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I n t his  p a p er  w e  pr es e nt a  n e w a p pr o a c h t o t h e  m e c h a nis m  of i n a cti v ati o n  of e n v el o p e d vir us a er os ols.

T h e a n al ysis is i n t er ms  of  o xi d ati o n  of t h e li pi d  bil a y er  of t h e vir al e n v el o p e t hr o u g h a fr e e r a di c al c h ai n

r e a cti o n. T h e r at e ki n eti cs  of t h e  pr o c ess f or v ari o us e n v el o p e d vir us es  h a v e  b e e n c o m p ar e d a n d t h e i n di-

c ati o ns ar e t h at t h e i n a cti v ati o ns ar e cl os el y r el at e d. Pr o m oti n g vir us i n a cti v ati o n  wit h  U V li g ht is  bri e fl y

r e vi e w e d a n d  dis c uss e d as a n e xt e nsi o n  of t h e c h ai n r e a cti o n  m e c h a nis m,  w hi c h  wit h  p h ysi c o c h e mi c al

a n al ys es  gi v e i nsi g hts i nt o t h e  pr o c ess a n d  of r e a cti o n c o m pl e xiti es.  A n  o utli n e  of a  pr a cti c al  m et h o d  of

a c hi e vi n g a 3-l o g 1 0 l e v el  of  d e a cti v ati o n i n 1  mi n is  d es cri b e d  wit h  p uri fi e d air  b ei n g r et ur n e d t o  h e alt h-

c ar e e n vir o n m e nts.

First  dr aft s u b mitt e d: 2 1 S e pt e m b er 2 0 2 0;  A c c e pt e d f or  p u bli c ati o n: 1 0  D e c e m b er 2 0 2 0; P u blis h e d

o nli n e: 7 J a n u ar y 2 0 2 1
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T h e c urre nt  C O VI D- 1 9 p a n d e mi c h as l e d t o h u n dre ds of p a p ers a n d arti cl es a b o ut t h e c a us ati ve a g e nt, p at h o g e n esis

a n d i m m u n e res p o ns es, e pi d e mi ol o g y, di a g n osis, tre at m e nt a n d  m a n a g e m e nt of t h e c o nt a gi o n, a n d c o ntr ol a n d

pre ve nti o n str at e gi es.  T h ere h a ve b e e n r a pi d a d v a n c es o n v ari o us as p e cts of t h e dis e as e.  O n e p arti c ul ar are a of st u d y
h as b e e n of t h e tr a ns missi o n of t h e vir us a n d of its s ur vi v al i n  m e di c al e n vir o n m e nts [ 1,2] .  H o we ver, t h ere is still

m u c h t h at is p o orl y u n d erst o o d a n d t h ere is a n e e d n ot j ust f or cli ni c all y b as e d c o m pre h e nsi o n of vir us tr a nsf er al,

b ut als o f or a  m ore g e n er al a p pr o a c h usi n g p h ysi c o c h e mi c al  m e as ures t o gi ve n e w i nsi g hts i nt o vir al e pi d e mi ol o g y.

I n t his p a p er,  we us e diff ere nt p ers p e cti ves t o tr y a n d u n d erst a n d t h e c h e mistr y of  C O VI D- 1 9 a er os ols a n d of vir al
i n a cti v ati o n.

A re c e nt re p ort b y v a n  D ore m al e n et al. h as a n al yze d t h e a er os ol a n d s urf a c e st a bilit y of S A R S- C o V- 2 a n d

c o m p are d it  wit h S A R S- C o V- 1, a n d t h eir d e c a y r at es h a ve b e e n esti m at e d [ 3].  T h e a ut h ors f o u n d t h at, u n d er
t h e e x p eri m e nt al c o n diti o ns t est e d, t h e st a biliti es of t h e t w o vir us es  were si mil ar, a n d t h e y c o n cl u d e d t h at t h e

res ults i n di c at e d t h at tr a ns missi o n of S A R S- C o V- 2  wit hi n a n a er os ol dr o pl et is pl a usi bl e si n c e t h e vir us c a n re m ai n

vi a bl e a n d i nf e cti o us f or si g ni fi c a nt p eri o ds.  Here  we c o nsi d er, f or t h e first ti m e, c h e mistr y f or vir al i n a cti v ati o n,
a n d a n al yze ass o ci at e d p h ysi c o c h e mi c al pr o c ess es  w hi c h gi ve i nsi g hts i nt o r a pi d vi a bilit y re d u cti o n b y or d ers of

m a g nit u d e.

Vir u s i n a cti v ati o n
Pl ots of tit ers as l o g ( T CI D 5 0 )/ lit er of air a g ai nst ti m e s h o we d e x p o n e nti al d e c a ys f or b ot h S A R S- C o V- 2 a n d S A R S-

C o V- 1 [ 3].  T h at cl e arl y i n di c at es t h at t h e i n a cti v ati o n pr o c ess i n v ol ves a first or d er, or ps e u d o- first- or d er re a cti o n.

L et us c o nsi d er  w h at t h at  mi g ht b e.
As is  well k n o w n, i n s o m e vir us es t h e c a psi d of t h e viri o n  wit h its e n cl os e d n u cl ei c a ci d is s urr o u n d e d b y a

li p o pr ot ei n e n vel o p e, as i n c or o n a vir us es.  T h e bil a yer e n vel o p e of t h os e vir us es is d eri ve d fr o m p orti o ns of h ost

c ell  m e m br a n es a n d i n cl u d es a ni o ni c li pi ds [ 4].  T h e r ol e of li pi ds i n vir us re pli c ati o n is i n e vit a bl y i ntri c at e a n d

c o m pl e x [ 4,5] .  T h e e n vel o p e h as  m a n y f u n cti o ns i n vir al i nf e cti o n, i n cl u di n g vir us att a c h m e nt t o c ells, e ntr y i nt o
c ells, t h e rel e as e of t h e c a psi d c o nt e nts i nt o t h e c ells a n d p a c k a gi n g of n e wl y f or m e d vir al p arti cl es [ 6]. To tr y
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Fi g ur e 1. T y pi c al str u ct ur e  of a f att y- a ci d li pi d.

a n d el u ci d at e t h os e r ol es, st u di es h a ve b e e n  m a d e of t h e c o m p ositi o n of vir al e n vel o p es, f or e x a m pl e, t hr o u g h
t h e d e vel o p m e nt of li p o d o mi cs, a  m ass s p e ctr o m etr y- b as e d s yst e m ati c a n al ysis of c ell ul ar li pi ds i n g e n er al [ 7]. A n d

alt h o u g h it h as b e e n re c o g nize d t h at t h e li pi d str u ct ure is als o res p o nsi bl e f or t h e st a bilit y c h ar a ct eristi cs of t h e

vir us p arti cl e, s u c h as resist a n c e t o c h e mi c al or p h ysi c al i n a cti v ati o n [ 6], t h e str u ct ur al st u di es h a ve f o c us e d o n t h eir
i nt er a cti o n  wit h ot h er  m ol e c ul es, t h eir c ell ul ar f u n cti o ns a n d a n al ysis of gl yc er o p h os p h oli pi ds as a t o ol f or t h e

ass ess m e nt of s p e ci es s p e ci fi c bi o m ar k ers of vir al p at h o g e ni cit y [ 8].

I n or d er t o r ati o n all y e n h a n c e vir us i n a cti v ati o n, it  w o ul d b e d esir a bl e t o u n d erst a n d li pi d c h e mistr y a n d re a cti vit y.
Here  we t a k e a ver y si m pl e c h e mi c al a p pr o a c h i n or d er t o pr o vi d e a n a p pre ci ati o n of vir al a er os ol d e a cti v ati o n.  A n d

we st art b y c o nsi d eri n g a t y pi c al f att y- a ci d li pi d str u ct ure i n is ol ati o n ( Fi g ure 1 ).

E n vel o p e d vir us es c a n p ersist o utsi d e h ost e n vir o n m e nts t y pi c all y f or d a ys,  w hil e n o n e n vel o p e d vir us es c a n

s ur vi ve f or  we e ks [ 9,1 0] .  T h eref ore, usi n g t h e pri n ci pl e of  O c c a m’s r az or, it  w o ul d n ot b e u nre as o n a bl e t o s u g g est
t h at o bs er v ati o n c o ul d b e rel at e d t o t h e rel ati ve e as e  wit h  w hi c h t h e li pi d str u ct ure is disr u pt e d.  T h e  m ost c o m m o n

m e c h a nis m of t h e d e gr a d ati o n of li pi ds is e n vir o n m e nt al o xi d ati o n t hr o u g h t h e eff e cts of li g ht, h e at, h u mi dit y a n d,

of c o urs e, a eri al o x y g e n, all of  w hi c h c a n a c c el er at e t h e bre a k d o w n of t h e li pi d  m ol e c ul ar c h ai n, a n d t h at o xi d ati o n
o c c urs  w h ere ver u ns at ur at e d f att y- a ci d li pi ds are f o u n d [ 1 1,1 2] .

T h e pr o c ess b y  w hi c h li pi d o xi d ati o n o c c urs h as, i n g e n er al, l o n g b e e n re c o g nize d as a fre e r a di c al c h ai n re a cti o n

wit h t h e cl assi c st a g es of i niti ati o n, pr o p a g ati o n a n d t er mi n ati o n l e a di n g t o a s eri es of c o m pl e x c h e mi c al c h a n g es.
Here,  we  will ill ustr at e t h e pr o c ess i n a gre atl y si m pli fi e d s c h e m e i n or d er t o tr y a n d dis c o ver  w h at c o ul d b e i n v ol ve d

i n vir al d e a cti v ati o n.

