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Performance Evaluation of Amperometric
Sensors for the Monitoring of O3 and NO2 in 

Ambient Air at ppb-Level 



Lab. performance evaluation

 response time

 calibration

 repeatability

 short and long term drifts, 

 matrix effect. 

 cross sensitivities from gaseous compounds

 hysteresis 

 effect of temperature and humidity

 measurement uncertainty estimated from the laboratory tests →

Comparison with the Data Quality Objectives of the European Directive for 

Air Quality
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Uncertainty for O3 NO2/NO/NOx

Limit values, 
ppb

60 
(8hrs)

100 (1hr), 20 
(1 year)

fixed 
measurements

15 % 15 %

indicative 
measurements

30 % 25 %
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Data Quality Objectives (DQO) of the 
European Air Quality Directive



Amperometric sensors under tests
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Manufacturers Model Type

CairPol – FR

(Membrapor –

CH)

NO2 /O3 sensors (CairClip NO2/O3), 

(based on O3/M-5)
3 electrodes

NO2 sensor (CairClip NO2) (based

on O3/M-5 + filter)

αSense - UK
O3 sensor (O3B4), ISB, issue 4

4 electrodes
NO2 sensors (NO2B4), ISB, issue 4

Citytech – UK 

(Sensoric –DE)

O3 sensor (O3-3E1F) – sensoric

evaluation board
3 electrodes

NO2 sensors (NO2-3E50) – sensoric

evaluation board
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Metrological parameters

1 – Response Time
NO2_Chem, uncalibrated sensor responses



Sensors Test level t90 t0-90 t90-0

N
O

2

CairClip NO2 (unfilt.) O3: 100 114 s 210 s 18 s

CairClip NO2 (filt.) NO2: 90 38 min 42 min 34 min

NO2-B4 NO2: 90 80 s 120 s 40 s

NO2-3E50 NO2: 90 98 s 128 s 68 s

O
3

o
r 

O
3

+
N

O
2

CairclipNO2/O3
O3: 100 90 s 150 s 30 s

O3-B4 O3: 100 84 s 126 s 48 s

O3-3E1F O3: 100 108 s 150 s 60 s

Total 148 s 44 s

Response time:
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O3 filter + 
humidity 
buffer



Sensors Model R²
u(Lack of fit), 

ppb

Max 

residual, ppb

Sensitivity, 

mV/ppb

N
O

2

CairClipNO2 (filt.) Linear 0.9996 1.7 1.2 8.78

NO2-B4 Linear 0.9977 1.8 3.2 0.317

NO2 3E50 Linear 0.9992 2.4 2.0 0.247

O
3

o
r
 O

3
+

N
O

2

CairclipNO2/O3

Parabolic/ 

Linear
0.9973 2.6 1.8 7.56

O3-B4 Linear 0.9998 1.5 0.5 0.161

O3 3E1F Linear 0.9986 2.2 2.8 0.485

calibration:
R²: coefficient of determination
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NO2

O3



Hysteresys (NO2 - O3)
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Limit of detection and repeatability:
based on repetition  of 60 minute values

Sensors
sr at 0 

ppb

lod, ppb 

(3 sr)

sr at 100 

ppb

r at 100 ppb 

(2√2sr)

N
O

2

CairClipNO2 (filt.) 0.3 0.9 1.7 4.8

NO2-B4 5.5 8.6 2.9 11.5

NO2 3E50 0.15 0.5 0.8 2.3

O
3

o
r 

O
3

+
N

O
2

CairclipNO2/O3
- - 3.3 9.2

O3-B4 2.3 6.8 0.4 0.9

O3 3E1F 0.9 2.7 0.6 1.6
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Short term drift:
replicated hourly values every 24 hours and at several levels

Sensors
Levels, 

ppb

Dss, 

ppb

u(Dss), 

ppb

N
O

2

CairClipNO2 (filt.)

