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Table S1. Dates of AQSS installation, checks, and collection for each patient. 

a) Patient disconnected the AQSS from the power so that only 9 days were recorded. 
b) All data was lost due to a storm. 
c) Two AQSS were installed, one in the garden and the other at the street side. 

 

 

 

 

 

Table S2. Participant demographics. 

Patient ID Age Group Sex Diagnosis 
1 71 - 80 M COPD II/B 

2 71 - 80 F Asthma 

3 61 - 70 M COPD II/B 

4 41 - 50 F Asthma 

5 41 - 50 F Asthma 

6 21 - 30 M Asthma 

7 51 - 60 F Asthma 
M: Male, F: Female. 

 
Patient ID 
1 2 3 4 5 6 7 

In
do

or
 

Start  Jan. 8, 
2020 

Jan. 17, 
2020 

Mar. 9, 
2020 

Mar. 9, 
2020 

Dec. 20, 
2019 

Apr. 3, 
2020 

Apr. 29, 
2020 

Mid-way 
Check - - Mar. 24, 

2020 - - Apr. 11, 
2020 

May 12, 
2020 

End  Feb. 6, 
2020 

Feb. 14, 
2020 

Apr. 7, 
2020 

Mar. 27, 
2020 

Jan. 15, 
2020 

Apr. 30, 
2020 

May 28, 
2020 

Total days 30 29 30 19 27a) 28 30 

O
ut

do
or

 Start  Jan. 13, 
2020 

Jan. 24, 
2020 

Mar. 9, 
2020 

Mar. 13, 
2020 - Apr. 3, 

2020 
Apr. 29, 
2020 

Mid-way 
Check - - Mar. 24, 

2020 - - Apr. 11, 
2020 

May 12, 
2020 

End  Feb. 6, 
2020 

Feb. 14, 
2020 

Apr. 7, 
2020 

Mar. 27, 
2020 - Apr. 30, 

2020 
May 28, 
2020 

Total days 25 22b) 30 15c) - 28 30 
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Map source: AllTrails 

Figure S1. (a) Map of Stuttgart showing locations of the outdoor air quality monitoring station (blue circle) 

and participants’ homes where sensors were deployed (yellow diamonds), (b) outdoor AQSS and (c) indoor 

AQSS. 

 

Table S3. Data collected for each participant. 

Pat. 
ID 

Type of Data 
Indoor 
AQSS 

Outdoor 
AQSS Logbook Health 

Questionnaire 
Environmental 

Survey Feedback 

1 ✓ ✓ ✓ ✓ ✓ ✓ 
2 ✓ Ｘa) ✓ Ｘb) ✓ ✓ 
3 ✓ ✓ ✓ ✓ ✓ ✓ 
4 ✓ ✓ c)  ✓ ✓ ✓ ✓ 
5 ✓ Ｘd)  Ｘb)  Ｘb) ✓ ✓ 
6 ✓ ✓ ✓ ✓ ✓ ✓ 
7 ✓ ✓ ✓ ✓ ✓ ✓ 

a) Outdoor sensor data lost due to storm. 
b) Insufficient data recorded by the participant. 
c) Two outdoor sensor systems on opposite sides of the house (street and garden). 
d) No outdoor sensor was installed. 



4 
 

Table S4. Selected results of the environmental questionnaire filled out by patients. 

 
 
 

  
Patient ID 

  1 2 3 4 5 6 7 

Su
rro

un
di

ng
 

Ar
ea

 

Landscape 
Surrounding House in a valley in a valley on a hillside on a hillside in a valley in a depression in a depression 

Type of Street 
(side/main) side  side main side side side side 

Distance to Busy Road  
(m) 870 80 16 433 60 100 - 500 > 500 

Construction Near Yes Yes No No Yes No No 

Ap
ar

tm
en

t L
ay

ou
t 

Floor Level 2 3 1 Basement Ground floor 
and 1 Ground floor 1 

Garden or Balcony  No Yes Yes 
Balcony 

Yes 
Balcony 

Yes 
Garden  

Yes 
Garden 

Yes 
Garden and 

Balcony 
Apartment Area  

(m²) 50 53 90 60 87 75 89 

Area of Room where 
Sensor is Placed  

(m²) 
28 36 36 55 15 16 15-20 

Open Kitchen  No Yes No No No No No 

U
til

iti
es

 

Type of Stove Electric Electric Gas Electric Electric Electric Electric 
Air Conditioning  No No No No Yes No No 

Type of Heating District 
Heating Oil Gas - Single 

Boilers 
District 
Heating 

Gas - Central 
Heating 

Central 
Heating Central Heating 

Number of Additional 
Residents 0 0 1 0 3 1 1 
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Figure S2. Logbook. 