I n t h e pres e n c e of a n e n vir o n m e nt al i niti at or, s u c h as li g ht [ 1 3], t h e vir al e n vel o p e li pi d l os es a h y dr o g e n at o m a n d

pr o d u c es fre e r a di c als. I n t h e c as e of t h e i n a cti v ati o n st u d y b y v a n  D ore m al e n et al. [ 3], t h e a er os ols  were k e pt i n a
G ol d b er g dr u m  wit h n o li g ht a c c ess, b ut d uri n g t h eir g e n er ati o n usi n g a n e b ulizer it is pr o b a bl e t h at vi a bl e vir us es

w o ul d h a ve b e e n e x p os e d t o d a yli g ht or arti fi ci al li g ht.  B ot h li g ht s o ur c es h a ve  U V c o m p o n e nts.  D a yli g ht  wit h t h e

s u n at ze nit h c a n c o nsist of u p t o 3 %  U V li g ht of  w hi c h 9 5 % is  U V A [ 1 4], a n d t h at li g ht fr o m c a 3 1 5 – 4 0 0 n m h as
s uf fi ci e nt e n er g y of 3 7 8 – 2 9 9 kJ/ m ol t o i niti at e fre e r a di c al f or m ati o n fr o m a li pi d, as i n di c at e d b el o w.  Arti fi ci al

li g ht, p arti c ul arl y fl u ores c e nt li g hti n g h as l o wer l e vels of  U V A, b ut it is still s uf fi ci e nt t o i nt er a ct  wit h or g a ni c

str u ct ures [ 1 5].
We re pres e nt a si n gl e vir al li pi d as  V L 1 H, a n d i niti ati o n, t h e f or m ati o n of a n a b i niti o vir al li pi d fre e r a di c al

( V L1
• ), c a n b e re pres e nt e d b y:

V L 1 H
Re m o v al of  H

→ V L •
1 ( E q.  R 1)

L o w  C – H b o n d e n er gi es ( 3 2 2 kJ / m ol) i n u ns at ur at e d f att y- a ci d li pi ds are f o u n d f or t h e all yli c h y dr o g e ns n e xt t o

d o u bl e b o n ds ( cf. Fi g ure 1 ; H3 C – C H 2 – C H = C H –) a n d t h es e are pref erre d sit es f or  H re m o v al a n d f or m ati o n of a

fre e r a di c al [ 1 1].  T h e  C – H b o n d e n er gi es f or t h e – C H2 – gr o u ps b et we e n t w o d o u bl e b o n ds i n li pi ds ( c all e d d o u bl y
all yli c, – H C = C H – C H 2 – C H = C H –) are  m ore a cti v at e d a n d  C – H b o n d e n er gi es are e ve n l o wer ( 2 7 2 kJ / m ol) [ 1 3];

it c a n b e n ot e d t h at li pi d diss o ci ati o n  will b e ai d e d b y t h e ass o ci at e d i n cre as e i n e ntr o p y. F or li pi ds  wit h o ut d o u bl e

b o n ds, t h e f or m ati o n of a fre e r a di c al is  m ore dif fi c ult f or t h e b o n d e n er g y of a n o n- all yli c  H at o m is  m u c h hi g h er
( 4 1 8 kJ/ m ol) [ 1 3].

T h e vir al li pi d r a di c al re a cts  wit h a eri al o x y g e n t o f or m a p er o x yl r a di c al,  V L 1 O O • ,

V L •
1 + O 2 → V L 1 O O • ( E q.  R 2)

w hi c h a cts as t h e c h ai n c arri er f or pr o p a g ati n g t h e re a cti o n b y att a c ki n g a n a dj a c e nt vir al li pi d,  V L 2 H, t o f or m

a n ot h er vir al li pi d r a di c al ( V L 2
• ), a n d h y dr o p er o xi d e ( V L1 O O H),

V L 1 O O • + V L 2 H → V L 1 O O H + V L •
2 ( E q.  R 3)

f oll o we d b y a s eri es of re a cti o ns:

V L •
2 + O 2 → V L 2 O O • ( E q.  R 4)
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V L 2 O O • + V L 3 H → V L 2 O O H + V L •
3 ( E q.  R 5)

a n d s o o n.  T h e fre e r a di c al c h ai n re a cti o n is t h us est a blis h e d.
Fr o m a si n gl e i niti ati o n t his re a cti o n c a n b e re p e at e d  m a n y ti m es d uri n g pr o p a g ati o n u ntil t er mi n ati o n  w h e n

n o h y dr o g e n s o ur c e is a v ail a bl e or r a di c al s c a ve n gi n g b e c o m es e xc essi ve.  T h eref ore, vir al li pi d o xi d ati o n is s elf-

pr o p a g ati n g.  As i n di c at e d a b o ve, t h e pr o c ess is r at h er  m ore c o m pl e x, a n d o n e e x a m pl e of t h at c o m pl e xit y  will b e

dis c uss e d f urt h er b el o w  w h e n  we c o nsi d er i niti ati o n b y hi g h er l e vels of  U V li g ht.
Si n c e t h e pr ot ei ns o n t h e s urf a c e of t h e e n vel o p e s er ve t o i d e ntif y a n d bi n d t o re c e pt or sit es o n t h e h ost’s

m e m br a n e  w h e n t h e vir al e n vel o p e f us es  wit h it, all o wi n g t h e c a psi d a n d vir al g e n o m e t o e nt er a n d i nf e ct t h e

h ost, it  w o ul d n ot b e s ur prisi n g t h at e xt e nsi ve o xi d ati ve r u pt uri n g of t h e li pi d str u ct ure  w o ul d dist ur b i nf e cti o n
tr a ns missi o n.

It is  w ort h n oti n g i n t h at c o nt e xt t h at fre e r a di c als fr o m li pi d o xi d ati o n c a n als o u n d er g o c o- o xi d ati o n  wit h

pr ot ei ns si n c e h y dr o g e ns are re a dil y a v ail a bl e f or a bstr a cti o n o n si d e c h ai n a mi n o a n d t hi ol gr o u ps of a mi n o a ci d
c o nstit u e nts [ 1 6]; f or e x a m pl e:

V L O O • + − N H 2 → V L O O H + − N H • ( E q.  R 6)

V L O O • + − S H → V L O O H + − S • ( E q.  R 7)

S u c h re a cti o ns  wit h s pi k e pr ot ei ns  will als o cl e arl y a d d t o vir us i n a cti v ati o n.

Ki n eti c s  of vir u s i n a cti v ati o n

Alt h o u g h t h ere is a s eri es of st e ps ( E q. R 1 ) t o (E q. R 5 ), t h e o ver all o xi d ati o n c a n b e si m pl y  writt e n as:

V L H + O 2 → V L O O H ( E q.  R 8)

t o f or m a h y dr o p er o xi d e,  V L O O H.

T h e h y dr o p er o xi d es are t h e pre d o mi n a nt o xi d ati o n pr o d u cts a n d are rel ati vel y st a bl e, s o t h e y c a n b uil d u p  wit h
ti m e [ 1 7,1 8] ; cf. re a cti o ns (R 3 – R 5 ).  He n c e t h eir f or m ati o n c a n b e tre at e d as c o mi n g fr o m a bi m ol e c ul ar o xi d ati o n

a n d  we c a n us e re a cti o n ( R 8) as t h e o ver ar c hi n g pr o c ess.

A vir al h y dr o p er o xi d e  will h a ve a ver y diff ere nt str u ct ure fr o m t h e i niti al vir al li pi d,  V L H, a n d  w o ul d b e e x p e ct e d
t o i n d u c e a diff ere nt vir al a cti vit y a n d t o i m p e d e i nf e cti o n tr a ns missi o n; i n ot h er  w or ds, vir al d e a cti v ati o n  will

o c c ur.  T h e r at e at  w hi c h t h at h a p p e ns c a n t h e n b e d es cri b e d b y:

d [V L H ] / dt = − k 2 [V L H ] × [O 2 ] ( E q. 1)

S q u are br a c k ets i n di c at e c o n c e ntr ati o ns, a n d t his diff ere nti al e q u ati o n gi ves t h e r at e of dis a p p e ar a n c e of t h e

a cti ve vir al li pi d  V L H, oft e n  wit h u nits of  m ol / l/ s; ot h er  m e as ures of c o n c e ntr ati o n a n d ti m e c a n o b vi o usl y b e
us e d.  T h e c o nst a nt, k 2 , is t h e c o nst a nt of pr o p orti o n alit y of t h e r at e  wit h t h e re a ct a nt c o n c e ntr ati o ns.  Ty pi c all y,

it  will h a ve t h e u nits of l/ m ol / s as is us u al f or a pr o c ess i n v ol vi n g t w o re a ct a nts; i n ot h er  w or ds, a s e c o n d- or d er

re a cti o n.  We n o w c o m p are vir us a n d o x y g e n c o n c e ntr ati o ns.
T h e i niti al i nf e cti o us vir us tit ers  m e as ure d b y v a n  D ore m al e n et al. [ 3] w ere 1 0 3. 5 T CI D 5 0 p er lit er of air f or

S A R S- C o V- 2 a n d 1 0 4. 3 T CI D 5 0 / l f or S A R S- C o V- 1, or a n a ver a g e of a p pr o xi m at el y 1 04 T CI D 5 0 / l; t h e  m e a n

n u m b er of i nf e cti o us u nits p er v ol u m e ( P F U / l) c a n b e o bt ai n e d b y a p pl yi n g t h e P oiss o n distri b uti o n a n d t a ki n g

0. 7 × T CI D 5 0 tit er/ l.
T h e viri o ns are n ot j ust b are u nits t h o u g h, b ut, as  m e nti o n e d a b o ve, are c o nt ai n e d i n a er os ol dr o pl ets.  T h e a er os ols

were < 5 μ m [ 3] a n d a t y pi c al v ol u m e  will b e a p pr o xi m at el y 6 × 1 0 - 1 4 l.  Aeri al o x y g e n diss ol ve d i n a n a q u e o us

a er os ol  will b e a p pr o xi m at el y 1 0  m g / l [ 1 9]. S o i n a n a er os ol dr o pl et t h ere  will b e a p pr o xi m at el y 2 × 1 0 - 1 7 m ol es
of o x y g e n or a p pr o xi m at el y 1 0 7 m ol e c ul es. L et us ass u m e f or t h e  m o m e nt t h at e a c h a er os ol dr o pl et c o nt ai ns o nl y

o n e viri o n. I n a li pi d bil a yer t h ere are a b o ut 5 × 1 0 6 li pi d  m ol e c ul es i n a s urf a c e of 1 μ m × 1 μ m [ 2 0], or a s urf a c e

c o n c e ntr ati o n of a p pr o xi m at el y 5 × 1 0 1 8 m ol e c ul es / m 2 .
A viri o n h as a di a m et er of a b o ut 1 0 0 n m [ 2 1] a n d t h e li pi d e n vel o p e s urf a c e are a  will b e a p pr o xi m at el y 3 × 1 0 - 1 4 m 2 .

