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Data Quality Objectives (DQO) of the
European Air Quality Directive

Uncertainty for O, NO,/NO/NOXx

Jse 15 % 15 %
measurements
indicative 30 % 55 04

measurements
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Metrological parameters

1 — Response Time

NO2_Chem, uncalibrated sensor responses

tyo: time needed by the

sensor to reach 90 % of

the final stable value 3

t0-90 or Step | Step | Step | Step | Step | Step | Step % 3

t90-0 3 4 5 6 7 8 9 s 3

Fall |Rise | Fall | Rise | Fall [Rise | Fall | £ ¥

NO2, ?

chemilumi- 3 3 3 2 4 2 4 E

nescence g

NO2_Chem 5 12 5 3 4 8 7 &
- - § I I I I
Required time: ¥4 of 1h 1900 00:00 0500 10:00

Step2, 89 minutes

NO2 Chem: 5 min (average) < required time
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Metrological parameters

1 — Response Time: O Rise Time Fall Time : Response
P 3 (n=4) (n=4) Average Time time per type
Chamber — UV analyser ‘ ‘ ‘ ,
(substracted) 3 0 4 3
Res 1 33" 66’ 50
Res_2 0.3" 10" S5' , -
M Res_3 57 54 56 (Rise: 33 )
Res 4 8" 13" 10" . ’
O Res 5 20 ¢ 25 ¢ 23 ¢ Fal I . 47
X Res 6 > 116 ¢ >177" > 146 Ave: 40’
Res_7 19° 27" 23' \_ Y,
Res 8 6.5' 13" 10°'
E Chem_1 1.5 0.5 1 RISG 11
| Chem_2 0.8 1.8 1.3"
Fall: 1,7
e Chem_3 2.3" 0.8 1.5
C Chem_4 2.6 0.8 ' 1.7 Ave: 1,3
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2 — Pre-calibration

NO>

Fitting equation

Linear
Chem_1
E Linear
| Chem_2 =* Linear
e Linear
Chem_3
C Linear
t .
Chem_4 =* Not Linear
Chem_5 Linear
Linear
M Res 1
(o) Linear
X Res 2 Parabolic

* theses are not O5/NO, sensor but were tested in agreement with the manufacturer

European
Commission

Metrological parameters

O3

Fitting equation

Res 1 Not linear
Res 2 Not linear
Not Linear and
M Res_3 limited in range
O Res 4 Not linear
X Res_5 -
Res_6 -
Res_7 -
Res_8 Slightly parabolic
Chem_1  Slightly parabolic
E Chem_2 Out of work
| Chem_3 Linear
o Chema i
chem s+ Stongy
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Metrological parameters
3 — Repeatability

O Repeatability Short term Drift
4 — Short term Drift 3 (nmol/mol) (nmol/mol)
Res 1 3.9 3.42
N O Repeatability Short term Drift Res 2 28.1 -
2 (nmol/mol) (nmol/mol)
359 3.96 Res 3 13.7 12.40
Chem_1 5 18 5 47 Res_4 - 2.37
Chem 2 * 3.60 4.31 Res_5 - -
0.78 1.43 Res_6 - -
h
Chem_3 168 107 Res_7 - 2.33
Chem 4 * 2.53 2.08 Res_8 2.6 2.57
Chem_5 2.70 1.60 Chem_1 1.3 1.32
4.67 24.29 Chem_2 Out of work -
Res_1
5.49 25.51 Chem_3 0.9 2.08

Res_2 8.31 14.56 Chem_4 1.2 2.67
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Metrological parameters
5 — Long term Drift

0 nmolimol, Rs = 2.3 + 0.0115 NDays, R*= 045953
50 nmol/mol, Rs = 53.9 + -0.057 NDays, R*=0.78539

0 nmol/mol, Rs =-0.2 + 0.0070.03, R®= 0.00265 100 nmolimol Rs = 106.6 + -0.123.NDays, R2 = 0.89568

8 60 nmol/mol, Rs =595 + -0.026.03, R>= 0.06165 150 nmol/mol Rs = 154 0 + -0 168 NDays, R* =0 87221
0 90 nmolimol Rs =93.3 + -0.032.03, R*= 0.28238 2 3 oo R
c : : : : : : - < e
e T T
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Number of days from begining of experiment 0 100 150 200 250