0, 50, 

100 and 

150

1.6 1.4

NO2-B4 3.2 5.7

NO2 3E50 1.2 1.4

O
3

o
r 

O
3

+
N

O
2

CairclipNO2/O3

0, 60  

and 90

1.4 1.7

O3-B4 0.7 0.9

O3 3E1F 1.2 1.5
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𝑫𝒔𝒔 =
  𝑹𝒔,𝒂𝒇𝒕𝒆𝒓 − 𝑹𝒔,𝒃𝒆𝒇𝒐𝒓𝒆 

𝑵
𝟏

𝑵
 

𝐮𝟐 𝐃𝐬𝐬 = 𝐃𝐬𝐬
𝟐 +

  𝐧𝐢 − 𝟏 𝐬𝐢
𝟐𝐤

𝐢=𝟏

  𝐧𝐢 − 𝟏 𝐤
𝐢=𝟏

 



Long term drift:
Tests every 15 days at several levels over 220 days for NO2 and 180 days for O3

Sensors
Dls, 

ppb/day
u(Dls), ppb 

N
O

2

CairClipNO2 (filt.) ≤ -0.065 ≤ 4.0

NO2-B4 ≤ -0.497 ≤ 45

NO2 3E50 ≤ -0.196 ≤ 7.9

O
3

o
r 

O
3

+
N

O
2

CairclipNO2/O3
≤ 0.011 ≤ 1.7

O3-B4 ≤ 0.016 ≤ 3.0

O3 3E1F ≤ 0.142 ≤ 5.8

11

O3

NO2



Gaseous interfering compounds:
Sensitivity coefficients (ppb/ppb or ppb/ppm) / Uncertainty in ppb

Sensors O3/ NO2 NO CO CO2 NH3

N
O

2

CairClipNO2 (filt.) -0.010 / 0.3 (O3) -0.007 / 0.3 -0.001 / 0.5 0.009 / 0.3 -0.032 / 1.2

NO2-B4 1.5 / 39 (O3) -0.032 / 0.2 -0.0013 / 0.4 -0.042 / 1.2 -0.089 / 2.3

NO2 3E50 1.5 / 37 (O3) -0.058 / 0.4 -0.0016 / 0.5 -0.013 / 0.3 -0.11 / 2.9

O
3

o
r
 O

3
+

N
O

2 CairclipNO2/O3 0.84 / 5.5 (NO2) 0.006 / 0.1 0.070 / 0.1 -0.00006/<0.1 -0.01 / 1.0

O3-B4 0.92 / 6.1 (NO2) -0.042 / 0.3 -0.066 / 0.2 0.0002 / <0.1 0.00025 / <0.1

O3 3E1F 0.76 / 5.0 (NO2) -0.011 / 0.1 0.00007 / 0.0 0.0035 / 0.1 0.0016 / 0.1
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Background - rural

u(NO2) = 6.6 ppbU  =  sensitivity coeff.   X                      or
0 50 100 150

Traffic - Urb./sub. 

u(O3) = 26 ppb



Air composition (NO2 - O3)
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Sensors Temperature Relative humidity

N
O

2

CairClipNO2 (filt.) 0.093 / 1.7 -0.057 / 2.2

NO2-B4 0.47 / 8.3 0.13 / 5.1

NO2 3E50 0.16 / 2.2 0.062 / 2.1

O
3

o
r
 O

3
+

N
O

2 CairclipNO2/O3
0.24 / 1.9 Ns / 1.4

O3-B4 Ns / 1.5 0.40 / 16.3

O3 3E1F 1.3 / 7.4 -0.022 / 1.7

Temperature and humidity:
Sensitivity coefficients in ppb/C or ppb/% / uncertainty in ppb
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O3

NO2



u CairClip
(filt.)

NO2-B4 NO2 
3E50

Cairclip O3-B4 O3 3E1F

Cal. (lof) 1.7 1.8 2.4 2.6 1.5 2.2

Hysteresys - - - - - -

r, short term 1.7 2.9 0.8 3.3 0.4 0.6

Long term 4.0 45 7.9 1.7 3.0 5.8

Interference 1.4 39.1 37.1 5.9 5.6 5.0

Air matrix 3.0 14.2 5.0 1.1 1.0

Temperature 1.7 8.3 2.2 1.9 1.5 7.4

Humidity 2.2 5.1 2.1 1.4 16.3 1.7

Combined 

uncertainty, 

uc

12.7 124 77 15.8 35.3 22.0

15





17

Thank You...

Reports of evaluation of sensors at:
ftp://ftp_erlap_ro:3rlapsyst3m@s-jrciprvm-ftp-ext.jrc.it/ERLAPDownload.htm

Or send a mail to michel.gerboles@jrc.ec.europa.eu

ftp://ftp_erlap_ro:3rlapsyst3m@s-jrciprvm-ftp-ext.jrc.it/ERLAPDownload.htm

