











Reconstructing flow data through basis functions @ U

+ Daily flow 1980-2014, from Sg. Kelantan (Jam. Guillemard) with
station code SF5721442 .

+ Situated at Kelantan River Basin with the northern latitude of 5°45N and eastern
longitude of 102°09°E.

Y, =(y1(t1),...,y,-(tr))D,i=l,2,...,n,j=1,2,...,T,

* n is the number of years

* yi(t;) — flow measured at the day- of the i-th year. 7=365 days

+ The discrete observed data are converted into the smoothing curves as
temporal functions with a base period of 7" and & basis functions.

+ Choice of k can be justified to capture the flow variation.

Smoothing flow curves Summary of functional data

Sg.Kelantan (SF5721442) Measures of Central Tendency

Streamflow Covariance

Flow (m3s)
1000 2000 3000 4000 5000. 6000

0

* The maximum flow occurs in the * The highest variability
middle of November up to early occurs approximately between
January (North East Monsoon flow) (Nov-Jan)
are chosen based on the quality of + This period corresponds

smoothing and a high percentage of approximately to the highest
explained variance. flows

* The smooth representation of flow data is
done with a 365-day base
period and selected k basis functions, which
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Functional Principal Component Analysis

®UTM
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O 73.8% of streamflow variability,
showing that the dominant driver

is the seasonal monsoon flood

regime g

Q Captures the overall seasonal
streamflow regime, especially the
magnitude of peak flows at
year-end

a PCl (36%) — General wet- R
season intensity (flood 1
magnitude). ig

4 PC2-PC3 (~25%) — Shape and timing

of the hydrograph (flood duration,
onset, persmtenceg.

U PC4-PC5 (~12%) — Extreme and
anomalous events (flash floods, R
unusual peaks). $

;

500 1500

PCA function 1 (Percentage of variability 36.2 ) PCA function 2 (Percentage of variability 12.8)

1000 3000
Harmonic 2
o 2000
e
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PCA function 3 (Percentage of variability 12.6 ) PCA function 4 (Percentage of variability 7.1)

L

argvas

PCA function 5 (Percentage of variability 5.1)

FUNCTIONAL PCA

Scores (FPCA)_SgKelantan
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10000 15000
L L

Pc2
5000
L

+ Based on scores of
FPCA, the curves can be
classified into
several clusters. Different
magnitude and shape of
the curves.

@

o

May consider having
the same flow pattern
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Bivariate HDR plo

Functional Outliers
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Functional high-density region (HDR) plot

8
2
g - [ —— x1988 x2014
g1 g
T A =
5 =
e s 8
= 2 P= =
~ E
| =
§ n
- 4]
2 ! ! , I ! L I
‘15000 5000 o 5000 10000 15000
PC score 1 LA- VY e P v EST)
’=y
T T T T
o 100 200 300

based on 99% coverage probability

The dark™grey regions show Thex
'bag'.

The light grey regions display the
fence.

All points outside the regions were

O The outliers detectedin fhe tlow ’series are
those curves that represent 1988 and 2014.

* Referring to the flood history of Sg Kelantan
River Basin, the year 2014 is one of the worst
floods that occurred and caused major
destruction to the state of Kelantan.

identified as outliers.
J

Functional Analysis of Variance (ANOVA)

Compare mean rainfall functions across multiple climate categories and identify when
during the time such differences were most pronounced.

Raingg (£) = u (1) +aq (¢) + g ():
L L

grand mean function
indicates the average rainfall profile

o, are the specific effects on
rainfall of being in group g

the unexplained variation specific

to the m-th rainfall station within
climate group g

across the studied stations of
Peninsular Malaysia

ZBQE (1) =0

g=1
6

Rain, (f) = ZZ(mg)i,ﬁ/ (1) +sme (1),

R —

Represent
either O or 1

Functional response =1

Regression
Coefficients

UNVERS TEXNOLOG! NALAYS

@©UTM
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Intercep
Peninsu
rainfall

Region effects for the rainfall functions via the functional ANOVA

Positive effect (more rain during NEM flow)

3 Peninsular FT Northwest
t function- ,\-\: ‘ o] i |
lar mean b J
# = & // \./
o
el T T T T T T T
' 0 20 0 60 ] 20 4 60
ey Negative effect ey
(less rain during NEM flow)
West East

!

