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Time from exposure to
symptoms onset

With COVID-19,
symptoms may show
up 2-14 days after
exposure

CDC indicates people
are most contagious
when clinically
symptomatic

Several studies show
people also may be
contagious before
developing symptoms

nCoV Weibull (this study)

nCoV gamma (this study)

nCoV lognormal (this study)

SARS (Donnelly 2003)

SARS (Cowling 2007)

SARS Hong Kong (Lau 2010)

SARS Beijing (Lau 2010)

SARS Taiwan (Lau 2010)

SARS meta (Lessler 2009)

MERS (Assiri 2013)

MERS (Cauchemez 2014)

MERS South Korea (Virlogeux 2016)
MERS Saudi Arabia (Virlogeux 2016)
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Symptoms of Exposure
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Aerosol Transmission

Transmission between people in close contact

Transmission via particles that remain in the air
over time and distance

Infected surfaces

Virus found in stool, blood, semen and ocular
secretions; role in transmission
unknown

Animals (including domesticated) not
major source of human infection




Aerosol Transmission
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Aerosol Transmission

Close contact
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Aerosol Transmission
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Gao X, Wei J, Lei H, Xu P, Cowling BJ, et al. (2016) Building Ventilation as an Effective Disease Intervention Strategy in a Dense Indoor
Contact Network in an Ideal City. PLOS ONE 11(9): e0162481. https://doi.org/10.1371/journal.pone.0162481
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162481



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162481

Aerosol Transmission

DISTANCE TRAVELED BY
GERM DETEEMINED
At Harvard University an experi-
ment was carried on to determine j
the exact distance a germ may be|

thrown from a human mouth.
A room was thoroughly disinfect- |

ed, all ornaments were removed

and nothing but a fifteen foot t:xl)lt'l

remained on which was placed

bowls of culture media, one foot
art. A man breathed through his

nose over the bowls.

then put in ¢ culture

heated but
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Next
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Aerosol Generation

Wells-Riley Model

Iqpt
P infection = 1-e@

Pinfection = probability of infection

| = Number of infector individuals

g = rate of generation of infectious airborne particles
p = pulmonary ventilation rate

t = exposure time

Q = clean air ventilation rate

Azimi and Stephens. (2013). HVAC filtration for controlling infectious airborne disease transmission in indoor
environments: Predicting risk reductions and operational costs. Build Environ. 2003 Dec; 70: 150—160.




Aerosol Generation
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The Myth of Air Changes per Hour C(z) =—— [ﬁ_ Cole' V'

Q

ACH = air changes per hour 0 =5 m?/min
G = umitlesz theoretical rate of generation of infectious droplet nuclei

W = room wvolume

0 = clean/outside air flow rate

C== = unitless steady state concentration in room of infectious droplet nuclei




Aerosol Generation

G G Q
The Myth of Air Changes per Hour C(t)=——(-—Cp)e* V/

P

( Css = 1,000
Css =1,000
.rf
ACH=1 3
| G = 500 f

V=30 m?
0 = 0.5 m? /min
Wo=300 r"IE _
ACH = air changes per hour 0 =0.5 m® /min

G = unitlesz theoretical rate of generation of infectious droplet nuclei
WV = room volume

0 = clean/outside air flow rate
Cz== = unitless steady state concentration of infectiows draplet nuckei




Aerosol Generation

C G 9
The Myth of Air Changes per Hour C) =_-—(5— c,)e vt)

Q @

V=300m
ACH = air changes per hour ) .

