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We developed an in silico human model to visualize health risk associated
with exposure to contaminated indoor air. In particular, we developed numerical models that can
predict inhalation exposure in respiratory tract and dermal exposure by deposition of gas-phase
contaminant. Specifically, (1)we newly developed physiologically based pharmacokinetic/toxicokinetic

models that reproduce inhalation exposure and dermal exposure, and (2)these models were integrated
into the in silico human model that precisely reproduced body surface and respiratory tract
geometry. (3) We also established a comprehensive analysis method for human-environment systems that

integrates in silico human model and computational fluid dynamics (CFD) technique. Finally, (4)we
conducted demonstrative analyses for e-cigarette smoking in an indoor environment and showed
guantitatively the potential effects of e-cigarette smoking on local tissue dosimetry and the
deterioration of indoor air quality.

in silico



in vivo

in vitro
(WMA)
in vivo in vitro in silico
in silico
( ) in vivolin vitro
in silico
( )
(
( ) insilico
1990
in silico
(PBPK)
( )
in silico

(1)



(PBPK) (2) in silico

3) in silico
(4) in silico (CFD)
in silico
( ) ( )
in silico
in silico
in
silico in
silico
in silico
4 JTu K Inthavong
( RMIT )
CFD
in silico
(1) In silico
3
1 CT (

\
A%

(1) Model A (2) Model B (3) Model C
1 CT 3 ( )
CFD (
10 )

SVE3
(Scale for Ventilation Efficiency 3) 2 3



SVE3 ‘ |
1.000
a L. §
0.750
™ ;
0500 -
0.250 C8
0.000
Model A Model C
2 SVE3
Model A
in silico Human
CFD
Airway Air Flow ]
ag‘;ir + (U ° V)Cair = DuiTVZCair 5 - CFD
Evolution Convection  Diffusion Cair
=0 =
Epithelium and Mucus Pt qirCair
ac, Vinaxac) - G
a_t[ = —%— K; - C¢ + D,V%C;
Evolution Saturable Metabolism& Diffusion
15t order Reactions C
b x =1L, — PBPK
Subepithelium Py Gt
acC, 2 Blood Flow
e =K+ Cy — Ky -Gy — (Qu/Vp) - Cp + D V2Cy
Evolution 1% order Reactions Blood Diffusion
Perfusion C
M_” x =L+,
o= 0
in silico Human ( )
PBPK ( )
(2) (PBPK)
RA Corley PBPK-CFD
(Airway) (Epithelium+Mucus) (Subepi-thelium) 3 (
CFD 1 PBPK 2 ) PBPK-CFD 1
PBPK 3
PBPK
(SSL) (SC) 2 3
(3) in silico (CFD)
in silico
ANSYS/Fluent
4



' 0.0

[mg/m?)

' 0.0

[ug/m?s]
F 20
g
i=h
L2 oo s
> 5
Z
2 -20
&9
-40 |
ion: 2
-60 Inhalation: 2.43s
1.0 e 5‘5" TN v,
0.8 )
0.6
' 04
0.2
0.0
Ll @r=02s (b)1=04s (c)t=24s (d)r=32s
(a) s s i (©)
05~ Mucus Epithelium Sub-epithelium 0.5 1 Mucus Epithelium Sub-epithelium
g o
? — =055 E — 1=05s
] —— 1=10s 2
b =155 2
g — (=205 £
% —— =243 g
8 — (=301 £
£ — t=35s H
g —— 1=4.06s g
g )
2 S
EENE H
= E
] g
E £
o ———
B : ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 ; ; ‘ - e ; ,
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Respiratory tissue depth (jum) Respiratory tissue depth (pm)

(4)



25 25 16 0

Lim Eunsu Sandberg Mats Ito Kazuhide

31

Returning characteristics of pollutants for a local domain in the presence of returning and
recirculating airflow in indoor environments

2021

Indoor Air

12803 12803

DOl
10.1111/ina.12803

Xu Chang Khoa Nguyen Dang Yoo Sung-Jun Zheng Xin Shen Shifei Ito Kazuhide

285

Inhalation airflow and ventilation efficiency in subject-specific human upper airways

