Health

Business

Services
The business division ol

f the HSE

Health Business Services

HSE ESTATES

Feidhmeannacht na Seirbhise Slainte
CARE COMPASSION TRUST LEARNING Health Service Executive

Building a Better Health Service




Feidhmeannacht na Seirbhise Sldinte

j!' h
‘3 AMNess
Eﬂ T VICES
Health Service Executive

HSE HBS ESTATES

Brendan Redington.
HSE Estates Manager Quality & Standards.
Chartered Engineer.
Fellow Member of IHEEM and a Member of ASHRAE.
BSc Eng Hons Degree.
Dip Eng.
Dip Project Management.
BSc in Quality & Six Sigma for Industry
MSc in Building Services & Eng Management.
Certified Energy Manager
Over 27 years in Healthcare Engineering Sector




Title of Presentation:

ATo examindmportance of Ventilation as
an Engineering Control Mechanism In
the fight against COVID 19 and to
examine the commorventilation
related parameters referred to In
numerous reports and guidance
documents that influence its
effectiveness



Disclaimer

A This presentation is based on the knowledge/guidance review
at this time . Due to the rapidly evolving nature of the CQ14AD
epidemic this presentation should be read in conjunction with t
relevant government Public Health HSE/HPSC guidance.

A No responsibility of any kind for any injury, death, loss, damag
delay however caused resulting from the use of this presentati
can be accepted by the presenter, the authors or others involve
In its publication. In adopting these recommendations for use ¢
adopter by doing so agrees to accept full responsibility for any
personal injury, death, loss, damage or delay arising out of or |
connection with their use by or on behalf of such adopter
Irrespective of the cause or reason therefore and agrees to def
iIndemnify and hold harmless the author/presenter and others
Involved in this presentation from any and all liability arising ou
or in connection with such use as aforesaid and irrespective of
negligence on the part of those indemnified.



This Presentation is from a Ventilation
Technical Standards/Guidance/ Advice
perspective only.

A If a confirmed case or case(s) of Celfdhas been
identified from a building user then please consult
current Government HSE/HPSC Public Health.

A The advice contained in this presentation specificall
concerns the ventilation provision in indoor spaces &
presents advice regarding existing guidance as to w
can be done to reduce the risk of viral infection
transmission indoors, as such it should be read In
conjunction with advice on social distancing,
cleaning/disinfection, hand hygiene and other buildir
management Public Health advice.



Ventilation & COVID 19

A WHO Guidance & Paper to Support Ventilation
A ECDC Guidance

A REHVA Guidance

A IHEEM Guidance

A CIBSE Guidance

A SVH Guidance

A ASHRAE Guidance

A CDC Guidance

Al1{9 1t{/ DdZARIYOSO0KAOK AYyO2NLII
A Ventilation Effectiveness

A Local Exhaust Ventilation (LEV)

A Filter Standards

A AHU Guidance and Standards

A Room Air Treatment Units

A HSE HPSC Guidance

A Summary



WHAT CANWE DO’

* Apply established principles of risk management

* Apply existing knowledge about aerosol/airborne disease transmission

* Apply established principles for controlling exposure to air contaminants

* Apply established principles of risk management
+ Be willing to change our views based on emerging knowledge

* Recognize that all of the available guidance is a starting point and we are still responsible
for applying it



ASHRAE Ireland Chapter 711672020

3 RISK MANAGEMENT

* Multiple modes of transmission — N Hierarchy of Controls

multiple controls
L Elimination Hrons
* Collaboration gives best results

* Designers il

' Owners ) lsolate people
= | from the hazard

* Operators

 Industrial hygienists e

Infection control specialists

Pratact the worker with
Personal Protective Equipment

* Focus here on engineering controls for
aerosols



REHVA

ELIMINATION Most effective
- to physically remove the pathogen

ENGINEERING CONTROLS
- to separate the people and pathogen

ADMINISTRATIVE CONTROLS
- to instruct people what to do

PERSONAL PROTECTIVE EQUIPMENT
- t0 use masks, gowns, gloves, etc. Least effective

