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Background

A From 03/01/2024 to 05/01/2024 Kilne¢Air Promultisensor units were deployed at th
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 Pro3 units testgd

i

i
i

c:

Gas Sensorgiectrochemicalghasens@on
FEM)
PM:OpticalXlphaseng®PCN3, no#EM)

Each unit measures: CO (ppfpb), NO (ppb),

NG, (ppb), N(ppb), PMy(eg/n), PM s(€g/nd),
PM,(€g/md), T £C), RH (%)

Unit cost (assted): $8,500 ($9400 w/ cloud)
Time resolutionmriin

Units IDs: 1, 2, and 3

A South Coast AOMD Reference instruments

u

U NO/NQIinstrument¢ledyne T200, hereinafter FR

c:

O, instrumenté¢ledyne T400, hereinafter FENt T4
cost: ~$7,000

0 Time resolutionpin

CO instrumemidriba APMA 370, hereinafter FRM
Horiby cost: ~$10,000
U Time resolutionpin

T200; cost: ~$11,000
0 Time resolutionnin

PM instrumerite{edyne API T640; FEN
hereinafter FEM TB40st: $21,000

0 Time resolutionnin

U Measures BM PM 5 PM, (ng/m)

PM instrumentiét One BAM; FEIML, :& PMy;
cost: $20,000

U Time resolutionrhd

U Measures BM PM, (ug/nd)

Met station (T, RH, P, WS, ¥gBX); ~$5,000

U Time resolutionnin



DatteHdadiidgng

The Kunak Air Pro sensors possess configuration capabilities for a lo
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
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Datavvalidatiedn&aecovery
A Basic QA/QC procedures were used to validate the collected data (i.e., obvious ouitli
negative values, and invalidptaiés were eliminated from theetata
A Data recovery for €@n Unit 1, Unit 2 and Unit 398286; 97.86 and 97.2%,

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

not count against data recovery
KuraAir RPoointntmacel vatalbility

A Absolute intraodel variability was ~3.64 ppb for the CO measurements
(calculated as the standard deviation of the three sensor means)
A Relative intraodel variability was2é% for the CO measurements

(calculated as the absolutermckel| variability relative to the mean of the three senso

Carbon Monoxide
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KurdlAir Poo vSHRERM HHeriba; (GMnamean)

Kunak Air Pro vs FRM Horiba _ _
— FRMMoriba  —— Unitl  Unitz  Unit3 A TheKunalir Pro sensors showed strong

correlation with the corresponding FRM H
500 | CO data (0.83 2<R0.86)

A Overall, théunalQir Pro sensors overestim
the CO concentration as measured by th
Horiba CO instrument
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A TheKunal@ir Pro sensors seemed to track
wﬁ diurnal CO variations as recorded by the
Horiba instrument
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Kurldir PoovSHRRN Heriba; (Cwmniean)

Kunak Air Pro vs FRM Horiba

—— FRM Horiba —— Unitl Unit 2 Unit 3

800

A TheKunal@ir Pro sensors showed strong
correlation with the corresponding FRM H
data (0.83 <R 0.86)

A Overall, théunalQir Pro sensors overestim
the CO concentration as measured by the
Horiba CO instrument

A TheKunal@ir Pro sensors seemed to track
diurnal CO variations as recorded by the F
Horiba instrument
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Kunaldir PoovSHRRNOHeriba; (GAr 2dean)

Kunak Air Pro vs FRM Horiba

500
—— FRM Horiba — Unit 1 Unit 2 Unit 3
R ( A TheKunaldir Pro sensors showed strong
g | correlation with the corresponding FRM H
S data (0.84 <R 0.88)
< 300
S A Overall, théunalAir Pro sensors overestim
‘;mo the CO concentration as measured by the
g Horiba CO instrument
< 100 A TheKunalir Pro sensors seemed to track
daily CO variations as recorded by the FR
instrument
03?01/24 03/15/24 03/29/24 04/12/24 04/26/24
500 CO (24-hr mean, ppb) 500 CO (24-hr mean, ppb) 500 CO (24-hr mean, ppb)
y = 0.8477x + 5.1918 y = 0.8246x + 6.4136 y = 0.8498x + 4.5108
Rz = 0.8698 Rz = 0.8778 Rz = 0.8480
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SummanC(CO

Average of 3 . : :
CerEe e, C0 Kunak Air Pro vs FRM Horiba, CO FRM Horiba, CO (ppb)
Average SD . MBE MAE RMSE I Range during th
©oD  (oph) Slope Intercept (oob) (oob) (opb) Horiba Horiba field evaluation
Average SD
5min| 290.0 129.6 0.841t00.8(0.97 to 1.0 -38.4 t633.5 39.4t0 45. 54.6t0 57.! 66.71t069.4 247.3 137.2 108.3to 1382.1
1-hr 290.1 1251 0.84t00.8(0.97t01.0 -36.5t631.0 37.1t043. 52.4t055.C 64.0t067.Q 250.5 134.0 119.7 to 973.3
24hr | 290.2 81.6 0.85t00.8{0.82t00.8 4.5t06.4 38.61t045. 40.4t046.. 48.4t054.Q 248.8 74.2 133.0to 400.0