T h us, t h ere  will b e a p pr o xi m at el y 1 0 5 li pi d  m ol e c ul es o n t h e viri o n e n vel o p e a n d t h ere  will b e a n e xc ess of

a p pr o xi m at el y 1 0 0  m ol e c ul es of o x y g e n i n t h e a er os ol dr o pl et t o bri n g a b o ut viri o n d e a cti v ati o n.  O ver all, t h ere are

a p pr o xi m at el y 1 0 4 i nf e cti o us u nits p er lit er of air s o t h ere  will b e a p pr o xi m at el y 1 09 li pi d  m ol e c ul es f or o xi d ati o n,
a g ai n  wit h a 1 0 0-f ol d e xc ess of diss ol ve d o x y g e n.  T h at  m a y n ot s e e m a ver y l ar g e e xc ess, b ut  we als o h a ve t o t a k e

f ut ur e s ci e n c e gr o u p w w w.f ut ur e m e di ci n e. c o m 8 2 5
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a c c o u nt of t h e re pl e nis h m e nt of t h e o x y g e n fr o m t h e s urr o u n di n g air.  Ass u mi n g i d e al g as b e h a vi or, o n e lit er of

air at st a n d ar d t e m p er at ure a n d press ure ( S T P)  will c o nt ai n a p pr o xi m at el y 1 0 2 1. 7 o x y g e n  m ol e c ul es s o t h ere  will
b e a ver y l ar g e e xc ess a v ail a bl e.  A n d t h e ti m e f or a eri al o x y g e n t o diss ol ve a n d re a c h t h e viri o n s urf a c e  w h ere it is

c o ns u m e d  will b e a  m att er of  millis e c o n ds; t h e diff usi o n c o ef fi ci e nt of o x y g e n i n  w at er is a p pr o xi m at el y 1 0 - 5 c m 2 / s

a n d t h e ti m e t a k e n f or diff usi o n a cr oss a n a er os ol l e n gt h of 2. 5 μ m is ( 2. 5 × 1 0 - 4)2 / 1 0 - 5 ≈ 6 ms [ 1 9] w hi c h, as
i n di c at e d b el o w, is  mi nis c ul e c o m p are d  wit h t h e o xi d ati o n r at e.  E ve n t h o u g h t h ere  will b e  m ore t h a n o n e sit e i n

a li pi d  m ol e c ul e  w h ere o xi d ati o n c a n o c c ur ( cf. Fi g ure 1 ), a n d t h ere  m a y b e a gre at er n u m b er of viri o ns i n e a c h

a er os ol dr o pl et, t h e diss ol ve d o x y g e n  will n e ver b e d e pl et e d.
It s h o ul d als o b e n ot e d t h at f or re al-lif e sit u ati o ns a er os ol dr o pl ets g e n er all y are  m u c h l ar g er t h a n 5 μ m. F or

s n e ezi n g, dr o pl et sizes c a n b e as l ar g e as 3 6 0 μ m,  w hil e f or c o u g hi n g a n d bre at hi n g t h e y c a n b e 6 0 – 1 0 0 μ m i n

di a m et er, a n d pr a cti c all y n o dr o pl ets h a ve di a m et ers < 3 μ m [ 2 2].  N ot wit hst a n di n g t h e  wi d e r a n g e of dr o pl et sizes,

o x y g e n  will al w a ys b e t h e d o mi n a nt re a ct a nt.
T h eref ore, i n re a cti o n ( R 8) t h e [ O2 ]  will eff e cti vel y st a y c o nst a nt a n d E q. ( 1) c a n b e  writt e n as:

d [V L H ] / dt = − k ’ [V L H ] ( E q. 2)

w h ere t h e r at e c o nst a nt, k’, c o nt ai ns t h e o x y g e n c o n c e ntr ati o n a n d h as t h e u nits of re ci pr o c al ti m e; f or e x a m pl e, s - 1;
it is a ps e u d o- first or d er r at e c o nst a nt. I nt e gr ati o n of E q. ( 2) s h o ws t h e e x p o n e nti al d e c a y of t h e vir us c o n c e ntr ati o n

wit h ti m e  m e nti o n e d a b o ve:

[V L H ] = [V L H ]0 e x p (− k ’t) ( E q. 3)

To h al ve t h e i niti al c o n c e ntr ati o n, [ V L H] 0 , t h e ti m e, t1 / 2 , f or S A R S- C o V- 2 is 1. 1 h, or 3 9 6 0 s, a n d f or S A R S-

C o V- 1 it is 1. 2 h, or 4 3 2 0 s [ 3]; t h es e re a cti o n ti m es are cl e arl y ver y  m u c h l o n g er t h a n ti m es f or re pl e nis h m e nt of

t h e o x y g e n diss ol ve d i n t h e a er os ol dr o pl et.
T h e rel ati o ns hi p b et we e n a ps e u d o- first or d er r at e c o nst a nt a n d a h alf-lif e is gi ve n b y

k ’ = l n 2 / t1 / 2 ( E q. 4)

s o t h e t w o r at e c o nst a nts are 1. 7 5 × 1 0 - 4/ s a n d 1. 6 0 × 1 0 - 4/ s, res p e cti vel y.  T h e ki n eti cs of t h e i n a cti v ati o n of
t h e t w o vir us es is o b vi o usl y ver y si mil ar.

As  m e nti o n e d a b o ve, p u blis h e d c o m p aris o ns of e n vel o p e d vir us es h a ve b e e n  m ai nl y rel at e d t o  m e di c al c o n-

si d er ati o ns s u c h as tr a ns missi bilit y, h os pit aliz ati o n,  m ort alit y r at es, p at h o g e n esis, e pi d e mi ol o g y a n d ot h er cli ni c al

f e at ures.  N o n e s e e m t o h a ve c o nsi d ere d d et ails of t h e c h e mi c al str u ct ure of t h e vir al e n vel o p es.  H o we ver, t h ere is
cir c u mst a nti al e vi d e n c e t h at s u g g ests t h ere are si mil ariti es f or a r a n g e of vir al e n vel o p es.

F or e x a m pl e, v al u es of t 1 / 2 of a b o ut 8 4 0, 1 1 4 0 a n d 4 8 0 0 s h a ve b e e n f o u n d f or  H 1 N 1,  H 5 N 1 a n d  H 3 N 2

vir us a er os ols, res p e cti vel y [ 2 3], a n d 8 4 0 – 1 1 4 0 s f or  Afri c a n S wi n e Fe ver ( A S F) vir us a er os ol [ 2 4]. I n a st u d y of
t h e a er os ol st a bilit y of  Z aire  E b ol a vir us, Fis c h er et al. [ 2 5] c o m p are d t h e vi a bilit y o ver ti m e of t h e t w o str ai ns,

E B O V  M a yi n g a 1 9 7 6 a n d  E B O V  M a k o n a 2 0 1 3. Fr o m t h eir res ults t h e ti m e re q uire d f or a re d u cti o n of 1-l o g 1 0

T CI D 5 0 w as c al c ul at e d t o b e 3 7 1 4 0 s,  w hi c h c orres p o n ds t o a v al u e of t 1 / 2 of 1 1 1 8 7 s. S o v al u es of t 1 / 2 f or a
n u m b er of c or o n a vir us es c a n b e s e e n t o li e i n t h e r a n g e of 8 4 0 – 1 1 1 8 7 s  wit h S A R S- C o V- 2 a n d S A R S- C o V- 1 l yi n g

i n  mi dr a n g e.  Kr a m er et al. pr o vi d e f urt h er e vi d e n c e i n c o m p ari n g d ur ati o n of p ersist e n c e of > 2 0 e n vel o p e d a n d

n o n e n vel o p e d vir us es [ 9].

T h e rel ati vel y n arr o w r a n g e of h alf-li ves s u g g ests t h at, i n g e n er al, e n vel o p e d str u ct ures are n ot t o o dissi mil ar
a n d, h e n c e, i n a cti v ati o ns are c o m p ar a bl e.  T h e v ari ati o ns t h at d o aris e are n ot t o o s ur prisi n g, t h o u g h,  w h e n o n e

t a k es i nt o a c c o u nt t h e f a ct t h at vir al li pi d e n vel o p es i n diff ere nt  m ol e c ul ar e n vir o n m e nts  will c ert ai nl y h a ve s o m e

v ari ati o ns i n t h eir str u ct ures, a n d, i m p ort a ntl y, t h e y  will als o e x p eri e n c e diff ere nt el e ctr o n f or c es a n d distri b uti o ns
fr o m t h e n u cl e o c a psi d t h at  will aff e ct t h eir c h e mistr y a n d re a cti vit y; i n t h at c o nt e xt it c a n b e n ot e d t h at t h ere is

o nl y a s m all si mil arit y b et we e n t h e c o m pl et e g e n o m e s e q u e n c es of  C O VI D- 1 9 a n d of  E b ol a [ 2 6].

I nt eresti n gl y, a st u d y of is ol at e d p h os p h oli pi d  m o n ol a yers [ 2 7] wit h o ut a n y vir al e n vir o n m e nt a n d  wit h v ari o us
d e gre es of u ns at ur ati o n h as s h o w n si mil ar ki n eti c b e h a vi or t o t h at f or S A R S.  T h e d e gr a d ati o n  wit h ti m e of diff ere nt

p h os p h oli pi d  m ol e c ul es e x p os e d t o l a b or at or y air  w as  m o nit ore d.  Re m e m b eri n g t h e dis c ussi o n a b o ve a b o ut t h e

eff e ct of t h e pr o xi mit y of d o u bl e b o n ds i n t h e li pi d str u ct ure t o t h e sit es f or h y dr o g e n at o m re m o v al, it is i nt eresti n g

t o s e e t h at a li pi d  wit h o n e d o u bl e b o n d h a d a l o n g er d e gr a d ati o n t1 / 2 of 6 1 2 0 s t h a n t h e t 1 / 2 of 5 0 4 0 s f or a li pi d
wit h t w o d o u bl e b o n ds.
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S o m e c a uti o n is n e e d e d, t h o u g h, i n  m a ki n g c o m p aris o ns of t 1 / 2 v al u es. F or e x a m pl e, t h e p h os p h oli pi ds  were, as

m e nti o n e d, e x p os e d t o l a b or at or y air a n d h e n c e t o a m bi e nt li g hti n g c o n diti o ns, a n d, as  we h a ve alre a d y i n di c at e d
a n d as  we s h all s e e f urt h er b el o w, li g ht c a n e n h a n c e t h e re a cti o n ki n eti cs.  T h e n, as  will als o b e dis c uss e d b el o w, r at es

of li pi d o xi d ati o n c a n v ar y d e p e n di n g o n t h eir p h ysi c al st at e. F or t h e p h os p h oli pi d st u di es,  m o n ol a yers  were s pre a d

o n a p ure  w at er s urf a c e of a L a n g m uir tr o u g h. S urf a c e o xi d ati o ns are g e n er all y sl o wer t h a n f or a er os ol s a m pl es
s o t h at  m a y b e  w h y t h e r at es of o xi d ati o n of si m pl e  m ol e c ul es a p p e ar t o b e l ess r a pi d t h a n f or  m ore c o m pli c at e d

vir us li pi ds.  N ot wit hst a n di n g e x p eri m e nt al diff ere n c es, t h ere are si mil ariti es b et we e n t h e ki n eti c c h ar a ct eristi cs  wit h

c o m p ar a bl e g e n eri c b e h a vi or of li pi d  m ol e c ul es, irres p e cti ve of t h eir e n vir o n m e nts.  T h e us ef ul n ess of c o nsi d eri n g
t h e c h e mistr y of i n a cti v ati o n c a n b e s e e n.