2021

Respiratory Physiology & Neurobiology

103587 103587

DOl
10.1016/j .resp.2020.103587

Dong Jingliang Ma Jiawei Tian Lin Inthavong Kiao Ito Kazuhide Tu Jiyuan 37

Numerical analysis of nanoparticle transport and deposition in a cynomolgus monkey nasal 2021

passage

International Journal for Numerical Methods in Biomedical Engineering 3414 3414
DOl

10.1002/cnm.3414

Wang Yiwen Murga Alicia Long Zhengwei Yoo Sung-Jun Ito Kazuhide 2

Experimental study of oil mist characteristics generated from minimum quantity lubrication and 2021

flood cooling

Energy and Built Environment 45 55

DOl
10.1016/j .enbenv.2020.05.005




Dang Khoa Nguyen Phuong Nguyen Lu Ito Kazuhide

32

Numerical modeling of nanoparticle deposition in realistic monkey airway and human airway
models: a comparative study

2020

Inhalation Toxicology

311 325

DOl
10.1080/08958378.2020.1800148

Wang Chong Yoo Sung-Jun Tanabe Shin-ichi Ito Kazuhide

Investigation of transient and heterogeneous micro-climate around a human body in an enclosed
personalized work environment

2020

Energy and Built Environment

423 431

DOl
10.1016/j .enbenv.2020.04.011

Murga Alicia Long Zhengwei Yoo Sung-Jun Sumiyoshi Eisaku Ito Kazuhide

Decreasing inhaled contaminant dose of a factory worker through a hybrid Emergency Ventilation
System: Performance evaluation in worst-case scenario

2020

Energy and Built Environment

319 326

DOl
10.1016/j .enbenv.2020.04.007

Yoo Sungjun Ito Kazuhide

Multi-stage optimization of local environmental quality by comprehensive computer simulated
person as a sensor for HVAC control

2019

Advances in Building Energy Research

DOl
10.1080/17512549.2019.1588167




Wang Chong Yoo Sung-Jun Ito Kazuhide

Does detailed hygrothermal transport analysis in respiratory tract affect skin surface 2019

temperature distributions by thermoregulation model?

Advances in Building Energy Research 1 21
DOl

10.1080/17512549.2019.1607776

Phuong Nguyen Lu Khoa Nguyen Dang Ito Kazuhide -

Comparative numerical simulation of inhaled particle dispersion in upper human airway to 2020

analyse intersubject differences

Indoor and Built Environment -
DOl

10.1177/1420326X19894128

Yihuan Yan, Xiangdong Li, Kazuhide Ito 2

Numerical investigation of indoor particulate contaminant transport using the Eulerian-Eulerian 2020

and Eulerian-Lagrangian two-phase flow models

Experimental and Computational Multiphase Flow -
DOl

10.1007/s42757-019-0016-z

Tao Yao Yang Wei Ito Kazuhide Inthavong Kiao 1

Computational fluid dynamics investigation of particle intake for nasal breathing by a moving 2019

body

Experimental and Computational Multiphase Flow 212 218

DOl
10.1007/s42757-019-0014-1




Murga Alicia Kuga Kazuki Yoo Sung-Jun Ito Kazuhide 252

Can the inhalation exposure of a specific worker in a cross-ventilated factory be evaluated by 2019

time- and spatial-averaged contaminant concentration?

Environmental Pollution 1388 1398
DOl

10.1016/j .envpol .2019.06.056

Kang Yujin Yoo Sung-Jun Takenouchi Kazuki Yoshida Hitomi Tanabe Shin-ichi Ito Kazuhide 218

Distribution of transient formaldehyde concentration in confined small glass desiccators and 2019

its impact on emission rate measurement

Atmospheric Environment

116979 116979

DOl
10.1016/j -atmosenv.2019.116979

Phuong Nguyen Lu Quang Tran Van Khoa Nguyen Dang Kim Ji-Woong Ito Kazuhide

271

CFD analysis of the flow structure in a monkey upper airway validated by PIV experiments

2020

Respiratory Physiology & Neurobiology

103304 103304

DOl
10.1016/j .resp.2019.103304

Lim Eunsu Chung Juyeon Sandberg Mats Ito Kazuhide

168

Influence of chemical reactions and turbulent diffusion on the formation of local pollutant
concentration distributions

