International Standardization of Testing Perceived Air Quality and
the Supporting Information from in silico model for Transport Efficiency
of Acetone from Indoor to Olfactory Epithelium Cells



Smell/ Odour in Indoor Environment

* Perceived Air Quality / Bio-effluent
e Convener ISO TC146/SC6/WG25

— ISO FDIS 16000-44 “Test method for measuring perceived indoor air quality for use in testing
the performance of gas phase air cleaners”

How many sniffs for subjective evaluation?



ISO FDIS 16000-44

* |SO TC146 (Air Quality) /SC6 (Indoor Air) /WG25 (Air Cleaning Technology)

— Test method for measuring perceived indoor air quality for use in testing the performance of
gas phase air cleaners

* Principle for measuring perceived air quality

— The perceived air quality is determined using subjective evaluations of acceptability and odour
intensity. The air assessed by a panel is presented via sniffing device (a funnel).
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Test Conditions
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The panel member shall enter the front space and assess quality of air presented via
sniffing device immediately upon arriving at the measuring point.

The measurement shall be made after taking one sniff of the air.

Only one measurement shall be made at a time, either acceptability or perceived
odour intensity
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Perception of Odour/ Smell

"~ Sensory experiment
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CFD based in silico Approach
* Analysis for physico-chemical mechanism
* Analysis for Hygrothermal-chemical transfer mechanism




Modeling the Wall Surface Decomposition/Deposition Flux of Scalar

* Heterogeneous reaction between Scalar and wall surface

* The surface deposition of the local scalar concentration close to the surface (molecular theory)

)
Js = _7/7 CO ‘y=2/1 7[-] : mass accommodation coefficient/Reaction probability
3
* The flux model to enable an increased length scale at the surface 30<y+<100
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(damping due to molecular
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<> [m/s] : Boltzmann velocity for targe scalar

A [m] : mean molecular free path (order of the 108

Ay, : distance to the first computational cell (< y*=1) Building material




Variety of Adsorption Isotherm
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Classification of Adsorption Isotherm

IUPAC (International Union of Pure and Applied Chemistry)
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Physiologically Based Pharmaco-Kinetic (PBPK) model
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In Silico Human Model for ISO FDIS 16000-44

* Integrated analysis of flow, heat, moisture, odorous
(chemical) substance

\

Olfactory
epithelium

* Physiologically-Based Pharmaco-Kinetics (PBPK) model
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Thermo-Regulation / Heat and Mass Transfer

* Enthalpy of indoor air will affect odour perception
* As the enthalpy of indoor air increases, acceptability
decreases and the % dissatisfied increases.

0
e clean air (full exposure) R=0.990, p<0.001
e ¥ “¥. polluted air (full exposure) R=0.999, p<0.01
o *~.. clean air (facial exposure) R=0.975, p<0.001
e polluted air (facial exposure) R>0.950, p<0.001 .
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Thermo-Regulation model for Skin Surface and Core Temperature Control

* Heat Balance of Human Body
M:st+Qres +S

= (ch +Qr +Esk)+(cres +Eres)+Scr +Ssk

* Heat storage in Core and Skin (Gagge’s two node concept)

Scr = M - Cres - Eres - K(tcr - tsk) - Cp,blmbl (tcr - tsk)
= M - Cres - Eres - (K + cp,blmbl )(tcr - tsk)

Ssk = K(tcr o ZLsk) B Cp,blmbl (tcr o tsk) B Esk o (ch + Qr)-‘

—

=(K+c,,m,)t, —t, ) E,-0,-0,

Core temp Skin surface temp 2 Sensible heat flux b

M =0.0014M (34 -6, )—0.000017M (5867 - p,)
—0.00305(5733 - 6.99M — p,)+0.42(M - 58.2)+ f,,e.(6,, - 6,)

j—r {(ed +273)* —(MRT + 273)4}

Comfort equation (by Fanger)
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Gagge (1986
— aSk ) m | Cpab dtSk
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Hygrothermal Transfer Modeling in Respiratory Tract

* Total heat balance equation of airway wall Air flow Evaporation

oT oT ac > T rface [OC]
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mox U ) oz 0T O . (70" o Comdkgim
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Mucus layer

* Water vapor concentration on mucus surface

0.622
Csurface = pair(p_0_37ze) [kg/m3]
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e = 0.61078exp (
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| Cases Analyzed

Sniffing device

Acetone
concentration=100[ug/m?]
flow rate = 0.6[L/s]

2.7 m

Exhaust outlet

Uoue Kout » € out = 8radient zero

Turbulence model
SST-k-w model

CSP(Computer Simulated Person)
Skin surface temperature:
calculated by Thermo-regulation model

Wall (room)
Velocity: no slip

Supply inlet
Temp:23[°C],RH:50[%]

ACH:7[1/h]



I Transient Acetone Concentration Distribution
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I Inhaled/Exhaled Acetone Concentration via Right/Left-Nostril
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| Acetone Concentration Distributions in Nasal Cavity
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I CFD-PBPK Analysis — Acetone concentration on mucus layer
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| CFD-PBPK Analysis — Acetone Adsorption Flux on Mucus Surface
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Adsorption Flux of Acetone, Acetic acid, and Ammonia on Mucus Surface
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Flow rate [L/s]

Adsorption flux [pug/(m?s)]

Breathing or Sniffing Cycle

. O o
- (@] o Ul

1
0.8
0.6
0.4
0.2

0

-0.2

-0.4

&

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

Inhale

Breathing cycle

0

1

2 3 4 5 6 7 8 9 10 11 12
Time[s]

Acetone

' '
(TN T TN T N TN T TN T N N T 1IN N TN T N Y T T N T N T T N T 1 I AN N TN T TN N T T T T O O W 0

0

4.05 8.1

Respiratory time[s]

—vestibule —nasalcavity
—broncheal-tube —olfactory-a

12.15

Sniffing cycle

1
g 0 7 1 . S S S
_&J O T T T e e T T
o
2 05 [ oft AN i b
°
(W i i
_1 T N TR TN TN T N T T N
0 1 2 3 4 5 6 7 8
Time[s]
1
Acetone
— 08 """""""""""""""""""""""""""""""""""""""""""""""""""""""
NU)
E 06 |l
S~
o1}
S 04 |
x
=)
02 [ W
5
2 0 i
3 1
© -0.2 | e
<
_0'4 llllllllJllllilllllLlllLJlJilllllllLllJLJi
0 2.65 53 7.95
Respiratory time[s]
pharynx —larynx trachea
—olfactory-b olfactory-c olfactory-d



| CFD-PBPK Analysis — Contribution Ratio of Acetone Distribution
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I Hygrothermal Analysis — Evaporation flux on mucus surface
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In Silico Human model or Volunteer Participants for Smell/ Odour Evaluation

At present, adsorption flux (of chemical compounds) and sensible/latent heat flux to olfactory

epithelial tissue may be analyzed quantitatively, but their combined effect on acceptability and
perceived odour intensity evaluation could not be analyzed.

e Olfactory fatigue is also numerically unpredictable.

Hence, still we do not know how many sniff/breath would be appropriate to odour evaluation.
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