Nl 5

1 4

o7
:
0

o

J

10

T T T
] 20 )
Day
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Negative effect
(less rain during NEM flow)

Dayt:1to73

¥

Positive effect (more rain
during NEM flow)

Statistical test of no effect of geographical region
on the rainfall profile

€ regions

F-statistic

Theope_

critical

Permutation F-Test

—— Observed Statistic
<<+« pointwise 0.05 critical value
== maximum 0.05 critical value

utation tesgjs used to
distribution of the test statistic and to obtain an estimated
me

value for the test

ipproximate fhe null

UNVERS TEXNOLOG! NALAYSU
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¢ The differences are statistically significant at certain
time intervals in the year.

< The study demonstrates that Peninsular Malaysia regions
have disfinct rainfall temporal structures

that are

best

captured using  functional

representations rather than aggregate statistics.
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Rainfall and
flood
characteristics
are highly
correlated and
not univariate.

Why Dependency Matters?

Traditional
univariate
analysis fail to
capture joint
behaviors.

Traditional
Multivariate
statistics have
some limitations
in dealing with
cases with
different

marginal
distributions  that
need to be the
same type,
normally
distributed, or
independent.

@©UTM
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Copulas allow us to
model the joint
behavior of different
features of random
variables.

Able to capture the
nonlinear &

tail dependencies

A copula is a multivariate cumulative distribution function (CDF) with uniform
marginals on the interval [0,1].

®UIM

C:[0,11¢ = [0, 1].

Sklar’s Theorem

H(x,, x2""’xd)=c(F1(x1)’ FQ(xz)"“rFu(xa))'

Let H be a joint cumulative distribution function with marginals F1,/,....Fq
Then, there exists a Copula C such that for all real numbers xy,x2,...., Xd.
If the marginals F,F5,....Fq are continuous, the copula C is unique.

If C is a Copula and F',F,....Fq are distribution functions, then the function H is a
multivariate distributions with marginals F,F,....Fq.
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COPULA FAMILIES

UNVERS TEXNOLOG! NALAYSU

Elliptical Copulas Archimedean Copulas Clayton

Gaussian (Lower Tail Dependence) Gumbel
(No tail dependence) (Upper Tail Dependence) Frank
Student T (Symmetric)
Joe (Strong upper tail)

(Upper & lower tail dependence)

Other Copulas
Farlie-Gumbel-Morgenstern (FGM) Plackett
Ali-Mikhail-Haq
BB Families

Extreme Value Copulas
Gumbel Hougaard Galambos

Capturing Dependencies in .l J I M

Rainfall /Flood Characteristics m—

Bivariate ivari Vine
Copula Copula

Hr (3 ) =0 0F (x), A ()0 =0 ) % Breaks high-dimensional
ependence into a sequence of
bivariate copulas.
s ow)=C ) < Allows modeling different
€ (e ) = € BLC (, w:), e g 0. types of dependencies between
pairs of variables.
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FLOOD HYDROGRAPH ©
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Flood Peak Flow (Q)

D= q.—qs

g

V = Viotal — Vbase

5
=
3

Peak time (P) — s
Tokal Volume (Viaa) P - qd qs

N
=1
3

end day discharge, q.
start day discharge, g.

-
=]
3

Daily streamflow discharge observations (m3/ sec)
8
o

Baseflow Volume
1 16 L 26 31 36 41 46 51 56 61 66 71 76
Time steps (days)

)

1 6

Figure 2 : Flood hydrograph showing flood characteristics.

Innovating Solutions

UTM
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FLOOD HYDROGRAPH CALCULATION

&

¥

D
]

D= q,

— (s

V = Viotal — Vbase

s
V=qu—

N. A. Jafry, J. thalliqugsof S.R. gﬁ!r N. E. Alias, L. Shahid. Joint

D
_(qs + qe)’

1989/ 1990

502

19.6 358
(11/30/ 1989) (12/14/1989)

https://doi.org/10.1007/512665-024-11743-7

Innovating Solutions

using the vine copul

o?PorP@o?PoP"o?P

@* S0 &

Copula Implementation for Flood Characteristics

o o B
{F
= 0LE, o o B\

©UIM
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The return period (also called
recurrence interval) of an event is
the average time between
occurrences of an event of at least
a given magnitude.

