Relative intra-model variability was ~ 19.4% for the 0zone measurements

(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
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» The EcomSmart sensors showed moderate
correlation with the corresponding FEM T400
ozone data (0.62 < R? < 0.65)
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EcomSmart vs FEM T400 (Ozone; 1-hr mean)
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EcomSmart vs FEM T400 (Ozone; 8-hr mean)
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Summary: Ozone

SA"e’age e EcomSmart vs FEM T400, Ozone FEM T400, Ozone (ppb)
ensors, Ozone
Average SD R2 Slops | Infercent MBE' MAE? RMSE® |FEMT400 FEM Range during the
(ppb)  (ppb) P P (ppb) (ppb) (ppb) Average T400 SD field evaluation
5-min | 52.8 335 0.63t00.64 0.39t00.59 109t013.3 1.4to24.7 11.4t025.7 15.21036.1 349 18.5 1.11089.0
1-hr 54.9 340 0.63t00.66 0.39t00.61 10.8t012.2 1.2t024.9 10.9t025.6 14.61036.0 33.6 18.5 1.31087.2
8-hr 54.9 276 0.62t00.64 0.39t00.68 9.6t011.9 13t0249 83t0250 7.9t029.8 33.8 15.6 2010704

"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.
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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 0531, Unit 0532 and Unit 0533 was ~ 96.3%, ~ 96.2% and ~
96.1%, respectively

Ecomesure EcomSmart; Intra-model variabilit

* Absolute intra-model variability was ~ 4.5 ppb for the NO, measurements

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

* Relative intra-model variability was ~ 16.5% for the NO, measurements

(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
NO,

H mean +SD m median
50

g ‘I ﬁl

o

5-min mean conc., ppb
o

o

Unit 0531 Unit 0532 Unit 0533




EcomSmart vs FRM T200 (NO,; 5-min mean)
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EcomSmart vs FRM T200 (NO,; 1-hr mean)
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EcomSmart vs FRM T200 (NO,; 24-hr mean)
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——FRM T200 — Unit 0531 — Unit 0532 Unit 0533

» The EcomSmart sensors showed moderate
to strong correlations with the corresponding

= 100
g FRM T200 NO, data (0.64 < R2< 0.75)
g « Overall, the EcomSmart sensors
g overestimated the NO, concentration as
§ 40 \ \ measured by the FRM T200 instrument
£ .
E 20 M \/\ \/\N_/\ \ /\j‘!\ » The EcomSmart sensors seemed to track the
N y o~ v daily NO, variations as recorded by the FRM
0 .
3/10/22 3/25/22 4/9/22 4/24/22 5/9/22 TZOO instrument
NO, (24-hr mean, ppb) NO, (24-hr mean, ppb) NO, (24-hr mean, ppb)
100 100 100
y = 0.4536x + 1.5008 y =0.4634x - 0.257 y=0.3121x + 1.6806
0 R%2=0.6431 30 R?=0.6404 30 R2=0.746
[=] [=]
S 60 R 60 gso
: 2 =
X 40 ) x 40

o
00.- ) PY .‘.,.--‘.
o > .
0 [ ]
0 20 40 60 80 100 0O 20 40 60 80 100 0 20 40 60 80 100
Unit 0531 Unit 0532 Unit 0533




Summary: NO,

Average of 3

EcomSmart vs FRM T200, NO, FRM T200, NO; (ppb)
Sensors, NO,
Average SD R? SRR T MBE' MAE? RMSE® |[FRMT200 FRM Range during the
(ppb)  (ppb) P P (ppb) (ppb) (ppb) Average T200 SD field evaluation

5-min | 246 243 0.39t00.56 0.30t00.44 1.6t020 11.2t0209 133t021.6 17310285 | 12.0 11.6 0.6 t0 65.0
1-hr | 23.8 19.7 04310056 0.33t0044 14t015 11510207 13310213 17210276 [ 125 1.7 0.8to 54.7

24-hr | 247 10.8 064t00.75 03110046 -03to1.7 11.8t021.6 11.8t021.6 13.6t025.1 121 6.4 241026.7

' 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.




Carbon Monoxide (CO)

In Ecomesure EcomSmart




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 CO from Unit 0531, Unit 0532 and Unit 0533 was ~ 96.3%, ~ 96.2% and ~
96.1%, respectively

Ecomesure EcomSmart; Intra-model variabilit

* Absolute intra-model variability was ~ 0.06 ppm for the CO measurements

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

* Relative intra-model variability was ~ 26.2% for the CO measurements

(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
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EcomSmart vs FRM Horiba (CO; 5-min mean)

Ecomesure EcomSmart vs FRM Horiba
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EcomSmart vs FRM Horiba (CO; 1-hr mean)
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24-hr mean CO conc (ppm)

EcomSmart vs FRM Horiba (CO; 24-hr mean)

Ecomesure EcomSmart vs FRM Horiba
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Summary: CO

