Field Evaluation
MetOne ES-405
Particulate Profiler




Background

» From 12/24/2020 to 2/24/2021, three MetOne ES-405 Particulate Profiler (hereinafter
MetOne ES-405) sensors were deployed at the South Coast AQMD stationary ambient
monitoring site in Rubidoux and were run side-by-side with Federal Equivalent Method (FEM)
instruments measuring the same pollutants

* MetOne ES-405 (3 units tested):
» Particle sensor: optical; non-FEM (right angle laser scattering)
» Each unit reports: PM, ,, PM, ; and PM,, (ug/m?3)
> Also measures: PM, , (ug/m?)
> Unit cost: $5,200
» Time resolution: 1-min
> Units IDs: 1744, 1745, 1746
» Units are equipped with a heated inlet which will be activated
when the user-set setpoint is exceeded (usually at 40% RH)

* GRIMM (reference instrument):
» Optical particle counter (FEM PM, 5)
» Measures PM, ,, PM, -, and PM,, (ug/m3)
> Cost: ~$25,000 and up
» Time resolution: 1-min

» MetOne BAM (reference instrument):
» Beta-attenuation monitor
(FEM PM, - & PM,,)
» Measures PM, & PM,; (ug/m?3)
> Unit cost; ~$20,000

! > Time resolution: 1-hr
» Teledyne API T640 (reference instrument):
i » Optical particle counter (FEM PM, ;)
» Measures PM, ,, PM, -and PM,, (ug/m?)
I v > Unit cost: ~$21,000

> Time resolution: 1-min




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 all units was 100% for all PM measurements

MetOne ES-403; intra-model variability

» Absolute intra-model variability was ~ 0.83, 0.97 and 0.59 pg/m?3for PM, o, PM, s and PM,, respectively
(calculated as the standard deviation of the three sensor means)

* Relative intra-model variability was ~ 11.1%, 9.4% and 2.1% for PM, ,, PM, ; and PM,, respectively
(calculated as the absolute intra-model variability relative to the mean of the three sensor means)
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*Note: GRIMM was under maintenance between 12/24/2020 and 1/7/2021.
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Reference Instruments: PM, ,
GRIMM and T640

« Data recovery for PM, ,from GRIMM and T640 was ~ 78%" and ~ 100%, respectively.
« Very strong correlations between the reference instruments for PM, , measurements (R? ~ 0.98) were observed.
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Reference Instruments: PM, s
FEM GRIMM, FEM BAM and FEM T640

« Data recovery for PM, - from FEM GRIMM, FEM BAM and FEM T640 was ~ 78%", ~92% and ~ 100%, respectively.

« Strong to very strong correlations between the reference instruments for PM, . measurements (0.79 < R? < 0.97)

were observed.
"Note: GRIMM was under maintenance between 12/24/2020 and 1/7/2021.
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Reference Instruments: PM,,
GRIMM, FEM BAM and T640

« Data recovery for PM,, from GRIMM, FEM BAM and T640 was ~ 78%", ~99% and ~ 100%, respectively.
« Strong to very strong correlations between the reference instruments for PM,, measurements (0.86 < R? < 0.95)

were observed.
"Note: GRIMM was under maintenance between 12/24/2020 and 1/7/2021.
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MetOne ES-405 vs GRIMM (PM, ,; 9-min mean)
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MetOne ES-405 vs FEM GRIMM (PM, 5; 5-min mean)
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5-min mean PM,, conc. (ug/m3)
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MetOne ES-405 vs GRIMM (PM,,; 5-min mean)

MetOne ES-405 vs GRIMM * The MetOne ES-405 sensors showed strong to
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1-hr mean PM, , conc. (ug/m3)
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MetOne ES-405 vs GRIMM (PM, o; 1-hr mean)
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MetOne ES-405 vs FEM GRIMM (PM, ; 1-hr mean)

MetOne ES-405 vs FEM GRIMM
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MetOne ES-405 vs GRIMM (PM,,; 1-hr mean)