Bef ore  m o vi n g o n t o c o nsi d eri n g  w a ys of e n h a n ci n g vir us i n a cti v ati o n  we c a n n ot e t w o a d diti o n al f e at ures of

t h e p h os p h oli pi d st u d y. First, a li pi d  wit h n o d o u bl e b o n ds s h o we d n o d e gr a d ati o n  w hi c h is c o nsist e nt  wit h t h e

dif fi c ult y, dis c uss e d e arli er, of i niti ati n g t h e c h ai n re a cti o n  wit h n o all yli c h y dr o g e ns.  T h e n, f or t h e t w o- d o u bl e-
b o n d e d li pi d pr ot e ct e d b y a bl a n k et of nitr o g e n t h ere  w as n o d e gr a d ati o n, s o c o n fir mi n g t h e r ol e of a eri al o x y g e n

i n t h e re a cti o n pr o c ess of re a cti o ns ( R 2) & ( R 4).

Pr o m oti n g vir u s i n a cti v ati o n

I n or d er t o h a ve a n i n d o or vir al a er os ol e n vir o n m e nt t h at is s af e t o us e, t h e l e vel of i n a cti v ati o n re q uire d cl e arl y

h as t o b e d e fi n e d. S o, f or e x a m pl e, if  we c h o os e t h at t o b e 9 9. 9 % re q uiri n g a 1 0 0 0-f ol d re d u cti o n of t h e i niti al
vir us l e vel t h e n, b y c o nsi d eri n g E q. ( 3) wit h E q. ( 4) , it  will n e e d (l n 1 0 0 0/ l n 2) ≈ 1 0 h alf-li ves. F or S A R S- C o V- 2,

ass u mi n g t h at t h e o xi d ati o n fr o m i niti ati o n c o nti n u es t o f oll o w first- or d er ki n eti cs, t h at is, 1 1 h,  w hi c h is n ot a

re alisti c ti m e t o h a ve t o  w ait; a l e vel of re d u cti o n t o o nl y 1 %  will still n e e d a p pr o xi m at el y 8 h.
A n u m b er of st u di es h as b e e n p u blis h e d o n i n a cti v ati o n of a  wi d e r a n g e of vir us es, i n p arti c ul ar f or e n vel o p e d

vir us es,  w hi c h i n cl u d e tre at m e nt  wit h st e a m, v a p orize d h y dr o g e n p er o xi d e, oz o n e a n d c hl ori n e.  H o we ver, t o

i ntr o d u c e a n y of t h os e c h e mi c als i nt o a vir us i nf e ct e d at m os p h ere  wit h o ut h a vi n g a n is ol at e d e n vir o n m e nt,  w o ul d
gi ve c h e mi c al c o nt a mi n ati o n of t h e at m os p h ere a n d s af et y c o n c er ns.  A n ot h er p ossi bilit y is t o us e  U V li g ht.

A re vi e w of  U V g er mi ci d al irr a di ati o n ( U V GI) d os es f or c or o n a vir us i n a cti v ati o n [ 2 8] c o m m e nts t h at si n c e

c or o n a vir us es h a ve si mil ar g e n er al str u ct ures, as  we h a ve i n di c at e d a b o ve, c o m m o n  U V disi nf e cti o n pr o c e d ures

c o ul d i n a cti v at e t h e S A R S- C o V- 2 vir us, as  well as f ut ure p ossi bl e  m ut ati o ns.  H o we ver, t h at c o n cl usi o n is b as e d
o n  U V d a m a g e t o t h e ss R N A c o m p o n e nts  w hi c h u n d o u bt e dl y  will o c c ur, b ut t h e li pi d bil a yer pres e nts a ver y

m u c h l ar g er p h ot o n a bs or pti o n cr oss-s e cti o n t h at, as  we s h all s e e, c a n l e a d t o s e q u e nti al o xi d ati o n of h u n dre ds of

m ol e c ul es i n a n e x pl o di n g c h ai n re a cti o n.
T h e  m aj orit y of t h e st u di es  m a d e h as b e e n  wit h  U V C li g ht at 2 5 4 n m  w hi c h pres e nts its o w n h az ar ds t o s ki n

a n d e yes, a n d it h as b e e n s u g g est e d t h at f ar- U V C li g ht ( 2 0 7 – 2 2 2 n m) b e us e d  w hi c h ef fi ci e ntl y kills p at h o g e ns

wit h  m u c h l ess h ar m t o e x p os e d h u m a n c ells or tiss u es [ 2 9,3 0] .  T h at  w or k h as e x pl ore d  U V ef fi c a c y a g ai nst h u m a n
c or o n a vir us es fr o m s u b gr o u ps al p h a ( H C o V- 2 2 9 E) a n d b et a ( H C o V- O C 4 3). It  w as f o u n d t h at l o w d os es of,

res p e cti vel y, 1. 7 a n d 1. 2  mJ/ c m 2 i n a cti v at e d 9 9. 9 % of a er os olize d al p h a c or o n a vir us, 2 2 9 E, a n d b et a c or o n a vir us,

O C 4 3.  T h e a ut h ors s a y t h at b as e d o n t h e res ults f or t h e b et a  H C o V- O C 4 3 c or o n a vir us, c o nti n u o us f ar- U V C

e x p os ure i n p u bli c l o c ati o ns at t h e c urre ntl y re c o m m e n d e d e x p os ure li mit ( 3  mJ / c m 2 / h)  w o ul d res ult i n 9 9 %
vir al i n a cti v ati o n i n a p pr o xi m at el y 9 6 0 s a n d 9 9. 9 % i n a cti v ati o n i n a p pr o xi m at el y 1 5 0 0 s. It is s u g g est e d t h at

it is re alisti c t o e x p e ct t h at f ar- U V C li g ht  w o ul d s h o w c o m p ar a bl e i n a cti v ati o n ef fi ci e n c y a g ai nst ot h er h u m a n

c or o n a vir us es, i n cl u di n g S A R S- C o V- 2; t h at is i n a c c or d  wit h o ur dis c ussi o n o n vir al li pi d o xi d ati o n.  T h e ti m es f or
a c hi e vi n g t h at  w o ul d still b e t o o l o n g t h o u g h f or a s af e o c c u pi e d e n vir o n m e nt.  We c o nsi d er h ere p h ysi c o c h e mi c al

as p e cts of d e ali n g  wit h t h at.  To d o t h at  we n e e d t o first ret ur n t o t h e c h ai n re a cti o n  m e c h a nis m dis c uss e d a b o ve.

We n ot e d e arli er t h at p er o x yl r a di c als ( V L 1 O O • ) a ct as c h ai n c arri ers i n o xi d ati o n, b ut  we di d n ot p oi nt o ut t h at
t h e a bstr a cti o n of re a cti o n ( R 3):

V L 1 O O • + V L 2 H → V L 1 O O H + V L •
2 ( E q.  R 3)

is r at h er sl o w [ 1 2]. S o, t h e c h ai n c a n c o nti n u e  wit h j ust o n e a bstr a cti o n at a ti m e aft er i niti ati o n a n d t h e pr o c ess
c a n g o o n i n d e fi nit el y at a sl o w r at e.  As a res ult, as  we h a ve n ot e d, t h e h y dr o p er o xi d es ( V L 1 O O H) c a n b uil d u p

wit h ti m e.  W h at is n e e d e d t o a c c el er at e it is f or t h e h y dr o p er o xi d es t o b e d e c o m p os e d t o al k o x yl r a di c als ( V L 1 O
• )

a n d h y dr o x yl r a di c als ( H O • ) – re a cti o n ( R 9):

V L 1 O O H → V L 1 O
• + • O H ( E q.  R 9)

f ut ur e s ci e n c e gr o u p w w w.f ut ur e m e di ci n e. c o m 8 2 7
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Fi g ur e 2. L o g s ur vi v al v al u e s f or  H 1 N 1
vir u s ( ) a n d S A R S- C o V- 1 ( )  wit h ti m e
f or i n a cti v ati o n  b y  U V irr a di ati o n ( 2 5 4
n m).
D at a t a k e n fr o m S z et o et al. [ 3 1] a n d
K ari w a et al. [ 3 2].

T h at is  w h at  U V li g ht c a n d o.

It c a n b e n ot e d t h at t h e cl e a v a g e of t h e  O – O p er o xi d e b o n d  wit h a n e n er g y of 1 5 7 kJ / m ol [ 1 2] will b e e ve n  m ore
f a v or a bl e t h a n t h at of a n y  C – H b o n ds.  Als o, b ot h t h e n e wl y f or m e d r a di c als re a ct  m u c h  m ore r a pi dl y a n d  m ore

g e n er all y t h a n  V L 1 O O • .  A n d si n c e t h e h o m ol yti c s cissi o n b y  U V li g ht cre at es t w o hi g hl y a cti ve r a di c als, t w o vir al

li pi d o xi d ati o ns  will o c c ur f or e a c h h y dr o p er o xi d e d e c o m p ositi o n.  All of t h at  m e a ns t h at o n e  w o ul d e x p e ct t h ere t o

b e a si g ni fi c a nt i n cre as e i n t h e r at e of t h e o ver all c h ai n pr o p a g ati o n a n d li pi d o xi d ati o n as t h e pr o c ess pr o gress es. I n
f a ct, re a cti o n ( R 9) is a n e x a m pl e of c h ai n br a n c hi n g  wit h s e c o n d ar y c h ai ns dr a m ati c all y a m plif yi n g a n d e xt e n di n g

t h e pr o c ess b e y o n d t h e i niti al r a di c al c h ai n; a si n gl e i niti ati n g e ve nt c a n l e a d t o s e q u e nti al o xi d ati o n of h u n dre ds

of  m ol e c ul es i n t h e pri m ar y c h ai n a n d i n t h e s e c o n d ar y br a n c hi n g c h ai ns.  T h e s u g g esti o ns f or t h e c h e mistr y of
e n vel o p e d vir us i n a cti v ati o n gi ve i nsi g hts i nt o h o w  U V li g ht c a n b e us e d.  H o we ver, t h ere are res ults t h at s u g g est it

is n ot str ai g htf or w ar d.

