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Outline

❑ Measurements of NOx

▪ Introduction
▪ Calibration
▪ Interferences by ozone and relative humidity, zero offset correction

❑ NOx data preparation and submission
▪ Data levels
▪ Workflow
▪ lev0 and lev1 templates

❑ Overview of the automatic procedures at CNR-ISAC

❑ Assignment
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Introduction on NO and NO2 (NOx)
NO  Nitric oxide
NO2  Nitrogen dioxide
  Lifetime of hours (NO), hours to days (NO2)
  Health effects: respiratory irritation, aggravation of asthma, respiratory infections
  Environmental effects: NOx react with VOCs to produce O3, control OH, acid rain

NOx

Chowdhury et al. (2021)

Sources:
Biogenic  22 Tg/y
Lightning  10-20 Tg/y
Biomass Burning 18 Tg/y
Anthropogenic 72 Tg/y

NASA/GSFC/HSL

2021: the WHO reduced the guideline 
to 10 μg m-3

→ Most of the World’s population 
lives in unhealthy conditions

Müller (1992)
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Measurements of NOx by chemiluminescence

The chemiluminescence occurs when NO is exposed to O3. It is a two-step process.
First, the NO and O3 molecules collide and react to produce O2 and one molecule of NO2. Part of this reaction 
gives excited NO2

𝑁𝑂 + 𝑂3 → 𝑁𝑂2 + 𝑂2

𝑁𝑂2
∗ → 𝑁𝑂2 + ℎ𝜐1200𝑛𝑚

The excited NO2 can be quenched by other molecules, or can quickly return to its ground state, releasing 
excess energy, in the form of a quantum of light

𝑁𝑂 + 𝑂3 → 𝑁𝑂2
∗ + 𝑂2

𝑁𝑂2
∗ + 𝑀 → 𝑁𝑂2 

, M = N2, O2, H2O, Ar 

All things being constant (i.e., T, P, amount of O3, …), the relation between NO and the amount of light emitted is 
very linear. If more NO is present, more IR light is produced. By measuring  the amount of IR light produced with 
a sensor sensitive in the infra-red spectrum, the amount of NO present can be determined.
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Measurements of NOx by chemiluminescence

The NO chemiluminescence detector (CLD) has been invented in 1970 (Fontijn et al., 1970)

By altering both the converter mode and the chamber mode, a measurement cycle consists of 4 steps
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Raw data files
• Daily raw files
• 1-min time resolution
• NO, NO2, NOx concentrations as well as ancillary parameters
• Instrument status and warning



Atmospheric in situ data acquisition, processing, and submission. – Sestola – June 25-27, 2025 7

Calibration by gas phase titration (GPT)
The chemiluminescence method is not an absolute method, therefore periodic calibration of the instrument is 
required. Sensitivity depends on parameters like cell temperature or pressure, photon count efficiency of the 
PMT, contamination or degradation of optical components, etc. which can change with time.

Calibration standard from the CCL (Central 
Calibration Lab), with NO stable in the ppm 

range, diluted before entering the CLD

Since NO2 is not stable in cylinders, it is 
produced from reaction with O3

Zero air (from 
cylinder/generator), i.e., air 

without significant amounts 
of NO in it
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Calibration by gas phase titration (GPT)

Each calibration phase should last at least 15-20 min to allow the instrument to stabilize

ZERO PHASE
Only synthetic air is added, 
it is for determining NO and 

NO2 artifacts

NO SPAN PHASE
NO added from standard 

cylinder. The NO sensitivity 
is determined

GPT PHASE
NO2 is produced from NO  

after O3 is added, by GPT. In 
this phase, NO2 is measured  
to determine the conversion  

efficiency (Sc)
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Calibration by gas phase titration (GPT)

1) As a first step, we calculate the NO and NOx calibration coefficients

2) From these, we can get calibrated NO and NOx values (NOx is only 
temporarily calibrated, being now based only on NO)

3) Then, we can derive the conversion efficiency (Sc)
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Calibration by gas phase titration (GPT)

4) Given the Sc, we can now compute NO2 calibrated data, and the final NOx 
calibrated value

• Always check how calibration parameters (e.g., NOZERO, NOCOEF, …) vary over time, to 
see that no drifts are present

