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COM:FORT Lab.
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1. 9131 Al AJl: COMFORT Lab.

2. Wearable Technologies

3. Personal Protective Clothing

4. Monitoring Heat Strain for Agricultural Workers

5. Cooling Intervention for Outdoor Workers

COM:FORT Lab.
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1. 93 A A7H: COMFORT Lab

® 2012.3.1 ~ ®xj
MEZ0istu e atstist o|F st X4 Huls Hig

® 2018.3.1 ~2019.2.28 Visiting Professor
University of Ottawa (Canada), Faculty of Health Sciences, Human and Environmental
Physiology Research Unit (Directed by Prof. Glen Kenny)

® 2008.5 ~ 2012. 1 Post-doctoral fellow
Kyushu University (JAPAN), Department of Human Science, Environmental Ergonomics
Laboratory (Directed by Prof. Yutaka Tochihara)

® 2006. 9 ~ 2008. 4 Post-doctoral fellow
University of Minnesota (USA), Department of Integrative Biology and Physiology,
Laboratory for Health and Human Performance in Extreme Environments (Directed by
Prof. Victor Koscheyev)

® 1992. 3 ~ 2006. 8 B.S, M.S, Ph.D.
MECHetd 7 stap StAL of Fotut HAt/8FAL/BrALR A7 2

1. A3 A A7H: COMFORT Lab.

' COM FORT La boratory Clothing and Ominicare for Themoregulation l

' Relationships between
@ human beings and
thermal environments

COM:FORT Lab

. [ ]
http://comfortlab.snu.ac.kr ‘ ot h I n g ?
S g P Protects
o Erpmint 70 ™ i@

Personal protective
e equipment (PPE)

for workers’ safety and health
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Personal
Protective
Equipment
(PPE)

What are extreme

War/terror, Heat wave,

Searescue

o
@

Deepsea

f

Natural disasters, Industrial accidents , Firefighting,

environments?

Deep sea, Space, etc.

CBRN Cold protect
Firefighting Che B

Military

27l: COMFORT Lab.

SEHUR A BE A=

S5 23 A (Selected)

v" Kim DH, Lee JY* (2023) Heat strain while wearing pesti
textile physical properties and ambient humidity. Internati

cide protective clothing in hot environments: effects of
onal Journal of Industrial Ergonomics 93, 103388

v 8, 01FPx(2020) LY 5Y SAKIS 5% WHB B Y HN Y5 BIk 47 L 2XB| B2ty £
g, ot X YA M=t ntet o) K| 31(4)
v YES|, WS, 0|FY* (2016) SAWHS Y 72 L AHTIY EEHS A% T ATHY 2. I MY
HekR|X| 25(2)
v Choi JW, Kim MJ, Lee JY* (2008) Alleviation of heat strain by cooling different body areas during red pepper
harvest work in WBGT 330C. Industrial Health 46
v Choi JW, Kim MJ, Lee JY* (2007) Ergonomic investigation of the workload of red pepper harvest workers in
summer: a pilot study for developing personal protective clothing. Journal of The Korean Society of Living
Environmental System 14(1)
v x| gs), 4% OI’“"* (2005) G| EH 2o ME 2& S 2ot dAxN9| 45 F7L o=/ FSt2X| 29(8
v g3t 7.:!%‘—r, O|FF* (2002) HEE = 2 MY SO ZY &tF A =5 FH I tht7FdetslX] 40( 11
v Z[F3%, 0|FF* (2002) 5 -‘=°‘ Y APt 2y 2 8l =5 R ot o= ol 7ols[X] 26(11)
v sl 48, o|FE 2002) OEE B3R 20| 2 50lo| 2 2E 8l 22 24 oL o=l
2l 9(3)
6
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2.