Fi g ure 2 pl ots l o g re d u cti o n of vir us tit ers ( T CI D 5 0 ) f or d at a t a k e n fr o m res ults f or  U V r a di ati o n of i n fl u e nz a
vir us  H 1 N 1 [ 3 1] a n d f or S A R S- C o V- 1 [ 3 2]. I n b ot h c as es t h e pl ots are i niti all y a p pr o xi m at el y li n e ar f or a re d u cti o n of

a p pr o xi m at el y 3-l o g 1 0, a n d o n e c a n c al c ul at e t h e v al u es of t 1 / 2 f or t h at re gi o n of t h e pl ots usi n g  E qs. ( 3) a n d ( 4) + - 0 3

F or  H 1 N 1, t 1 / 2 is a p pr o xi m at el y 4 2 s  w hi c h is r at h er l ess t h a n t h e ‘ u n assist e d’ v al u e of 8 4 0 s [ 2 3]. It s h o ul d

b e n ot e d, t h o u g h, t h at t h e ‘ u n assist e d’ res ult  w as  m e as ure d  wit h a n a er os ol s a m pl e a n d t h e  U V-tre at e d res ults
were o bt ai n e d  wit h s a m pl es o n nitr o c ell ul os e filt er p a p ers.  As  m e nti o n e d e arli er, a er os ol st u di es yi el d hi g h er r at e

c o nst a nts t h a n f or s urf a c e s a m pl es a n d t his is b e c a us e vir us es t u m bli n g i n t h e air  will re c ei ve all r o u n d  U V e x p os ure

w hil e t h os e o n s urf a c es re c ei ve e x p os ure i n o n e pl a n e o nl y, a n d vir us s a m pl es a bs or b e d i nt o filt er p a p ers  w o ul d
b e e ve n l ess a c c essi bl e t o  U V li g ht.  T h eref ore, a t 1 / 2 f or  U V-irr a di at e d  H 1 N 1 as a n a er os ol  w o ul d b e e x p e ct e d t o

b e < 4 2 s.

F or S A R S- C o V- 1, t 1 / 2 is a p pr o xi m at el y 3 0 s  w hi c h is a si g ni fi c a nt d e cre as e fr o m t h e ‘ u n assist e d’ v al u e of
1. 2 h, or 4 3 2 0 s, re p ort e d a b o ve [ 3].  U V-irr a di at e d S A R S- C o V- 1 c o nsist e d of 2  ml s a m pl es of st o c k vir us i n Petri

dis h es [ 3 2],  w hi c h  w o ul d gi ve r at h er  m ore li g ht a c c essi bilit y t h at  w o ul d n ot b e s o diff ere nt fr o m t h e a er os ols, s o a

si g ni fi c a ntl y gre at er d e gre e of i n a cti v ati o n c a n o c c ur.

E ve n t h o u g h t h ere are s o m e e n vir o n m e nt al a n d  m e as ure m e nt f a ct ors t h at h a ve t o b e t a k e n i nt o a c c o u nt, it c a n
b e s e e n t h at, i n g e n er al, as is  well k n o w n a n d as e x p e ct e d fr o m c o nsi d er ati o ns of c h ai n pr o p a g ati o n,  U V li g ht c a n

b e a p o werf ul pr o m ot er of vir us i n a cti v ati o n, at l e ast i niti all y.  B ut t h e n t h e t e m p or al pl ots h a ve d e cre asi n g sl o p es

s h o wi n g a sl o wi n g d o w n of t h e i n a cti v ati o n pr o c ess es.
O n e p ossi bl e e x pl a n ati o n f or t h at r at e f all off is t h at  w h e n r a di c al q u e n c hi n g pr o c ess es e xc e e d t h e r at e of n e w

c h ai n pr o d u cti o n, n o n-r a di c al pr o d u cts f or m.  A n e x a m pl e of t h at is t h e c o- o xi d ati o n  m e nti o n e d e arli er of n o n-li pi d

m ol e c ul es s u c h as t h e s pi k e pr ot ei ns; t his c a n b e a si g ni fi c a nt  m e c h a nis m f or r a di c al s c a ve n gi n g a n d re d u ci n g li pi d
o xi d ati o n.  A n d as o xi d ati o n pr o gress es a n d t h e n u m b er of r a di c als dr a m ati c all y i n cre as es, r a di c al re c o m bi n ati o n

c a n b e c o m e  m ore i m p ort a nt a n d f ast er t h a n t h e i niti ati o n of n e w c h ai ns s o t h at o xi d ati o n sl o ws as st a bl e s e c o n d ar y

pr o d u cts f or m.  T h e c h e mistr y c h a n g es a n d, h e n c e, s o d o es t h e ki n eti cs.

H o we ver, t h ere is a si g ni fi c a nt diff ere n c e f or a er os ol vir al li pi d o xi d ati o n fr o m t h at of  m ore us u al sit u ati o ns of
li pi d c h ai n re a cti o ns i n t h at, as  we h a ve s e e n a n d as i n di c at e d i n Fi g ure 2 , vir us c o n c e ntr ati o ns are ver y l o w.  A n d

8 2 8 F ut ur e Vir ol. ( 2 0 2 1) 1 5( 1 2) f ut ur e s ci e n c e gr o u p



C h e mistr y  & ki n eti cs  C O VI D- 1 9 a er os ol i n a cti v ati o n P ers p e cti v e

r a di c al re c o m bi n ati o ns re q uire n ot o nl y hi g h r a di c al c o n c e ntr ati o ns, b ut t h e y als o n e e d a hi g h vis c osit y  m e di u m.

S o  w h e n t h ere is a hi g h dil uti o n of vir al li pi ds a n d a n a q u e o us a er os ol e n vir o n m e nt, r a di c al re c o m bi n ati o ns c o ul d
b e e x p e ct e d t o b e l ess i m p ort a nt.

T h ere is a n ot h er  w a y of c o nsi d eri n g t h e f all off i n i n a cti v ati o n.  We c o nsi d er t h e n u m b er of c ollisi o ns i n a r a n d o m

w a y b et we e n  m ol e c ul ar s p e ci es [ 3 3].  A c ollisi o n b et we e n a vir al li pi d a n d a p h ot o n  will n ot n e c ess aril y l e a d, t h o u g h,
t o a c c el er ati o n of vir al i n a cti v ati o n.  T h e n u m b er of h y dr o p er o xi d es d e c o m p os e d i n rel ati o n t o t h e n u m b er of

p h ot o ns a bs or b e d is k n o w n as t h e q u a nt u m yi el d, φ , a n d it is e q u al t o t h e r ati o of t h e  m e as ure of t h e pr o b a bilit y

t h at a p h ot o n  will d e a cti v at e a vir us as d e fi n e d b y t h e i n a cti v ati o n cr oss-s e cti o n, σ , t o t h e pr o b a bilit y t h at a p h ot o n
will b e a bs or b e d b y a vir us as d e fi n e d b y t h e a bs or pti o n cr oss-s e cti o n,  A [ 3 4].

φ = σ / A ( E q. 5)

T h e q u a nt u m yi el d is a n a bs ol ut e  m e as ure of vir al s e nsiti vit y t o li g ht.  T h e rel ati ve s e nsiti vit y of diff ere nt vir us es

v ari es [ 3 4], a n d, t o g et h er  wit h t h e f a ct ors  m e nti o n e d a b o ve, t h at  will b e a n ot h er re as o n f or diff ere nt i n a cti v ati o n
h alf-li ves.

N o w, if  we c h o os e a p arti c ul ar vir us it  will h a ve o ver a p eri o d of ti m e, t, a n u m b er of i n a cti v ati n g c ollisi o ns, n v,

wit h p h ot o ns.  T his c a n b e e x press e d as:

n v = t/ τ ( E q. 6)

w h ere t h e pr o p orti o n alit y c o nst a nt, τ , is t h e a ver a g e ti m e b et we e n t h e i n a cti v ati n g c ollisi o ns. If  we i niti all y h a ve

n v 0 vir us es i n a gi ve n v ol u m e t h e n aft er ti m e t s o m e  will h a ve e x p eri e n c e d i n a cti v ati n g c ollisi o ns, a n d  we d e n ot e
t h e n u m b er t h at h a ve n ot h a d i n a cti v ati n g c ollisi o ns u ntil ti m e t as n vt.  T h e n u m b er n vt+ dt t h at t h e n d o es n ot h a ve

a n i n a cti v ati n g c ollisi o n u ntil ti m e (t + dt),  will b e l ess t h a n n v t b y t h e n u m b er of s u c c essf ul c ollisi o ns i n dt.  T h e

n u m b er of t h os e c ollisi o ns i n dt c a n, usi n g E q. ( 6) , b e  writt e n as:

d n v = n v t dt / τ ( E q. 7)

He n c e

n v t+ dt = n v t − n v t dt / τ ( E q. 8)

T h e t er m n v t+ dt c a n b e  writt e n as n v t + ( d n vt/ dt) dt a n d s u bstit uti n g t his i nt o E q. ( 8) gi ves

d n v t / dt = − n v t / τ ( E q. 9)

I nt e gr ati n g E q. ( 9) yi el ds

n v t = n v 0 e x p (− t/ τ ) ( E q. 1 0)

E q. ( 1 0) is of t h e s a m e f or m as E q. ( 3) wit h 1 / τ b ei n g a fre q u e n c y e q ui v al e nt t o t h e r at e c o nst a nt, k’, i n E q. ( 3) .

B ut  w h ere as k’ h as a c o nst a nt v al u e i n E q. ( 3) , 1/ τ will b e c h a n gi n g  wit h ti m e si n c e τ is t h e a ver a g e ti m e b et we e n

i n a cti v ati n g c ollisi o ns  w hi c h  will g et l o n g er as ti m e pr o gress es b e c a us e t h ere are f e wer vir us es l eft t h at h a ve n ot b e e n
i n a cti v at e d. S o n ot o nl y is t h e n u m b er of vi a bl e vir us es d e cre asi n g, b ut t h e n u m b er of c ollisi o ns  wit h p h ot o ns t o

i n a cti v at e t h e m is als o d e cre asi n g.

T his eff e ct c a n b e s e e n  m at h e m ati c all y if  we t a k e t h e d eri v ati ve  wit h res p e ct t o ti m e of t h e L n of E q. ( 1 0) .