G = unitless theoretical rate of generation of infectious droplet nuclei

V = room volume

Q = clean/outside air flow rate

Css = unitless steady state concentration in room of infectious droplet nuclei
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Aerosol Generation

Concentration Accumulation / Removal in a Well Mixed Room

Generation Stops
(i.e. Infected Person Leaves)
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Aerosol Decay and Removal

Rate of Decay/Removal
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Increasing Building Ventilation
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Gao X, Wei J, Lei H, Xu P, Cowling BJ, et al. (2016) Building Ventilation as an Effective Disease Intervention Strategy in a Dense
Indoor Contact Network in an Ideal City. PLOS ONE 11(9): e0162481. https://doi.org/10.1371/journal.pone.0162481
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162481
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Hierarchy of Infection Controls

Most
effective

Removes or prevents entry of
the pathogen

Hospital design and setup to remove

El‘lgil‘leering the opportunity for pathogen exposure
Controls at the source or improve compliance
Administrative Work policies and procedures that
Controls prevent pathogen exposure

Personal protective equipment used to
prevent pathogen exposure and spread

Least
effective




Hierarchy of Infection Controls
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Relative Risk Reduction
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Natural Building Ventilation

What is building natural ventilation?

 Ventilation design relies on natural sources such as
wind and temperature differences in order to flow
fresh air through a building

» Best suited for open plan layouts and minimize
noise pollution and external air

 Not suited for buildings with small spaces or
buildings needing a constant air temperature

« Not suited for buildings that need to control for
relative humidity
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Building Ventilation

Exhaust
Relief ‘

Roof

Qutdoor Air

Fundamentals of IAQ in
buildings

Heating, ventilation and air-
conditioning (HVAC)

IAQ maintenance and
housekeeping

* IAQ and energy efficiency
» Diagnosing and solving

problems

« Renovation and new

construction

- Managing for IAQ

https://19january2017snapshot.epa.gov/indoor-air-quality-iag/text-
modules-indoor-air-quality-building-education-and-assessment-
model_.html




Building Ventilation

 Building ventilation circulates air throughout a built

environment / \\
« Outdoor ventilation or the heating, ventilating, and air- k
conditioning (HVAC) system of a building supplies and £ f 05

removes air naturally (windows)  and/or
mechanically to and from a space

« HVAC systems most often consist of mechanical parts .
which should provide air to building occupants at a
comfortable temperature and humidity that is free of
harmful concentrations of air pollutants

“AIHA




Building Ventilation

« Ensure there is an adequate flow of fresh air to workspaces and
optimize the ventilation system settings by:

« Maximize fresh air through your ventilation system
* Ensure restroom Is under negative pressure

« Ensure that the proper filtration is being used to control SARS-
CoV-2 transmission

+ Clean and disinfect all HVAC intakes and returns daily
- ASHRAE updates for more information.

* If pedestal, desk or hard mounted fans are used, minimize air
from fans blowing from one person directly to another.

- Fans may be useful to reduce the heat-related iliness in plants

“AIHA




Building Ventilation Diagram

EMERFY
RECOVERY

LRI

AR
LOCATION

MFILTRATION
AlR CONDITICNING

UNIT
LEANER

UTHER
AR CLEANER

>

EXHAUST
OTHER 4
alr CLEAMER
LOCATION
OUTDOOR =—t =
AR —:
(MAKEUP =% &
AlR)

AL TERMATE
FATHS FOR
RECIRCULATED
.-'I'I.F

| | SUFFLY AR
I' '..r,:_
K "
YvEMNTILATING z"; :
AR , OCCURMED :
S SEACE :
/ :
OTHER ;
- AR CLEANMER ¢ y
LOCATIONS LOCAL _ -

i

YENTILATION

ZEMERAL

EXHALST

RETUHN AIR

LG aTaM
LAl

@==bAKELP
AR

T T |

ﬁ

SEESE A e

LOCAL
EXHALUST

Wetwieftete LA ILTBRATIUN




Building Ventilation

Gymnastum

Office and
waiting
room

Laboratory

Classroom




Smoke Tubes for Ventilation Air Currents




oc
3
> ¢ nda ®
< ®g000 ©
T n®Q ©
o ® 0000
<

Building Ventilation




Building Ventilation




Building Ventilation

Fluence (UV Dose) Required to Achieve
Incremental Log Inactivation of
Bacteria, Protozoa, Viruses and Algae