Wearable Technologies

3
4.
5

1. 91324A AJH: COMFORT Laboratory

. Personal Protective Clothing
Monitoring Heat Strain for Agricultural Workers

. Cooling Intervention for Outdoor Workers

2. Wearable technologies

Wearable technologies for healthcare monitoring and biosensors

Eyeglasses
(lactate, glucose)

Smart contact lens
(glucose)
Chem-phys hybrid
sensor patch
(lactate, ECG)

Integrated
sensor array
(lactate, glucose)

Wearable diagnostics dl =3 I=
(cortisol, IL-6)

Self-powered textile-
based biosensor
(lactate)

(Kim et al., 2019)

= Mouthguard

(uric acid)

ﬁ

Graphene-based
tooth sensor
(bacteria)

Microfiuidic
sensor
(lactate, glucose)

Nanomaterial-
based patch
(glucose)

lontophoretic
patch biosensor
(glucose)

ol

Fig. 1. Wearable biosensors for healthcare monitoring

6/33

Fig. 2. Portable and healthcare devices that
can be used to measure biometric
information from the skin (Gul et al., 2019)
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2. Wearable technologies

® Heat strain: Any deV|at|on in bodv temperature induced

by sustained heat stress that cannot be fully compensated

by temperature regulation (IUPS, 2001) '
marcomeTe TSN o ] e — Y ]

- Heat strain should be estimated

from ‘body temperature
oon o Wl | | P e || WP -

9 Measurmg body temperature
directly from the skin?

FIg. 1. Vearaple DIOSENSOrS TOr nealtncare monitoring
(Kim et al., 2019)

7/33 9

2. Wearable technologies

To estimate core body temperature through
non-invasive biometric information from the skin

v Audltorycanal and infrared tympanic temp. v Forehead

10

HITE) SteE | [FHLH?] HEE SHUN NS ZLS AT M &2 M2F 1 53
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2. Wearable technologies

v' Upperarm v Upper arm v Wrist

drop ALl IN-ONE FERTILITY

v' Armpit

“High-frequency temperature
monitoring at home using a
wearable device: A case series

Mony et al. (2018)

patients in hospitals, during sleep or light exercise.

v They have the disadvantage of decreased validity in cases
where excessive sweating or active movement is involved.

Wearable devices to monitor skin temperatures on various skin sites

Body temperature monitor function/
high temperature warning function

11

2. Wearable technologies

» “Smart watch type- blood 2019

Joonhee Park', Kang June Heo', Dahee Jung®, Yelin Ko® and Joo-Young Lee'?

Validation of Wearable Blood Pressure Monitoring and Effects of Clothing
Microclimate on Blood Pressure in the Hypertensive Elderly

pressure monitor (WS)”

° OM: AUtomatic d ig ital B P — cnmmji—siciir S Group Older male Older female Total
+ WS: Wearable smart watch BP e S - R o B |
Age (vr) 76.244.0 731557 747451

« AS: Manual aneroid type BP

\

100120 140 160 180 200
SBP of WS (mmHg)

W, 08 ol ol )il Bl b b
160120 140 160 180 2
SBP of WS (mmHg)

V O Comfortable /
& @ cool B c
1 Y =0.653 "X + 45862 -1 Y=0.558"* X+ 52376 1 Y=0910"*X + 5442
200 4 r=041 200 - r=036 200 4 r=093
- ° ° 2l o o -
a!&()— — 180 8180~
5160 E150 516()—
=01 vl o 0
O 140 < 140 S140~
s S S
-8 o
120 4 120 @ 120
8] 6] %
100 -~ 100 - 100 +
= == Eﬁ“
\\\ullr1rlrll|ll \ L L L T . T .