T h e n  we h a ve:

d (l n {n v t / n v 0 }) / dt = 1 / τ ( E q. 1 1)

w hi c h s h o ws t h at as τ i n cre as es, t h e sl o p es of t h e pl ots  will t e n d t o zer o, as is o bs er ve d i n Fi g ure 2 f or t h e pl ots

a p pr o a c hi n g t h e li mit of d et e cti o n.
N ot wit hst a n di n g t h e f all off i n t h e r at e of vir al li pi d o xi d ati o n, t h e us e of  U V li g ht c a n  m ai nt ai n a n e n h a n c e d

r at e of i n a cti v ati o n f or at l e ast a re d u cti o n of 3-l o g 1 0.  A g ai n, it is a p p are nt t h at p h ysi c o c h e mi c al c o nsi d er ati o ns

c a n l e a d t o s o m e u n d erst a n di n g of vir al i n a cti v ati o n.  T h e q u esti o n t h e n is ‘ H o w c a n t h at b e i m pl e m e nt e d?’

U s e  of  U V li g ht f or i n a cti v ati o n

Ger mi ci d al  U V l a m ps h a ve b e e n us e d f or  m a n y ye ars [ 3 5] wit h t h e  m ai n e missi o n li n e f or t h e  U V r a di ati o n at

2 5 4 n m,  w hi c h h as 4 7 1 kJ / m ol of e n er g y.  T h at  will b e s uf fi ci e nt t o bre a k t h e b o n ds  we h a ve b e e n dis c ussi n g
Ta bl e 1 .

f ut ur e s ci e n c e gr o u p w w w.f ut ur e m e di ci n e. c o m 8 2 9
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T a bl e 1. Li pi d  b o n d e n er gi es.

B o n d E n er g y ( kJ / m ol)

All yli c  H H 3 C – C H 2 – C H = C H – 3 2 2

D o u bl y all yli c  H H C = C H – C H 2 – C H = C H – 2 7 2

P er o xi d e O – O 1 8 4

R e p orts h a ve b e e n p u blis h e d f or c o ntr olli n g h os pit al air q u alit y a n d f or a n al ys es of  U V GI f or h os pit al a p pli c a-

ti o ns [ 3 6,3 7] a n d d et ail e d  m o d eli n g of t h e  U V d os e h as b e e n c arri e d o ut d e fi ni n g t h e c o m pl et e 3 D i nt e nsit y fi el d
i n a n y e x p eri m e nt al a p p ar at us i n v ol vi n g air fl o w [ 3 8].  Here  we pres e nt a si m pl e o ver vi e w of a re a ct or s yst e m  w hi c h

c o ul d b e us e d t o s u p pl e m e nt ot h er e n gi n e eri n g c o ntr ol  m et h o ds [ 3 7].

T h e first t as k is t o esti m at e t h e li g ht i nt e nsit y f or t h e  U V GI a p pli c ati o n a n d t his c a n b e d o n e  wit h t h e ai d of t h e

rel ati o ns hi p [ 3 9]:

n v t / n v 0 = e x p (− k " I t ) ( E q. 1 2)

w h ere n v t a n d n v 0 are t h e n u m b er of s ur vi vi n g vir us es at a n y ti m e t a n d t h e i niti al n u m b er of vir us es, res p e cti vel y,

as dis c uss e d i n t h e pre vi o us s e cti o n, k” is e q ui v al e nt t o t h e r at e c o nst a nt i n E q. ( 3) b ut  wit h u nits of c m 2 / μ J, a n d I

is t h e  U V r a di ati o n i nt e nsit y i n μ J/ c m 2 s.  T h e r at e c o nst a nt k” h as t o h a ve u nits of c m2 / μ J t o e ns ure t h e ar g u m e nt

of t h e e x p o n e nti al is di m e nsi o nl ess a n d it aris es b e c a us e k” is a r at e c o nst a nt c orres p o n di n g t o a li g ht i nt e nsit y of
1 μ J/ c m 2 s; it is k n o w n as t h e st a n d ar d r at e c o nst a nt a n d is i n d e p e n d e nt of i nt e nsit y.

F or t h e  K ari w a res ults [ 3 2] wit h t h e h alf-lif e gi ve n a b o ve of t 1 / 2 a p pr o xi m at el y 3 0 s, t h e a p p are nt r at e c o nst a nt

fr o m E q. ( 4) is 0. 0 2 3/ s  w hi c h is e q u al t o k”I i n E q. ( 1 2) .  T h e li g ht i nt e nsit y is 1 3 4 μ W / c m 2 or 1 3 4 μ J/ c m 2 s [ 3 2]

s o k”  will b e 0. 0 2 3/ 1 3 4 = 1. 7 × 1 0 - 4 c m 2 / μ J, a n d f or a li g ht i nt e nsit y of 1 μ J/ c m 2 s t h at gi ves k’ = 1. 7 × 1 0 - 4/ s

w hi c h c o m p ares  well  wit h t h e v al u e of t h e r at e c o nst a nt of 1. 6 × 1 0 - 4/ s o bt ai n e d f or S A R S- C o V- 1 fr o m E q. ( 4)

a n d i n di c at es t h at t h e a m bi e nt li g ht t h at  w as  m e nti o n e d f or i niti ati o n of r a di c al f or m ati o n fr o m t h e vir al li pi d h a d
a n e n er g y of a p pr o xi m at el y 1 μ W / c m 2 .

As j ust n ot e d, k” is i n d e p e n d e nt of i nt e nsit y, b ut  wit h t h e a d diti o n al e n er g y i n p ut fr o m t h e  U V li g ht t h e fr a cti o n al

l e vel of vir al i n a cti v ati o n  will v ar y a c c or di n g t o t h e  m a g nit u d e of t h at i n p ut as d es cri b e d b y

F = e x p (− k " I t ) ( E q. 1 3)

w h ere t h e r ati o n v t/ n v 0 i n E q. ( 1 2) is  writt e n as t h e s ur vi v al fr a cti o n, F.

Fr o m E q. ( 1 3) , we h a ve

2 .3 0 3 l o g F = k " I t ( E q. 1 4)

a n d p utti n g i n t h e n u m eri c al v al u es  wit h 3-l o g 1 0 i n a cti v ati o n i n 1  mi n a n d s ol vi n g f or I f or S A R S- C o V- 2 gi ves

I = 2 .3 0 3 × 3 / 1 .7 5 × 1 0 − 4 × 6 0 ≈ 6 6 0 μ J / c m 2 s = 6 6 0 μ W / c m 2 ( E q. 1 5)

Det er mi ni n g t h e air fl o w r at es f or h e alt h c are e n vir o n m e nts is n ot str ai g htf or w ar d, b ut a n at ur al ve ntil ati o n

re q uire m e nt r at e of 2 1 6  m3 / h / p ati e nt, or 6 0 l / s/ p ati e nt, is re c o m m e n d e d b y t h e  W H O [ 4 0]; ot h er st u di es gi ve

s u p p ort f or t h at [ 4 1]. If a p ati e nt s p a c e s u c h as a h os pit al b e d i n a  w ar d or a n i nt e nsi ve c are u nit (I C U) are a h as a n

air e xtr a cti o n u nit a b o ve or i n a n e n cl os e d a dj a c e nt s p a c e, c o nt a mi n at e d air c o ul d b e e xtr a ct e d a n d tre at e d  wit h
U V C li g ht.  O n t h at b asis 3 6 0 0 l, or 3. 6  m 3 ,  w o ul d n e e d t o b e e xtr a ct e d a n d t o p ass t hr o u g h t h e  U V-irr a di at e d

re gi o n i n a d u ct i n t h e c eili n g v oi d or e n cl os e d s p a c e e ver y 6 0 s.

Wel c h et al. [ 2 9] h a ve d es cri b e d a h oriz o nt al re ct a n g ul ar irr a di ati o n c h a m b er t hr o u g h  w hi c h a vir al a er os ol fl o ws
a n d p ass es o ver  U V li g hts d uri n g p art of t h eir p ass a g e t hr o u g h t h e c h a m b er.  T h e c eili n g d u ct  w o ul d b e a si mil ar

arr a n g e m e nt, b ut t h ere  w o ul d b e  m ulti pl e  U V l a m ps at re g ul ar i nt er v als al o n g t h e  w h ol e l e n gt h of t h e d u ct t o gi ve

u nif or m irr a di ati o n of t h e air p assi n g t hr o u g h it.  Als o, t h e d u ct,  w hil e h a vi n g a n i nl et a n d o utl et f or t h e air fl o w,
w o ul d b e d esi g n e d t o e ns ure t h at n o  U V li g ht c o ul d es c a p e i nt o a n y o c c u pi e d e n vir o n m e nt; fr o m t h at p oi nt of

vi e w it  w o ul d n ot  m att er  w hi c h t y p e of  U V C l a m p  w as us e d.

T h e di m e nsi o ns of t h e irr a di at e d s e cti o n of t h e d u ct c o ul d b e a dj ust e d t o pr o vi d e a v ol u m e of 3. 6  m 3 , a n d t h e

si m pl est arr a n g e m e nt  w o ul d b e t o h a ve a d u ct 3. 6  m l o n g a n d a cr oss s e cti o n al are a of 1  m 2 .  B y i ntr o d u ci n g b af fl es
al o n g t h e l e n gt h of t h e d u ct t h e p at h tr a vell e d b y t h e air fl o w c o ul d b e si g ni fi c a ntl y e n h a n c e d a n d t h e cr oss-s e cti o n al
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Fi g ur e 3. S c h e m ati c r e pr e s e nt ati o n  of a  p ar a b oli c  mirr or i n a  d u ct
f or vir u s i n a cti v ati o n. T h e l a m p  d e n ot e d  b y  O e xt e n ds i nt o t h e  pl a n e
of t h e  p a g e.

are a c o ul d b e pr o p orti o n at el y re d u c e d t o  m ai nt ai n t h e v ol u m etri c fl o w r at e.  Als o, b y h a vi n g a s er p e nti n e s e q u e n c e of
s e p ar at e d u ct s e cti o ns t h e s yst e m  w o ul d b e l ess c u m b ers o m e.  We n o w n e e d t o c o nsi d er t h e r a di ati o n c h ar a ct eristi cs.