 
 

Table S5. Data completeness after cleaning steps, presented as a percentage. 

 PM2.5  NO2  Symptom severity 
Patient ID Indoor Outdoor  Indoor Outdoor  Health Score PEF 
1 100 80  97 94  100 0 
2 100 -  99 -  0 0 
3 99 99  86 91  99 99 
4 100 100 / 100a) 78  94 / 83 a) 94 94 
5 92 -  82 -  0 0 
6 100 100  94 92  91 91 
7 99 100  93 76  99 92 
a)  For patient 4 two outdoor AQSS are reported: Garden / Street. 
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Table S6. Correction parameters for each PM2.5 sensor. 

Location Patient ID AQSS ID Correction 
Factor, m 

Offset, b 
(µg m-³) 

IN
D

O
O

R
 

1 B02 1.15 -0.14 
2 B04 0.89 0.42 
3 B04 2.34 -1.38 
5 B01 0.97 0.20 
6 B02 1.01 3.24 
7 B03 0.93 2.33 
4 B01 1.06 1.74 

O
U

TD
O

O
R

 

1 B03 0.83 4.66 
2a) B05 0.37 8.96 
3 B03 0.93 2.33 
5 b) - - - 
6 B08 0.86 1.40 
7 B06 0.79 2.92 
4 (Garden) B05 0.96 1.04 
4 (Street) B06 0.55 1.15 

a) An outdoor AQSS was deployed for patient 2, but data was lost due to a storm. 
b) No outdoor sensor was installed. 
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Figure S3. Health questionnaire. 
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Table S7. Inhalation rates for each intensity level, categorised by associated activities, age and gender. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Intensity Level Activities 
Age 
Range 
(Years) 

Inhalation Rate 
(L min-1) 

Male Female 

RESTING Sleeping 

20-30 4.7 3.9 

40-50 5.7 4.4 

50-60 5.8 4.6 

60-70 6.0 4.5 

70-80 6.1 4.5 

SEDENTARY 

Reading 

Computer 

Television 

Radio 

Eating 

Smoking 

20-30 5.1 4.3 

40-50 6.1 4.8 

50-60 6.3 5.0 

60-70 6.5 4.9 

70-80 6.7 5.0 

LIGHT 
Cooking 

Cleaning 

20-30 13.0 10.6 

40-50 14.4 11.8 

50-60 14.6 12.0 

60-70 14.1 10.8 

70-80 13.9 10.8 

MODERATE Sport /Exercising 

20-30 29.2 22.9 

40-50 31.6 24.5 

50-60 32.7 25.2 

60-70 29.8 21.4 

70-80 29.3 21.1 

GENERIC Unknown 

20-30 12.1 9.3 

40-50 11.3 8.5 

50-60 11.3 8.5 

60-70 9.9 7.8 

70-80 9.0 6.8 

Note: Activity adjusted inhalation rates are provided in the Exposure Factors Handbook (2011) [41], 

Table 6-17 (for males), and 6-19 (for females). Generic inhalation rates for males and females are 

provided in Table 6-5. 
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Table S8. Median NO2 and PM2.5 concentrations and uncertainties associated with each AQSS. 

Pollutant Patient ID AQSS ID Location 
Median  
concentration 
(µg m-3) 

Relative 
expanded 
uncertainty at 
the median 
(µg m-3) 

NO2 

1 B02 Indoor 28 14 
2 B04 Indoor 9 1 
3 B04 Indoor 13 1 
4 B01 Indoor 5 1 
5 B01 Indoor 13 1 
6 B02 Indoor 6 4 
7 B03 Indoor 19 6 
1 B03 Outdoor 23 4 
2 B05 Outdoor -  - 
3 B03 Outdoor 21 6 
4 B05 Garden 35 13 
4 B06 Street 29 7 
5  - - -  -  
6 B08 Outdoor 20 5 
7 B06 Outdoor 14 6 