Number of days from begining of experiment

D= 1.7 £ 1.9 nmol/mol D, = f([NO2].[Ndays])
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Interfering effect

1 — Gaseous compounds

NO CO CcOo2 NH3

NOZ 03 NO Co co2 NH3 -53% 9.8% -6.2% 6.0%

- 3.6 % -0.1 % -0.3 %
-10% 13.4% 5.0% 18 %
-1.6% -89 % 1.0% 3.5%

-6.4 % -34.8 % -31.9 % -26.8 %
-5.9% -36.8% 5.3% -24.1%
-10.0 % -10.7 % -4.6 % -18.9 %
-10.0% -27.6 % 7.5% -17.3%
-9.7% -22.7% 5.2% -14.2%

- -34.9% 2.5% -36.4%

Chem_1

Chem_2 * WA
Chem_3

Chem_4 * jgsRez -0.8% 0.1 % -0.2% -1.9 %

Chem_5 PR -1.8% -7.8% 83% -6.3% 1.3% -009% 0.2% 1.2%

- - - - CEWATN -7.7 % -1.2 % -0.4% 0.1 %
-25.3 % -44.2 % 12.9% -88.7 % NOFAWAP7Y -1.5 % -2.4% 0.4% 2.3 %

Main interferent gas: Og; Main interferent gas: NO,

13



Interfering effect
2 — Air Matrix

m, calibrated sensor responses

03_Che

Zero Air, Rs = 2.0 + 0.972.03, R*= 0.99765
Ambient Air, Rs =-3.6 + 1.043.03, R*= 0.99403
Indoor air, Rs =-5.3 + 1.043.03, R?= 0.9977;

-ted ser

o | i

L= T B R r

o 1 I I ‘L }

w | I 1 1 1
o | | ‘ : |

L e

B ) [

. _________________________________I__________I ________

0 20 40 60 80 100

)3 + 90 % NO2, nmol/mol, UV-photometry and chemiluminescence

CairClipO3/NO2 ANA sensor, cal:

European
Commission

, calibrated sensor responses

NO2_Chem

40 60 B0 100 120

20

Zero Air, Rs = 3.1+ 0.757.NO2, R*= 0.99991
Ambient Air, Rs = 0.6 + 0.840.NO2, R*= 0.99619
Indoor Air, Rs = 1.9 + 0.787.NO2, R*= 0.99975

P

50 100

Nitrogen dioxyde, chemiluminescence, nmol/mol

150

14



Interfering effect

3 — Meteorological effect:
Relative Humidity /7 Temperature

, calibrated sensor responses

NO2_Chem

50

50

40

30

20

NOZ2_el, uncalibrated sensor responses

Nitrogen Dioxyde, chemiluminescence, nmol/mal
Temperature, °C

Relative humidity effect, Rs = 50.6 + -0.057.RH, R*= 0.92554|

40

50 60 70 80

Relative humidity, %

, calibrated sensor responses

NO2_Res

150

100

50

NOZ2_res, uncalibrated sensor responses
Nitrogen Dioxyde, chemiluminescence, nmol/mol
Relative humidity, %

Temperature effect, Rs =221.5 + -5.861.T, R*= 0.97824

20 25 30

Temperature, °C
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Interfering effect

3 — Meteorological effect:

European
Commission

Relative humidity /7 Temperature

NO>

Relative Humidity Temperature

(nmol/mol) (nmol/mol)

6.47 8.32

Chem_1 3.30 4.21
Chem 2 * 6.07 6.07
0.26 1.17

Chem_3 0.46 0.79
Chem_4 * 0.54 3.35
Chem 5 0.30 0.10
3.04 43.65

Res_1 1.88 50.32
Res 2 3.96 6.50

70

60 |

50

40 ¢

30

20

10+

0

03, DL4101, nmol/mol = 53.6724-0.2337"x
Rs, DL4101, kOhms = 1079.3984-24.5377"x

+ Relative Humidity, %(L)
¢ (O3, UV photometry, nmol/mol(L)
< NO2, chemil., nmol/mol(L)

“e_ 03, DL4101, nmol/mol(L)

e Rs, DL4101, kOhms(R)

< i

el

900

1800

700

600

500

400

300

200

10 12 14 16 18 20 22 24 26 28 30 32 34

Temperature, °C
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Interfering effect