M o d eli n g of t h e  U V i nt e nsit y fi el d d u e t o e n cl os ure re fl e cti vit y h as g e n er all y b e e n  m a d e f or a re ct a n g ul ar d u ct

wit h e a c h of t h e f o ur  w alls re fl e cti n g a fr a cti o n of t h e i n ci d e nt i nt e nsit y it e x p eri e n c es at t h e s urf a c e [ 3 8]. A n
alt er n ati ve g e o m etr y t h at  w o ul d gi ve  m ore c o ntr oll e d a n d  m ore i nt e ns e irr a di ati o n  w o ul d b e f or t h e d u ct t o b e i n

t h e f or m of a p ar a b ol a.  A li n e s o ur c e of li g ht, as is t y pi c all y us e d f or  U V l a m ps, pl a c e d at t h e f o c us of a p ar a b oli c

mirr or  will g e n er at e a c yli n dri c al  w a ve t h at  will b e re fl e ct e d i nt o a pl a n e  w a ve pr o p a g ati n g as a c olli m at e d b e a m

p ar all el t o t h e verti c al a xis of t h e l a m p ( Fi g ure 3 ).
Al u mi n u m h as a g o o d re fl e ct a n c e ( ∼ 9 2 %) i n t h e  U V s p e ctr al re gi o n [ 4 2]. It w o ul d n ot b e us e d, t h o u g h, i n t h e

us u al f or m of a gl ass  mirr or si n c e o nl y s p e ci al gl ass es h a ve a hi g h tr a ns mitt a n c e i n t h e  U V, a n d als o f a bri c ati n g a

l ar g e p ar a b oli c gl ass  mirr or  w o ul d b e dif fi c ult a n d u n e c o n o mi c.  Al u mi n u m e v a p or ati o n is a n i n d ustri all y  m at ure
pr o c ess a n d pr o d u cti o n of a  mirr or o n a li g ht wei g ht  m at eri al t h at c o ul d b e e asil y f or m e d i nt o a p ar a b ol a  w o ul d

b e str ai g htf or w ar d.  To c o m p e ns at e f or t h e l oss of li g ht i nt e nsit y b y t h e re fl e cti o n a n d t o  m ai nt ai n t h e i nt e nsit y

re q uire d as c al c ul at e d a b o ve  we n e e d t o i n cre as e it t o 6 6 0/ 0. 9 2 ≈ 7 2 0 μ W / c m 2 .
T h e di m e nsi o ns of a s y m m etri c al p ar a b oli c  mirr or c a n b e rel at e d b y t h e e q u ati o n 4f h = r 2 ,  w h ere f is t h e f o c al

l e n gt h, h is t h e h ei g ht of t h e  mirr or  m e as ure d al o n g t h e a xis of s y m m etr y fr o m t h e vert e x t o t h e pl a n e of t h e ri m

( 1 0 0 c m), a n d r is t h e r a di us of t h e  mirr or at t h e ri m fr o m t h e c e nt er ( 5 0 c m) [ 4 3].  Wit h t h e  mirr or re a c hi n g fr o m

t h e b as e of t h e d u ct t o t h e t o p a n d o c c u p yi n g t h e f ull  wi dt h at t h e b as e t h e n t h e f o c al l e n gt h, f,  will b e 6. 2 5 c m.
T h e fr a cti o n of li g ht ( θ ) re fl e ct e d b y t h e dis h fr o m a li g ht s o ur c e i n t h e f o c us, is gi ve n b y [ 4 3].

θ = 1 − arct a n (r / (h − f ))
π

= 0 .8 4
( E q. 1 6)

T h at re q uires a f urt h er i n cre as e i n t h e li g ht i nt e nsit y t o 7 2 0 / 0. 8 4 ≈ 8 6 0 μ W / c m 2 .

T h e cr oss-s e cti o n al are a ( A) u n d er t h e p ar a b ol a c a n b e c al c ul at e d b y i nt e gr ati n g t h e e q u ati o n of a p ar a b ol a

y = α x 2 ( E q. 1 7)

wit h t h e li mits of t h e p ar a b ol a  wi dt h; α is a c o nst a nt t h at c a n b e d et er mi n e d fr o m t h e fi xe d p ar a b ol a di m e nsi o ns.
F or r = 5 0 c m,  A = 6 6 6 6 c m 2 .  We still h a ve t o  m ai nt ai n a v ol u m etri c fl o w r at e of 3. 6  m3 / mi n, s o t h e l e n gt h of t h e

p ar a b oli c d u ct  will n e e d t o i n cre as e t o a p pr o xi m at el y 5. 4  m; t h e v ol u m e  will still b e tre at e d i n 1  mi n si n c e  w hil e

t h e v ol u m etri c vel o cit y st a ys t h e s a m e, t h e li n e ar vel o cit y i n cre as es as a res ult of t h e re d u cti o n i n t h e cr oss-s e cti o n al
are a.  O n e  mi g ht als o h a ve a pl a n e  mirr or at t h e b as e of t h e p ar a b ol a t o e n h a n c e t h e li g ht i nt e nsit y.

We t a k e t h e t ot al are a f or irr a di ati n g as t h e l e n gt h of t h e p ar a b oli c d u ct ti m es its  m a xi m u m  wi dt h  w hi c h is

5 4 × 1 0 3 c m 2 . S uit a bl e l a m ps are c o n ve ni e ntl y a v ail a bl e i n 5 4 c m l e n gt hs s o t e n l a m ps  w o ul d c o ver t h e  w h ol e
l e n gt h of t h e d u ct a n d e a c h l a m p  w o ul d b e re q uire d t o pr o vi d e 8 6 0 × 1 0 - 6 × 5 4 × 1 0 0 ∼ 5 W. It s h o ul d b e n ot e d

t h at  U V C li g hts are a b o ut 3 5 % ef fi ci e nt s o t h e t ot al  w att a g e of e a c h l a m p n e e ds t o b e 5/ 0. 3 5 ≈ 1 4  W,  w hi c h is

als o a v ail a bl e.  T h e t ot al p o wer f or t h e s yst e m  will b e a p pr o xi m at el y 1 4 0  W,  w hi c h is n ot e xc essi ve.

It s h o ul d als o b e  m e nti o n e d t h at g er mi ci d al l a m ps e mit a b o ut 8 % li g ht at 1 8 5 n m pr o d u ci n g oz o n e,  w hi c h
h as b e e n re c o g nize d f or o ver 1 0 0 ye ars as a viri ci d e [ 4 4].  H o we ver,  w h e n i n h al e d, rel ati vel y l o w a m o u nts of oz o n e

f ut ur e s ci e n c e gr o u p w w w.f ut ur e m e di ci n e. c o m 8 3 1
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c a n d a m a g e t h e l u n gs c a usi n g c h est p ai n, c o u g hi n g, s h ort n ess of bre at h a n d t hr o at irrit ati o n [ 4 5].  T h eref ore, if

U V-tre at e d air is t o b e re cir c ul at e d or t o b e e x h a ust e d t o t h e e xt er n al e n vir o n m e nt,  U V li g ht h as t o b e filt ere d o ut
t o a v oi d t h e pr o d u cti o n of oz o n e; eli mi n ati o n of t h e 1 8 5 n m li n e is a c o m m o n f e at ure of t h e l a m ps a n d is a c hi e ve d

i n t h eir  m a n uf a ct ure b y usi n g a p pr o pri at e gl ass  m at eri als.

T h e air fl o w c h ar a ct eristi cs t hr o u g h t h e d u ct are c h ar a ct erize d b y t h e di m e nsi o nl ess  Re y n ol ds n u m b er,  Re,  w hi c h
is t h e r ati o of i n erti al f or c es t o vis c o us f or c es  wit hi n a fl ui d [ 4 6]. It is d e fi n e d b y

Re = ρ u h / μ ( E q. 1 8)

w h ere ρ is t h e d e nsit y of t h e fl ui d, μ is its vis c osit y, u is t h e li n e ar fl o w vel o cit y, a n d h  we t a k e as t h e h ei g ht

of t h e fl o w d u ct; f or u  we di vi d e t h e v ol u m etri c fl o w vel o cit y b y t h e cr oss-s e cti o n al are a,  A.  T his gi ves a v al u e of

Re = 5 8 0 0.  Ty pi c all y,  w h e n  Re < 2 3 0 0, t h e fl o w is s m o ot h, l a mi n ar a n d pre di ct a bl e, a n d  w h e n  Re > 4 0 0 0, t h e fl o w
is t ur b ul e nt.  T h e t ur b ul e nt fl o w f or t h e si m pl e d esi g n  we h a ve d es cri b e d  will f a cilit at e vir al i n a cti v ati o n b y  U V GI

si n c e it  will pr o d u c e c ollisi o ns of p h ot o ns  wit h vir al li pi ds i n t h e r a n d o m  w a y p ost ul at e d a b o ve.

A dj usti n g t h e d esi g n p ar a m et ers t o g et h er  wit h t h e li g ht i nt e nsit y al o n g t h e d u ct, t h e l e vel of vir al i n a cti v ati o n

a n d t h e ti m e re q uire d f or it c a n b e v ari e d t o  m e et a re q uire d p erf or m a n c e.  T h at  w o ul d b e p arti c ul arl y us ef ul if a
gre at er l e vel of i n a cti v ati o n t h a n 3-l o g 1 0 is n e e d e d a n d a dj ust m e nts t o c o m p e ns at e f or t h e f all off i n t h e d e a cti v ati o n

r at e h a ve t o b e  m a d e.

I n a d diti o n t o t h e pr o c ess c h e mistr y a n d p ar a m et ers t h at  we h a ve dis c uss e d,  we s h o ul d n ot e, as  m e nti o n e d
e arli er, t h at e n vir o n m e nt al f a ct ors, p arti c ul arl y h e at a n d  m oist ure, c a n h a ve a n eff e ct o n vir al i n a cti v ati o n.  At l o w

t o  m o d er at e t e m p er at ures t h at vir us es  will e n c o u nt er i n n at ur al a n d arti fi ci al e n vir o n m e nts, h e at pri m aril y a cts

t o bre a k t h e  O- O b o n ds of t h e h y dr o p er o xi d es a n d t his  will a c c el er at e t h e o ver all c h ai n pr o p a g ati o n a n d li pi d
o xi d ati o n [ 4 7].

M oist ure a n d  w at er a d d  m ore c o m pl e xit y t o li pi d o xi d ati o n  wit h b ot h pr o- o xi d a nt a n d a nti o xi d a nt eff e cts.  At

ver y l o w rel ati ve h u mi diti es  w h e n a er os ol  w at er e v a p or at es, t hi n  m oist ure l a yers c a n bi n d t o t h e  m a cr o m ol e c ul ar

s urf a c e,  w hi c h ret ar ds o x y g e n diff usi o n, a n d  w at er c a n h y dr o g e n b o n d t o h y dr o p er o xi d e.  B ot h of t h os e pr o c ess es
l e a d t o d e cre asi n g o xi d ati o n.  O n t h e ot h er h a n d, a er os ol h y dr ati o n of vir us li pi ds i n cre as es  m ol e c ul ar  m o bilit y,

o x y g e n diff usi o n a n d i nt er a cti o n  wit h t h e li pi ds [ 4 8].