MetOne ES-405 vs GRIMM * The MetOne ES-405 sensors showed strong to
150 CRIMM ——Unit1724 ——Unit 1745 Unit 1746 very strong correlations with the corresponding
E GRIMM data (0.78 < R?< 0.95)
3} * Qverall, the MetOne ES-405 sensors
g 100 overestimated the PM,, mass concentrations as
i S measured by GRIMM
% 50 )1,1 f\ [\ ’\“'l\ WA g * The MetOne ES-405 sensors seemed to track the
A AV S | W‘lﬁ: / PM,, diurnal variations as recorded by GRIMM
-E W‘\ Note: GRIMM was under maintenance between 12/24/2020 and
- 0 1/7/2021.

2/5/21 2/8/21 2/11/21 2/14/21 2/17/21
PM,, (1-hr mean, pg/m3) PM,, (1-hr mean, pg/m3) PM,, (1-hr mean, ug/m3)
200 200 200
y = 0.8439x +2.7465 y = 0.8972x +0.573 y = 0.885x + 0.6384
R®=0.7891 R? = 0.9456 R? = 0.9359 .
150 150 2 150
s ° s o ° s °
= 2 ot = "
= Z 100 :‘. &
50
0
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200

Unit 1744 Unit1745 Unit 1746




24-hr mean PM, , conc. (pg/m?3)
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MetOne ES-405 vs GRIMM (PM, ; 24-hr mean)
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24-hr mean PM, 5 conc. (pg/m?3)
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MetOne ES-405 vs FEM GRIMM (PM, s; 24-hr mean)
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MetOne ES-405 vs GRIMM (PM,,; 24-hr mean)
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MetOne ES-405 vs T640 (PM, ,; 5-min mean)
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MetOne ES-405 vs FEM T640 (PM, ; 5-min mean)
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5-min mean PM,, conc. (ug/m3)
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MetOne ES-405 vs T640 (PM,,; 5-min mean)
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1-hr mean PM, , conc. (ug/m3)
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MetOne ES-405 vs T640 (PM, ,; 1-hr mean)
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1-hr mean PM, ¢ conc. (ug/m3)

FEM T640

MetOne ES-405 vs FEM T640 (PM, ; 1-hr mean)
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MetOne ES-405 vs T640 (PM.,: 1-hr mean)
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MetOne ES-405 vs T640 (PM, ,; 24-hr mean)
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MetOne ES-405 vs FEM T640 (PM, ; 24-hr mean)

MetOne ES-405 vs FEM T640
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24-hr mean PM,, conc. (pug/m?3)
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MetOne ES-405 vs T640 (PM,,; 24-hr mean)
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1-hr mean PM, ¢ conc. (ug/m3)

FEM BAM

MetOne ES-405 vs FEM BAM (PM, s; 1-hr mean)
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MetOne ES-405 vs FEM BAM (PM,; 1-hr mean)

MetOne ES-405 vs FEM BAM
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24-hr mean PM, 5 conc. (pg/m?3)

FEM BAM

MetOne ES-405 vs FEM BAM (PM, <; 24-hr mean)
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24-hr mean PM,, conc. (pug/m?3)

FEM BAM

MetOne ES-405 vs FEM BAM (PM,,; 24-hr mean)
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Summary

Average of 3 MetOne ES-405 vs GRIMM & T640, PM, , GRIMM & T640 (PM1 0, pg/m’)

Sensors, PM,
MBE' MAE2  RMSE® Range during the

Average SD
(g/m®) (ug/m®) (ng/m®)  (ugim®)  (pg/im®) Ref. Averags | Ret. 3D "e 4\ aluation

5-min 75 9.6 08410091 0.76t01.05 27t032 -32to-11 28t036 641092 | 9510100 931097 02t074.9

R? Slope Intercept

1-hr 7.5 9.5 08410092 076t01.06 27t032 -32to-11 28t035 411048 | 9510100 921096 0.31050.9