3 — Hysteresis in concentration

Hysteresis
NO, .~

(nmol/mol)
< 3.0
Chem_1 <10.0
Chem_2 * < 3.0
<1.5
Chem_3 <10

Chem_4 =* <25
Chem 5 < 1.5

< 50.0
Res 1 <150
Res 2 < 22.0

ponses

NO2_Chem, calibrated sensor res

100

80

80

40

20

1st cycle, rising, Rs = 1.9 + 0.747 NO2, R®= 0.99977
2nd cycle, falling, Rs = 0.3 + 0.744.NO2, R*= 0.99953
3rd cycle rising, Rs =06 + 0. 744 NO2 R3= (099943

/%

e

o

/

0

50 100

Nitrogen dioxyde, chemiluminescence, nmol/mol

150
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Interfering effect

3 — Hysteresis in concentration

Hysteresis
NO, .~

(nmol/mol)
< 3.0
Chem_1 <10.0
Chem_2 * < 3.0
<1.5
Chem_3 <10

Chem_4 =* <25
Chem 5 < 1.5

< 50.0
Res 1 <150
Res 2 < 22.0

, calibrated sensor responses

NO2_Chem

100

80

80

40

20

European
Commission

1st cycle, rising, Rs = 1.9 + 0.747 NO2, R2= 0.99977
2nd cycle, falling, Rs = 0.3 + 0.744.NO2, R*= 0.99953

o

/

0

50

Nitrogen dioxyde, ¢

Sensor response, pg/m?

240 -

220t

200

180 |

160

140 1

120 ¢

100 ¢

80 L

60

40}

20t

0

3rd cycle rising, Rs =06 + 0. 744 NO2 R3= (099943
i 1

O,, UV photometry (nmol/mol)

u]
&
o
&
o o
&
o
o
<
o
o)
20 40 60 80 100

120

¢ Flag: 1st rise
O Flag: fall
¢ Flag: 2nd rise

18



Field of a
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Design of Experiment

O5 sensors: 6 O4 levels x 2 NO,, levels

X 3 Temp. x 3 Rel. Hum. 108 experiments

NO, sensors: 7 NO, levels x 2 O; levels

X 3 Temp. x 3 Rel. Hum. 126 experiments

20



DL4102 {nmolmol)

DL4102 (nmolmel)

110

100

90

80

70

60

50

40

30

20

10

0

68

Effective hypothesisdecomposition: O3

=)

20

40 60
03, UV Photmetry (nmol/mal)

90

Effective hypothess decomposition: Temperature

110

67
66
65
64
63
62
61
60
59
58
57
56

55

22
Temperature (°C)

32

DL4102 (nmokmaol)

DL4102 (nmolmol)

70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55

68
67
66
65
64
63
62
61
60
59
58
57
56
55
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Design of Experiment

Effective hypothess decomposition: NOz

=

0 95

NOz, chemil. {(nmol/maol)

Effective hypothessdecompostion: Relative Humidity

}\\

40 60 80
Relative Humidity (%)

108 experiments

126 experiments

Multiple analysis of
Variance (MANOVA)

Multiple Linear
Regression (MLR)

Srplg102 = 17.3 445+ 0.84 502X [O3z] + 0.36 417 X [T] — 0.16 45 g6 X [RH] + 0.0039 4 gp4 X [NO,]

21
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Design of Experiment

O5 sensors: 6 O4 levels x 2 NO,, levels

X 3 Temp. x 3 Rel. Hum. 108 experiments

NO, sensors: 7 NO, levels x 2 O; levels

X 3 Temp. x 3 Rel. Hum. 126 experiments

Laboratory model:
Srpla10z = 17.3 445+ 0.84 1505 X [O3] + 0.36 4 11 X [T] — 0.16 4 96 X [RH] + 0.0039 . gp4 X [NO,]

Laboratory uncertainty: 903\2
- GUM method U?(03) = Z'Z (W) u?(X;)

"

"
- sum of Variance vm‘(z Xi) = va‘(}fﬂ
i—1 i1

22
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Design of Experiment

Laboratory uncertainty

NO> U2
Uiof® + U(03)? + U(T)? + U(RH)? + cst?
Chem_1 > > > 2
Ui + U(O3) + U(RH) + cst
Chem_2* U;? + U(03)? + U(T)? + U(RH)? + cst?
Uiof” + U(03)? + U(T)? + cst?
Chem_3 2 2 2 2 2 2
Uiof® + U(03)2 + U(T)? + U(RH)? + U(NO) + cst
Chem_4 * U;? + U(03)? + U(T)? + cst?
Chem_5 U|0f2 + U(O3)2 + cst?
Uit + U(03)? + U(T)? + cst?
Res_l 2 2 2 2
Uii” + U(O3)“ + U(T) + cst
Res 2 Upd + U(03)? + U(T)? + U(NO)? + U(CO)? + cst?