100 120 140 160 180
SBP of OM (mmHg)

y

12
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1. 91324A AJH: COMFORT Laboratory
2. Wearable Technologies

3. Personal Protective Clothing

4. Monitoring Heat Strain for Agricultural Workers

5. Cooling Intervention for Outdoor Workers

3. Personal protective clothing

> A balance between protective and comfort functions
of personal protective equipment (PPE)

Protection

14
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3. Personal protective clothing

Step 6 Test methods & Standards
Step 5
Step 4 Human
wear: trials
Evaluation of clothing
Step 3 , using manikins:
ep Thermal manikin, Flame manikin,
Rain tower manikin, etc.
Step 2 Textiles/materials tests
Step 1 Survey & Interview

15

3. Personal protective clothing

2015 What do firefighters desire from the next generation
of personal protective equipment? Qutcomes from

Elements of personal protection

@ Alarm and monitoring system of noxious gases at the scene of a fire

@ Alarm and

itoring system of air/object temp
@ Alarm and monitoring system of heart rate at the scene of a fire

@ Alarm and monitoring system of blood pressure at the scene of a fire
® Monitoring and feedback system of body temperature

@ Location (position) monitoring system

@ Automatic body cooling system to alleviate heat strain

® Automatic body warming system to prevent cold injuries

@ Vision support system: Infrared discrimis
® Flexible and hands-free lighting system

system or moi P

© Voice recording system

© Wircless communication system

 Quick wearing and release system

Fig. 1. Thirtcen possible elemeats and attributes for the next f smart. personal

of visor

an international survey

Jdoo-Young LEE', Joonhee PARK", Huiju PARKY, Aitor COCAY, Jung-Hyun KIM',
Nigel A5, TAYLORY, Su-Voung SON" and Vutaka TOCHIHARA®

at the scene of a

LI

Smart elements legend:

Noxious gases monitoring
LLLLL Aic 2nd all

70
Heart rate monitoring

Il Blood pressure monitoring

Location (position) monitoring
Automatic body cooling
7/, Automatic body warming
777 Vision support

Percentage (%)
8

I Hands-free lighting

v Very few expressed interests in monitoring
their biometric information, such as heart rate,
blood pressure, or body temperature.

20 o] N - N\ Voice recording
150 Wireless communication
0 I Quick donning and doffing
0 =
AU JP KR us Total
Fig. 2. Voting distributions for the single most important ele-

ments of the next generation of smart, personal protective equip-
ment (see Fig. 1), as reported by Australian (AU), Japanese (JP),
Korean (KR) and United States (US) firefighters.
Data are national response percentages. The far right bar displays the
distributions for the entire firefighter sample (Total).

16
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Kim DH, Lee JY*
(2023) Heat strain
while wearing
pesticide protective
clothing in hot
environments: effects
of textile physical
properties and
ambient humidity.
International Journal
of Industrial
Ergonomics 93,
103388

3. Personal protective clothing: Human wear trial

] ’ A long-sleeved shirt and long
7

PC e
)
"

™V S
)]
-

cu

ETC

Pesticide protective clothing (PPC)

pants widely used for

Polyester/cotton

pesticide operator exposure (65/35)
. 20%s twill
studies
Tyvek® 600 coverall with  Flash spun and
= surged and over-taped seam  high density
(Category 11, Type 4/5/6) polyethylene

Nylon fabric

A suit commonly used by with a
pesticide handlers in Korea
membrane

Basic clothing and accessories worn with
experimental PPC (Pesticide operators
generally wear clothes and equipment like
these along with PPCs.)

MICroporous

Thermal comfort
performance
§ Ir1.26¢clo
Rowsable  Red20miPaw
(7828) 0279
Limited Irl.l6clo
use Ra47.5 m*Paw!
(172 g) im 0.227
. Ir142clo
PE?;Z"“;’ Ry54.1 - Paw!
E in0.244

*Protection
performance

Level C1
(Material & seam
penetration resistance = 40°00)

Level C1

(Material & seam

penetration resistance = 4004)

Level C2
(Material & seam

penetration resistance = 5%,
Material repellency = 8094)

boxer shorts, cotton long pants & long-sleeved shirt,

socks, goggles, rubber gloves and boots

The total weight: 1,186 g (including the boots, 520 g)

18
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ctive clothin

3. Personal p

Mobility test

21

Development of Firefighting Performance Test Drills
while Wearing Personal Protective Equipment
2016

