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indoor air quality
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Acceptable indoor air quality: air in 

which there are no known contaminants 

at harmful concentrations, as 

determined by cognizant authorities, and 

with which a substantial majority 

(80% or more) of the people exposed do 

not express dissatisfaction.
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Chronic harm
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Metrics Overview: AIVC VIP#36
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Current acceptability
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WHO threshold values
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Disability Adjusted Life Years (DALYs)
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Acceptable harm? (DALYs)

Alcoholism Smoking Transport injuries

1,200 2,600 1,000
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Previous work

Logue JM, Price PN, Sherman MH, Singer BC. A Method to Estimate the Chronic Health Impact of Air Pollutants in 

U.S. Residences. Environmental Health Perspectives. 2011;120(2):216-22.
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Chronic harm in houses
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Concentrations

[µg/m3 or Bq/m3 or CFU/m3]

136 studies
827 data sets
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Concentrations
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Harm model

Tox-Harm model

Harm IntensityEpi-Harm model



19

Linearity
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Harm=C×HI
[DALYs/person/year] = [µg/m3] × [DALYs/µg/m3/person/year]

(or per Bq/m3 or per CFU/m3 )
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Harm intensity

DALY/(µg/m3)/105 people/year [or per Bq/m3 or per CFU/m3]
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Total harm

DALY/105 people/year
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Total harm

DALY/105 people/year
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Total harm

Total median harm estimated to be

2,200 DALYs/105 people/year
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Total Harm (DALYs)

Dwelling IAQ Alcoholism Smoking Transport 

injuries

2,200 1,200 2,600 1,000



26

Harm 
(DALYs/105 people/year)

Harm Intensity
(DALYs/µg.m-3/105 people/year)

PM2.5 1600 60

PM10-2.5 130 3.8

Nitrogen Dioxide (NO2) 120 5.7

Formaldehyde (HCHO) 120 4.3

Radon (Rn) 34 0.44

Ozone (O3) 10 1.3

Contaminants of Concern
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Harm Intensity (HI)
(DALYs/µg.m-3/105 people/year)

HI Limiting Concentration
(µg.m-3 or bq.m-3)

PM2.5 60 50

PM10-2.5 3.8 25

Formaldehyde (HCHO) 4.3 50

Nitrogen Dioxide (NO2) 5.7 240

Ozone (O3) 1.3 500

Radon (Rn) 0.44 450

Harm Intensities for CoCs
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Harm from WHO threshold values
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Harm from WHO threshold values
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Harm budget
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Harm budget
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Reference scenario

▪Singer et al. 2020. Indoor air quality in 
California homes with code-required 
mechanical ventilation. Indoor air 30(5).

▪N=70

▪All comply with CalEnergyCode
PM2.5  5µg.m-3

HCHO 23µg.m-3

NO2  9µg.m-3

Guideline values used for Rn (100Bq/m3) 
and for O3

 (40µg.m-3).

▪ Total harm of 610 DALYs/105 people/year
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Harm (DALYs)

Reference Dwelling 

IAQ

Alcoholism Smoking Transport 

injuries

610 2,200 1,200 2,600 1,000
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1. Developed a harm intensity metric that quantifies the chronic health 
impact (in DALYs) per unit concentration of an air contaminant.
They apply to any environment.

2. Identified the most harmful indoor air contaminants in dwellings that 
should be prioritized declaring them Contaminants of Concern.

3. Estimated the total harm caused by typical exposures to indoor air 
contaminants in dwellings.

4. Propose the concept of a harm budget to define acceptable indoor 
air quality based on the harm caused by priority contaminants.

5. We can include expand our standards to include the harm approach 
for infectious aerosols.

Conclusions



Questions?

benjamin.jones@nottingham.ac.uk
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▪We assume PM equitoxicity

▪PM composition does vary

▪Separate indoor/outdoor PM risk 
estimates are unavailable

▪PM size predicts long-term harm

▪ Indoor PM found to be coated in 
PAHs and other VOCs

▪Would have to be 12x less harmful 
to be equivalent to PM10, HCHO and 
NO2

▪Precautionary principle

Equitoxicity
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▪ Indoor concentrations represent the 
Global North 
(USA, China, Canada, UK most 
represented)

▪ Caution needed for regional 
comparisons due to lifestyle/location 
differences

▪ Include common household activities

▪ Avoid niche construction types 
(e.g. Passivhaus)

▪ Fieldwork essential to reduce 
uncertainty

What do these concentrations represent?
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▪We don’t know if the Poissonian C-R 
relationship represents these 
contaminants

▪ It is good modelling practice to 
linearise a model, if possible

▪ It is possible here because the 
concentrations commonly found in 
dwellings are low enough

▪Harm Intensities might be given with 
upper concentration limits

▪We have done an error analysis and 
this will be in the Annex 86 report

Linearity
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▪We do not do this

▪ It is not possible to do

▪Assumes additivity for indoor pollutant 
effects.

▪Additivity simplifies complex 
interactions, may 
underestimate/overestimate impacts.

▪ Future research should explore 
pollutant interactions for accuracy.

Synergistic responses



42

▪ This data is for chronic harm 

▪Some contaminants may have 
significant short-term acute impacts

▪Estimate acute harm is a future project

What about acute effects?
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▪ Toxicological

▪USEtox 2.0

▪Global burden of disease collaborative network for damage factors

▪Standard breathing rate

▪Epidemiological

▪Global burden of disease collaborative network 
(incidence rates, damage factors))

▪Academic literature (for risk estimates)

Where does the health data come from?
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▪Central estimates may not 
align due to methodological 
differences

▪Perfect parity is challenging 

▪Despite challenges, 
parameters align

Merging of epi and tox data
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▪ Damage factors from 
2019 Global Burden of 
Disease study.

▪ Consulted toxicology 
studies with lower 
uncertainty

▪ Health data, like PM2.5, 
became more robust and 
precise

Differences from Logue
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There is either 

▪ insufficient data to determine 
a harm intensity

OR

▪ It isn’t harmful in the 
concentrations found in 
dwellings

People aren’t harmed by the contaminant 
they aren’t exposed to….

My favourite contaminant isn’t on the list 



Questions?

benjamin.jones@nottingham.ac.uk
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