2020

Building and Environment

106487 106487

DOl
10.1016/j .buildenv.2019.106487




Sotokawa Hajime Chung Juyeon Yoo Sung-Jung Ito Kazuhide

Numerical sensitivity analyses for identifying rate-limiting factors influencing total energy 2019
exchange efficiency in energy recovery ventilator
Indoor and Built Environment -
DOl
10.1177/1420326X19890376
Kang Yujin Yoo Sung-Jun Ito Kazuhide 30
Correlation between formaldehyde emission characteristics in enclosed desiccators with five 2020
different geometries
Indoor and Built Environment 565 577
DOl
10.1177/1420326X20908918
Kuga Kazuki 1to Kazuhide Chen Wenhao Wang Ping Kumagai Kazukiyo -
A numerical investigation of the potential effects of e- cigarette smoking on local tissue 2020
dosimetry and the deterioration of indoor air quality
Indoor Air -
DOl
10.1111/ina. 12666
83 (754)
(e-Cigarette) 1 2 2018
1005-1013

DOl




Kim Ji-Woong Phuong Nguyen Lu Aramaki Shin-ichiro Ito Kazuhide 251

Flow visualization through particle image velocimetry in realistic model of rhesus monkey s 2018

upper airway

Respiratory Physiology & Neurobiology 16 27
DOl

10.1016/j .resp.2018.02.007

Yoo Sung-Jun Ito Kazuhide 40

Assessment of transient inhalation exposure using in silico human model integrated with PBPK- 2018

CFD hybrid analysis

Sustainable Cities and Society 317 325
DOl

10.1016/j .scs.2018.04.023

Chen Wenhao Wang Ping Ito Kazuhide Fowles Jeff Shusterman Dennis Jaques Peter A. Kumagai 13(e0195925)

Kazukiyo

Measurement of heating coil temperature for e-cigarettes with a “ top-coil” clearomizer 2018

PLOS ONE 1 13
DOl

10.1371/journal .pone.0195925

Lu Phuong Nguyen Dang Khoa Nguyen Inthavong Kiao Ito Kazuhide 30

Particle and inhalation exposure in human and monkey computational airway models 2018

Inhalation Toxicology 416 428

DOl
10.1080/08958378.2018.1545810




Muttakin Mahbubul Mitra Sourav Thu Kyaw Ito Kazuhide Saha Bidyut Baran 122

Theoretical framework to evaluate minimum desorption temperature for IUPAC classified 2018
adsorption isotherms

International Journal of Heat and Mass Transfer 795 805

DOl

10.1016/j - ijheatmasstransfer.2018.01.107

24 0 24

Akira Kurokawa, Hideaki Koyama, Kazuhide Ito

Numerical infectious risk assessment of airborne particle dispersion in commuter bus interior environment

Indoor Air 2020, South Korea

2020

Ryota Muta, Sung-Jun Yoo, Kazuhide Ito

Inhalation exposure risk assessment associated with inappropriate use of fume hood

Indoor Air 2020, South Korea

2020

Yujin Kang, Murota Kei, Kazuki Kuga, Sung-Jun Yoo, Kazuki Takenouchi, Shin-ichi Tanabe and Kazuhide Ito

Three Dimensional Clothing Model integrated with Computer Simulate Person for Computational Fluid Dynamics Simulation

Indoor Air 2020, South Korea

2020




Murota Kei, Yujin Kang, Kazuki Kuga, Sung-Jun Yoo, Kazuki Takenouchi, Shin-ichi Tanabe and Kazuhide Ito

Flow and Hygrothermal Transfer Analysis in Three Dimensional Clothing Model integrated with Computer Simulate Person

Indoor Air 2020, South Korea

2020

Sung-Jun Yoo, Chong Wang, Shin-ichi Tanabe, Kazuhide Ito

Transient micro-climate formation around computer simulated person in Personalized Work Environment

Indoor Air 2020, South Korea

2020

Nguyen Dang Khoa, Nguyen Lu Phuong, Kazuhide Ito

Heterogeneity of Ultrafine Particle deposition patterns in Two Realistic Human Upper Airway Models

Indoor Air 2020, South Korea

2020

Eisaku Sumiyoshi, Hiroshi Harashima and Kazuhide Ito

Inhalation Exposure Risk Assessment of High Concentration and Short-Term Exposure: Numerical Prediction of Transient
Emission Characteristics from Mixed Solution leaked in Indoors