Figure 3. Traditional infection control pyramid adapted from the US Centers for Disease Control™,



Infection prevention and control during health care when
novel coronavirus (NCoV) infection is suspected

Interim guidance World Health
25 January 2020 @ Orgranizg'lc?ion

3.2 Adirbhorme Precantions fow aAasrosol cemeratin o
Proceduares

Some acrosol-scenerating proceduares hawe been
associated withh an increased risk of transimmission of
coronaviruses (SARS-Co™W and NMERS-CoW). such

as tracheal imntnbhatiocory., T e g8 o T I T = s T wentilatiory.
tracheotormy. cardiopulmiornas sy resuscitation.
xyvantial wwentilatiomn bhefor= imtulbatioa. axadl

bronchoscopy. 19-11

Ensure that HCWs performing acrosol-gzencerating

procedures:

- Prerformmnm procedures 1 an adeguatelsy ventilated
roo1mnt — that 1s. natural ventilatiorn with air flow
of at least 160 IL./s per patient or i negative
Ppressuures rooims with at least 12 anr changses per
hour and controlled direction of air flow when
using mechanical ventilation:®

- use a particulate respirator at least as protective

as a US MNational Instituate for OQococupational

Saftery andd Health (INIOSH b-certiticd TNOS_

Furopaearn UTndorn (ETT) staryclasd FFP2>, et

cequuisvalent. 12 When HC Ws put on a disposable

Pparticulate respirator. thhes st alwass pertforii

the seal check.? MNote that if the wearer has

facial hair (i.e.. a beasrd) it mawy prewent a proper

respirator fit: 12

use ewve protection (i.e.. gogoles or a face shield):

wear a clean. non-sterile. long-sleeved gown

arnd sclowves. If gowns are ot fluuid resistant.

HCWW = should wvse a waterproof apasoin for

Pprocedures expected to have high wrolurmnes of

fluid that migcht penctrate the gsowia:?



WHO Natural Ventilation for Infection Control in
Health-Care Settings 2009

A Edited by:

A James Atkinson, Yves Chartier,
A Carmen LUcia Pess&gilva,

A Paul Jensen, Yuguo Li

A and WingHong Seto



Some useful WHO definitions

Air changes per hour  For a positive pressure room — the ratio of the volume of outdoor air flowing

(ACH) into a given space in an hour divided by the volume of that space.
For a negative pressure room — the exhaust airflow rate is used for
calculation.

Anteroom A small room leading from a corridor into another room, often an isolation
room.

Balanced mechanical A system where supplies and exhausts have been tested and adjusted to
ventilation systems ~ meet particular design specifications.

Droplet nuclel Dried-out residuals of droplets <5 pm in diameter.

Droplets Inspirable particles larger than 5 um in diameter, which can be deposited on
upper respiratory tract levels and mucosa.

¢ = quantum generation rate by an infected person (quanta/’s)



WHO Rationale for determining the minimum ventilation rate
requirements 2009 Annex E:
The table shows that there is 7-fold dilution within 10 minutes at 12 air changes

per hour (ACH), 20-fold dilution within 10 minutes at 18 ACH and 54-fold dilution within
10 minutes at 24 ACH.

Table E.1 Decay of droplet nuclei concentration in an isolation room for
different ventilation rates and duration of time

Ventilation rate (ACH) (%)

Time (minutes) 6 12 18 24

0 100.00 100.00 100.00 100.00
10 37.00 13.50 498 1.83
20 13.50 1.83 0.25 0.03
30 0.67 0.00 0.00 0.00
60 0.25 0.00 0.00 0.00

ACH, air changes per hour.