Siyeon Kim* - Joo-Young Lee*"*’

J Evaluation of Mobility and Physiological Performance while Wearing

2016 the Present Korean Navy Summer Uniform and Prototype

| Hyo-Hyun Lee'?, Sora Shin', Yungbin Kim', Sungjin Park' and Joo-Young Lee'>*

ftm
-
3 [ 2]
= «ernd
S min treak
g ﬁ 3round
%
%
[3tem
e wm @ T R2 R1:90 min rest
S min break
R3
5 e bresk

RA4: 30 min rest

A {acton 17 passing twough ow, cramped hNaway and M 4 G0o wih 3 repelticns
A2 [action 21 ascendieq aexd descending skt lacder wh 3 repettons

A3 (action 3} ascending s descending verical adder wih 3 pesons

A {acton 4] waking n Feadml at SSam A" 1% ke fr § minutes

A8 (action 81 standing 1o a7d Sy dowe on bed weh 3 eputicrs.

R (rost 1) stadizaton for 0 min

2 (remt 2). 1t bewak r 5 i st 1 10
3 (ront 3} 2d bewat for § i afer 2 round
R4 (rent 4] recovery for 30 min aher 3 round

Figure 3. Simulated-naval tasks in the present study, One circuit (2 round) consists of three repetitions of five tasks

with a § min break.

19

3% e &

Fig. 2 Mobility test

in the combat drill field for a combat mobility tria

“okg
carrier

-9
-9

- 10
« 10

. 11)
. 11)

S-min walking

Fig. 1. Mobility sest prosocel of 10 simvalesed COVID-19 healthosre worker ks, Donning snd dofling peotocsive equipavent proveduses were

n imaiaant, V8. Movieng the sdjustable hospetal bed with a pegtive
(77 words) on & chair, ¥10. Moving § baskets (5 kg for each) and stacking all the haskets in a row; #11: Walking 5 minutes; #12: Dotfing

iociuded

wieh the 10 tasks (%1 Donedng all PRI 22 Maving & 20-kg cart (23 m dhstance); #3 | langing am infusion hag o0 a sand, #4: Swabbing 3 tinws using
& swabbing ki 75 Dotrg CIR (cundio-pulmonany resusciathon) using am adull CPK trainkng mankin; #6: Moving 3 pations (rom a bad 0 another bod
(wice) with an asistant: #7: Movieg 8 negative pressure carier (50 ke) down from a baspital bed, and then putting the carrier ca a bed again, with
e carrier (23 m deotare), with n essitat, 99, Typing 5 sentenoes

Koecun
all PP,

20
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1. 91324A AJH: COMFORT Laboratory
. Wearable Technologies
. Personal Protective Clothing

. Monitoring Heat Strain for Agricultural Workers

vi H W N

. Cooling Intervention for Outdoor Workers

4. Monitoring heat strain for older workers o
Heat waves and heat-related disorders [ Kaadal-bma IO LA B R b

<20184 8 1Y HZ 7|2 £Z > S—

BEE 307|2 UTER 712F: 20180801 ‘5, ea21m

400
I |405.ommmxmmsa---&aaumqmlsaﬂ
v 20184 83 14Y: A& 2| 40.3°C
v 19073 7|4 2ES AESt 0|2, 2018H 8 1Y
Mg X2 7|Z (39.6°C). 22| 111 2= Arat

N 0o 7|& E|17|22 38.4°C (19947 7& 24Y).
5000 1 g gEIn+®) " [®
- ZFY%
36N L30
25.0 4,000
8 " L 25
< 3,000 .
20.0
& 2000 » o e
o 65, 6 ; & 10
‘ 3 i By 1,000 4 L5
34°N ¢ * 15.0

0+ 0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

3PN 125% 126 127 128 129 130% 131°F i < 2011~2022 Ii'j 3:*% OEI _Jlk_gl. OE=I IEI §I_|-x|._¢_ Eil_>

22
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4. Monitoring heat strain for older workers

Workers who face at heat-related disorders in summer

> They must wear personal protectlve clothlng even in hot enwronments
which often resulted in excessive heat strain.

