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Background

A From 03/01/2024 to 05/01/2024 KilneAir Litemultisensor units were deployed at t
South Coast AQMD stationary ambient monitoring site in Rubidoux anebwsicke nurt
Federal Equivalent Method (FEM) and Federal Reference Method (FRM) instrum
the same pollutants.

A Kunal@ir Lite3 units tested A South Coast AQMD Reference instrument
n U Ojinstrumenté¢ledyne T400, hereinafter FEM
T400; cost: ~$7,000

U Gas Sensorkiectrochemicalghasens@&on

. FEI.\.A) . U Time resolutionmiin
lf PMi Opt.lcaIF(Iantowd?MSSOO& nétEM) U NO/NQinstrument¢ledyne T200, hereinafter
U Each unit measureg(pb), N&Xppb), PM, FRM T206cost: ~$11,000

(eg/n¥), PM <(eg/n%), PMdeg/nd), T £C), RH (%) (i Time resolutiontrin
U Unit cost: $5,033tasted ($5,960 with cloud servide) PM instrumefiie{edyne API T640; FEW,,

. . _ U Time resolutionmin
U Units IDs: 144, 145, and 146 i Measures RM PM 5 PM (Lg/m)

U PM Instrumeml¢tOn&AM; FEMM, sand
PM, hereinafter FEM BaAddst: $25,000 and u
U Time resolutiorhd
U Measures BM PM,(1g/m)

U Met station (T, RH, P, WS, ®Bx);~$5,000

U Time resolutionrmin



DatteHdadiidgng

TheKunaldir Lite sensors possess configuration capabilities for a loc
calibration before the evaluation that were not performed. Testing wit
calibrated sensors may achieve different results.

A baseline adjustment foiiS not performed because the diurnal
minima were zero in the sensor data that was retrieved from the onli
dashboard.

K u n aderdr&nual outlines detailed instruction on calibration and
baseline adjustment. Users are recommended to rd@ahadfot to
assistance with sensor calibration/baseline adjustmerKwsakg the
online dashboard.

All values below the manufacturer stated limit of detection were exclude
from data analysis but did not count against data recovery




Ozore (L)

In Kualdir e




Datavvalidatiedn&aecovery

A Basic QA/QC procedures were used to validate the collected data (i.e., obvious
negative values, and invalidptaiés were eliminated from theetata

respectively
AValues below manufacturer stated limit of detection were excluded from further a

not count against data recovery

Kurldir Litehintaotel vaalbility
A Absolute intraodel variability was ~1.09 ppb for the ozone measurements
(calculated as the standard deviation of the three sensor means)
A Relative intraodel variability was ~2.86% for the ozone measurements
(calculated as the absolutermckel| variability relative to the mean of the three senso
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Kunak Air Lite vs FEM T400
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A TheKunal@ir Lite sensors showed strong
| correlation with the corresponding FEM T4
(\ | data (0.85 <R 0.90)
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the ozone concentration as measured by t
T400 ozone instrument

A TheKunal@ir Lite sensors seemed to track
diurnal ozone variations as recorded by th
T400 instrument
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Kunak Air Lite vs FEM T400
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A TheKunaldir Lite sensors showed strong
correlation with the corresponding FEM T4
ozone data (0.85<<R0.90)
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Ay A Overall, théunaldir Lite sensors underesti
W the ozone concentration as measured by t
T400 ozone instrument

A TheKunaldir Lite sensors seemed to track
diurnal ozone variations as recorded by th
T400 instrument
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FEM T400
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A TheKunal@ir Lite sensors showed strong
correlation with the corresponding FEM T4
ozone data (0.79 <<0.88)

y A Overall, théunaldir Lite sensors underesti
the ozone concentration as measured by t
T400 ozone instrument

A TheKunal@ir Lite sensors seemed to track
diurnal ozone variations as recorded by th
T400 instrument
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Summary)20zone

Average of 3

Sensors. Ozon Kunak Air Lite vs FEM T40@pne FEM T400, Ozone (ppb)
Average SD = S MBE MAE RMSE |FEM T40 FEM Range during th
(ppb)  (ppb) b P (ppb) (ppb) (ppb) Average T400 S| field evaluation

5min| 37.0 17.1 0.85t00.80.75t00.6 6.3t013.44.1t02.1 4.7t06.8 5.8t08.2| 35.0 19.2 0.1t0 95.7

Lhr [ 375 16.5 0.85t00.90.75t0 0.6 6.1t013.44.2t02.1 45t06.7 55t08.0f 33.9 19.2 0.51t0 94.6

8hr | 3811 11.7 0.79t00.80.79t0 0.¢ 3.3t011.2-3.4t01.7 3.6t05.3 4.3t06.3| 34.0 16.3 12to74.4

1Mean Bias Error (MBE): the difference between the sensors and the reference instruments. MBE indicatesrtb@sémdency of t
underestimate (negative MBE values) or overestimate (positive MBE values).