• Do calibration results vary within acceptable limits?
• If NO2 conversion efficiency falls below 40% or lamp intensity fluctuates excessively, 

check/change the lamps or the converter
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Calibration files
• One file for each calibration event (unless more than one calib on a specific day/calib spanning two days)
• 1-min time resolution
• Information about parameters during the calibration (e.g., target_gas_conc, Oz_lamp_temp, …)
• Status and flags identify the different phases of the calibration
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Chemistry in the inlet

𝑁𝑂2 
𝑁𝑂 +  𝑂3

t0 tL tL+tC tL+tC+ tD

• NO reacts with O3 in the inlet manifold, in the 
photolytical converter and after passing the converter 
before the detection in the CLD

• O3 is also produced in the converter, which can oxidize 
NO on its way to the detector



Atmospheric in situ data acquisition, processing, and submission. – Sestola – June 25-27, 2025 13

Chemistry in the inlet

Correction factor for NO at different 
residence time in sampling line 

Correction factor for NO2 at different 
residence time in sampling line 

Correction factor for NO2 at different 
residence time in sampling line 

• Correction is necessary even with high sampling flows
• NO correction gets larger with larger O3 concentration and longer residence time
• NO2 correction gets larger/smaller with larger O3 concentration (+−), longer inlet line (−), larger converter 

volume (+), larger NO concentration (−), better converter efficiency (-)

Inlet correction is needed for all NOx instruments, not only CLD
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The humidity effect

𝑁𝑂 + 𝑂3 → 𝑁𝑂2 + 𝑂2

𝑁𝑂2
∗ → 𝑁𝑂2 + ℎ𝑣

𝑁𝑂 + 𝑂3 → 𝑁𝑂2
∗ + 𝑂2

𝑁𝑂2
∗ + 𝑀 → 𝑁𝑂2 

, M = N2, O2, H2O, Ar 

𝑁𝑂2
∗ + 𝑁2 → 𝑁𝑂2

𝑁𝑂2
∗ + 𝑂2 → 𝑁𝑂2

𝑁𝑂2
∗ + 𝐶𝑂2 → 𝑁𝑂2

𝑁𝑂2
∗ + 𝐴𝑟 → 𝑁𝑂2

𝑁𝑂2
∗ + 𝐻2𝑂 → 𝑁𝑂2

𝑘(𝑁𝑂2
∗ + 𝑁2)

𝑘(𝑁𝑂2
∗ + 𝑁2) ∗ 1.115

𝑘(𝑁𝑂2
∗ + 𝑁2) ∗ 2.05

𝑘(𝑁𝑂2
∗ + 𝑁2) ∗ 0.5

𝑘(𝑁𝑂2
∗ + 𝑁2) ∗ 4.42

Factor for quenching in ambient air

21%  1.034

400 ppm 1.000

1%  0.995

1%  1.043

Consequences (for CLD instruments)
• No correction needed when frequent spiking of ambient air is performed
• 0-10% correction needed for calibrations using NO/N2 diluted by synthetic air
• No water correction needed if the ambient air is dry or dried

Matthews et al. (1977)
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The humidity effect

Ridley et al. (1992)
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Zero offset correction
• In remote environments where NOx concentrations are low (<0.1 ppb) it is recommended to use the 

measured night-time NO signal as the detector artefact (Lee et al., 2009; Galbally et al., 2020)
• Ambient night-time NO concentrations are expected to equal zero due to reaction with ambient O3
• To assess valid zero offset corrections, the following conditions must be met:

o A level of O3 > 20 ppb
o Low ozone variability with a variation coefficient of < 0.1
o No local sources of NO
o Absence of sunlight
o Steady meteorological conditions with wind speed < 2 m/s
o Absence of high levels of VOCs
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Corrections

Until 2022
Stations submitted corrected level 0 or level 2 data, or the 

Topical Centre (TC) corrected data

From 2023
ozone, humidity and zero offset corrections will be directly 
applied by the TC, so stations must submit NOx level 0 and 

level 1 data. Hourly level 2 and level 3 data will be 
produced by the TC
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NOx guidelines
https://ebas-submit.nilu.no/SOPs
GAW has prepared new measurement guidelines

https://ebas-submit.nilu.no/SOPs
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NOx data submission

• World Data Centre for Reactive Gases (WDCRG)
• Database hosted by NILU: https://ebas.nilu.no/ 

https://ebas.nilu.no/
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Data levels
• Data format is EBAS NASA Ames 1001 (ASCII text)
• Data levels to be submitted:

• Level 0: data as provided by instrument, amount fraction and raw counts (when available), 
flags applied

• Level 1: calibrations applied, original time resolution, flags applied
• Data produced by the Topical Centre (TC), from 2023:

• Level 2: hourly averages, offset correction applied, not sample line corrected
• Level 3: hourly averages, offset correction applied, sample line corrected

• To perform corrections, the TC also requires ozone (lev1) and meteo (lev0, lev2) data, if available
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Workflow

Lin et al. (2024)
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level 0
https://ebas-submit.nilu.no/templates/NOx/lev0 

starttime Start time of each sample, as floating value (offset in days from the reference date). Jan 1st is expressed as 0
Example: 2024-01-01 10:00:00 = 0 + 10/24 = 0.416667

endtime End time of each sample, same format as starttime

p_inlet
p_det
T_inlet
T_det

Temperatures and pressures measured in the inlet and in the detector

cal This number indicates the calibration standard ID. Calibration measurements shall be flagged with flag 687
Example: 1 corresponds to the 1° standard used in the year, e.g. "Status calibration standard: 1, Manufacturer: NPL, 
Batch: D109110"

zero It indicates how the zero is performed during calibrations. Zero measurements shall be flagged with flag 686
Example: 0 = N/A, 1 = internal zero, 2 = external zero

https://ebas-submit.nilu.no/templates/NOx/lev0
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level 0
https://ebas-submit.nilu.no/templates/NOx/lev0 

NO# NO counts provided by the instrument [cps]; not provided by our T200UP

NOc# NO converter counts provided by the instrument [cps]; not provided by our T200UP

NO_sens NO sensitivity [(pmol/mol)/cps]; not provided by our T200UP

cvt_eff Converter efficiency [%]; this parameter is calculated during the calibrations, and can be interpolated between the 
different calibrations (up to the instrument PI)

NO
NO_ac
NO_pr
NO_dl

NO concentration [nmol/mol or ppb] as derived from the instrument
NO expanded uncertainty 2 sigma
NO precision
NO detection limit, that can be calculated from the zero during calibrations
Important: If NO_ac, NO_pr, NO_dl are constant throughout the year, they can be added in the header and the 
corresponding column can be deleted

NO2 As for NO, there are corresponding columns for NO2

https://ebas-submit.nilu.no/templates/NOx/lev0
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level 0
https://ebas-submit.nilu.no/templates/NOx/lev0 

numflag Flags for each record/variable. The final numflag can be a combination of 3-digits flags.

Flag Description

000 Valid data, no flag

111 Irregular data checked and accepted by data originator. Valid measurement

147 Below theoretical detection limit or formal Q/A limit, but a value has been measured and reported and is considered valid

559 Unspecified contamination or local influence, but considered valid

686 Invalid due to zero check. Used for Level 0.

687 Invalid due to span check. Used for Level 0.

699 Mechanical problem, unspecified reason.

999 Missing measurement, unspecified reason.

https://ebas-submit.nilu.no/templates/NOx/lev0
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level 1
https://ebas-submit.nilu.no/templates/NOx/lev1 

starttime Start time of each sample, as floating value (offset in days from the reference date). Jan 1st is expressed as 0
Example: 2024-01-01 10:00:00 = 0 + 10/24 = 0.416667

endtime End time of each sample, same format as starttime

p_inlet
T_inlet

Temperature and pressure measured in the inlet

NO
NO_ac
NO_pr
NO_dl

Calibrated NO concentration [nmol/mol or ppb]
NO expanded uncertainty 2 sigma
NO precision
NO detection limit, that can be calculated from the zero during calibrations
Important: If NO_ac, NO_pr, NO_dl are constant throughout the year, they can be added in the header and the 
corresponding column can be deleted

NO2 As for NO, there are corresponding columns for calibrated NO2

NOx As for NO, there are corresponding columns for calibrated NOx, where NOx = NO + NO2

https://ebas-submit.nilu.no/templates/NOx/lev1
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level 1
https://ebas-submit.nilu.no/templates/NOx/lev1 

numflag Flags for each record/variable. The final numflag can be a combination of 3-digits flags.