23

4. Monitoring heat strain for older workers

& 202349 T2EHe SSHAANA) 2 ZaokEYateld, 2023)
Z7rae i 2 SESW-ESUaE g;
A oj4
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Uy ey 197 Bt I' 20
0 200 400 600 800 1000 0 100 200 300 400 500 600 700
o oxl A
SEHER}(EH) 2SR EL(Y)
- & 20249 T2 SSHAAMA) 2F 2o YRalH, 2024)
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4. Monitoring heat strain for older workers v
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4. Monitoring heat strain for older workers v
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Cube neck cooler
TECHNICHE Cooling Vest
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> FHE (52012 F

FlexiFreeze Ice Vest

Japan Aerospace Exploration Agency

AlphaCool_Cooling Vest > ZE0| @ gtofof st
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4. Monitoring heat strain for older workers >
4. Monitring heat srinfr older workers — SURRSRUR
o HZtZxZ=7)|2| 7HE =43} N.S
38.0
U, Doty B,
I B 4 gockets o
(- :....:] gﬂ?.s
- ——— _""t' %37.4
v —— CON| '2om Congai T
____________ \ é arz . DO ' gg‘:‘bﬁnﬁir;;'omy
— G0 ' CO : Cooling
éa?.n e G | 1.CD ; Co0ling & Drinking
A - B e o 10 20 30 40 50 (1]
Time {min}
Recovery
CON 110 bpm
DO 94 bpm
CO 94 bpm
; CD 89 bpm
20 30 40
Time (min)
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4. Monitoring heat strain for older workers v nxe

Cooling Effects of Wet Sheets of Various Sizes and Ice Packs on
Alleviating Heat Strain in Hot Environments for Military Personnel

ol

Of| B2 'HZsheet

MILITARY MEDICINE. 157, #10.£1017, 2022

The Effectiveness of a Standardized Ice-Sheet Cooling Method
Following Exertional Hyperthermia Yoon Jeong Baek”, Cho-Eun Lee, Gyeong-Ri Kang, Ho-Joon Lee, Joo-Young Lee
Awn R, Cokimol®'.); M"j"gmng:"cm' Audrey Sogmeon Seoul National University, Seoul, Korea

(TTC) (WBC)  (IC)

! : — [Recovery 30 min]
— m @ g Lying down on the floor
: e BTN & One of 4 cooling conditions
Switching a wet sheet every 3 min
FIGURE 1 A dlagram of (A) the placement kocations o the iced sheets and (8] ying the process of pi e iced sheets.
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4. Monitoring heat strain for older workers
Development and Operational Results of a Real-time Remote Biological Information Monitoring
The Rectal Temperature Estimation Method Based on Tymp Device for the Workers Wearing Protective Clothes at a Nuclear Facility
Protective Clothing in Nuclear| 2012
2011 Naoki Takanasi,*' Joo-Young Lee,** Hitoshi Wakasavasin®® and Yutaka Tocummra*®
Naoki Taxanasi,** Joo-Young Le, e T
Infrared tympanic
temperature sensor
Fig. 1 A photo showing working condition with wearing
protective clothing and equipment at Fukushima Dai-ich > ¢
s m Fig. 2 Ear plug type temperature measurement sensor Fig.3 The developed device (above) and wearing
nuclear power station. (above) and wearing conditions (below). (below).
30
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4. Monitoring heat strain for older workers

About Us News Press (O
GLOBAL HEAT HEALTH
INFORMATION NETWORK

Learn Act Manage & Adapt Communicate & Advocate Connect Events

All Resources Tools, Products, and Services

ClimApp: Personalized heat and cold stress warning and advice

Organization: Lund University, Sweder

Lead Researchers: Gao Chuansi, Nybo Lars, Toftum Jern, Daanen Hein

o
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4. Monitoring heat strain for older workers

v ClimApp AH20]