Revised, updated and expanded by

Adel Haji Malayeri', Madjid Mohseni®, Bill Cairns® and James R. Bolton™

With earlier contributions by
Gabriel Chevrefils (2006)* and Eric Caron (2006)°
With peer review by

Benoit Barbeau®, Harold Wright (1999)* and Karl G. Linden®
. Department of Chemical and Biological Engineering, University of British Columbia, Viancouver, BC, Canada

. Trojan Technologies, London, ON, Canada

1
2,
3. Department of Civil and Environmental Engineering, University of Alberta, Edmonton, AB, Canada
4. Chaire Industrielle-CRSNG en Eau Potable, Polytechnique Montreal, Montreal, QC, Canada
5.
6.

. Carollo Engineers, Boise, ID

Department of Civil, Environmental and Architectural Engineering, University of Colorado-Boulder

*Corresponding authors: Bill Cairns ||

Introduction
Revision

ory

r represents the second revision of a compilation
s back to 1999, The ¢
amoto 1999) was an int

I document of Trojan Technol-
The first revision was published in 2006 (Chevrefils et
al im the pr
here. In addition, data from tt

e has been added. Two other reviews
published

and a new table for al
of the UV sensitivity of microorganisms have
(Hijnen et al. 2006; Cochill and Sagripanti 2008).

Briefl description and selection eriteria
ol
(only

ent a summary of published data on the ultra-

e in the downloaded n

zine
version)
violet (UV)
isms tha a

data for various microorgan-

UV disinf
knowledg
zsponse that currently exists in the
protocols. Users of the data for their own pury

advised to exercise critical judgment in how they use the

In most cases, data are generated from low-pressure (LP)
for which the

ured empirically

monochromatic mercury arc lamp source:

lamp fluence rate (irradiance) can be «
and multiplied by exposure time (in seconds) to obtain an
incident fluence onto the sample bei radiated; however,
earlier data do not always contain the correction factors thai

@trojanuv.com) and James Bolton (jb3

ualberta.ca)

a
200

fuence deli

now considered standard practice (Bolton and Lind,
Bolton et al. 2015a) in order o determine the average
ed to the microorganisms within the irradi-
ted data are marked and should
h,
tions have not been made. Some data are from polychro-
matic medium pressure (MP) mercury arc lamps, and in

ated sample. Such uncor

its, sine

ECessary commec-

be considered as upper li

some cases both lamp ty
polychromatic UV light is used to achieve a
irradiation around 254 nm. These studies are also de

asLP.

None of the dats

The references from which the

ully read to unde
are calculated and what the
and procedures are in the calculations

ssumptions

It is the intention of the authors a

d sponsors to keep this

le dynamic tes. Recommendations
for inclusion in the tabl

should be sent to:

: source,

The selection criteria for inclusion are recomme
follows:

MICROBE KILL PERCENTAGE

100

UV Antimicrobial Effectiveness

Surface Microbe Cultures Exposed To UV Light

B Serratia Marcescen
B Bacillus Subtilis

W Aspergillus Versicolor




Courtesy of Scientific American

AIRFLOW DISTRIBUTION

aiha.org | 31



Ailrflow Distribution

HVYAC mcvculaton and
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Ailrflow Distribution
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Ailrflow Distribution

Induction Style Diffuser
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Ailrflow Distribution

Exposure can be reduced through directional
displacement and coupling supply and exhaust

Displacement Style Diffuser
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Ailrflow Distribution

See any problems with the air supply and exhaust
in these waiting rooms?

Width

I' Courtesy
of 3Flow

l Scrutinize their use

Courtesy of 3Flow




Ailrflow Distribution

See any problems with the air supply and exhaust
in these hospital procedure rooms?




NIST Multizone Airflow Dispersion Model

Occupant Exposure
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Ailrflow Distribution

¢« Less than

Workers are within

six feet of one another,
including at side-by-side
or facing workstations.