The  return period T s
calculated as

=—4a 1

P(x Oxr »

1
P()(Elxr)—p—7
F(x)=1mp =1
\Xp)=l=p=1==

mean inter-arrival duration between
two consecutive episodes

Lognormal-3P - peak flow & peak time
Weibull-3P — volume
Generalized Extreme Value - duration.

®UIM

The analysis reveals distinct characteristics for different

return periods.

T=10-year (10% probability of occurrence annually)

Estimated flood parameters Peak
flow (Q) - 337.04 m*/s Volume-
2797.05 m?

Duration: 28 days, and peak time exceeding 13 days

Bivariate Copula

Joint exceedance (AND) for two variables
Return period of both events happening together in the

same occurrence.

®UTM
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PAND=P(X\ > xi, Xo >Xz)

=1-F(x)-F(e)+c(u, u)

=1-F(x)-F(x)+Cc(F(xn) F(x))

7 =L

P

AND

| Joint exceedance (OR) for two variables

Return period of at least one event exceeding its

threshold.
Por = P(X1 > xior X > X2)

=1-C(u, 1) r=_L

1
Por

=1-Cc(F (x) £.(x))

T= 10-year return period

P(Xo>337.04, Xy>2797.05) = 0.06993
P(Xo > 337.04 or Xv > 2797.05) = 0.13004
P(Xo > 337.04, Xp> 14)=0.02162
P(Xo>337.04 or Xp> 14)=0.17825

Tovmo = 14.30 years.
Toyor =7.69 years.
To.0aND=46.26 years.
Tqopor =5.61 years.

A flood event where both the peak discharge
exceeds 337.04 m*/s AND the volume
exceeds 2797.05 m?® is expected to occur, on
average, once every 14.3 years. Rare event
(Small probability).

Return period for OR is shorter with a larger
probability.
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ummary

Flood Risk Management

AND return periods help design critical infrastructure (dams) for compound worst-case
floods.

OR return periods help with preparedness planning and insurance assessment, the
likelihood of damaging floods.

www.utm.my

Conclusion
Boundedness Effect

Rainfall and flood extremes are naturally bounded by physical limits, and ignoring this can bias

risk estimation.

By incorporating boundedness, more realistic estimates of extreme rainfall are obtained, preventing over- or under-
design of infrastructure (e.g., dams, drainage).

Temporal Complexity

Rainfall exhibits strong seasonality, inter-annual variability, and long-term shifts (e.g., ENSO,

climate change).

Functional Data Analysis (FDA) allows authorities to track evolving rainfall patterns and detect anomalies more
effectively than traditional methods. This helps anticipate shifts in flood timing, duration, and intensity.

Copula Rainfall Modelling

Flood risk depends on multiple characteristics simultaneously (e.g., rainfall intensity, volume,

duration).

Copula-based models capture the dependence structure between these variables, providing joint return periods that
are more informative than univariate approaches.
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MALAYSTAN-JAPAN SYMPOSIUM ON MATHEMATICAL AND STATISTICAL
MODELLING

August 26th, 2025, Auditorium, IMI, Kyushu University, Japan

Advection-Diffusion Equations (ADE) in
Modeling Transport Phenomena

Zaiton Mat Isa
Universiti Teknologi Malaysia (UTM)

This talk explores the versatility of advection-diffusion equations (ADE) in modeling transport
phenomena. Applications include fumigation in grain storage, heavy metal migration in soil and
indoor disease transmission.
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' ADVECTION-DIFFUSION EQUATIONS (ADE) IN
MODELING TRANSPORT PHENOMENA

ABSTRACT: This talk explores the versatility of advection-diffusion equations (ADE)
in modeling transport phenomena. Applications include fumigation in grain storage,
heavy metal migration in soil and indoor disease transmission.

NCES, FACULTY OF SCIENCE;

Innovating Sustainable Solutions

UNVERS TEXNOLOG! NALAYS

» DEFINITION
» BACKGROUND
OUTLINE

» DERIVATION OF ADE

* GENERAL MATHEMATICAL MODEL

* APPLICATION
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_______ DEFINITION

DIFFUSION
Diffusion is the process where particles spread from regions of \
é

NVERS TEXNOLOG! NALAYS

higher concentration to regions of lower concentration.

iyl

—
—=

ADVECTION

Advection refers to the transport of a substance by the bulk motion
of the fluid.

