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BUILT ENVIRONMENT

« Coined in 1970s in Anthropology and Social Science
realms

» “Complex systems and diverse structures, made up of
many components responsible for functions such as
transportation, organization, resource distribution, and
protection, among many others”
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ALTERNATIVE INDOOR ENVIRONMENTS
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Bacteria

Mothballs

Fresh dry
Cleaning

Kerosene heater

Disinfectants
Pesticides
Cleaners
Solvents
Aerosols
Glues

J.F. Artiola, K.A. Reynolds and M.L. 2019. Urban and Household Pollution.
Environmental and Pollution Science. https://doi.org/10.1016/B978-0-12- 5
814719-1.00018-5

s.haines@utoronto.ca



THE INDOOR MICROBIOME
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Prussin, A.J., Marr, L.C. Sources of airborne microorganisms in the built

environment. Microbiome 3, 78 (2015). https://doi.org/10.1186/s40168-015-0144-z



INDOOR BIOLOGICAL (BACTERIA, FUNGI, MOLD, VIRUSES, ETC.) EXPOSURES
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Microbes from—

® Human shedding
@ Pet shedding

@ Outdoor air/soil

@ Indoor mold growth
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https://www.epa.gov/indoor-air-quality-iag/indoor-microbiome



Carpet and dust are a source of microbial
and chemical exposure indoors

Chemicals
O 4-phenylcyclohexane
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Most of our exposure to microbes indoors
comes from resuspension of floor dust

PM in empty room PM increases 16X with human presence

1-2X more fungal and bacterial exposure

: UNIVERSITY OF . . . .
Tianren Wu et al. 2017. Infant and Adult Inhalation Exposure to Resuspended Biological

tx TO RONTO s.haines@utoronto.ca  Pparticulate Matter. Environmental Science & Technology , DOI: 10.1021/acs.est.7b04183 9



https://www.x-mol.com/paperRedirect/450023
https://www.x-mol.com/paper/journal/60?r_detail=450023
https://www.x-mol.com/paperRedirect/450023

Increased levels of relative humidity (RH)
can increase microbial growth in building
materials
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Exposure to mold and dampness in housing Is
commonly associated with asthma and upper
respiratory disease

UNIVERSITY OF
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Mold and dampness disproportionally
|mpac_s,our most vulnerable communities
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In Public Housing, a Battle Against
Mold and Rising Seas

Neglected infrastructure, already a source of mold, is also making public housing more
vulnerable to climate change.

Visual: Spencer Platt / Getty Images

A home on the Wasagamack First Nation, about 600 kilometres north of Winnipeg in northern Manitoba.
(Karen Pauls/CBC)

> J Environ Health. Jan-Feb 2012;74(6):14-21.

Mold growth in on-reserve homes in Canada: the
need for research, education, policy, and funding

Mold grows on the walls of Brandy Cabrera’s bathroom. Cabrera is one
of hundreds of tenants in Brooklyn’s Red Hook Houses that have sued

the New York City Housing Authority due to leaks and mold. Visual: Lili
UNIVERSITY OF Pike
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Michael Optis, Karena Shaw, Peter Stephenson, Peter Wild
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Characterizing the indoor microbiome Is
critical to creating equitable, sustainable and
healthy Indoor spaces
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My research focuses
on the relationship
between moisture,
microbes and
chemicals indoors
and their impact to
human health
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Moisture
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Under creative commons from Noun Project
Microbes: Warunk Icon, Dima Lagunov.
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The home
environment
does not stay
at a constant
RH throughout
the day

UNIVERSITY OF
% TORONTO

Cunningham, M.J, Clinical and Experimental Allergy, 1998

Relative Humidity (%)

2(a): Bedroom carpet and air relative humidities
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Can we model fungal growth in carpet using
the Time-of-wetness framework?

o Rre

* Previous work (in drywall)
found that as you increase
the time above an 80%
relative humidity threshold

& the fungal growth rate
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NIVERSITY o Haines, SR., Siegel, JA., Dannemiller, KC. Indoor Air, 2020
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Carpet and dust were collected and incubated
at varying relative humidity conditions

Vacuum
bag dust

UNIVERSITY OF
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DNA based measurements and processing
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. _ Processing
lllumina MiSeq

DNA Sequencing

Created in BioRender.com
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Fungal growth In dust In carpet follows the
two-activation regime model

, ‘A. High (85% ERH) e 1 B.Saturated(100% ERH)

=]
-
tn
Y
o
~J
[
Y

Relative growth rate (R/k)
o
tn
b
A
——
Relative growth rate (R/k)
=
&
\
b
\\
b
h !
——

]
P
(431
b
.\
"

b

—_—

0.25 - +
/

’ e TOW Data ’ e TOW Data

- — -TOW Standard ’ — -TOW Standard

o 0.25 0.5 D75 1 0 D.IEE 015 ID.I?E 1
Time-of-wetness (TOW) Time-of-wetness (TOW)

UNIVERSITY OF

:\;;4 TORONTO s.haines@utoronto.ca Haines, SR., Siegel, JA., Dannemiller, KC. Indoor Air, 2020




Home environment Is the greatest indicator of species
composition in carpet dust (p=0.001, r?

