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indoor air quality



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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Abstract

In a recent review of 31 green bwlding
certification schemes used around the world,

TAQ was found to contnibute to only 7.5% of

the final score on average'. As policy makers

stmve to reduce the energy demands of

buldings by sealing or reducing outdoor aw
1 rates, an ded

could be the reduction in the quality of mdoor

awr with comresponding negative health effects

at a population scale. This article
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1 Problems

Buwlding matenals and systems, and the
activities camied out in them, can be a sowrce
of contaminants that are harmful to human
health For example, there 15 evidence that
some of the matenals used to construct and
fumish buildings emut harmful gases and
harbour biological orgamisms. Unvented
combustion processes for space and food
heating emat gaseous and partculate
and can be a source of moisture

the discussions of an Aw Infilvation and
Ventilanon Centre workshop on IAQ metncs
held in March 20177 It first identifies the types
of contammnant: found m many bwldings
today, the mechanisms of exposwe to them,
and methods of mitigating thew effects. It then
explores metncs that could be used to quannfy
the quality of indoor air

Wei W, Ramalho O, Mandin C. Indoor air quality
requirements in green building cernfications.
Building and Exvironment. 2015:92:10-9.

# AIVC. Is vennlation the answer to indoor air
quality coatrol in buildings? Do we need
performance-based approaches? AIVC Workshop
beld in Brussels, Belgium. 14th-15th March, 2017

that 15 a prumary dnver of biological growth.
Human activities, such as cookmng and vacuum
cleaning, also emut particulates, cleaming and
deodonzing products ext gaseous
contamunants and particulates, and smoking
enuts over 7000 different compounds of which
many are harmful’. Pets harbour and transport
biol 1 SR R 1
be allergens. People and pets also emut gaseous
bio-effluents that are disagreeable to smell, and
harbour pathogens that produce disease. These
examples show the many potential hazards and
sources m bumldy for which
there are multiple exposure pathways, and not
all of them are aubome.

' CIDC. How Tobacco Smoke Causes Disease. The
Biology and Behavioral Basis for Smoking-
Armnbutable Disease. Centers for Disease Control
Adanta, Georgia, US. A US. Public Health
Service; 2010
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Health Adjusted Life Years

Birth Incidence Actual death Time of
of disease from disease death
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YLDs
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Disability Adjusted Life Years (DALYS)

DALY

Disability Adjusted Life Years is a measure of overall disease YLD YLL
burden, expressed as the cumulative number of years lost due to - Years Lived with Disability Years of Life Lost
ill-healh, disability or early death
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Acceptable harm? (DALYS)

Alcoholism Transport injuries

1,200 2,600 1,000
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Previous work

DALYs lost (per year per 100,000 persons)
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Chronic harm in houses




Concentrations
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Concentrations

Formaldehyde (9%)

Acetaldehyde Methyl tert
(4%) Isoprene (2%) t{m

Ethanol (33%)
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Harm model

Epi-Harm model

Inputs: Epidemiology based- approach ‘
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Inputs: Toxicology based- approach
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Linearity

Response

Dose
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Harm=CxHI

[DALYs/person/year] = [ug/m3] x [DALYs/ug/m3/person/year]

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

20



: Pooled harm model

Blue
Green

Epi harm model
Tox harm model

| Black
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Total harm
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Total harm

Green: Epi harm model

E Blue: Pooled harm model

| Black: Tox harm model
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Total harm

Coarse particulate matter
(13%) Formaldehyde (9%)

Radon (2%)

Ozone
Fine particulate matter (66%) Nitrogen dioxide (8%) (1%)




Total Harm (DALYS)

Dwelling IAQ Alcoholism Smoking Transport
Injuries

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



Contaminants of Concern

Harm Harm Intensity
(DALYs/10° peoplelyear) (DALYs/ug.m-3/10° people/year)

PM, - 1600 60
PMo. = 130 3.8
Nitrogen Dioxide (NO,) 120 5.7
Formaldehyde (HCHO) 120 4.3
Radon (Rn) 34 0.44

Ozone (O,) 10 1.3

26



Harm Intensities for CoCs

Harm Intensity (HI) HI Limiting Concentration
(DALYs/ug.m-3/10° people/year) (ug.m=2 or bg.m-3)

PM, - 60 50
PMyg.5 = 3.8 25
~ormaldehyde (HCHO) 4.3 50
Nitrogen Dioxide (NO,) 5.7 240
Ozone (O,) 1.3 500

Radon (Rn) 0.44 450

27



Hg.m3

Harm from WHO threshold values
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Hg.m3

Harm from WHO threshold values
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Harm budget
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Harm budget




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
PM; 5 5pug.m-
HCHO 23ug.m3
NO, Oug.m3
Guideline values used for Rn (100Bg/m?)
and for O5 (40ug.m=3).

= Total harm of 610 DALYs/10° people/year .
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Harm (DALYS)

Reference Dwelling Alcoholism Smoking Transport
IAQ Injuries

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



Harm (DALY/10° people/year)
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Conclusions

. 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.

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

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

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

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

36



Questions?

benjamin.jones@nottingham.ac.uk



Equitoxicity

* \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 PM,,, HCHO and
NO,

* Precautionary principle

38



What do these concentrations represent?

* [Indoor concentrations represent the
Global North
(USA, China, Canada, UK most
represented)

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

= [nclude common household activities

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

= Fieldwork essential to reduce
uncertainty

39



Linearity

= We don't know if the Poissonian C-R
relationship represents these
contaminants

= |t is good modelling practice to
Inearise 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

Response

Dose
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Synergistic responses

* \We do not do this
" |t 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.

Editors

George M. Hidy Luisa T. Molina
Jeffrey R. Brook WilliamT. Pennell
Kenneth L. Demerjian Richard D. Scheffe

Technical Challenges
of Multipollutant

Air Quality
Management

@ Springer
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What about acute effects?

= This data Is for chronic harm

= Some contaminants may have
significant short-term acute impacts

» Estimate acute harm is a future project

42



Where does the health data come from?

» 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)

43



Merging of epi and tox data

» Central estimates may not
align due to methodological

differences

parameters align

» Perfect parity Is challenging
* Despite challenges,

Study
ID
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1151210 (0038563, 34 488938) 726
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1207842 (0073945, 18.248657) 1240
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0.061991 (0030635, 0.124920) 1501
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0440776 (0169558, 1.145826) X328
(-.-)
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Differences from Logue

= Damage factors from 10° ; | s,

2019 Global Burden of [[Baak g™ clrent
Disease study.

= Consulted toxicology
studies with lower
uncertainty

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

Harm (DALYs/1 0° persons/year)
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Nitrogen dioxide —
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My favourite contaminant isn’t on the list ®

There Is either

= [nsufficient data to determine
a harm intensity

OR

= |t isn’t harmful in the
concentrations found In
dwellings

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

benjamin.jones@nottingham.ac.uk
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