Average of 3 . .
Sensors, CO EcomSmart vs FRM Horiba, CO FRM CO, Horiba (ppm)
1 2 3 FRM FRM Range during
A(verrang;e ( S?n) R? Slope Intercept (M B:l) (M A:]) TMsnI‘E) Horiba Horiba  the field
PP PP PP PP PP Average SD evaluation
5-min | 0.24 020 0.75t00.81 0.70t00.79 0.06t00.15 -0.11t00.04 0.08t00.13 010t00.14 [ 028 0.17 0.11t02.32
1-hr | 0.24 019 0.78t00.84 0.71t00.79 0.06t00.15 -0.11t00.03 0.07t00.12 0.09t00.13 [ 028 0.17 0.12t01.25
24-hr | 0.24 0.13 0.88t00.89 061t00.73 0.09t00.16 -0.11t00.04 0.06t00.12 010tc0.14 [ 028 0.09 0.14t00.52

' 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.
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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 0531, Unit 0532 and Unit 0533 was ~96.3%, ~96.2% and ~96.1%, respectively
for all PM measurements

EcomSmart; intra-model variability

» Absolute intra-model variability was ~0.65, ~0.83 and ~2.45 ug/m?for PM, o, PM, s and PM,, respectively
(calculated as the standard deviation of the three sensor means)

* Relative intra-model variability was ~4.3%, ~3.8% and ~5.9% for 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, ,
GRIMM and T640

« Data recovery for PM, ,from GRIMM and T640 was ~ 100%.
« Very strong correlations between the reference instruments for PM, , measurements (R? ~ 0.94) were observed.
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Reference Instruments: PM, :
FEM GRIMM and FEM T640

« Data recovery for PM, - from FEM GRIMM and FEM T640 was ~ 100%.
« Very strong correlations between the reference instruments for PM, - measurements (R? ~0.93) were observed.
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Reference Instruments: PM,,
GRIMM and T640

» Data recovery for PM,, from GRIMM and T640 was ~ 100%.
« Very strong correlations between the reference instruments for PM,, measurements (R? ~0.93) were observed.
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Ecomesure EcomSmart vs GRIMM
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EcomSmart vs FEM GRIMM (PM, s; 5-min mean)
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5-min mean PM,, conc. (ug/m3)
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1-hr mean PM, , conc. (ug/m3)
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EcomSmart vs GRIMM (PM, o; 1-hr mean)
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EcomSmart vs FEM GRIMM (PM, s; 1-hr mean)
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1-hr mean PM,, conc. (ug/m?3)
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EcomSmart vs GRIMM (PM,; 1-hr mean)
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EcomSmart vs GRIMM (PM, o; 24-hr mean)
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24-hr mean PM, 5 conc. (pg/m?3)

FEM GRIMM

EcomSmart vs FEM GRIMM (PM, ¢; 24-hr mean)
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24-hr mean PM,, conc. (pug/m?3)

GRIMM

EcomSmart vs GRIMM (PM,,; 24-hr mean)
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5-min mean PM, , conc. (ug/m?3)
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EcomSmart vs FEM T640 (PM, s; 5-min mean)
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EcomSmart vs T640 (PM,,; 5-min mean)
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1-hr mean PM, , conc. (ug/m3)

T640

Ecomesure EcomSmart vs T640

EcomSmart vs 7640 (PM, ,; 1-hr mean)
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1-hr mean PM, ¢ conc. (ug/m3)

FEM T640

EcomSmart vs FEM T640 (PM, ; 1-hr mean)

Ecomesure EcomSmart vs FEM T640
——FEM T640 —— Unit 0531 —— Unit 0532 Unit 0533 * The EcomSmart sensors showed strong

80 correlations with the corresponding FEM T640
data (0.75 < R?<0.79)

» OQverall, the EcomSmart sensors overestimated
the PM, ; mass concentrations as measured by
FEM T640

- wf " e The EcomSmart sensors seemed to track the
PM, 5 diurnal variations as recorded by FEM T640

e

0
4/27/22 4/30/22 5/3/22 5/6/22 5/9/22
PM, ; (1-hr mean, pg/m?3) PM, : (1-hr mean, pg/m?3) PM, : (1-hr mean, pg/m?3)
120 120 120
y =0.3772x + 5.1982 y = 0.3855x +4.6685 y = 0.424x + 4.8522
R%2=0.7804 R?=0.7598 R%?=0.7665
80 Q 80 Q 80
o (o]
= =
= =
Ll wl
[T ('8

0 40 80 120 0 40 80 120 0 40 80 120
Unit 0531 Unit 0532 Unit 0533




1-hr mean PM, conc. (ug/m3)

T640

EcomSmart vs T640 (PM,,; 1-hr mean)
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24-hr mean PM, , conc. (pg/m?3)
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24-hr mean PM, 5 conc. (pg/m?3)
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24-hr mean PM,, conc. (pug/m?3)
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EcomSmart vs T640 (PM,,; 24-hr mean)
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Summary: PM

Average of 3
Sensors, PM;

EcomSmart vs GRIMM & T640, PM, ,

GRIMM & T640 (PM o, pg/m?)

