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The Wells-Riley approach to assessing risks of
infectious airborne diseases
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aNNAgN Aa Wells-Riley model (Riley etal., 1978)
dJ ddy U a = A «
FofinugmandayaizeSanm @ “quantum of
infection” #1380 dMITMIUaneLanalsa Teumiae
du “quanta” snenwmaNiasduieunaly
azthe (P infection) Waldagsanmuiiaaunsize
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cases e
- - Qoa
‘Pinfection = : - l e
susceptiles
where

Pinteciion = the probability of infection

cases = the number of infection cases

susceptibles = number of susceptible individuals
I=number of infector individuals

p = pulmonary ventilation rate of a person (m*/hour)
¢ = quanta generation rate (1/hr)

{ = exposure time (hr)

(Joa = room ventilation rate with clean air (m3 /hour)
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g ¥98 quanta generation rate U1 sJUUIN
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| Mode | PMSize | Measures |

Ajrborne <10 Mask, Face Shield, Ventilation
Droplets 10<0=50  Confinement, Social Distancing
Contact »50  Hygiene, Disinfection, Behavior

Measles (l4%n) = 570 -5,600 per hour
SARS (7158) = 10-300  per hour
Influenza (ldivwialng)) = 67-100  per hour
Tuberculosis (3auls@) = 1-50 per hour
Rhinovirus (#3) = 1-10 per hour
COVID-19 = 67-1,000 per hour
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AIDLWNNITANIN HRIETNU 26 500
sq.m. HWHNOW 24 au uaz authedn 1 au
fi5asmevneladt 048 CMH fnnsifinenmai
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(influenza) Adsns1ATUaa quanta # 100 per
hour Lﬁaaguii’mfmﬁuwm 8 Flug azsne

| ) a dy o Vo Y dy
Pz ulunsAaTa wa mmugmﬂi@ A%

(-1 x 100 x 0.48 x 8 / 750)

P = 1-¢ = 040
= 40% = case/?24
Case = 9.6 au (azdaute 9- 10 A
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Lindsley et al.(2010) WU
15% a9 infectious droplet nuclei
Huue 0.3-1.0 micron
25% 48y infectious droplet nuclei
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60% 284 infectious droplet nuclei
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Igpt
I:,infecliou =1- €xp [_ 7 / ( A’Ventilation + kﬁlnaliou + kdeposition )]

where

V' = indoor air volume (m®)

Aventilation — clean air ventilation rate (Q,./V, 1/hr)

ksiration — Infectious particle removal rate due to filtration (1/hr)
kgeposition = 1nfectious particle deposition rate (1/hr)

Qf]lter nfi]ter _

kfilrration = f HVAC Vv - reci.rculatednfilter

where

Jfrvac = fractional HVAC operation time (-)

Ofiter = airflow rate through filter (m*/hr)

nser — particle removal efficiency of the filter (-)

Arecireulated — Tecirculation rate through the HVAC filter (1/hr)

Table 3. Minimum Efficiency Reporting Values (MERYV)
and associated particle removal efficiencies (%)

Composite particle removal efficiency (%)

MERV 0.3-1 pm 1-3 pm 3-10 pm
1 <20
2 <20
3 <20
4 <20
5 20-35
6 35-50
L 50-70
8 70+
9 <50 85+
10 50-65 85+
11 65-80 85+
12 80+ 90+
13 278 90+ 90+
14 75-85 90+ 90+
15 85-95 90+ 90+
16 95+ 955 95+

Table 4. Assumed filter removal efficiency for 0.3-1 pm,
1-3 pm, 3-10 pm and total weighted-average droplet
nuclei particles

Droplet uuclei-weightedh

MERV 03-1pm 1-3pm 3-10 pm T filter

4° 1% 9% 15% 11%
T 17% 46% 50% 44%
iy 30% 65% 85% 72%
13 70% 90% 90% 87%
14 80% 90% 90% 89%
15 90% 90% 90% 90%
16 95% 95% 95% 95%
HEPA 99.9% 99.9% 99.9% 99.9%

*Values for 0.3-1 and 1-3 pm are taken from Stephens and Siegel (2012)
bAssuming 15% are 0.3-1 pm, 25% are 1-3 pm, and 60% are 3-10 pm



lng Uszns weiamig

FDLNINITFNIUANHLFLS NIRRT VD9
Wuens 9 leun Office, School, Hospital &1%51
156 Influenza wa< Rhinovirus Lagasmiviue AN Ln

| al dl Y o A o o d‘y
AN 9 Fennlaeionniouny a9

» K deposition 0.7 per hour

« Influenza (l4wialng)) = 100 quanta per hour

« Rhinovirus (1w3) = 5 quanta per hour
e Adult pulmonary ventilation rate = 0.67 CMH
e Child pulmonary ventilation rate = 0.50 CMH

HAIgIUMITTUNgRIMAE I Office & School
= ASHRAE Standard 62.1

HINTIUMITLUILDIMAFIUTY Hospital
= ASHRAE Standard 170

A o a

@ K filtration @5y Office AHSNIINTHA

21N 0.51 ACH ansinansasannie 1.52 ACH

Table 5. Droplet nuclei particle removal rates
(ka0 TOr a range of MERYV filters for use in

modeling risk inside the office building with a
recirculation rate of 1.52 per hour