24-hr 7.5 1.7 09010094 0.74t01.05 27t033 -31to-11 25t032 33t038 | 9510100 7.0to7.6 1.0t0 34.0

Average of 3 MetOne ES-405 vs FEM GRIMM, FEM BAM & FEM T640, PM, FEM GRIMM, FEM BAM & FEM T640
Sensors, PM, 5 : (PMa.5, pg/m’)

Average SD MBE' MAE?  RMSE® Range during the
(ng/m®) (ug/m®) (ugim®)  (ugim®)  (pgim®) e e

5-min | 103 115 080t0092 06710098 33043 -31t0-04 35t040 6.6t0121| 120t0128 10.1t010.8 03t079.2

R? Slope Intercept

1-hr 10.3 113 06410093 055t00.99 29t043 -3.1t020 34t051 43t084 [ 10510127 92t010.6 010 58.8

24-hr | 104 9.4 07610 0.94 05110097 34t04.7 311020 26t3.7 37t66 [ 11.0t0128 641085 1.8 10 40.2

Average of 3

MetOne ES-405 vs GRIMM, FEM BAM & T640, PM,, GRIMM, FEM BAM and T640 (PM1o, pg/m?®)
Sensors, PM;o

Average SD MBE' MAE?  RMSE® Range during the
(ug/im®) (pg/m®) (ugim®)  (ug/m®)  (pg/m®) e e field evaluation

5-min | 283 215 0.78t00.92 0.84t0 1.00 1.0t0 7.2 -70t028 451089 12610195 27110345 20.5t023.1 0.34 to 547.2

R? Slope Intercept

1-hr 28.3 206 07110096 0.84t01.05 06t06.5 -70t028 3.8t086 5610123 | 27110345 19610234 0to 288

24-hr | 282 149 07510098 0.76t01.07 14to74 68t028 291073 441089 | 268t0344 13.0t015.9 3.5t088.8

"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 i

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



Discussion

The three MetOne ES-405 sensors’ data recovery from all units was 100% for all PM measurements
The absolute intra-model variability was ~ 0.83, ~ 0.97 and ~ 0.59 pug/m?*for PM, ;, PM, s and PM,, respectively

Very strong correlations between GRIMM and T640 for PM, ,(R? ~ 0.98, 1-hr mean); strong to very strong
correlations between FEM GRIMM, FEM BAM and FEM T640 for PM, - (0.79 < R? < 0.97, 1-hr mean) and strong
to very strong correlations between GRIMM, FEM BAM and T640 for PM,,(0.86 < R? < 0.95, 1-hr mean) mass
concentration measurements

PM, , mass concentrations measured by MetOne ES-405 sensors showed strong to very strong correlations with
the corresponding GRIMM and T640 data (0.84 < R?< 0.93, 1-hr mean). The sensors underestimated PM, , mass
concentrations as measured by GRIMM and T640

PM, s mass concentrations measured by MetOne ES-405 sensors showed moderate to very strong correlations
with the corresponding FEM GRIMM, FEM BAM and FEM T640 data (0.64 < R2< 0.93, 1-hr mean). The sensors
underestimated PM, ; mass concentrations as measured by FEM GRIMM and FEM T640 and overestimated
PM, s mass concentrations as measured by FEM BAM

PM,, mass concentrations measured by MetOne ES-405 sensors showed strong to very strong correlations with
the corresponding GRIMM, FEM BAM and T640 data (0.71 < R2< 0.96; 1-hr mean). The sensors underestimated
PM,, mass concentrations as measured by T640 and FEM BAM and overestimated PM,, mass concentrations as
measured by GRIMM

No sensor calibration was performed by South Coast AQMD Staff prior to the beginning of this test

Laboratory chamber testing is necessary to fully evaluate the performance of these sensors under known aerosol
concentrations and controlled temperature and relative humidity conditions
All results are still preliminary