@l

WEATHER INPUT
ﬁ: 800 w/m? 6 120 mins

> 50% @ 60 meTs
~& 15ms 1P 12co
4 S0% 8 5w
i 30« ¢ 180m
High Risk

WBGT 278 °C

SUGGESTIONS

) et-shirt
, *pant

. cunderwear
| s

15 L water
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4. Monitoring heat strain for o st
Auditory canal temperature measurement using a wearable device during

2019 sleep: Comparisons with rectal temperatures at 6, 10, and 14 cm depths

@ LGElectronics

Yelin Ko, Jae Yeon Jung”, Hyun-Tae Kim", Joo-Young Lee™""

\ 37.0

36.8
- Plastic
body 36.6
~ae 36.4
Silicone
body

36.2

Loasslansslonsalonnslinsl

36.0

(A Ty
T... 6 cm-depth

__..- Infrared
j Detection
Sensor /

)

Body core temperature (°C)

358
Fig. 1. Nlustrfes =8 shos et i dectes &y auditory canal tem- E
pl'!ill“fL‘ meas V 35-6 _:

Rectal te 6, 10, and 14cm 354 .I T T T T T T 1
from the an 7 developed 3-point op..‘" \u."" ,_pﬁ' 3“‘“' .p.\" 5;.‘" sp.,“' 1 AN
rectal therm , Japan). The three >
points of the r\ ) isigned depths using Time (hour)
meqi?al tapg i not to move out of Fig. 2. Time courses of nndTlury canal P and rectal P at
position. Sul ..tal prob'e 14cm be- 6, 10 and 14 cm depth during 7-h sleep. T.uuorn: auditory canal temperature;
yond the ani. wpummesssey ssme ans ssssem snsne samenes <21t medical tape on Tre: rectal temperature (P < 0.05, P < 0.01, and P < 0.001).
three skin sites: 1-1.5 em next to the anus, on the middle of the right
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4. Monitoring heat strain for older workers

: 7 PP A
£ 0 2011 3 39.5 25"C Exe - Control \ 3.5 125°C Exe - HDPE 39.5 25°C Exe - PVC
= z ) 39.0 4 39.0 E 39.0
gg d < 385 385
‘E 3 = H £ 380 380
= == F 3 375 375
e - %Z 230 =0T T 37.0
£z~ ES E 365 | > 365
ez ¥ EE = 360 ] L 36.0
= | | | | il
.E = :E 5_2 355 "''|']''l'lll':l'r!'l""lgI ]Tuﬂ b | 35.5 4 ---ul-- |un| II|'2"'||1'IH1'|lIII | 35.5 e |-I R.““u 2lull-ml |
5‘5‘5 :é 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 8 0 10 20 30 40 50 60 70 8
- ]
= - . X - '5
g5 23 39:5 3320C Exe - Control 393 3390C Exe - HDPE » a— Tre at 16cm
- g T : G 39.0 - 39.0 39.0
& 3= %'“; Z 385 - 38.5 4 385 - Tre at em
¥} = @ E 3
-g = 2 (r..':‘f L 380 5 38.0 < 38.0 — — Tre at 4cm
i £= = 3159, A 5 - 5
=g E gE gs'rs. 37.5 375 Tty
& = B .:.‘-5 2 370 = 37.0 37.0 ¥
S ol L E 3657 365 365 320C Exe
2= £ = E 3
- ..g > ol 36.0 - ] 36.0 = - — 36.0 ] -PVC
< _: -] E E 355 P pre e ey 35,5 Frerrii |'Lm| | o355 B
‘E‘g E g E 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 8 0 10 20 30 40 50 60 TO
== D= = \ Time (min) Time (min) \ Time (min)
.- a -
Tﬂ _qé E = Fig. 1. Time courses of infrared tympanic and rectal temperatures at rest and during exercise in the air temperatures of
> = = H= 25 and 32°C (All temperatures were recorded every 2 s. Values were expressed as mean and 5D, 5D was expressed every
5 min),
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4. Monitoring heat strain