Flag Description

000 Valid data, no flag

111 Irregular data checked and accepted by data originator. Valid measurement

147 Below theoretical detection limit or formal Q/A limit, but a value has been measured and reported and is considered valid

559 Unspecified contamination or local influence, but considered valid

999 Missing measurement, unspecified reason.

• all invalid flags in lev0 must become 999 in lev1
• all measurements corresponding to the 999 flag must be substituted 

by the corresponding null_value (e.g., 99.999) in lev1

https://ebas-submit.nilu.no/templates/NOx/lev1
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Automatic procedures at CNR-ISAC
At CNR-ISAC we have been developing a set of automatic and standardized procedures for the 
data management and preparation, starting from the raw files for each instrument. These were first 
produced in R (Naitza et al., 2020), and now revised and upgraded using Python

The workflow is the following:
• Raw data are collected and stored on a common server
• Corrections, calibrations, etc. are automatically applied for each measurement
• Inlet measurements are directly integrated as ancillary parameters
• Interactive (plotly) graphical products are produced
• EBAS files are automatically generated, for different levels
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Automatic procedures at CNR-ISAC
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Automatic procedures at CNR-ISAC
There are several advantages for the PI of each variable (a lot of time can be saved!)
• Access the plots and check whether everything is fine
• Directly edit the metadata (by editing the different fields) required by the EBAS files
• Insert information about calibration coefficients (e.g., for O3), or manual corrections to be applied 

to data (for specific periods), or assign manual flags to the measurements
• Run the procedures on demand and automatically

Information on calibration standards (NOx)

Manual flags (can be applied to all variables)

Calibration coefficients (O3), that will be linearly 
interpolated among calibrations
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Automatic procedures at CNR-ISAC
There are several advantages for the PI of each variable (a lot of time can be saved!)
• Access the plots and check whether everything is fine
• Directly edit the metadata (by editing the different fields) required by the EBAS files
• Insert information about calibration coefficients (e.g., for O3), or manual corrections to be applied 

to data (for specific periods), or assign manual flags to the measurements
• Run the procedures on demand and automatically

If interested, you can contact:

Maurizio Busetto m.busetto@isac.cnr.it
Davide Putero d.putero@isac.cnr.it 

mailto:m.busetto@isac.cnr.it
mailto:d.putero@isac.cnr.it


Atmospheric in situ data acquisition, processing, and submission. – Sestola – June 25-27, 2025 31

Assignment
• Download:

• Daily raw data files (one month in total, March 2024)
• Calibration raw data files (4 calibration events)

• Prepare the EBAS lev0 file:
• Create the starttime and endtime in the right format
• Prepare (format/create) the columns needed for the lev0 file
• Assign the flags to each data record
• Generate the lev0 file in the requested format

• Prepare the EBAS lev1 file:
• Retrieve calibration data and calculate the calibration parameters
• Linearly interpolate the calibration parameters and merge with the 

dataframe
• Create NO, NO2 and NOx calibrated data
• Assign the flags to each data record
• Generate the lev1 file in the requested format

lev0 lev1



THANKS!


	Diapositiva 1: NOx data correction and flagging
	Diapositiva 2: Outline
	Diapositiva 3: Introduction on NO and NO2 (NOx)
	Diapositiva 4: Measurements of NOx by chemiluminescence
	Diapositiva 5: Measurements of NOx by chemiluminescence
	Diapositiva 6: Raw data files
	Diapositiva 7: Calibration by gas phase titration (GPT)
	Diapositiva 8: Calibration by gas phase titration (GPT)
	Diapositiva 9: Calibration by gas phase titration (GPT)
	Diapositiva 10: Calibration by gas phase titration (GPT)
	Diapositiva 11: Calibration files
	Diapositiva 12: Chemistry in the inlet
	Diapositiva 13: Chemistry in the inlet
	Diapositiva 14: The humidity effect
	Diapositiva 15: The humidity effect
	Diapositiva 16: Zero offset correction
	Diapositiva 17: Corrections
	Diapositiva 18: NOx guidelines
	Diapositiva 19: NOx data submission
	Diapositiva 20: Data levels
	Diapositiva 21: Workflow
	Diapositiva 22: level 0
	Diapositiva 23: level 0
	Diapositiva 24: level 0
	Diapositiva 25: level 1
	Diapositiva 26: level 1
	Diapositiva 27: Automatic procedures at CNR-ISAC
	Diapositiva 28: Automatic procedures at CNR-ISAC
	Diapositiva 29: Automatic procedures at CNR-ISAC
	Diapositiva 30: Automatic procedures at CNR-ISAC
	Diapositiva 31: Assignment
	Diapositiva 32