Indoor Air 2020, South Korea

2020




Hiroshi Harashima, Eisaku Sumiyoshil, Kazuhide Ito

Small Test Chamber Experiment and Numerical Modeling for Sorption and Re-emission of Leaked Liquid-phase Chemicals on Three
Types of Mortar Samples

Indoor Air 2020, South Korea

2020

Hajime Sotokawa, Keiji Kameishi, Juyeon Chung, Sung-Jun Yoo, Kazuhide Ito

Development of Numerical Heat and Mass Transfer Model for Predicting Total Heat Exchange Performance in Energy Recovery
Ventilator

IAQVEC 2019

2019

Kazuki Kuga, Hideaki Koyama, Kazuhide Ito

Comparative inhalation exposure/toxicology analysis of e-cigarette vapors with different puffing behaviors using PBPK-CSP-
CFD approach

IAQVEC 2019

2019

Alicia Murga and Kazuhide Ito

Short-term and Long-term personal inhalation risk assessment based on hybrid analysis using Network Modeling and CFD with
computer simulated person

IAQVEC 2019

2019




Yujin Kang, Sung-jun Yoo, Kazuhide Ito

Factors Controlling the Formaldehyde Emission Rate from Building Materials in Small, Airtight, Glass Desiccators

IAQVEC 2019

2019

Chong Wang, Sung-Jun Yoo, Kazuhide Ito

Improvement of human thermoregulation model for in silico human by detail respiratory heat loss analysis

ISHVAC 2019

2019

Kazuhide Ito

CFD simulations of airflow in and around the human body

ISHVAC 2019

2019

Eisaku Sumiyoshi, Kentaro Sakai, Hiroshi Harashima, Alicia Murga, and Kazuhide Ito

Numerical Model for Estimating Transient Air Emissions from Mixed Solution with multiple Chemical Components - Development
of Numerical Tools for Health Risk Assessment of High Concentration and Short-Term Exposure

IMAT 2019

2019




Hajime Sotokawa and Kazuhide Ito

Discussions regarding performance improvement possibility of energy exchange efficiency in energy recovery ventilators by
sensitivity numerical analyses

IMAT 2019

2019

Alicia Murga, Eisaku Sumiyoshi and Kazuhide Ito

Emergency Ventilation System: Displacement versus hybrid push-pull ventilation performance in a factory

IMAT 2019

2019

Kazuki Kuga, Sung-Jun Yoo, Kazuhide Ito, Wenhao Chen, Ping Wang, Jeff Fowles, Dennis Shusterman, Kazukiyo Kumagai

Assessment of E-cigarette smoking using in silico human respiratory tract model integrated with coupled PBPK-CFD analysis

Roomvent/Ventilation 2018, Helsinki, pp283-288

2018

Nguyen Lu Phuong, N.D. Khoa, and Kazuhide Ito

Comparative numerical simulation of airflow and inhaled particles transportation in upper airway for inter-subjects of human

Roomvent/Ventilation 2018, Helsinki, pp295-300

2018




Alicia Murga and Kazuhide Ito

Estimation of diurnally-averaged inhalation exposure risk in a naturally cross-ventilated factory by NWP-CFD integrated
analysis

Roomvent/Ventilation 2018, Helsinki, pp301-306

2018

Chong Wang, Sung-Jun Yoo, Kazuhide Ito

Impact of Hygrothermal Transfer Analysis in Numerical Respiratory Tract on Skin Surface Temperature Evaluation by Stolwijk
Model

Roomvent/Ventilation 2018, Helsinki, pp307-312

2018

Hideaki Koyama, Kazuki Kuga, Sung-Jun Yoo, Kazuhide Ito

Integrated PBPK-CFD-CSP Analysis for Dermal Exposure Assessment in Indoor Environment

Roomvent/Ventilation 2018, Helsinki, pp289-294

2018

Koki Nakahara, Shigeto Yamasaki, Kazuhide Ito

Mathematical modeling of photocatalytic oxidation process of toluene for building material with locally doped titanium
dioxide

Roomvent/Ventilation 2018, Helsinki, ppl1031-1036

2018




Sung-Jun Yoo, Kazuhide Ito

Multi-stage optimization of local environmental quality by comprehensive computer simulated person as sensor for air
conditioning control

The 8th International Conference on Energy and Environment of Residential Buildings, 19-21 November 2018 in Wellington, New
Zealand

2018

www . phe-kyudai . jp