Year  Authors Title Measurement
1998 Moran et al. “A physiological strain index to evaluate heat stress” Tre, HR
PSI = 5(T,. — Tor) - (395 — T.op) ! * Moran et al. (1998) Evaluation of
- . (D different levels of hydration using a
+ 5(HR, — HRy) - (180 — HR,) * new physiological strain index.

where T..; and HR; are simultaneous measurements
ltaken at anv time. T,.. and HR, which depict the |

Difficulty of measuring Tre in the field
has hindered further application
of this index!

7 assumed that the maximal Tre and HR rse during exposure 10 exercise heat stress from
normothermia to hyperthermia was 3° C (36.5-39.5° C) and 120 beats/min (60-180

beats/min), respectively_Tre and jR were assigned the same weight functions as follows ...
v HA 99 ol §7355 ol |3 staxtE  HA 1079 H{E  Web of Science: 377 99

* Moran et al. (1999) Can gender
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4. Monitoring heat strain for older workers

Numerous studies have proposed the estimation of core body
temperature through non-invasive measurements

Year Authors Title Skin site
2006 zl.stemaker et o Eil:‘s?;g;gnig infrared forehead skin thermometer for core temperature Forehead
2008 Buller et al. » Areal-time heat strain risk classifier using heart rate and skin temperature Chest
2008 Gungaetal. + Anon-invasive device to continuously determine heat strain in humans Head

2011  Teunissen etal.« Non-invasive continuous core temperature measurement by zero heat flux ~ Forehead

Skin temperature and heart rate can be used to estimate physiological

strain during exercise in the heat in a cohort of fit and unfit males Chest

2013 Cuddy et al.

Insulated skin temperature as a measure of core body temperature for

individuals wearing CBRN protective clothing Lower neck

2013 Richmond et al.”

Prediction of core body temperature based on skin temperature heat flux
and heart rate under different exercise and clothing conditions in the heat Chest
in young adult males

Eggenberger et :

2018
al.

Validity of a wearable core temperature estimation system in heat using

patch-type sensors on the chest Chest

2022 Tokizawaetal.
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4. Monitoring heat strain for older workers

Heat strain index based on skin temperature/heat flux

Year Authors Title = oSkin site

> lewgtlons in the actual field

2008 Gunga etal. . ¥ivasive device to tinuously determine he& ini Head

Forehead

aﬁ | can be used to estlmate physmloglcal Chest

2013 Richmond et al. : Lower neck

under different exercise and cle#ling conditions in the heat
In young adult males
» Validity of a wearable core temperature estimation system in heat using Chest

patch-type sensors on the chest

2022 Tokizawa et al.
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Joo-Young Lee, Ph.D.
Professor
Department of Fashion and Textiles,
Seoul National University,
1 Gwanak-ro, Gwanak-gu, Seoul, Korea
e-mail: leex3140@snu.ac.kr
Webpage: http://comfortlab.snu.ac.kr/

COM:FORT Lab.
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A study on the antioxidant efficacy of yaggwa with Farro

12% . 50|52
ME[QH 2% . St013}"
SIS AZYYS - SHUSE ABIYT S2ZA0ITA0 SBRF?