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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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

A Data recovery forf@m Unit 1, Unit 2 and Unit 3 was ~9976%% and 96.6%,
respectively

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

not count against data recovery
KuraAir RPoointntmacel vatalbility

A Absolute intraodel variability was09ppb for the ozone measurements

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

A Relative intraodel variability w&s9¥% for the ozone measurements

(calculated as the absolutermckel| variability relative to the mean of the three senso

Ozone

B Mean = SD BN Median
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KurdlAir Roo vSHREM004000(@Zemensnean)

20 Kunak Air Pro vs FEM T400

—— FEMT400 —— Unitl Unit 2 Unit 3

A TheKunaldir Pro sensors showed strong
correlation with the corresponding FEM T4
| ﬂ | data (0.84 <R 0.89)

5-min mean O; conc., (ppb)
-y
(=]

| ; ; A Overall, théunal@ir Pro sensors underesti
i l\ I m the ozone concentration as measured by t
1 | | T400 ozone instrument
I ‘. ‘ : | .
20- b A TheKunalir Pro sensors seemed to track t
diurnal ozone variations as recorded by th
J 1 T400 instrument
D3P01/24 03/08/24 03/15/24
150 03 (5-min mean, ppb) 150 03 (5-min mean, ppb) 150 03 (5-min mean, ppb)
y = 0.8268x + 11.6424 y = 0.9307x + 5.8118 y = 0.8509x + 9.1436
R? = 0.8869 R? = 0.8646 R? = 0.8481

FEM T400
FEM T400
FEM T400




KurddAir PoovSEHREM004000(@zGhendean)

Kunak Air Pro vs FEM T400

80

—— FEMT400 —— Unit1l Unit 2 Unit 3

A TheKunal@ir Pro sensors showed strong
correlation with the corresponding FEM T4
ozone data (0.84 <<R0.89)

A Overall, théunalQir Pro sensors underesti
the ozone concentration as measured by t
T400 ozone instrument
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A TheKunal@ir Pro sensors seemed to track
diurnal ozone variations as recorded by th
T400 instrument

1-hr mean O3 conc., (ppb)
-y
(=]

03?01/24 03/08/24 03/15/24

03 (1-hr mean, ppb) O3 (1-hr mean, ppb)

150

150 150 O3 (1-hr mean, ppb)

y = 0.8316x + 11.3594 y = 0.9368x + 5.5523 y = 0.8524x + 9.1827
Rz = 0.8892 Rz = 0.8631 Rz = 0.8483

100

FEM T400
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KuradlAir RPoo vSHREM0D4000(@Z6hengzan)

Kunak Air Pro vs FEM T400

—— FEM T400 —— Unit 1 Unit 2 Unit 3

80

A TheKunal@ir Pro sensors showed strong
correlation with the corresponding FEM T4
ozone data (0.79 <<R0.85)

A Overall, théunaldir Pro sensors underesti
the ozone concentration as measured by t
T400 ozone instrument
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A TheKunal@ir Pro sensors seemed to track
daily ozone variations as recorded by the
T400 instrument
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Summary)20zone

Average of 3

Sensors. Ozon KunakAir Pro vs FEM T4@Dzone 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| 36.0 16.2 0.85t00.80.83t00.¢ 5.81t011.6-541t03.3 56t06.5 6.7t07.8| 35.0 19.2 0.1to 95.7

Lhr [ 365 156 0.85t00.80.83t00.¢ 5.6t011.4-531t03.2 55t06.3 6.5t0o7.6( 33.9 19.2 0.51t0 94.6

8hr | 37.0 109 0.80t00.80.85t00.¢ 4.0t088 4.6t63.0 49to54 5.81t06.3] 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 o
values, and invalid gatants were eliminated from theekhta

A Data recovery for M@m Unit 1, Unit 2 and Unit 3 97a86; 97.4%6 and 96.8%,
respectively

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

count against data recovery
nintraocel varability

Kumaldir Poo

A Absolute intraodel variability w@s45ppb for the N@easurements

(calculated as the standard deviation of the three sensor means)
A Relative intraodel variability w@s4¥% for the Nneasurements

(calculated as the absolutenmicke! variability relative to the mean of the three sensor
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Kureadhir oo SHRRM00200 £ Nhinnmean

