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Viability of virus in aerosols, SARS-CoV2 remains viable up to 3 hours
( Conditions at 69.8 -73.4°F (21 to 23°C) and 40% relative humidity over 7 days)
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Aerosol
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Invisible Danger: Aerosols

Protecting Yourself
Observe these strategies to minimize the risk of exposure to dental aercsols and splatter,

¢ Jacks, RDH, M5 On Aug 16,201 @0

The hidden danger: spray mist

Certain acfivities, such as preparing teeth, removing fillings, crowns and bridges, or removing plague, require

the use of high-speed instruments. However, these instruments not only make work easier, but also entail risks;

effective cooling with water is necessary to prevent domage to the pulp-dentine area. In the process,

is formed, which is not homogeneous, but consists of particles, powder as well as splashes and droplets

of different sizes containing cooling water, soliva, blood and microorganisms. This mixiure presents a |

Dangers caused by spray mist:

= Desposition of contamincted cerosol cloud over a radius of seve-
ral meters (see also: Drisko et al., 2000, Bennet et ol., 2000)]

= Door handles, armrests, lights ond other surfoces are contaming-
ted |Source: Graetz et al,. 2014)

= High risk of infection for patients due to cross contaminations

= Over 600 different types of bacteria can be detected in the
human oral cavity [Source: Genome Research (2009), DOI:
10.1101/gr.084616.108)

* 1 ml saliva contains about 10 million bacteria (Source: Genome
Research (2009}, DOI: 10.1101/5r.084616.108)

= During a 15-minute without protective approx.

0.014-0.12 pl of saliva is inhaled via the cerosol (Source: Bennet
el al. Brifish Dental Journal, Vol. 189 Mo, 12 (2000])

neters ond pre-

inated o

1 in ambient oir for up 1o 30

2000)

es {see also: Drisko et

High-volume evacuation: Aerosols—it's what you can’t see that can
hure you

It 151, 2007




Invisible Danger: Aerosols

The hidden danger: spray mist

Certain activities, such as preparing teeth,
removing fillings, crowns and bridges, or
removing plaque, require the use of high-
speed instruments. However, these
instruments not only make work easier, but
also entail risks: effective cooling with water is
necessary to prevent damage to the pulp-
dentine area. In the process, spray mist is
formed, which is not homogeneous, but
consists of particles, powder as well as
splashes and droplets of different sizes
containing cooling water, saliva, blood and
microorganisms. This mixture presents a high
risk of infection.

Dangers caused by spray mist:

Deposition of a contaminated
aerosol cloud over a radius of
several meters

Door handles, armrests, lights and
other surfaces are contaminated
High risk of infection for patients
due to cross contaminations
Over 600 different types of
bacteria can be detected in the
human oral cavity

1 ml saliva contains about 10
million bacteria

During a 15-minute treatment
without protective measures,
approx. 0.014-0.12 ul of saliva is
inhaled via the aerosol



The Wells evaporation-falling curve of droplets

Droplet diameter{um)
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Tobacco Smoke
Animal dander
Household dust
Insect parts
Pollen

Molds

Combustion by-
products

Common Reservoirs:

Invisible Particles

* Carpets, pillows,
couches, stuffed
animals

P arﬁde Size Chal‘ t Human hair 70-100 micron in size
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Breathes of Air

* The average adult at rest
Inhales and exhales about one-
fourth of a cubic foot of air per
minute. That totals something
like 388 cubic feet of air in a day.
* Along with it comes about 20
billion particles of dirt and other
foreign matter (dust).

* The nose traps and filters up
to 70 percent of these particles
that we inhale each day.