WHO Rationale for determining the
minimum ventilation rate
requirements 2009 Annex E:

The benefits of using higher ventilation rates are also obvious. In clinical situations,

where droplet nuclel are an important mode of disease transmission, the average

quanta production rates in clinical patients not undergoing aerosol-generating

orocedures is Usually <1 quanta/minute, and between 4-6 quanta/minute for
bronchoscopy.



With a quanta production rate of 10 quanta/minute, the estimated risk of infection with 15
minutes of exposure in a room with 12 ACH is 4%, and with 24 ACH is 2%, which illustrates the
importance of adequate ventilation.

Table E.2 Infection risk with 15 minutes exposure with different
ventilation rates and quanta generation for an infector enterin
an enclosed space with adimension 6 m x 6.7 m x 2./ m

Ventilation rate (air changes per hour) (%)

Quanta generation

(quanta/min) 1 3 6 12 15 18 24 30
1 0.05 0.02 0.01 0.00 0.00 0.00 0.00 0.00
2 0.10 0.03 0.02 0.01 0.01 0.01 0.00 0.00
3 0.14 0.05 0.03 0.01 0.01 0.01 0.01 0.01
4 0.19 0.07 0.03 0.01 0.01 0.01 0.01 0.01
=] 0.23 0.08 0.04 0.02 0.02 0.01 0.01 0.01
5] 0.27 0.10 0.05 0.03 0.02 0.02 0.01 0.01
7 0.30 0.11 0.06 0.03 0.02 0.02 0.01 0.01
8 0.34 0.13 0.07 0.03 0.03 0.02 0.02 0.01
9 0.37 0.14 0.07 0.04 0.03 0.03 0.02 0.02

10 0.40 0.16 0.08 0.04 0.03 0.03 0.02 0.02

11 0.43 0.17 0.09 0.05 0.04 0.03 0.02 0.02

12 0.46 0.19 0.10 0.05 0.04 0.03 0.03 0.02

13 0.49 0.20 0.11 0.05 0.04 0.04 0.03 0.02

14 0.51 0.21 0.11 0.06 0.05 0.04 0.03 0.02

15 0.54 0.23 0.12 0.06 0.05 0.04 0.03 0.03

16 0.56 0.24 0.13 0.07 0.05 0.04 0.03 0.03

17 0.58 0.25 0.14 007 0.06 0.05 0.04 0.03

18 0.61 0.27 0.14 0.07 0.06 0.05 0.04 0.03

19 0.63 0.28 0.15 0.08 0.06 0.05 0.04 0.03

20 0.64 0.29 0.16 0.08 0.07 0.06 0.04 0.04




Italilan May 2020 Study

Estimation of airborne viral
emission: Quanta emission rate of
SARSC0\f2 for infection risk
assessment
G. Buonann@®? L. Stabilé andL.
Morawska

https://www.ncbi.nlm.nih.gov/pmc/articles/PM
C/7211635/



https://www.ncbi.nlm.nih.gov/pubmed/?term=Buonanno G[Author]&cauthor=true&cauthor_uid=32416374
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A Abstract:

AThe results showed that high quanta emissic
rates (>100quantaht ¥ can be reached by an
asymptomatic infectious SARGo\/2 subject
performing vocalization during light activities
(1.e. walking slowly) whereas a symptomatic
SARSC0V2 subject in resting conditions
mostly has a low guanta emission rate
(<lquantumh® V.

AThe results obtained from the simulations
clearly highlight that a key role Is played by
proper ventilation in containment of the
Vvirus in indoor environments.



Conclusion from [talian Report

https://www.ncbi.nim.nih.gov/pmc/articles/PMC721163¢

A High emission values have been found for an
SARS&C0oV2 asymptomatic subject both in the
light exercise condition during speaking and ir
the heavy exercise with oral breathing.