Fungal Bray-Curtis PCoA of Sites 1-19
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Site 1

Site 6

Site 16

Site 2

Site 7

Site 12

Site 17
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However,
within a
home,
moisture
level
Influenced
the microbial
communities
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The home microbiome is influenced by human
occupants - we leave a human finger print

Humans introduce
skin/host
associated
microbes

@

UNIVERSITY OF
X2 TORONTO s.haines@utoronto.ca Gilbert, J. The Home Microbiome Project. ANL. 2014 21




What does fungal growth in carpet look like?
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Increasing relative humidity I1s associated with
Increasing allergen concentration
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Repeated fungal exposures may protect
against allergic airway diseases
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V. victoriae Is assoclated with dog
mycobiome — dogs may ald INn protecting
against asthma

@ | UNIVERSITY OF
Y2 TORONTO s.haines@utoronto.ca Rush, RE. Danemiler, KC., Cochran, SJ, Haines, SR, et al. JESEEE. 2021
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Dust contains phthalate esters a common plasticizer
and endocrine disrupter

PHTHALATES

UNIVERSITY OF
t;’%f, TORONTO s.haines@utoronto.ca

https://www.familiesagainstchemicaltoxins.org/holloway-rd
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Are phthalates (DEHP) in dust degraded due
to microbial or chemical processes?

Biotic Abiotic
Hydrolysis
Oxidation by

hydroxyl radicals

* Direct photolysis
Phthalate

degradation
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d-DEHP was degraded due to both abiotic and biotic
processes
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Microbes may also release microbial
organic compounds (mVOCs)

Microorganisms

Animals
Humans
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Dust was collected from Ohio, Florida and
California, sieved to obtain fine particles and
embedded In carpet




Carpet with dust and drywall were incubated In
triplicate at 50%, 65%, 70%, 75%, 80%, 85% and 95%

UNIVERSITY OF
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Proton Transfer time-of-flight Mass-spectrum
(PTR-ToF-MS)
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DNA based measurements and processing

\[;“;_-..

|t Processing

Dust DNA Extraction qPCR lllumina MiSeq
DNA Sequencing

Created in BioRender.com

UNIVERSITY OF
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A. Proportion of the Total Sum of Emissions for Dust in Carpet Samples
I I I
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Certain mVOCs maybe associated with
harmful health implication

« Limonene — may react with ozone and produce allergenic
compounds

 Odor Irritation and comfort of residents

« mVOCs could be used to detect mould in housing in future

UNIVERSITY OF

"‘? TORONTO s.haines@utoronto.ca
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Technological advances in chemical detection may
lead to mMVOC and mold detection indoors

Color-changing Badge

x Buikding and
Enwiranment

Contents lists available at ScienceDirect

Building and Environment

,
| &3
journal homepage: www.elsevier.com/locate/buildenv g

Smartphone App for Residential Testing of Formaldehyde (SmART-Form) M

Siyang Zhang®, Nicholas Shapiro™, Gretchen Gehrke”, Jessica Castner™®, Zhenlel Liu’, -
Beverly Guo', Romesh Prasad’, Jianshun Zhang', Sarah R. Halnes*™ David Kormos”, Palge Frey’,
Rongjun QIin™*, Karen C. Dannemiller™""
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ONGOING WORK
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Bulk floor dust is a potential matrix for monitoring viral
disease outbreaks in high-risk populations and buildings

A B

Bathroom
i Counter

Percent
detected (%)

Geometric mean
copies/uL RNA Passive sampler

template (carpet, polystyrene)
>100

>30
>10
>1

Passive sampler
(carpet, polystyrene)

A

Bed Bed
) >0 Floor Dust Floor Dust
Nt sarped =it sonpad Bedside Table
n (RT-qPCR,

Sample types dPCR, ddPCR) RT-gPCR dPCR ddPCR Average Sample types n RT-gPCR dPCR ddPCR Average
Floor Dust 51,63,65 Floor Dust 67

Bathroom Counter 1,2,2 Bathoom Counter 2

Door Knobs 2,23 Door Knobs 3

Laptop 14,2 Laptop 4

Polystyrene 1,52 Desk 6

Desk 04,2 Bedside Table 2

Bedside Table 0,21 Polystyrene 7

Carpet 0,91 Carpet 18

UNIVERSITY OF

TORONTO s.haines@utoronto.ca Renninger et al- 2021 mSyStemS- ‘ 39




f SARS-COV-2
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borne concentrat
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Zoe Hoskin — UofT MASc student

Dr. Jeffrey Siegel, UofT
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Toronto Sampling locations — December 2021 — July 2022
~ 1 week sampling

Deployed 3 portable air cleaners (PACs) Deployed 2 PACs in 5 different
6 different houses classrooms

UNIVERSITY OF
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¥ TORONTO
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https://www.flickr.com/photos/doctorow/7463019228/
https://creativecommons.org/licenses/by-sa/3.0/

PAC 1 and 2 put in different locations in the classrooms
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Home environments PACs placed inside isolation room,
outside Isolation room, in main living space

Outside Isolation
Isolation

UNIVERSITY OF
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¥ TORONTO
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RNA extractions and gPCR to determine guantity of
SARS-CoV-2 RNA in dust samples

Ea UNIVERSITY O
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0.2 0.2
A. February 11 - February 18, 2022 B. March 2 - March 9, 2022
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CO, levels used as basic marker of occupancy in one
classroom
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Airborne concentration of SARS-CoV-2 in COVID+ homes
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Airborne concentration of SARS-CoV-2 in COVID+ homes
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MOULD IS PREVALENT IN NORTHERN INDIGENOUS
HOUSING

UNIVERSITY OF
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COLLABORATION WITH PRINCE ALBERT GRAND COUNCIL AND
HOUSING NWT TO IMPROVE HOUSING QUALITY IN THE NORTH
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SYSTEM OF DATA VALIDITY

* LOD: 1 copy of RNA per 4uL reaction
* LOQ: 4 copies of RNA per 4uL reaction

« 3 wells of PCR per sample

Validity label Definition

Valid 2-3 wells above LOQ

LOQ flag 2 wells had LOD and one well has LOQ

LOD flag 2 wells had at least LOD, one well has <
LOD

UNIVERSITY OF
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