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AEROSOL CONCENTRATIONS OVER TIME
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AEROSOL CONCENTRATIONS OVER TIME

Woodwinds: Average APS Concentration of Each Testwith Standard Deviation of Each Test
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AEROSOL CONCENTRATIONS OVER TIME

Performers: Average APS Concentration of Each Testwith Standard Deviation
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MITIGATION EFFECTIVENESS

- = Sampling performed at the bell does not take into account what is expelled at the keyholes. Bell covers

diffuse the air coming out of an instrument bell, causing the plume to not be as concentrated. The
samples are also not as concentrated as when playing without a bell cover. The efficiency percentages
below are related to the aerosol produced in Appendix A. It is important to identify the reference to
the background aerosol levels between Appendix C, to fully understand the depth of the mitigated
aerosol release.

Example A: Saxophone has an overall aerosol release of 0.7 pp cm3 unmitigated and an aerosol release of
0.32 pp cm3 (64% reduction) with a bell cover, placing mitigated saxophone just above background levels
of aerosol.

Example B: Oboe has an overall aerosol release of 4.00 pp cm3 unmitigated and an aerosol release of 0.5
pp cm3 (96% reduction) with a bell cover, placing mitigated oboe in line with other mitigated instruments
and singers.




INSTRUMENT
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APS DATA OF AEROSOL EMISSIONS -
TRUMPET

Trumpet, APS: Total Concentration over Time [rumpet APS: Total Concentration over Time
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APS DATA OF AEROSOL EMISSIONS - FLUTE

Flute, APS: Total Concentration over Time
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APS DATA OF AEROSOL EMISSIONS -
SINGING

- Soprano Singer, APS: Total Concentration over Time
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APS DATA OF AEROSOL EMISSIONS -
CLARINET

Clarinet, APS: Total Concentration over Time
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CLARINET KEYHOLE EMISSIONS

Clarinet in Box, APS: Total Concentration over Time . . .
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CFD MODELING

Modeling of UC Rehearsal Hall with Singers

Rehearsal Hall Room:
* Inlet:
d=02m,v=3774m's (3.2 ACH), T'=22°C (71.6°F)
« Dutlet:
Jom(X) = 0.2m(75)
* Walls & other solid suwrfaces:
adiabatic
Human body:
* All body surface:
convective heat flux = 23 Wim?
= Mouth of the infected singer (P1):
A=38cm?, v=056m/s, T=33°C (9]1.4°F),
&= 48 quanta’hr for COVID-19 virus
= Nostril of the susceptible singers & director:
A=33cm?, v=1.67T9m's (14 L/min, 1.8 met)

< In the simulation, P1 was assumed to do constant exhalation
with the susceptibles were assumed to do constant inhalation.




CFD MODELING

- Spread of Viral Aerosols from P1

) Streamline of exhaled airflow
Without mask With mask

-

Infection risk for susceptible singers & director after 60
minutes {%a).

i

Wiral Con, -
{quanta'm?}) P2 P3 P Po P7 P3| Well-mixed
0.10 Mo mask 11 4 z 3 3 3 2. 85e-04
0.09 With mask 2 1 1 1 1 1 5.25e-05
o.08 Reducion it | go0, | 6190 | 5706 | 60% | 62% | ssea | 82%
0.07 risk
E'E: * It i1s assumed that wearing a mask can filter 48 §3% of
o.04 - aerosols for susceptible people.

"

I " ; «  “Well-mixed” show the risk under the perfectly mixed
Wilhl}uf?r-]ggﬁmenm 1on c%ﬁlh mask ventilation conditions resulting in an underestimate of risk.

= P2 has a high risk to be infected by P1 if not
wearing a mask.

= Wearing a mask reduced the infection risk by
over 57% for each susceptible person.

= However, indoor airflow rates could be increased
to improve mixing and reduce the risk.




CFD MODELING

- Spread of Viral Aerosols from P1

Streamline of exhaled airflow

Without bell cover With bell cover Infection risk for susceptible clarinet players & director
Viral € 1 o after 60 minutes (%a).
O, ; ¥ : 1
(quantaim®) A Source P2 [ p3 [ ps [ ps [ P7 [ P& [Wellmixing
0.10 Mo cover 3 3 3 3 3 3 2.55e-4
0.0 With cover 1 1 1 1 1 1 1. 03e-04
008 : =
07 Rﬁd‘ﬁ:‘?ﬂ ) seen | 600 | s9%e | 620 | 64% | s4% 64%
008 . :
0os * The bell cover is assumed to have the same particle
0.0s

oot removal efficiency as a surgical mask: 64%.

* The susceptible people do not wear a mask.

»  “Well-mixed™ show the risk for the perfectly mixed
ventilation resulting in an underestimate of risk.

(1} ]

-
[so-concentration surface

Without bell cover With bell cover
T e = Due to good air mixing in lower layers of room,

with the same source strength, viral aerosols from
playving clarinet resulted in a similar conceniration
distribution at the height of mouth as a whole, as
well as the risk for the susceptible people except
for P2.

® Using a bell cover greatly reduced the viral acrosol
concentration at the height of month, resulting a
reduction in infection risk by over 56%5.




I Masks. Masking with appropriate

material* remains the best way of
reducing potential infected aerosol
from circulating in an indoor space.
Masks are recommended be worn
while singing and speaking.

Physical Distancing. Distancing may be
decreased to 3 feet, adjusting farther
or closer depending on local
conditions.

Bell Covers. Bell covers made from
appropriate material* remain the best
way of reducing potential infected
aerosol from circulating in an indoor
space. Slitted performance masks are
optional.

Hygiene. Continue good hygiene
practice moving forward, including
appropriate elimination of brass fluid.

EFFECTIVE RECOMMENDATIONS FOR
INDOOR MUSIC

Rehearsal Times. In spaces with good
ventilation rates and HEPA filtration,
increased indoor rehearsal times of
50 minutes may be considered. A
minimum of 3 air exchanges per hour
should be used, if there are spaces
with higher air change rates, you may
consider longer rehearsal times.

HEPA Air cleaners appropriately sized
for the space being used.




RISK ASSESSMENT

= Alpha Variant
3,000 music programs surveyed
1,641 had COVID-19 positive cases
8 self-identified additional spread
1 beyond 1-to-1 transmission
Risk level = (1) in 2,192,287

(1) in 273,124

= Delta Variant
e 5,000 music programs surveyed
e CDC analyzing
e Results due last week of April.
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THANK YOU!

Dr. James Weaver
Jweaver@nfhs.org
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