Inhalable H B B
ke P B B
R




Wells—Riley equation:

Quanta/hr p-P_, _exp(_@)

5 0

Exposure
Time

Breathi ng Mask/HVE/eos/Rubber
Rate Dam/Mount Wash

Quanta
= Infectious
Dose




* Risk of indoor airborne infection transmission (Risk %)
e Basic reproductive number in a shared indoor airspace (R,)

Airborne Infection Doses (Quanta)

Infectious Agent

Mean Quanta Production Rate

Quanta/hr
TB 12.7
Influenza 100
Measles 570
Clinical Patients not undergoing AGP less than 60
Bronchoscopy 240-360
Covid-19 Undergoing Dental AGP Unknown
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e Rubber Dam
e HVE & EOS

mantdaaanainainid (Taatanizludqissaidaauaula)

e High Flow HEPA Filtration
e High Flow Outside Air Ventilation
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Acceptable Clean Air Solutions

FA + HEPA
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Measured Worker’s Dust Exposure with Different Ventilation Configulation

O ™ Supply air unit

Sidedraft hood

Downdraft hood
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ASHRAE Standard 62.1

Table 6-1 Minimum Ventilation Rates in Breathing Zone

People Outdoor Area Outdoor Default Values
Air Rate R, Air Rate R, Occupant Density
cfm/ L/s: #1000 ft> Air  OS
Occupancy Category person person cfm/ft> | L/ssm? | or #/100 m? Class  (6.2.6.1.4)
Outpatient Health Care Facilities b |
Birthing room 10 5 0.18 0.9 15 2
Class | imaging rooms 5 2.5 0.12 0.6 | 5 1
Dental operatory < 0 ) 5 < 0.18 )| 0.9 | 20 CD
General examination room 7.5 3.8 0.12 0.6 20 1
Other dental treatment areas C |5 ) 2.5 C 1006 ) 03 5 CD

a. Outpatient facilities to which the rates apply are freestanding birth centers, urgent care centers, neighborhood clinics and physicians offices, Class | imaging facilities, outpatient

ilities

b. The requirements of this table provide for acceptable IAQ. The requirements of this table do not address the airborne transmission of airborne viruses, bacteria, and other infectious

contagions.

Informative Note: These rates are intended only for outpatient dental clinics where the amount of nitrous oxide is limited. They are not intended for dental operatories in institutional

buildings where nitrous oxide is piped.

ANSI/ASHRAE Standard 62.1-2019
(Supersedes ANSIJASHRAE Standard 62.1-2016)
Includes ANSIJASHRAE addenda listed in Appendix O

Ventilation
for Acceptable
Indoor Air Quality

Se= Appendix O for approval dates by ASHRAE and the American National Standards Institute.

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committes has esmblished a d d program for regular publication of addenda or revisions, indluding procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Inseructions for how to submit a
change can be found on the ASHRAE™ website (www.azhrae orglcontinuous-maintenance)

The lacest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305. E-mail: orders@ashras.org. Fax: 678-539-
2129. Telephons: 404-636-8400 (warldwide), or toll fres 1-800-527-4723 (for orders in US and Canada). For reprint per-
miission, go to www.ashrae.org/permissions.

2019 ASHRAE ISSN 1041-2336
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s22000 Guidance lor Dental Sefings | COC

al Centers for Disease
CDC Control and Prewvention

Coronavirus Disease 2019 (COVID-19)

Guidance for Dental Settings

Interim Infection Prevention and Control Guidance for Dental Settings During the COVID-19
Response

Key Points

+ Dental settings have unique characteristics that warrant specific infection control considerations.

* Pricritize the most critical dental services and provide care in a way that minimizes harm to patients from delaying
care and harm to personnel from potential exposure to COVID-19,

» Proactively communicate to both personnel and patients the need for themn to stay at home if sick.

* Know the steps to take if a patient with COVID-19 symptoms enters your facility.

This guidance was updated on May 19, 2020 and complements the following COC guid-

* Interim Infection Prevention and Control Recommendaticns for Patier navirus

Disease 2019 (COVID-19) In Healthcare Settings 1 6 [ ]
« Framework for Healthcare Systems Providing Non-COV'™ g E

b\
Summary of Recent Change~ ’\

* Recommendations > ‘ @ : are during the COVID-1% pandermic.
* New inform- \ . censiderations, sterilization and disinfection, and

consi® .nQrm patient care,

LIS OC _=ntal care to both patients with COVID-19 and patients without COVID-
1%

Backg .und

In response to the COVID-19 pandemic in the United States, in March, 2020, CDC recommended that dental settings
should prioritize urgent and emergency visits* and delay elective visits and procedures to protect staff and preserve
personal protective equipment and patient care supplies, as well as expand available hospital capacity. However, as the
pandemic continues to evolve, and healthcare settings are responding to unique situations in their communities, CDC
recognizes that dental settings may alse need to deliver non-emergency dental care, Dental settings should balance the
need to provide necessary services while minimizing risk to patients and dental healthcare personnel (DHCP), CDC has
developed a framework for healthcare personnel and healthcare systems for delivery of non-emergent care during the
COVID-19 pandemic. DHCP should regularly consult their state dental boards and state or local health departments for
current local information for requirements specific te their jurisdictions, including recognizing the degree of community
transmission and impact, and their region-specific recommendations.