Kunak Air Pro vs FRM T200

—— FRM T200 —— Unit 1

Unit 2

Unit 3

NO; (5-min mean, ppb)

03/08/24

y = 1.1219x - 2.8901
R? = 0.7352 .
...%

FRM T200

03/15/24

A TheKunalir Pro sensors showed moderat
strong correlations with the corresponding
T200 N@data (0.69 <R 0.75)

A Overall, théunaldir Pro sensors overestima
the NQconcentration as measured by the F
T200 instrument

A TheKunal@ir Pro sensors seemed to track t

diurnal NSyariations as recorded by the FR
instrument

NO; (5-min mean, ppb)

y = 1.0980x - 2.7755
R? = 07454

FRM T200

NO; (5-min mean, ppb)

y = 1.0429x - 2.7632
R? = 0.6936 |




FRM T200

30

Kurgdir PooSHRRM00200 4 NOr meean)

Kunak Air Pro vs FRM T200

N
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1-hr mean NO; conc., (ppb)
(=
o

—— FRMT200 —— Unit1l

"
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Unit 3

03fb

50

1/24 03/08/24

NO; (1-hr mean, ppb)

y = 1.1731x - 3.6020
R2 = 0.7575

50

FRM T200

03/15/24

NO; (1-hr mean, ppb)

y = 1.1323x - 3.3196
R2 = 0.7652

A TheKunalfir Pro sensors showed strong
\(L correlations with the corresponding FRM T
data (0.72 <R 0.77)

JI\ A Overall, th€éunaldir Pro sensors overestimat
the N@concentration as measured by the F
T200 instrument

diurnal NQvariations as recorded by the FR

u | A TheKunal@ir Pro sensors seemed to track t
T200 instrument

FRM T200

NO; (1-hr mean, ppb)

y = 1.0872x - 3.5708
Rz = 0.7225




Kungddir PooSHRRNM00200 £ @hr rmean

Kunak Air Pro vs FRM T200

30

—— FRM T200 —— Unitl Unit 2 Unit 3
A TheKunal@ir Pro sensors showed moderat
2 strong correlations with the corresponding
- 2
J20 T200 N¢data (0.66 <R 0.79)
S A Overall, th€unal@ir Pro sensors overestim
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= A TheKunalir Pro sensors seemed to track
< . . .
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SummaryiO

Sensors, NO KunakAir Pro 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 6.8 0.69t00.7 1.04t01.1:-29t02.8 1.4t02.z 39t04.3 4.6t052| 9.1 8.1 0.5t042.3
Lhr | 127 65 0.72t00.7 1.09t01.1°-3.6t63.3 1.5t02.¢/ 3.8t04.3 45t051| 94 8.1 1.0to 40.1
24hr| 125 34 0.66t00.7 0.90t0 1.0¢-4.8t03.6 3.6t04.¢ 39to49 42t053| 9.2 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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Datavvalidatiedn&aecovery

A Basic QA/QC procedures were used to validate the collected data (i.e., obvious outliers, neg
invalid datpoints were eliminated from thasekta

A Data recovery for i@ Unit 1, Unit 2 and Unit 398®%6; ~97.8%6 and 97.26, respectively

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

A Note: a significant portion of the sensor NO data were below the manufacturer stated limit of
therefore, the-Bdur average analysis was not done due to the lack of data points.

KurnalAir RPoointrtraccel vartalbility

A Absolute intraodel variability w&s2¥ ppb for the NO measurements

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

A Relative intraodel variability wds24% for the NO measurements

(calculated as the absolutenmicde! variability relative to the mean of the three sensor means)

NO

BN Mean £ SD B Median

u
o

B
o

w
o

N
o

[
o

5-min mean conc., (ppb)




KurnahAir Pooy8dReterence (MNMitbmean)
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Kunak Air Pro vs Reference NO
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NO (5-min mean, ppb)

A TheKunal@ir Pro sensors showed very stro
correlations with the corresponding Refere
data (0.98 <R 0.99)

A Overall, théunaldir Pro sensors overestima
the NO concentration as measured by the
NO instrument

A TheKunal@ir Pro sensors seemed to track t
diurnal NO variations as recorded by the R
instrument

150 NO (5-min mean, ppb)

y = 0.9343x - 0.5512
Rz = 0.9879

y = 0.8983x - 0.2033
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Kurldir Poov8dReference (INQr (xean)

Kunak Air Pro vs Reference NO

80

—— Reference NO —— Unit1l Unit 2 Unit 3 .