Good:

Workers are spaced at
least six feet apart, not -y = - e
facing one another. ' =n - \ ‘
Another setup may
be used to achieve
similar distancing
between workers.




Ailrflow Distribution

Good:

Physical barriers, such

as partitions, separate
workers from each other.

Good:

Physical barriers, such

as partitions, separate
workers from each other,
including where workers
need to perform tasks in
tandem across from one
another.
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Partitions may need to be adjusted
to integrate with the processing line
or other manufacturing equipment.
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= =| = 1]

For tasks performed in tandem with workers
across from one another, partitions can be
positioned to protect workers while allowing
the pass-through of materials.

<= Partition




ITIONS

o
| —
O
al
©
-
qv]
)
&
qv]
-
O
D
N
D
D
-
)




Ventilation for Industry

Engineering Controls
« General exhaust ventilation

Local exhaust ventilation

Fans

Alr filtration

Building and room filtration
Ultraviolet germicidal irradiation
Administrative Controls

Personal Protective Equipment (PPE)
Important suggested measures

White Paper
on

Ventilation for
Industrial Settings during
the COVID-19 Pandemic

by

American Conference of Governmental Industrial Hygienists (ACGIH®

ce
Industrial Ventilation Committee
August 2020

acgih.or

)
!

g9
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Alr Filtration

‘ Regularly clean or replace HVAC system filters

« Use the most efficient filters possible to maintain
ability to supply adequate air flow

« Consider using stand alone portable HEPA units
* Change to MERV 13-14 or HEPA filter

* Ensure that filters are installed in the correct
orientation relative to airflow, that they are the
appropriate size, and that they are seated in the
filter rack properly

* Minimize air flowing around filters instead of
through them

“AIHA




Alr Filtration

ASHRAE Standard 52.2-2017 -- Minimum Efficiency Reporting Value (MERV)

Std. §2.2

Application Guidelines

Minimum

Efficiency

Reporting Typical

Value Typical Controlled Applications Typical Air
(AMERYV) Contaminant and Limitations Filter/Cleaner Type
16 0.30 to 1.0 pun Particle Size Hospital mnpatient care Bag Filters

All bactena

Most tobacco smoke
Droplet nucle: (sneeze)
Coocking o1l

Most smoke
Insecticide dust

Copier toner

Most face powder
Most pant prgments

General swgery
Smoking lounges
Supenor commercial
buldings

Nonsupported (flexable) mucrofine fiberglass or synthetic
media. 300 to 900 mm (12 to 36 1) deep. 6 to 12 pockets.
Box Filters

Rizid style carmdge filters 150 to 300 mum

(6 to 12 ) deep may uze lofted (air laad) or paper (wet laid)
media

1.0 to 3.0 yun Particle Size

Legonella
Humudifier dust
Lead dust
Milled flour
Coal dust

Auto emussions
Nebulizer drops
Welding fumes

Supenor residential
Better commercial
buldings

Hozpital laboratones

Bag Filters

Nonsupported (flexable) microfine fiberglass or synthetic
media. 300 to 900 men (12 to 36 m.) deep, 6 to 12 pockets
Box Filters

Rigad style cartndge filters 150 to 300 mum

(6 to 12 1n ) deep may use lofted (axr lad) or paper (wet lad)
media

3.0 to 10.0 pun Pardcle Size

Mold

Spores

Hawr spray
Fabne protector
Dusting aids
Cement dust

Pudding nux
Souff

Powdered nulk

Commercial bwldings
Better renidential
Industnal workplaces
Pant booth inlet aur

Pleated Filters

Dizpozable, extended swrface, 25 to 125 mm

(1 to 5 m.) thack wath cotton-polyester blend media,
cardboard frame

Cartridge Filters

Graded den=ty viscous coated cube or pocket filters,
synthetic media

Throwaway

Dispozable synthetic media panel filters
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Building Ventilation Case Study