Transmission: SARS-CoV-2, the virus that causes COVID-19, is thought to be spread primarily through respiratory droplets
when an infected person coughs, sneezes, or talks. Airborne transmission from person-to-person over long distances is
unlikely. However, COVID-19 is a new disease, and we are still learning about how it spreads and the severity of illness it
causes. The virus has been shown to persist in aerosols for hours, and on some surfaces for days under laboratory
conditions. COVID-19 may be spread by people who are not showing symptoms.
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=7 Table 2: Time Required for Removal or Settling of Aerosols by Air Changes

per Hour (ACH)
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FA + HEPA Filtration + Air Clearing for 99.9% Sure
(17 min for 24ACH, 8 min for 50ACH)

SUINNINITINEN gdaesatdagunula
TEILY1 3 ACH + U3 UL 9-21 ACH Air Clearing for 99.9% 2450 acu

Exhaust
(EX)
284
aanns

naan1s HEPA Filtration wsa saa Fresh Air Ala



photometer

% _— s HEPA Filter

lugnaunssu

sample before filter

DOP-injection P sample after fitter asket leak

generator

Clamp /
absolute filter Spread of

\ particles

HEPA saslsisa “Very Serious”

= Tsewgnunanauunu
7 KHON KAEN HOSPITAL

Commercial Grade aasszaan1sld



HEPA Filtration

24-50 ACH in One Machine
(50 ACH is used for 10 minute Air Cleaning
Before New Case)

Exhaust

~ :

H'iTl L
=

Fresh Air
Supply




n1sniANdzainainiAnastan Case nqea 50 ACH

Y] v ¢ a\ Y |
Woandnd + tlarinaig



Low Cost HEPA Filtration Unit
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Y Air Dilution/Air Cleaning/Air Flow Direction/Partitions
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Multi-Chair Open Floor Plan Dental Clinic

Total ACH/Chair & CMH/Chair for R0<0.5 (ACH is Based on 15 Sqmx2.8m Per Chair)

Quanta=250/hr, Staff: Surgical Mask 40% Efficiency, Simulation for Covid-19 First Case, Staff:2.25# Per Chair

Number Case Exposure Time in Hour for Casel+Case2+Case3...etc (Total 3 Hrs)
of t=1+1+1 t=1.5+1.5 t=2+1 t=2.5+0.5 t=3+0
Chair ACH/C CMH/C ACH/C CMH/C ACH/C CMH/C ACH/C CMH/C ACH/C CMH/C

2 15.0 630 21.6 907 28.8 1,209 35.9 1,507 37.5 1,574
3 15.6 655 22.8 957 30.4 1,276 37.9 1,591 41.6 1,746
4 15.9 667 23.4 982 31.2 1,309 39.0 1,637 43.7 1,834
5 16.1 676 23.8 999 31.7 1,330 39.6 1,662 45.0 1,889
6 16.2 680 24.0 1,007 32.0 1,343 40.0 1,679 45.9 1,926
7 16.3 684 24.2 1,016 32.2 1,351 40.3 1,691 46.5 1,952
8 16.4 688 24.3 1,020 32.4 1,360 40.5 1,700 46.9 1,968
9 16.4 688 24.4 1,024 32.6 1,368 40.7 1,708 47.3 1,985
10 16.5 693 24.5 1,028 32.7 1,372 40.8 1,712 47.6 1,998
11 16.5 693 24.6 1,032 32.8 1,377 40.9 1,717 47.8 2,006
12 16.5 693 24.6 1,032 32.8 1,377 41.0 1,721 48.0 2,015
13 16.6 697 24.7 1,037 32.9 1,381 41.1 1,725 48.1 2,019
14 16.6 697 24.7 1,037 32.9 1,381 41.2 1,729 48.3 2,027
15 16.6 697 24.8 1,041 33.0 1,385 41.2 1,729 48.4 2,031
16 16.6 697 24.8 1,041 33.0 1,385 41.3 1,733 48.5 2,035
17 16.6 697 24.8 1,041 33.1 1,389 41.3 1,733 48.6 2,040
18 16.6 697 24.8 1,041 33.1 1,389 41.4 1,738 48.7 2,044
19 16.7 701 24.9 1,045 33.1 1,389 41.4 1,738 48.8 2,048
20 16.7 701 24.9 1,045 33.2 1,393 41.4 1,738 48.8 2,048
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Transmission and control of viruses via infectious droplets and aerosols in indoor environments
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Surgical Mask (Efficiency 40%) & No EOS