REACTION

Reaction is the process where the concentration of a substance ———
changes due to chemical transformations or other internal
interactions within the system.

UNVERS TEXNOLOG! NALAYS

BACKGROUND

e e

ﬂ ¥
D ap
Sl

Glass/plastic

VENTILATION
ON

Fabric
tanning  Municipal £

waste L ()
- 3 T i

e

Pesticide

Waste
battery

01 GRAIN FUMIGATION 02 HEAVYMETALIN INDOOR DISEASE
SOIL TRANSMISSION

Innovating Sustainable Solutions
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BNV BACKGROUND—grainfumigation  @UTM
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In_ﬁrain industry, after haryesting, the grain L
will be stored in storage/silo

Stored grain often contains insects that can
damage the quality of the product

To control these pests, one of the method is
fumigation

This process invoIvesPumPing a toxic gas,
into the silo/storage to kill the insects

However failed fumigation has been reported,
and the ineffective spatial phosphine

distribution in the grain storage are one of the
factors contributing to the failure

BACKGROUND —heavy metal migration in soil @H;I:M

+ Heavy metals can enter soil from :
¢+ Industry
¢+ Agriculture —inorganic fertilizer
¢+ Electronic waste

¢+ Once in the soil, they can move with water and
slowly spread out.

W+ Effect

+ Can get in to crops - reduce agricultural
productivity and overall crop quality — food
safety

+ Poses risk to groundwater
¢+ Longterm environmental effect
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BACKGROUND - indoor disease transmission @QIM

% + When infected individuals breathe, talk, or cough, they
release tiny droplets into the air

+ These droplets can float around and travel with the air
in the room

& ¢+ If the room has poor ventilation, the air becomes filled

with more of these particles.
+ This makes it easier for others to breathe them in and

% get sick.

-

o
DERIVATION OF ADE ©®UTM

Consider a circular tube with cross-sectional area, A representing the hollow section, which is filled with
solute. It is presumed that bulk mixture remains stationary.

M)

S
high | | | | | low —=—
/ \ /

/

Mass conservation: r  z+oz
{rate of change of mass} = {net rate of mass diffusing in and out of the tube}
Rate of change of mass:
{rate of change of mass} = Adx acﬁx(t )

The change in mass of solute as it diffuses down the tube over time
{Net rate of mass diffusing}=] &, t A -] xCAx, t A )

Combining both equation

ic 5 Jxtpxt ) ()
at £t [ ox ] A — cross sectional area
asox - 0 J—mass flux of the solute
ac a

ot ax
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DERIVATION OF ADE
Fick’s Law
Jety D" xt( )

Substituting Fick’s law into mass conservation

a ¥
"
If Advection involve
] = ]d +]u

In the absence of diffusion, solute particles move at the same speed
as the mixture

Jo=uddt=u-C
ac
Hence J=uC-D~ —
ox
Resulting in concentration equation
ac, o _dac ?
u

—t =

a a .

UNVERS TEXNOLOG! NALAYSU

D — diffusivity

|4 —mass flux due to
diffusion

Ja - mass flux due to advection

MATHEMATICAL MODEL OF ADE

DRYERST TEXNOLOG: MALAYSA

dC
- C + R <— Reactionterm
-} e

Advection term Diffusion term

EXAMPLE OF REACTION TERM

R =-kC

k is the rate constant that determines how fast the reaction
occurs.

Cis the concentration of the substance involved in the
reaction.
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01

Identification of
governing
equation

Numerical
Simulation

METHODOLOGY IN PRACTICE

1

Non-

dimensionalization

03

Implementation of

Integral

transformation

Inverse Integral
Transformation

OUTM

TERHOLOR UALATSA

|
APPLICATION — grain fumigation

®UTM

Connalvertical "™ Central verticel " Cenmalvertical e
atie o A axis SN axds L \
Gram Grain Grain
* surface| - sufay é " surfae
outlet < > =
BEis s
2, é, -
oulet
S e
~— 7
N’
‘nlet :
Inlet nlzt

Case 1: Outlet at the top of Case 2: Outlet at the above of the
the silo grain surface

Case 3: Outlet at the below of the
grain surface
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Case 2

®UIM

the gas flow towards
the outlet regardless
the position of the
outlet.