Average SD 2 MBE' MAE?  RMSE® Range during the
(wam®) (ugim’) R Slope Intercept (gm®)  (uaimy)  (ugimd) Ref. Average Ref. SD field evaluation
5-min 15.5 11.1 0.63t00.74 0.37t00.45 1.6103.1 52t068 56to71 8.1t010.5 741095 515 0.3t038.4
1-hr 15.3 10.8 0.66t00.79 0.37t00.45 141029 51t07.0 54t071 79t0104 741095 541055 0410379
24-hr 154 8.8 0.86t00.92 0.41t00.48 0.6t02.7 48t073 49t073 641089 741095 431t04.5 1.41020.3
Average of 3 FEM GRIMM & FEM T640
Sensors, PMys EcomSmart vs FEM GRIMM & FEM T640, PM, 5 (PMys, pglm’)
Average SD ; MBE' MAE?  RMSE® Range during the
(g/m®) (ug/m’) R Slope Intercept (g m)  (uaim’) (g ) Ref. Average Ref. SD field evaluation
5-min | 220 153 054t00.74 037t0042 491056 57t091 7.0t096 10.8t0139| 1250141 7.2t07.3 1.2 10 60.1
1-hr 21.8 149 056t00.78 0.38t0042 4.6t05.2 56t094 6.7t096 105t013.7| 1250141 7.1t07.2 1.51047.9
24-hr | 220 122 0.79t00.89 0.38t0045 4.1t05.1 50t010.0 52t010.1 8.0to124 | 125t0141 541059 3.81026.7
Average of 3 3
Sensors, PNy EcomSmart vs GRIMM & T640, PM,, GRIMM & T640 (PM4g, pg/m°)
Average SD ; MBE’ MAE2  RMSE® Range during the
(g ) (g ) R Slope Intercept (g m) (g ) (g ) Ref. Average Ref. SD field evaluation
5-min [ 419 27.2 0.08t00.25 0.21t00.37 21.1t026.1 011092 16.7t020.3 23.3t029.8( 30.0t040.1 18.8t019.3 1.7 10 268.7
1-hr 41.7 26.7 010t00.30 0.21t00.38 20.0t0 24.8 09t088 158t019.6 21.7t028.8 | 30.0t040.1 17.7t018.2 2.3t0150.8
24-hr 41.8 21.7 010t00.37 02110036 20.7t0275 -1.7t07.3 12210148 15410219 | 30.0t040.1 114t012.6 8.91t062.8

"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

th

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




EcomSmart vs South Coast AQMD Met Station
(Temp; 5-min mean)

Ecomesure EcomSmartvs South Coast AQMD Met Station
South Coast AQMD Met Station
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EcomSmart vs South Coast AQMD Met Station
(RH; 95-min mean)

Ecomesure EcomSmartvs South Coast AQMD Met Station ° EcomSmart Sensors Showed Very Strong
South Coast AQMD Met Station
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Discussion

The three EcomSmart sensors’ data recovery for all gases (O;, NO,and CO) and all PM fractions was ~96%.

The absolute intra-model variability for O5, NO,and CO was ~9.4 ppb, ~4.5 ppb, and ~0.06 ppm, respectively. Absolute
intra-model variability was ~0.65, ~0.83 and ~2.45 ug/m?for PM, o, PM, 5 and PM,, respectively

Reference instruments: very strong correlations between GRIMM and T640 for PM, ; (R? ~ 0.94, 1-hr mean); very
strong correlations between FEM GRIMM and FEM T640 for PM, (R ~ 0.93, 1-hr mean) and very strong correlations
between GRIMM and T640 for PM,, (R? ~ 0.93, 1-hr mean) mass concentration measurements

During the entire field deployment testing period:

> Ozone sensors showed moderate correlation with the FEM T400 instrument (0.62 < R2< 0.65, 5-min mean) and
generally overestimated the corresponding FEM T400 data

> NO, sensors showed weak to moderate correlations with the FRM T200 instrument (0.38 < R2< 0.56, 5-min mean)
and overestimated the corresponding FRM T200 data

> CO sensors showed strong correlations with the FRM Horiba instrument (0.75 < R?2< 0.81, 5-min mean) and
underestimated the corresponding FRM data

» The EcomSmart sensors showed moderate to strong correlations with the corresponding reference PM, , data
(0.65 < R?<0.80, 1-hr mean); moderate to strong correlations with the corresponding reference PM, - data (0.56 <
R?<0.79, 1-hr mean) and no to very weak correlations with the corresponding reference PM,, data (0.09 < R?<
0.30; 1-hr mean). The sensors overestimated PM, ,, PM, : PM,;, and mass concentrations as measured by GRIMM
and T640

» Temperature and relative humidity sensors showed strong and very strong correlations with the South Coast
AQMD Met Station T and RH data, respectively (R~ 0.86 for T and R ~ 0.94 for RH) and overestimated the T and
underestimated the RH data as recorded by the South Coast AQMD Met Station

No sensor calibration was performed by South Coast AQMD staff for this evaluation.
Laboratory chamber testing is necessary to fully evaluate the performance of these sensors under controlled T and RH

These results are <till preliminary