Design and
Operation of
HVAC Systems

Filtration,
Recirculation
and Re-
entrainment

Occupant Type
and Density

Occupant

Proximity and Duration

Occupant Activities

Airflow

Quantity and Distribution

-t

Potential for Aerosol Generation

Available
Exposure
Control Devices

Courtesy of 3Flow




Building Ventilation Case Study
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Building Ventilation Case Study




Building Ventilation Case Study
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Courtesy of 3Flow




Building Ventilation Case Study

Risk Band Description Attributes

Vacant Space

- . S 1 Occupant

0 Negl'glble *  Very Limited Access

| Proper HVAC Operation
. < 1 Known Occupant

LOW . Limited to no Visitors

. Proper HVAC Operation
. Known Occupants

. Limited Visitors w/Short Duration

2 Moderate

. Adequate Spacing

. Proper HVAC Operation
. Known Occupants

; 2 . Limited Visitors w/ Extended Duration
3 High

. Mixed Social Space and Close Contact

| Ventilation Issues
. Known Occupants

. Numerous, Frequent Visitors w/Extended Duration

Extreme

d . Close Personal Contact
(SpeC'al) . Aerosol Generating Procedures

. Ventilation Issues
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GUIDANCE FOR
CLEANING AND DISINFECTING

PUBLIC SPACES, WORKPLACES, BUSINESSES, SCAN H

FOR MO

¢ AIHA

Recommended cleaning:

Protecting Worker Health

Workplace Cleaning
for COVID-19

Guidance Document

aiha.org

SCHOOLS, AND HOMES INFORMATION

This guidance is intended for all Americans, whether you own a business, run a school, or want to ensure

the cleanliness and safety of your home. Reapening America requires all of us to move forward together by
practicing social distancing and other daily h

COVID-19. Reopening the country also strot

to reduce our risk of exposure to the virus that causes

ly relies on public health strategies, including increased testing
of peaple for the virus, social distancing, isolation, and keeping track of how someone infacted might have
infected other people. This plan is part of the larger United 1
and disinfecting public spaces, workplaces, businesses, schools, and can also be applied to your home.

tates Government plan and focuses on cleaning

Cleaning and disinfecting public spaces including your workplace, school, home,
and business will require you to:

+ Develop your plan

on is an important part of ning public spaces that will

n to sow the spread of the virus through social distas

ne also has a ol

The virus that caus:

be used against COVID

ncent

againstviruses that are h

uses like the one that ca

For more information, please visit CORONAVIRUS.GOV

Supplementary information

Summary

This document provides guidance on routine cleaning, and cleaning and disinfection
following a case or suspected case of COVID-19 in a non-healthcare workplace.

It covers:
1.1 - Cleaning during the COVID-19 pandemic
1.2 - Definitions
1.3 -Ci and
1.4-Cl of P for
1.5 - Recommended cleaning by surface
1.6 - Recommended cleaning by item
1.6.1 - General
162~ ialis i
1.6.3 - Retail
1.6.4 - Building and construction
1.6.5 - Warehousing and logistics
1.6.6 -~ Transport

1.1 Cleaning during the COVID-19 pandemic

COVID-19 spreads through respiratory droplets produced when an infected person coughs or
sneezes. A person can acquire the virus by touching a surface or object that has the virus on it and
then touching their own mouth, nose or eyes

A key way you can protect workers and others from the risk of exposure to COVID-19 is by
implementing appropriate cleaning and disinfecting measures for your workplace

A combination of cleaning and 1 will be most effective in removing the COVID-19 virus.

Itis highly recommended that workplaces are be cleaned at least daily. More frequent cleaning may
be required in some circumstances. For example, if your workplace operates in shifts, workplaces

swa.gov.au/coronavirus
Page 10f 18
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Resuming Busine

Coronavirus Disease 2019 (COVID-19)

HEALTHIER WORKPLACES | A HEALTHIER WORLD

Reopening:
Guidance for General
Office Settings

Guidance Document

oiha.oi'g'

Ver&l 3 | May 26, 2020
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