A TheKunalfir Pro sensors showed very stro
= correlations with the corresponding Refere [
g data (0.99 <R 1.0)

g A Overall, théunaldir Pro sensors overestimat
0 40 the NO concentration as measured by the
£ Reference instrument
<
E A TheKunaldir Pro sensors seemed to track t
- diurnal NO variations as recorded by the R
. instrument
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SummaryNINO

Average of 3 .
CerEea, MO KunakAir Pro vs Referend¢O Reference NO (ppb)
Average SD 2 T O — MBE MAE  RMSE [ Reference Reference Range during th
(opb)  (ppb) b P' opb  @pd  (pb | Average  SD field evaluation
5min| 194 21.0 0.99 0.90t00.9:-0.6t00.2 2.0t02.£24t02.¢ 3.4t04.1] 10.9 17.7 0.0t0 104.3
I-hr [ 225 20.8 0.99 0.91t00.9!-0.9t00.5 2.1t02.€ 2.3t02.¢ 2910 3.4 13.5 18.0 0.1to 78.6

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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Datavvalidatiedn&aecovery

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

A Data recovery for Om Unit 1, Unit 2 and Unit 3 97a8/%; -97.4%6 and 96.6%,
respectively

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

count against data recovery
ninthaodel yvatability

Kumaldir Poo

A Absolute intraodel variability w@s42 ppb for the N@easurements
(calculated as the standard deviation of the three sensor means)
A Relative intraodel variability w@s28% for the N@easurements

(calculated as the absolutenmicke! variability relative to the mean of the three sensor
NOx
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Kunaldir PoovB8dReterence, (Simmmean
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Kunak Air Pro vs Reference NOx
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03/15/24

NOx (5-min mean, ppb)

A TheKunal@ir Pro sensors showed very stro
correlations with the corresponding refergn
data (0.92 <R 0.95)

A Overall, théunaldir Pro sensors overestima
the NQconcentration as measured by the r
instrument

A TheKunal@ir Pro sensors seemed to track t
diurnal NQrvariations as recorded by the ref
instrument
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Kunaldir PoavBdreterence NOr mean)

Kunak Air Pro vs Reference NOx

—— Reference NOx —— Unit1l Unit 2 Unit 3

100

A TheKunalfir Pro sensors showed very stro
80 correlations with the corresponding refergn
data (0.93 <R 0.95)

A Overall, th€éunaldir Pro sensors overestimat
the NQconcentration as measured by refer
instrument
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40

A TheKunal@ir Pro sensors seemed to track t
diurnal NQvariations as recorded by referen
instrument
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Kunaldir Poov8dReterence, (2@hr meean)

Kunak Air Pro vs Reference NOx
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A TheKunal@ir Pro sensors showed strong to
strong correlations with the corresponding
reference N@ata (0.88 <R 0.91)

A Overall, théunaldir Pro sensors overestim
the NQconcentration as measured by the
reference N@nstrument

A TheKunal@ir Pro sensors seemed to track
daily NQvariations as recorded by the refer
NQ, instrument
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Summaryi YO

Average of 3

Sensors, NOX KunakAir Pro vs Referen®Ox Reference NOXx (ppb)
Average  SD R ERT N— MBE MAE RMSE |Referenc: Reference Ra}[?]geﬁgrd“n
S bpby (PP (PPD) Average =P evaluation

5min| 17.7 18.0 0.93t00.9 1.0t01.02-3.2t02.9 26t03.2 45t05.0 54to6.1| 12.6 17.9 0.1to 127.§
Lhr | 180 176 0.94t00.9 1.02t01.0:-3.91t03.3 26t03.f 44t04.9 52t059| 129 17.4 0.4 to 105.4

24hr| 169 85 0.88t00.9 0.89t00.9¢-4.2t63.9 4.7t06.C 49t06.1 55t06.6| 128 8.8 2.1t031.2

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 ou
values and invalid dadants were eliminated from thaselxta

A Data recovery from Unit 1 2@nil Unit 3 was ~95.9% for all PM measurements
AValues below manufacturer stated limit of detection were excluded from further an
not count against data recovery

KurdAir Poontntnaodcel varability
A Absolute intraodel variability was ~0.02, ~0.16 and ~0.99 ug/m3Ad Riid P, respectiv
(calculated as the standard deviation of the three sensor means)

A Relative intraodel variability was ~0.38%, ~2.41% and ~7.36%0Fbf f2vd PIy}, respectivel
(calculated as the absolutermddeel variability relative to the mean of the three sensor me
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Reterence dnstrerments, £ M
FEWMEB AMnanid FEMOT640

AData recovery for Rifom FEM BAM and FEM T640 was ~97.1 % and 99.9%, res
A Strong correlations between the reference instrumenpiséasBiments2(R0.76) wer

observed.
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Retetence dnstrenments; ,PM
FEMEBAMNand40640

AData recovery for Bbm FEM BAM and T640 was ~98.9% and 99.9%, respective
AStrong correlations between the reference instrumgpiadasieiments?(R0.83) were
observed.
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