If outlet = leaks, the
position of leaks in
the silo significantly
effects

the fumigant
distribution

There is an
insufficient dosage
area at the top part of
the silo if leaks are
predominant located
at the lower part of
the silo

©®UTM

APPLICATION — Heavy metal transport in soil
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TWO-DIMENSIONAL HEAVY METAL TRANSPORT IN
SOIL WITH ADSORPTION AND SOURCE TERM

PRESENTER: LIANGRUISHI

SUPERVISOR:DR ZAITON MAT ISA
CO-SUPERVISOR:DR SHAYMAA M.H. DARWISH

DESORPTION
Model Equation: R—: Dx t + DyMZ -u %—v %—;i;, while ;27 kC -k \*

Problem 1: Instantaneous emission

initial and boundary condition: The analytical solution:
~ Uk
Clx,y.0)=Ci; 0<x<+00,0<y<+0 Clzr) = Q\[-DT ) exp(~ lDl) . i XAD-Z
o) VA U2t
C([)J).”:'LL)'JU), =5 Xl((——il) \I(r)x( exp (- ) ‘f()\/— V: lAD)

’U VA [Ul
(')_C.‘=”.t?_('=”: EEr e +v,xp( ) *l’-()\[_+ ))+C 1((——)1)

ax dy
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Problem 2: Exponential decay emission

The analytical solution:

C(z,1) = ~Mp(—-—m){¢xp \/7, 1l/(_D+X—")“r((\/_

Initial and boundary condition:

Cx.y.0)=Ci;: 0<x<+0,0<y < +00
\/— [ o :‘/—
C((].().r):(_],y"" (r +L\]7 —MD+T—11 erle

ac ac .k c iz

—=0,—=0; x—o00,y—00. (_+__‘,, —ZLexp _)

dx dy 1AD ~ A 2 D%
erfe VA i +exp |z )

ovDi  VAAD iD? Voi
+Cj exp (( - Z)I)
The concentration at different time for The concentration at different time for

instantaneous boundary condition exponential decay boundary condition

mQ=20R=15

>

T
=y E
£ £
=4 t=2d §
s B
B3 t=4 d §
§ &
2
5 o
@ 1
S 6
s = — 4 -
4 T~ _— Dista ( 5 0 Distal )
Istance m istance m
Distance x (m) %9 Distance y (m) K xm a

fig 3.2 Concentration profiles of heavy metal with exponential

fig 3.1 Concentration profiles of heavy metals at
decay boundary condition at different time

different time for fixed m/Q=20 and R=1.5
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TRANSPORT OF HEAVY METAL WITH ®UT™

ADSORPTION,DESORPTION AND POINT SOURCE

. G o BB 9°C _aCc _ aC _pas LopdS ac
Model equation: RZ== Do+ B Te iy P a7 +F, while %70 =kClx.y.0) - ko
Problem 3: Instantaneous point source
Initial and boundary condition: point source:
C(x, 9,0 =0;0<x<Hoo, 0 <y < Hoo, F=G6OW(), 6= Mt 1) W)
c0,0,0 =0, - é—(l—z) .

Clr, y,t) =0;x = +o0, y = %00

The analytical solution

Clap=>N Np(u<:—zm\oxp(—(ﬁ’7}+f—,m-l.m
7 29VDR 2D/ =
% (N;(_R(:—:“F)-v\,(_R(“’:")z
& 4D(t = 19) . aD(t—-15) "|"

®UTM

The concentration at different time for
instantaneous point source

Concentration (mg/m”)

5 9 1

Distance x(m) Distance y(m)

fig4.1 Concentration profiles of heavy metals at
different time for fixed M/ =1 and R=1.5 with
instantaneous release source heavy metals is
introduced at(2.5,2.5)
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Problem 4: The exponential decay source

point source: . The analytical solution
~ _ L . =
Fraowe, Wi = ot _92”)' 60) = e Clz;t) = f’ 8 _ it ofjexp (D0 _:"')(\'W(_(‘ﬁ’_"+ B—¢)
i b 20VDR 2D n(t=27)
) . ) —R(z—z0)* —R(z +20)°
The concentration effects at different time x ‘txp( T R T 7% S T e

s
26

m’g , é 2

1 K

8 ;
0s
Distance x(m) 50 LI -, ,‘,.f) ‘ ’

fig 4.4 Concentration profiles of heavy metals at different time for fixed go/0=1 and R=1.5 with exponential decay release source
heavy metals is introduced at (2.5,2.5) and @=0.01