2Mean Absolute Error (MAE): the absolute difference between the sensors and the reference instruments. Tie ligharMAE v
measurement errors as compared to the reference instruments.

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

A Basic QA/QC procedures were used to validate the collected data (i.e., obvious oulie
values, and invalid gatants were eliminated from theekhta

A Data recovery for MOm Unit 144, Unit 145 and Unit 146 was ~99.0%, ~99.1% an
respectively

AValues below manufacturer stated limit of detection were excluded from further analy

count against data recovery
Kurldir Litentntraocte | yatalbility
A Absolute intraodel variability was ~0.41 ppb for theehi€direments
(calculated as the standard deviation of the three sensor means)
A Relative intraodel variability was ~3.21% for jmedd€urements
(calculated as the absolutenmicke! variability relative to the mean of the three sensor
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Kunald Alritkite VMSINFRNOTROG Gxhv@mnmmean

%0 Kunak Air Lite vs FRM T200
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FRM T200

Kumnaddir Like ySHRRM00200 £ NDr rmean)

Kunak Air Lite vs FRM T200
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KunakiAlrtkeite MSNFRNOTROG @40r meean

Kunak Air Lite vs FRM T200
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SummaryiO

Sensors, NO KunakAir Lite vs FRM T2000, FRM T200, N(pb)

Average SD 2 T O — MBE MAE RMSE [FRM T2( FRM Range during th
(opb)  (ppb) P Pt (opb) (opb) (opb) | AverageT200 S| field evaluation

5min| 125 6.3 0.66t00.7 1.08t01.1!-3.4t63.3 1.7t02.2 42t0o45 50to54| 9.1 8.1 0.5t042.3
hr | 126 6.1 0.691t00.7 1.12t01.2(-4.2t04.0 1.7t02.£ 4.1to04.4 49t053| 94 8.1 1.0to 40.1
24hr| 126 3.6 0.58t00.7 0.83t01.1:-5.2t01.7 3.6t04.C 39to4.3 4.4to49| 9.1 4.2 2.61019.7

1Mean Bias Error (MBE): the difference between the sensors and the reference instruments. MBE indicatesrtbestémdency of t
underestimate (negative MBE values) or overestimate (positive MBE values).

2Mean Absolute Error (MAE): the absolute difference between the sensors and the reference instruments. Tie ligharMAE v
measurement errors as compared to the reference instruments.

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

A Basic QA/QC procedures were used to validate the collected data (i.e. obvious outliers fne
and invalid dap@ints were eliminated from thesekita

A Data recovery from Unit 144, Unit 145 and Unit 146 was ~99.5%, ~99.8% and ~99.9%,
all PM measurements

A Values below manufacturer stated limit of detection were excluded from further analysi
against data recovery

KurdAir | Likenintaocel vatalbility
A Absolute intraodel variability was ~0.57, ~0.68 and ~037@r Rty PM sand Pl respective
(calculated as the standard deviation of the three sensor means)

A Relative intraodel variability was ~12.09%, ~8.75% and ~8.37%¢ ) Jantl Ply} respective
(calyxﬁlated as the absolutermdckel variability relative to the mean of the three sensor me
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Reterence dnstrerments, £ M
FEWMEB AMnanid FEMOT640

A Data recovery for Rom FEM BAM and FEM T640 was ~ 99.1% and 99.9%, respectively.
A Strong correlations between the reference instrumegnpméasBidments2(R.77) were observed.
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1-hr mean PMyg conc., (ng/m?3)

120

Retetence dnstrenments; ,PM
FEMEBAMNand40640

A Data recovery for Rdom FEM BAM and T640 was ~ 98.9% and 99.9%, respectively.
A Strong correlations between the reference instrumgpsdas@iments?(F0.83) were observed.
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Kunaldir Lite y/S6F640(EMN-minnmean)

Kunak Air Lite vs T640
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A TheKunaldir Lite sensors showed strong

correlations with the corresponding T640
(0.76 <R 0.79)