0.2 ACH = No MV, 3 ACH = Standard 62.1 "GV", 24 ACH = "GV" (3 ACH) + “Recirculated through HEPA" (21 ACH)

Exposure Infection Dose Ventilation by FA + Ventilation by HEPA Filter (+ Equipvalent Ventilation by UVGI...etc)
Time (Hr) Quanta/hr 0.2 ACH _ 6 ACH 12 ACH
Risk % R, Risk % R, Risk % R, Risk % R, Risk % R,

100 40.6 0.81 22.4 0.45 14.3 0.29 8.1 0.16 4.3 0.09

200 64.7 1.29 39.7 0.79 26.6 0.53 15.6 0.31 8.5 0.17

300 79.0 1.58 53.2 1.06 37.1 0.74 22.5 0.45 12.5 0.25

400 87.5 1.75 63.7 1.27 46.1 0.92 28.8 0.58 16.3 0.33

1 500 92.6 1.85 71.8 1.44 53.8 1.08 34.6 0.69 19.9 0.40
600 95.6 1.91 78.1 1.56 60.4 1.21 39.9 0.80 234 0.47

700 97.4 1.95 83.0 1.66 66.1 1.32 44.8 0.90 26.7 0.53

800 98.4 1.97 86.8 1.74 70.9 1.42 49.3 0.99 29.9 0.60

900 99.1 1.98 89.8 1.80 75.1 1.50 53.4 1.07 32.9 0.66

1000 99.5 1.99 92.0 1.84 78.7 1.57 57.2 1.14 35.8 0.72

100 67.8 1.36 35.2 0.70 21.9 0.44 12.3 0.25 6.5 0.13

200 89.6 1.79 58.0 1.16 39.0 0.78 23.1 0.46 12.6 0.25

300 96.7 1.93 72.8 1.46 52.3 1.05 32.5 0.65 18.3 0.37

400 98.9 1.98 82.4 1.65 62.8 1.26 40.8 0.82 23.7 0.47

15 500 99.7 1.99 88.6 1.77 70.9 1.42 48.1 0.96 28.7 0.57
600 99.9 2.00 92.6 1.85 77.3 1.55 54.5 1.09 33.3 0.67

700 100.0 2.00 95.2 1.90 82.3 1.65 60.1 1.20 37.7 0.75

800 100.0 2.00 96.9 1.94 86.1 1.72 65.0 1.30 41.7 0.83

900 100.0 2.00 98.0 1.96 89.2 1.78 69.3 1.39 45.5 0.91

1000 100.0 2.00 98.7 1.97 91.5 1.83 73.1 1.46 49.1 0.98

* Simulated by Gammaitoni and Nucci Infection Risk Model

*** Surgical Mask is not safe for Covid-19, except that when
ventilation rate is very high (24 ACH) ***




HEPA Mask (Efficiency 95%) & No EOS |
0.2 ACH = No MV, 3 ACH = Standard 62.1 "GV", 24 ACH = "GV" (3 ACH) + “Recirculated through HEPA" (21 ACH)

Exposure Infection Dose Ventilation by FA + Ventilation by HEPA Filter (+ Equipvalent Ventilation by UVGI...etc)
Time (Hr) Quanta/hr 0.2 ACH _ 6 ACH 12 ACH
Risk % R, Risk % R, Risk % R, Risk % R, Risk % R,

