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Introduction
Air sensors play a vital role in the future of air quality measurements.

However, for some applications were high quality data is required,

deeper evaluations on how to calibrate the sensors and how to assure

that the calibration is still valid during sensor deployment are needed.

Evaluation of air 

quality sensors 

for environmental 

epidemiology

Abstract
Air quality sensors have revolutionized the way human exposure to air

pollution is assessed. However, data quality of low-cost sensors is still a

concern. This work aims to investigate the feasibility of the use of NO2

and PM2.5 sensors for long-term exposure assessment. Indoor and

outdoor sensor boxes were designed to measure during 30 days in the

houses of seven patients. The results show that, using a proper

methodology, sensors have a big potential to detect pollution peaks that

fulfil the DQO for indicative measurements. Nevertheless, additional

information from official monitoring stations, passive samples and

protocol of activities should be collected to assess the data reliability.
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Methodology 
A pilot study was carried out with seven patients with COPD and Asthma

in Stuttgart (Germany). Participants completed spirometry, a symptoms

questionnaire, and a protocol of activities on a daily basis during 30

days. The sensor boxes (see Fig. 2) were calibrated/validated in the 14

days prior deployment as explained in Table 1 and 2.

Conclusions
ÅSensors show high uncertainties at low pollutant conc. but peaks can be

measured with an accuracy that fulfil the DQO for indicative measure-

ments Ÿ symptoms and pollutions peaks can be correlated

ÅThe combination of the sensor data with metadata (from official monito-

ring stations, passive samples, protocol of activities, etc.) is essential for

a successful study.

ÅSensors show unit-to-unit variability Ÿ calibration should be done

individually

Å ANN: Artificial neural network

Å Conc.: Concentration

Å COPD: Chronic obstructive 

pulmonary disease

Å DQO: Data Quality Objective

Å LR: Linear regression

Å MLR: Multivariate linear 

regression

Å P: Patient

Å PM: Particulate matter

Å RF: Random forest

Å RH: Relative humidity

Å SVR: Support vector regressor

Å T: Temperature

Å WHO: World Health Organization
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Calibration Models Indoor boxes Outdoor boxes

NO2

sensors

ÅMLR

ÅRF

ÅANN

ÅSVR

ÅColocation in the laboratory and in a gas 

chamber with artificially generated NO2 (up to 

180 µg/m³) + increase of T using infrared lamp 

+ changes in the RH by opening and closing 

the windows and the use of an air humidifier

ÅColocation in Hauptstätter 

Street/Stuttgart monitoring 

station with reference 

devices (traffic hotspot) 

PM2.5

sensors

ÅLR + 

low-cost 

dryer

ÅColocation in a particle chamber with high 

PM2.5 concentration (up to 150 µg/m³) and in 

the laboratory

ÅColocation in Hauptstätter 

Street/Stuttgart monitoring 

station (traffic hotspot)

Validation Indoor boxes Outdoor boxes

NO2

sensors

ÅComparison of the 15 days 

average concentration measured 

by the sensors with the 

concentration measured by 

passive samples

ÅComparison of the 15 days average concentration 

measured by the sensors with the concentration 

measured by passive samples 

ÅComparison with official monitoring stations located 

less than 6 km away

PM2.5

sensors

ÅIdentification of possible sources 

of concentration peaks using the 

protocol of activities

ÅComparison with monitoring stations located less 

than 6 km away

Epidemiological
Studies

WHO 
Air Quality 
Guidelines

EU Air 
Quality 

Directive

Prove 

causality

Recommends 

Limit Values

Set the Data 

Quality Objectives 

(DQO)

The aim of this work is to

investigate the feasibility of

the use of NO2 and PM2.5

sensors for long-term ex-

posure assessment and de-

velop a systematic method-

logy for data validation.

Fig. 1: Schema showing why sensors used 
for epidemiological studies should fulfil 
the DQO set in the European Air Quality 
Directive 2008/50/EC
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Fig. 3: Relative expanded uncertainty for the tested NO2 models with different averaging times and for 
PM2.5 sensors during (top) indoor and (bottom) outdoor colocations

As can be seen in Fig. 4, considering the passive sample as ñtruevalueò,

SVR and RF predict poorly the indoor NO2, even if the same level of

uncertainty as the other models was achieved for the same averaging

time (see Fig. 3) during the testing period. The negative average values of

the MLR model deployed in the house of P652 indicate a signal drift.

Fig. 4: Comparison of the NO2 models with the passive samples (each period corresponds to 15 days) 
for indoor (left) and outdoor (right) sensors. Models were trained with data averaged every 10 min. 

SENSOR VALIDATION BEFORE DEPLOYMENT ςTRAIN/TEST DATA (75/25)

Fig. 6: Time series of the outdoor NO2 (top) and PM2.5

(bottom) for patient 121 (1h average)

Fig. 5: Indoor PM2.5 for patient 134 with information 
collected from the protocol of activities (1h average)

Fig. 3 shows that the DQO for indicative measurements is only achieved

for high conc. and that the average used to train the models influences the

results. The unit-to-unit variability can be observed in the PM2.5 diagrams.

Table 1: Calibration methodology of the NO2 and PM2.5 sensors

Table 2: Validation of the NO2 and PM2.5 sensors during deployment 
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Abbreviations:

Fig. 2: Outdoor (left) and indoor (right) sensor boxes

NO2 sensor

(B43F)

PM2.5 sensor

(OPC-R1)

T, RH sensor

(HYT221)

Arduinos

Low-cost dryer 

to avoid 

hygroscopic 

growth

Link to 

publication:
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SENSOR VALIDATION DURING DEPLOYMENT IN THE HOUSES OF THE PATIENTS

In Fig. 5, an example of how

the use of metadata, in this

case the protocol of activities,

contributes to validation of

PM2.5 data. Similarly, compa-

ring the outdoor sensors with

concentration trends measured

at the closest official monito-

ring station gives information

about sensor data reliability. As

can be seen in Fig. 6, SVR and

RF model do not have always

the expected NO2 trend. ANN

and MLR usually performs as

expected. The PM2.5 sensor

follows the trend of the closest

station despite of the distance.

The low-cost dryer allows the

use of a LR to calibrate PM2.5.