Droplet nuclei removal  Assumed filter removal rate

MERV efficiency (#ge,) (Arecireulated Y silters 1/h1)
4 11% 0.17
7 44% 0.67
11 72% 1.09
13 87% 1.32
14 89% 1.35
15 90% 1.37
16 95% 145
HEPA 99.9% 1.52
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30%:
Office: Influenza
Quvac potar = 3000 m3fhr
g 25% FovoSeh,
S Nousceptivies = 24
> vectors =
Z £ q"; 160 per hour
a V= 1500 m?
§ 159% t=8 hours
8
E
5 10%
x
o
5%
0%

No filter

MERV4 MERV7 MERV 11 MERV 13 MERV 14 MERV 15 MERV 16 HEPA

Figure 6. Projected risk of infection by influenza virus during an 8-hour workday in a hypothetical
office building with 25 occupants and 25% outdoor air supply using a range of HVAC filters installed
in a system with a recirculation rate of 1.5 per hour

30%
Office: Rhinovirus
Quyac o = 3000 m¥hr
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$
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1
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0.323 School: Influenza
o Quic gotar = 3200 m¥hr
g Fon = 25%
ntectors

: q =100 per hour
o V=300m?
5 t =8 hours
8 15%
(
E 0.119 0.118 0.117 0.113 0.109
[=}
< 10%
»
['4

5%

No filter MERV4 MERV7 MERV 11 MERV 13 MERV 14 MERV 15 MERV 16 HEPA

Figure 7. Predicted risk of infecti cold) in the hypothetical office building.
Note that the y-axis values are in percentages for this and subsequent figures; the values noted above
the bars are fractional (i.e., 0.015=1.5%).

by rhinovirus
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9717 2.70 ACH 8@51n13n3ade1ne 8.14 ACH

Table 6. Droplet nuclei particle removal rates
(K4 ipaion) TOr a range of MERYV filters for use in

modeling risk inside the school classroom with a
recirculation rate of 8.14 per hour

Droplet nuclei removal  Assumed filter removal rate

MERV efficiency (4gier) (Arecirculated f ilter, 1/h1)
4 11% 093
. 44% 359
11 72% 5.84
13 87% 7.08
14 89% 7.20
15 90% 133
16 95% 773
HEPA 99.9% 8.13

o dl a dqj
ATEAWIUANNRESLUNTRATBYRY School

v
o A

Walduasnsasonmeadiaang 9 16 aoil

35%

No filter MERV4 MERV7 MERV 11 MERV 13 MERV 14 MERV 15 MERV 16 HEPA

Figure 9. Projected risk of infection by influenza virus during an 8-hour day in a bypothetical classroom
i with 35 child and 25% outdoor air supply using a range of HVAC filters installed
in a system with a recirculation rate of 8.14 per hour
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The Wells-Riley approach to assessing risks of infectious airborne diseases

No filter MERV4 MERV7 MERV 11 MERV 13 MERV 14 MERV 15 MERV 16 HEPA

Figure 10. Predicted risk of infection by rhinovirus (common cold) in the hypothetical

classroom environment
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1 K filtration %130 Hospital AROATINIILA

91n7¢ 2.00 ACH a9151n15n38987171¢ 10.00 ACH

Table 7. Droplet nuclei particle removal rates
(K4yiraion) TOr a range of MERYV filters for use in

modeling risk inside the hospital waiting room
environment

Droplet nuclei removal  Assumed filter removal rate

MERV efficiency (#iter) (recivcnlated X W filter, 1/h1)
4 11% 1.14
7 44% 441
11 72% 7.18
13 87% 8.70
14 89% 8.85
15 90% 9.00
16 95% 9.50
HEPA 99.9% 999

30%

25%

20%

15%

10%

Risk of infection by flu virus

5%

0%

Figure 12. Projected risk of infection by influenza virus during a 2-hour stay in a hypothetical
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Hospital: Influenza
Aventiation = 2 per hr
Mecircutaton = 10 per hr
Nsuscepﬁbles =49
infectors =
q = 100 per hour
V=600m?
t=2hours

0.079
0.057

0.031

0.022 0.019 0.019 0.019 0.018

0.017

No filter MERV4 MERV7 MERV 11 MERV 13 MERV 14 MERV 15 MERV 16 HEPA

hospital waiting room environment with 50 adult occupants and ASHRAE 170 minimum
ventilation rates

100 UNAOIDISIMISUS:ATY 13aA 26 (w.A. 2564)

Risk of infection by rhinovirus

30%
Hospital: Rhinovirus

Aventiation = 2 Per hr
Arecircutation = 10 per hr

N
o
X

Nsuswpmes: 4
infectors =
200 q =5 per hour
V=600 m®
15% t=2hours
10%
5%

0.004 0.003 0.002 0.001 0.001 0.001 0.001 0.001 0.001

No filter MERV 4 MERV 7 MERV 11 MERV 13 MERV 14 MERV 15 MERV 16 HEPA

0%

Figure 13. Predicted risk of infection by rhinovirus (common cold) in the hypothetical
hospital environment
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