T h e  m e c h a nis m f or t h e b e h a vi or is cl e arl y i ntri c at e.  H o we ver, b ei n g a w are of t h e eff e cts a n d of t h e c h e mistr y
i n v ol ve d c a n pr o vi d e a b asis f or u n d erst a n di n g t h e a p p are nt c o n fli cti n g res ults t h at h a ve b e e n o bt ai n e d fr o m

g e o gr a p hi c al a n d h e alt h c are s etti n gs [ 4 9].

W h at e ver t h e pr o c ess p ar a m et ers, o n c e t h e re q uire d l e vel of i n a cti v ati o n h as b e e n a c hi e ve d, t h e tre at e d air c a n
b e ret ur n e d t o t h e  w ar d e n vir o n m e nt or e x h a ust e d t o t h e e xt er n al at m os p h ere.

C o n cl u si o n

We h a ve c arri e d o ut a n a n al ysis of t h e i n a cti v ati o n of e n vel o p e d vir us es i n g e n er al a n d of S A R S- C o V- 1 9 i n p arti c ul ar
i n t er ms of a s u g g est e d d e c o m p ositi o n c h e mistr y f or t h e li pi d bil a yer t hr o u g h a fre e r a di c al c h ai n re a cti o n.  T h e

a n al ysis a n d t h e c h e mi c al c o nsi d er ati o ns t o g et h er  wit h t h e a p pli c ati o n of t h e ki n eti cs t o ot h er e n vel o p e d vir us es

i n di c at e t h at t h e i n a cti v ati o ns of s u c h vir us es are c o m p ar a bl e.

Pr o m oti n g vir us i n a cti v ati o n  wit h  U V li g ht h as b e e n bri e fl y re vi e we d a n d dis c uss e d i n t er ms of a n e xt e nsi o n
of t h e c h ai n re a cti o n  m e c h a nis m.  C o nsi d er ati o ns of t h e c h e mistr y als o hi g hli g ht  w h y  U V li g ht c a n b e a p o werf ul

i niti at or f or vir us i n a cti v ati o n,  w hi c h t o g et h er  wit h p h ysi c o c h e mi c al a n al ys es gi ve i nsi g hts i nt o h o w a 3-l o g 1 0 l e vel

of d e a cti v ati o n i n 1  mi n, or a gre at er l e vel of i n a cti v ati o n, c o ul d b e a c hi e ve d.
A pr a cti c al  m et h o d f or d oi n g t h at h as b e e n o utli n e d t h at c o ul d b e us e d t o s u p pl e m e nt ot h er e n gi n e eri n g c o ntr ol

m et h o ds a n d  w hi c h  w o ul d all o w p uri fi e d air t o b e ret ur n e d t o h e alt h c are e n vir o n m e nts  wit h o ut t h ere b ei n g a n y

U V r a di ati o n h az ar ds f or p ers o n n el d uri n g t h e pr o c ess.  T h e pr o c e d ure  w hil e h a vi n g rel e v a n c e t o t h e pres e nt vir us
sit u ati o n i n a cli ni c al s etti n g, c o ul d h a ve a p pli c ati o ns f or  miti g ati n g vir al tr a nsf er i n c o m m er ci al e n vir o n m e nts s u c h

as rest a ur a nts, ret ail o utl ets, e nt ert ai n m e nt ve n u es a n d a n y w h ere p ot e nti al as y m pt o m ati c dis e as e c arri ers g at h er i n

restri ct e d s p a c es.

Fi n all y,  we s h o ul d e m p h asize t h at a k n o wl e d g e of vir al li pi d c h e mistr y c a n b e of v al u e i n bri n gi n g u n d erst a n di n g
a n d i nsi g ht i nt o t h e  m e c h a nis ms of i n a cti v ati o n f or  C O VI D- 1 9 a er os ols.
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C h e mistr y  & ki n eti cs  C O VI D- 1 9 a er os ol i n a cti v ati o n P ers p e cti v e

F ut ur e  p er s p e cti v e

Alt h o u g h t h e c urre nt  C O VI D- 1 9 p a n d e mi c h as l e d t o h u n dre ds of p a p ers a n d arti cl es a b o ut t h e c a us ati ve a g e nt
a n d t h ere h a ve b e e n r a pi d a d v a n c es o n v ari o us as p e cts of t h e dis e as e, t h ere is still  m u c h t h at is p o orl y u n d erst o o d.

T his  will o b vi o usl y re q uire  m ore cli ni c all y b as e d res e ar c h, b ut i n vesti g ati o ns of vir al dis e as es s h o ul d n ot b e p urel y

m e di c all y b as e d.  Vir us es h a ve c o m pl e x  m ol e c ul ar str u ct ures a n d t h eir tr a nsf er t o a n d i nt er a cti o n  wit h li vi n g s p e ci es
i n e vit a bl y i n v ol ve c h e mi c al re a cti o ns a n d p h ysi c o c h e mi c al pr o c ess es.  To b ett er u n d erst a n d t h e e pi d e mi ol o g y of

vir us es a n d t o a c hi e ve n e w i nsi g hts it  will b e n e c ess ar y t o h a ve a  wi d e p ers p e cti ve a n d t o dr a w o n a br o a d r a n g e of

ot h er s ci e nti fi c dis ci pli n es.  A n d f or t h at, f ut ure vir ol o g y  will n e e d t o h a ve a n o p e n  mi n d a n d f or t h ere t o b e a s pirit

of e nt er pris e b y t h e  m e di c al c o m m u nit y.

E x e c uti v e s u m m ar y

Vir u s i n a cti v ati o n  & ki n eti c s

• Alt h o u g h t h er e  h a v e  b e e n r a pi d a d v a n c es  o n v ari o us as p e cts  of t h e  C O VI D- 1 9, t h er e is still  m u c h t h at is  p o orl y

u n d erst o o d. I n t his  p a p er  w e  us e  diff er e nt  p ers p e cti v es t o tr y a n d  u n d erst a n d t h e c h e mistr y  of c or o n a vir us

a er os ols a n d  of vir al i n a cti v ati o n.

• I n s o m e vir us es t h e c a psi d  of t h e viri o n  wit h its e n cl os e d  n u cl ei c a ci d is s urr o u n d e d  b y a li p o pr ot ei n e n v el o p e, as

i n c or o n a vir us es, a n d  w hil e s u c h vir us es c a n  p ersist  o utsi d e  h ost e n vir o n m e nts t y pi c all y f or  d a ys,  n o n e n v el o p e d

vir us es c a n s ur vi v e f or  w e e ks. It  w o ul d  n ot  b e  u nr e as o n a bl e, t h er ef or e, t o s u g g est t h at t h at c o ul d  b e r el at e d t o

t h e r el ati v e e as e  wit h  w hi c h t h e li pi d str u ct ur e is  disr u pt e d.

• T h e  m ost c o m m o n  m e c h a nis m  of t h e  d e gr a d ati o n  of li pi ds is e n vir o n m e nt al  o xi d ati o n. T h e  pr o c ess  b y  w hi c h t h at

o c c urs is, i n  g e n er al, a fr e e r a di c al c h ai n r e a cti o n l e a di n g t o a s eri es  of c o m pl e x c h e mi c al c h a n g es.  H er e  w e

ill ustr at e t h e  pr o c ess i n a  gr e atl y si m pli fi e d s c h e m e  of r e a cti o ns i n  or d er t o tr y a n d  dis c o v er  w h at c o ul d  b e

i n v ol v e d i n vir al  d e a cti v ati o n.

• It is s h o w n t h at t h e ki n eti cs  of vir us i n a cti v ati o n is c o nsist e nt  wit h a  ps e u d o- first- or d er r e a cti o n a n d t h at it is a

c o m m o n f e at ur e  of a r a n g e  of vir al e n v el o p es.

Pr o m oti n g vir u s i n a cti v ati o n  &  u s e  of  U V li g ht

• T h e  us e  of  U V li g ht t o  pr o m ot e vir us i n a cti v ati o n is r e vi e w e d a n d its eff e ct  o n t h e  o xi d ati v e c h ai n r e a cti o n is

dis c uss e d a n d ill ustr at e d  wit h  p u blis h e d  d at a.  H o w e v er,  w hil e  U V li g ht c a n  b e a  p o w erf ul  pr o m ot er  of vir us

i n a cti v ati o n, at l e ast i niti all y, t h e e x p eri m e nt al t e m p or al  pl ots  h a v e  d e cr e asi n g sl o p es s h o wi n g a sl o wi n g  d o w n  of

t h e i n a cti v ati o n  pr o c ess es.  V ari o us r e as o ns f or t h at ar e c o m m e nt e d  o n, a n d it is s h o w n t h at a  m o d el  b as e d  o n

c ollisi o ns  b et w e e n  m ol e c ul ar s p e ci es a n d  p h ot o ns c a n e x pl ai n t h e eff e ct.

• T h e  us e  of  U V li g ht f or vir al i n a cti v ati o n i n a  pr a cti c al  w a y is t h e n  pr es e nt e d.  C o nsi d er ati o ns  of e x p eri m e nt al

p ar a m et ers l e a d t o a si m pl e  d esi g n t h at  w o ul d all o w c o nt a mi n at e d air fr o m a cli ni c al s etti n g t o  b e e xtr a ct e d a n d

tr e at e d i n  or d er t o a c hi e v e a 3-l o g 1 0 l e v el  of  d e a cti v ati o n i n 1  mi n s o t h at  p uri fi e d air c o ul d  b e r et ur n e d t o

h e alt h c ar e e n vir o n m e nts.

A ut h or c o ntri b uti o ns

I c o n fir m I a m t h e s ol e a ut h or of t his  w or k a n d a m s ol el y r es p o nsi bl e f or its c o nt e nt.

Fi n a n ci al  & c o m p eti n g i nt er ests  dis cl os ur e

T h e a ut h or h as n o r el e v a nt af fili ati o ns or fi n a n ci al i n v ol v e m e nt  wit h a n y or g a ni z ati o n or e ntit y  wit h a fi n a n ci al i nt er est i n or fi n a n ci al

c o n fli ct  wit h t h e s u bj e ct  m att er or  m at eri als dis c uss e d i n t h e  m a n us cri pt. T his i n cl u d es e m pl o y m e nt, c o ns ult a n ci es, h o n or ari a, st o c k

o w n ers hi p or o pti o ns, e x p ert t esti m o n y, gr a nts or p at e nts r e c ei v e d or p e n di n g, or r o y alti es.

N o  writi n g assist a n c e  w as utili z e d i n t h e pr o d u cti o n of t his  m a n us cri pt.
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