AHighlighted the great importance of
ventilation Iin iIndoor microenvironments to
reduce the spread of the infection.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7211635/

Figure 3: from https://www.nchi.nlm.nih.gov/pmc/articles/PMC7211635/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7211635/

From Previous ASHRAE Presentation

Standard airborne disease transmission B
Wells-Riley model

» The probability of infection (p) is related to the number of quanta inhaled (n):

n

p=1—-e"

+ N (quanta) depends on the time-average quanta concentration (C,,, quanta/m?), the
volumetric breathing rate of an occupant (Q,, m*/h) and the duration of the occupancy (D, h)

n = Capg@pD

« A fully mixed material balance model for the room:

where

E quanta emission rate (quanta/h);
dc E v volume of the room {m3];
—_— AC A first-order loss rate coefficient for quanta/h due to the summed effects of ventilation (4,, 1/h),
dt V deposition onto surfaces (Azp, 1/h) and virus decay (k, 1/h);

C time-dependent airborne concentration of infectious quanta (quanta/m?).

Rebva  *  (Concentration in larger rooms is not fully mixed - air distribution issues)
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From Previous ASHRAE Presentation

» Common cold/rhinovirus (Yuexia Sun et al. 2011) 1-10 quanta/h

» Influenza (Mesquita, Noakes and Milton 2020) 0.1-0.2 g/h in average, but 630 q/h max daily

rate
« SARS-CoV-2 (Buonanno G, Morawska L, Stabile L, 2020):

Activity Quanta emission rate, qua nta/h
Resting — Oral breathing 2.0

Resting — Speaking 9.4

Resting — Loudly speaking 60.5

Standing — Oral breathing 2.3

Standing — Speaking 11.4

Standing — Loudly speaking 65.1

Light exercise — Oral breathing 5.6

Light exercise — Speaking 26.3

Light exercise — Loudly speaking 170

Heavy exercise — Oral breathing 13.5

Heavy exercise — Speaking 63.1

REHVA Heavy exercise — Loudly speaking 408

Federation aof
Eurapean Heating,
ventilation and
Air Conditionang
hssnciations



REHVA

Federation of

From Previous ASHRAE Presentation

Calculation examples

Assumption of 1 infected person
in all rooms

5 quanta/h for office work and
classroom occupancy

1.5 L/s per m? ventilation rate in
2 person office room of 16 m?

50 m? open plan office

56 m? classroom

European Heating,

Ventilatian and

Air Conditionang

Ahssnciations
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0 1 2 3 4 5 b 7 8

Occupancy time, h

—a—Open plan office 1 L/s m2—s—0pen plan office 2 L/s m2

—=—2 person office room Classroom 4 L/s pers

—s—Classroom6 L/spers ~ —s—Classroom 8 L/s pers




From Previous ASHRAE Presentation

Calculation examples

0.2
» 7 q/h for a restaurant, 10 g/h for
shopping, 16 q/h for sports and 23 -
. € 0.15
q/h for meeting rooms 2
+ 4L/sm?in meeting rooms of 15, “E
25 and 50 m? E 0.1
o 50 m? for other rooms %
3 005 =
a
« The total airflow rate in L/s per g
infected person matters 0
0 1 2 3 4
+ Common cold (5 q/h) design Occupancy time, h

criterion of p=0.05at 8 h

occupancy possible in most of

rooms (not in small 2-3 person
REHVA FOOMIS)
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—a— Meeting room 6 pers —a—Meeting room 10 pers ——Meeting room 20 pers

Restaurant 4 L/sm2 —e—Shopping 1.5L/sm2 ——Sports facility 3 L/s m2



Evolution of spray and aerosol
from respiratory releases:
theoretical estimates for

INsight on viral transmission

P. M. de Oliveiral, L. C. C. Mesquita®,
S. Gkantnnasl, A. Giusti® and

E. Mastorakos?!

lHopkinson Laboratory, Department of Engineering,
University of Cambridge, Cambridge, UK

?Mechanical Engineering Department, Imperial
College London, UK