TRANSPORT OF HEAVY METAL WITH
ADSORPTION,DESORPTION AND LINE SOURCE

Problem 5: Instantaneous line source

®UTM

The model equation, initial and boundary conditions are Th Ivtical soluti
same as CH4, but the line source is: e analytical solution
F=G6t)W(2),;
W) 1 Clan) = ‘—’HM_DR
W@ =MHz=-0 -Hz-d)6H) = 6t-o — . vk
] -/""(““(U(:— r))(H(T —¢) —H(t —d)) exp(=(357 + 5)(t —10))
- 2D \/ﬂ(l —1)
-Rz-1% _ -R@z+71)’
x{“‘"' P TR R T TP )
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The concentration at different time for
instantaneous line source

Distancex(m) 5 3

2
Distance y(m )

fig 5.1 Concentration profiles of heavy metals at
different time for fixed M/0=1 and R=1.5 with
instantaneous release line source heavy metals

Problem 6: Exponential decay line source

The analytical solution:
The line source is:

oy B0 ®___ Ue—1)
W) = MHG - 0 - Hiz - ), 60) = e e = B [P
/' exp(—al)M(H(t —¢)— H(r — d)) l-xp(—-(r';:;ﬁ + —‘E)(I =4))
9 yr(t=2)
R(z—1)* —R(z+7)*

X {oxp(m) - oxp(m) d¢dr
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The concentration at different time for exponential decay line source

z 24 <«—=10d
g m§’ “\ =204
$ E15+
£ 5
8 E
3 g "

5

S

6

1
0
Distance x(m) Distance y (m) ’ ol

5
100 2 4 6 8
fig 5.1 Concentration profiles of heavy metals at different time for fixed R=1.5 with ePﬁs@ﬂWI decay release line S6Uite HBavy metals

APPLICATION - Indoor transmission of covid-19

How does Covid-19 spread in an indoor space?

Ventilated talking?
‘ — #Couid-19 o, breathing?
Air —— : 9 & X : E ”
conditione | —~—— J SwswEL Mask?
- Without mask?
Infected
person
Advection-Diffusion Equation C—concentration
i ic i K — diffusion coefficient
— = K— —-U_— —AC + R6(x —x)H(t —t,) u - velocity
&t o’ i o
—air exchange rate

- R — rate of production of
C 00, €O, t X0, (e, 1) =0 infectious particle

Turkyilmazoglu (2022)
Lau et al. (2020)
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Very poor 3 — UMVERSIT! TEXNOLOG! MALAYSU
’E‘ 30 ~Poor =80 === Po::yrp t =408
3 it £ Pre-pandemic = —
é 25 Pandemic-updated é - —— Pandemicupdated — _x:y{pom
850 £ > Pre-pandemic
£ 2820 22 Pandemic-updated
o L =
E% g1 &2
810 < §
S g 10 S 45|
O 5 O s 5 10
0 5
0 }
0 1 2 x(m) 3 & L 0 2 4 6 8 10 R
. . . . . X (m) 0
Fig.1.Concentration of particles emitted from a localized source, 0 5 10 15 20
talking without mask positioned at x = 2 m. e{m]

Eég?fegqufhe\?;:igggr As time increases, the particle

vEmlEen fes dhe concentrations begin to spread

M i 5 o
highest peak out from the source with the very The pandemic-updated ventilation

scenario shows a low and broad
concentration profile that spreads across

poor ventilation still maintains

the highest peak a wide area

t=20s
= ®UIM
= Breath with mask 35 T
£30 ~— Breath without mask [=—Breath with mask | ——
3, T feiiesitontnaik EW e | i thehighest concentration
5 g . .
&, g Eeetete is observed when talking
e © .
B 0 without a mask.
5 §
s =15 . .
é‘o oo v over time, the particles
8 .

o5 5. disperse broader, but the

o; 5 2 Y 2 > S poor ventilation continues

X (m) 0 5 1(0) 15 20 to result in high
1 1 X (m, .
(a) Poor ventilation concentrations near the
3 o 3 L source.
| = Breath with mask ~— Breath with mask

= | == Breath witho\ k| | = = Breath witho K .
EW Takwihmesk EW Takwihmask  InPandemic-updated
82 |—Taik without mask | | 22 —— Talk without mask .
2 g ventilation, the
220 &2 X
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