Ucchem 5 = 3.2% + 11.0%° + 5.02% == Ucchem 5 = 12,51

U(£3)2 \

2

23



Evaluation

Validation
Protocol

Field of a

v

Response time

Averaging time for each test

¥ 1
Pa-calibt . Eliminate bias atcentral point
:

Short term drift

limit of detection, repeatability. Set max time between
_same type of tests

NN

L

o

Long term drift —7/ Model drift - periodicity of recalibration — shelf time J

Yy

Interference testing: gas compounds, meteo (T,
I—P RH,P, wind...), hysteresis, effect of power supply

/ laboratory design of experiments
~ [sianificant parameters,)

o / Develop a model equation — lab uncertainty U(lab) /— Laboratory exp]

and hot star
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Application in Field

Inlet sampling = i
line v| Meteorological
mast

— || Sensors .

25
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Application in Field

Rawvalues, Rs =74 + 0.4570.03, R*= 091675

ponses
20 40 80 80 100

03_Chem, uncalibrated sensor res

0 20 40 60

QOzone, UV-Photometry, nmol/mol

80

100

Commission
Lab calib_, 1st week field calib,, Rs =28 + 0972 03, R== 09419

(%3]

Q

(7]

C

o

o

(%]

o
Calibration 5
(%]

C

+ Model 3
©

(0]

-

©

.

Q

©

(8]

Calibration: first week of exposure

Model: Laboratory model

19.4% < 30% of the Data Quality Objective

03 _Chem

Qzone, UV-Phatometry, nmol/mol

Expanded relative uncertainty
(Guidance to Demonstration of Equivalence)
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Application in Field

, uncalibrated sensor responses

NO2_Chem

European

Commission

| Calibration
+ Model
08 O;)%> o Z
ooy 0 e @

© & ° [s] 2 [s]
) ozo o o

[ [

30 40

Nitrogen dioxyde, chemiluminescence, nmol/mol

Calibration: first 10 days of exposure

Model: Laboratory model

150
|

, calibrated sensor responses

NO2_ Chem

low NO2 level: field campaign

conditions un-adapted to the sensor

27




Thank You...

...and come to ask us your questions
at our Live Demonstration

28



Interfering effect

Meteorological effect:

wWind

Wind
NO2 (nmol/mol)
2.66
Chem_1 116
Chem_2 =* 0.91
0.48
Chem_3 0.25 .
Chem_4 * 0.07 3 o
Chem 5 < 3.40 8
0.01 o
Res_1 0.07 )
Res 2 1.31

108

ponses

NOZ2_res, calibrated sensor res

106

20

104

NO2_el, calibrated sensor res

10 15 20

25
Number of step

30

35

40

25
Wind Speed, mfs

15

1.0

30

20

10

-10

=20

=30

30

25

20

1.0

20

25
Number of step

30

35

4.0

29

35

15

1.0

Wind Speed, m/s



Interfering effect

Meteorological effect:
wind

European

Commission

30

35

Nnsor responses
20

10

30

25

20

ntermediate flow

Wind
NO2 (nmol/mol) S 7
2.66
Chem_1 116 2
Chem_2 * 0.91 .
0.48 2 g
Chem_3 0.25 i : .
Chem_4 * 0.07 5o g .
Chem 5 < 3.40 8 g 8
0.01 o g
Res_1 0.07 ) 8 iy
Res 2 1.31

/

108

106

104

NO2_el, calibrated sensor res

= % 7
w
) /
o
o
1.0 15 20 25
Wind Speed, m/s
|
o
I i i I -
T T T T
10 15 20 25 30 35 40
Number of step

3.0

35

step

30

35

4.0

30

15

1.0

Wind Speed, m/s
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