A Overall, théunaldir Lite sensors
underestimated the,BMass concentrati@ss
measured by T640

A TheKunaldir Lite sensors seemed to track
PM ,diurnal variations as recorded by T64

03?01/24 |

50

03/08/24

PM; (5-min mean, pg/m?3)

40

30+

T640

20

10

y = 1.4163x + 0.5407

R2 = 0.7 %

20 30
Unit 144

40

50

T640

40

30

20

10

03/15/24

PM; (5-min mean, pg/m?3)

PM; (5-min mean, pg/m?3)

50

y = 1.7215x + 0.1’3.93
RZ=0 622

\Y 5

y = 1.5929x + 0.7065

T640

20 30
Unit 145

10 20 30
Unit 146

40 50 10 40 50




60

5-min mean PM; 5 conc., (Hg/m?3)

N
o

Kumaldir | like a/8

40640 (P BIminmmean)

Kunak Air Lite vs FEM T640

—— FEM T640 —— Unit 144

iy
o

Unit 145

Unit 146

A TheKunalAir Lite sensors showed stron
very strong correlations with the corres
FEM T640 data (0.88< R91)

A Overall, th€unaldir Lite sensors
underestimated the,RPMass
concentratio@asmeasured by FEM T64
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the PMdiurnal variations as recorded
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Kunaldir Lite s/S6T6 40V (BNF-minnmean)

Kunak Air Lite vs T640
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Kumaldir Liite /8E 40640 4P Mhr mean)

Kunak Air Lite vs FEM T640
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Kumgddir Like s/S6T640\(BM-hr mean)

Kunak Air Lite vs T640

— T640 —— Unit 144 Unit 145 Unit 146

100

A TheKunaldir Lite sensors showed moder
correlations with the corresponding T64
(0.64 <& 0.67)

A Overall, théunaldir Lite sensors

underestimated the,PiMass concentration
asmeasured by T640

A TheKunal@ir Lite sensors seemed to trac
PM,diurnal variations as recorded by T6

80

60

1-hr mean PMy, conc., (pg/m3)

03?01!24 03/08/24 03/15/24
- 3 - 3 - 3
120 PMy; (1-hr mean, pg/ms3) 120 PMy; (1-hr mean, pg/ms3) 120 PMy; (1-hr mean, pg/m?)
y = 1.4807x + 12.3640 y = 1.6848x + 12.6965 y = 1.6857x + 12.4942
Rz = 0.6617 Rz = 0.6482 Rz = 0.6503
100+ ! 1 ! 100
[ ]
® . ®e
801 ¢,%4.°"

N z ...".o
L ] o
'::... 4%

T640
T640
T640

0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Unit 144 Unit 145 Unit 146




T640
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Kunak Air Lite vs T640
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A TheKunal@ir Lite sensors showed strong
correlations with the corresponding T640
(0.87 <R 0.89)

A Overall, théunaldir Lite sensors
underestimated the,RMass concentrati@ss
measured by T640

A TheKunaldir Lite sensors seemed to track
PM ,daily variations as recorded by T640
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FEM T640

24-hr mean PM, 5 conc., (pg/m?3)
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A TheKunal@ir Lite sensors showed very str
correlations with the corresponding FEM
data (0.95 <R 0.96)

A Overall, théunaldir Lite sensors
underestimated the,PMass concentrati@ss
measured by FEM T640

A TheKunaldir Lite sensors seemed to track
PM cdaily variations as recorded by FEM
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Kumddir Lite s/S6T 640\ (BN4hr meah)

Kunak Air Lite vs T640
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A TheKunal@ir Lite sensors showed strong
correlations with the corresponding T640
(0.72 <K 0.75)

A Overall, théunaldir Lite sensors

underestimated the,PiMass concentrati@ss
20- measured by T640
/\/\ A TheKunaldir Lite sensors seemed to track
g /\, /\ 7 ‘,t \/ PM,daily variations as recorded by T640
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A TheKunalAir Lite sensors showed strong
correlations with the corresponding FEM
data (0.70 <R 0.72)

A Overall, thiéunald\ir Lite sensors
underestimated the,PMass concentratio
asmeasured by FEM BAM

A TheKunal@ir Lite sensors seemed to trac
PM cdiurnal variations as recorded by F

BAM
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y =0.6740x + 2.8384 y = 0.7682x + 2.9109
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