PM2.5 

1 B02 Indoor 3 12 
2 B04 Indoor 2 8 
3 B04 Indoor 5 1 
4 B01 Indoor 4 11 
5 B01 Indoor 2 12 
6 B02 Indoor 6 11 
7 B03 Indoor 57 7 
1 B03 Outdoor 11 7 
2 B05 Outdoor - - 
3 B03 Outdoor 11 7 
4 B05 Garden 6 7 
4 B06 Street 7 2 
5 - - - - 
6 B08 Outdoor 5 21 
7 B06 Outdoor 7 2 
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Figure S4. I/O ratios for PM2.5 associated with individual activities, grouped by window status for patient 7. 
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Figure S5. Time series of pollutant concentration combined with logged activities and window status, for 
patient 1, week 1. 
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Figure S6. Time series of pollutant concentration combined with logged activities and window status, for patient 
1, week 2. 
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Figure S7. Time series of pollutant concentration combined with logged activities and window status, for patient 
1, week 3. 



14 
 

 
Figure S8. Time series of pollutant concentration combined with logged activities and window status, for patient 
1, week 4. 
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Figure S9. Time series of pollutant concentration combined with logged activities and window status, for patient 
2, week 1. 
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Figure S10. Time series of pollutant concentration combined with logged activities and window status, for 
patient 2, week 3. 
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Figure S11. Time series of pollutant concentration combined with logged activities and window status, for 
patient 2, week 4. 
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Figure S12. Time series of pollutant concentration combined with logged activities and window status, for 
patient 3, week 1. 
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Figure S13. Time series of pollutant concentration combined with logged activities and window status, for 
patient 3, week 2. 
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Figure S14. Time series of pollutant concentration combined with logged activities and window status, for 
patient 3, week 3. 



21 
 

 
Figure S15. Time series of pollutant concentration combined with logged activities and window status, for 
patient 3, week 4. 
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Figure S16. Time series of pollutant concentration combined with logged activities and window status, for 
patient 4, week 1. 
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Figure S17. Time series of pollutant concentration combined with logged activities and window status, for 
patient 4, week 2. 
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Figure S18. Time series of pollutant concentration combined with logged activities and window status, for 
patient 4, week 3. 
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Figure S19. Time series of pollutant concentration combined with logged activities and window status, for 
patient 6, week 1. 
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Figure S20. Time series of pollutant concentration combined with logged activities and window status, for 
patient 6, week 2. 
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Figure S21. Time series of pollutant concentration combined with logged activities and window status, for 
patient 6, week 3. Note that the outdoor sensor stopped working on 19 April 2020 at 3:00 am.  
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Figure S22. Time series of pollutant concentration combined with logged activities and window status, for 
patient 6, week 4. 
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Figure S23. Time series of pollutant concentration combined with logged activities and window status, for 
patient 7, week 1. 
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Figure S24. Time series of pollutant concentration combined with logged activities and window status, for 
patient 7, week 2. 
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Figure S25. Time series of pollutant concentration combined with logged activities and window status, for 
patient 7, week 3. 
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Figure S26. Time series of pollutant concentration combined with logged activities and window status, for 
patient 7, week 4. 
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Figure S27. Daily indoor and outdoor PM2.5 concentrations during PM alert (from 21st January to 26th January 
2020) during the measurement campaign in the home of patient 1. 

 

 
Figure S28. Individual activity specific PM2.5 (left) and NO2 (right) concentrations, for patients 6 and 7. Note 
that the PM2.5 concentrations are on a logarithmic scale. 
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Figure S29. Individual activity specific PM2.5 (left) and NO2 (right) concentrations, for patients 1, 2, and 3 and 
4. Note that the PM2.5 concentrations are on a logarithmic scale. 
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Figure S30. Hourly indoor and outdoor (garden and street) PM2.5 and NO2 concentrations, self-reported health 
score and PEF for patient 4. 

 

 

 

 
Figure S31. Hourly indoor and outdoor PM2.5 and NO2 concentrations, self-reported health score and PEF for 
patient 6. Note that the outdoor sensor stopped working on 19 April 2020 at 3:00 am. 
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Figure S32. Hourly indoor and outdoor PM2.5 and NO2 concentrations, self-reported health score and PEF for 
patient 7. 

 
  