100 4.2 0.08 2.1 0.04 1.3 0.03 0.7 0.01 0.4 0.01

200 8.3 0.17 4.1 0.08 2.5 0.05 1.4 0.03 0.7 0.01

300 12.2 0.24 6.1 0.12 3.8 0.08 2.1 0.04 1.1 0.02

400 15.9 0.32 8.1 0.16 5.0 0.10 2.8 0.06 1.5 0.03

1 500 19.5 0.39 10.0 0.20 6.2 0.12 3.5 0.07 1.8 0.04
600 22.9 0.46 11.9 0.24 7.4 0.15 4.2 0.08 2.2 0.04

700 26.2 0.52 13.7 0.27 8.6 0.17 4.8 0.10 2.6 0.05

800 29.3 0.59 15.5 0.31 9.8 0.20 5.5 0.11 2.9 0.06

900 32.3 0.65 17.3 0.35 10.9 0.22 6.2 0.12 3.3 0.07

1000 35.2 0.70 19.0 0.38 12.1 0.24 6.8 0.14 3.6 0.07

100 9.0 0.18 3.5 0.07 2.0 0.04 1.1 0.02 0.6 0.01

200 17.2 0.34 7.0 0.14 4.0 0.08 2.2 0.04 1.1 0.02

300 24.7 0.49 10.3 0.21 6.0 0.12 3.2 0.06 1.7 0.03

400 31.5 0.63 13.5 0.27 7.9 0.16 4.3 0.09 2.2 0.04

15 500 37.7 0.75 16.5 0.33 9.8 0.20 5.3 0.11 2.8 0.06
600 43.3 0.87 19.5 0.39 11.6 0.23 6.4 0.13 3.3 0.07

700 48.4 0.97 22.4 0.45 13.4 0.27 7.4 0.15 3.9 0.08

800 53.0 1.06 25.1 0.50 15.2 0.30 8.4 0.17 4.4 0.09

900 57.3 1.15 27.8 0.56 16.9 0.34 9.4 0.19 4.9 0.10

1000 61.1 1.22 30.3 0.61 18.6 0.37 10.4 0.21 5.5 0.11

* Simulated by Gammaitoni and Nucci Infection Risk Model

X pruvinauazidielaannaianannld HEPA Mask wazdamlusinisseuns
anAatnauas 3 ACH (PAPR azgign) ¥**
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UayaLNan1silaansu Motor Suction 115U HVE lgnaas

HVE Vacuum Level (At Suction Tip of HVE) from References

mBar mmHg inHg Reference
270 202 8 USA[1],USA[2], Maximum
220 165 6.5 ENG[1] Estimated Maximum
204 153 6 USA[1] USA[2], AUS[1], Minimum
150 112 4.4 ENGJ[1], ITA[1], EU[1], Estimated Minimum

At Motor Suction Inlet, Vacuum level is approximately 20-30 mBar Higher
due to pressure loss in piping system from dental chair to motor suction inlet

HVE Suction Inlet Flow (Per Chair) from References

LPM/C | CFM/C Reference
425 15 USA[1],USA[2], Maximum
300 10.6 EU[1], AUS[1], Recommended
250 8.8 ENG[1] Minimum
200 7 USA[2], Minimum
References

USA[1]=Aeromedical Review, "Central Dental Evacuation Systems", USAF School of Aerospace Medicine, USA, 1982

USA[2]=Department Of Veterans Affairs , SPECIFICATIONS & CRITERIA, Section 22 62 19.74, "Dental Vacuum and
Evacuation Equipment”, USA

ENG[1]=NSH Estates, "Dental Compressed Air and Vacuum Systems", AN UPDATE OF HTM 2022 — SUPPLEMENT 1,
United Kingdom, 2003

IAUS[1]=METASYS, "Suction Systems - Sizing/Calculation US | 2018-03", METASYS Medizintechnik GmbH

ITA[1]=CATTANI Website, Choosing the Correct Suction System for Your Practice"

EU[1]=DURR DENTAL Website, "The Hidden Danger: Spray Mist"
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