Jian Shin'?* Inhwa Han'?
Department of Food and Nutrition, Chungnam National University'

Department of Food and Nutrition, Glocal life-care Convergence, Chungnam National University”

Triticum dicoccums L¥rA 02 T2 (farrol M U(emmer wheat)® =2, FASH JET}
Aol 477t FHsto], g 77 Hold HEE IHA AthBaek ] & 2025). EI T2 =
EHE 712 L0|E 5 tFet A A&} Aol dRrt FHoh WAy FX, @9 2d ¢
G ot 5 A7 7lsA0] 52 ZEZ H1E ti(Dhanavath & Prasada Rao 2017). <F

Y= =2 H#ste s HAER fREH9 & S/ &350, ditzom Wb, VS B &
= A, &F 52 FARE W5t & 7180 F71A, olF E AAske S AA Az
(Lee 2001). A& Aoz FZ e HWHo| AHe W7EH 28 S AHHe 7152z A
sl A ol &L, ol ZEIYY I tEe] WY 2APE Jd¥FE "AHKim T
2013). 53] HA T4 AHEEHE 7152 A He2 fEct] A H 5 § AR iz
ojojxH, o]z s AFS| FAH AFel Aot & ArHKim 5 2013). olHt ZAHS A
st7] ff8l FZole 280 = 4t A7HE A2H(Kim & Lee 2012: Jang 5 2009), °l=
715 A 01 AN 9% R AlE 22 e 1Y o e HYeE AAEL At

2 dFoMe g 7 FotARE SUolA Ego] AA el t2E £ FHiE oY
of A7rte=z <Qlsf, =z o] e sl vAe Y= FEcLA ’3}9&3} 2 dTe 5
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A study on the compositional characteristics of dongbaeghyang pulp and peel for
sustainable utilization of local resources

201, AX[OH 201, Bl

SEstn AZFUstn F2Z2t0|270f M, 'S

Minseo Kang, Jian Shin, Yeokyung Ryu, 1Inhwa Han
Department of Food and Nutrition Glocal life-care Convergence, Chungnam National Univercity, Korea

'Department of Food and Nutrition, Chungnam National Univercity, Korea

F9F(Dongbacghyang}® P Rutaceac)dl] 3t FEFZ, Sepuiol=e} s sgEe
i Fea AoE Leid grk B AT Fuge] St 4Ee HPLCE Fo 4% sy,
gt A9 154 B BE M54 BasLa st ARs AR FUG
2t 2 Agdte] o A
F2=9 %E& 50, 100, 150 mg/mLE

o
wls} 2 e AFolH oo koron,

0

i)

e
M

A foFor w2 #XE UEY. HPLC AF Zi, FEENS dEE FEE)A=
Naringin®] A&%HUI, PEIH&&FEE)4+= Chlorogenic acid, p-coumaric acid,
Naringin, Hesperidin, Quercetin, Kaempferolo] &R1=3it}t. FW(IRE4FEE)9)A+= Chlorogenic
acid, p-coumaric acid, Naringin, Kaempferol°], PW(Z}1] E4FE=)°4&= Chlorogenic acid,
Naringin, Hesperidin®] A&=HAH. EE FEE04 AEE s A&£2 F229 &7t
S7Htol et w= & or RFoJSHA SIS, dE4oR, U] s oiyzt Ad
Al et s 2 EPELolE AR FFSH Rt e AEolAM+= Naringin,
Hesperidin 5°] gRl=o], @A H7|=&= 39WF Aol 7|54 &Y dA7164EF A=A
0

T2 AGE THAE Ad o dES AAREE
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Quality Characteristics and Physiological Activities of Hot Water Extracts from Peach
Peel and Flesh for Sustainable Food Resource Utilization

7t
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Yeo Kyung Ryu, Sehwa Park, Hyojin Shin, Jian Shin, Minseo Kang, Inhwa Han

Major of Glocal Life-care Convergence Graduate School Chungnam National University,

Wl ol ol Huo ¥ {74 FgFoE QI w2 pHE )

g 9 T AFOE QIS =2 FEE UEhd AoE siddEn. HEs Heor Iy =59, HA
Te & FEH0] 22 IS HAoH |AQI Aol YA oo, AT Ay &
A, F AEe g FEd0] FYustA 2 (p<0.001)= HEHHAT. F4As &4 2 G484
o] A9 EHol vy 9 75 FENO HEF 100 mg/mL, 250 mg/mL, 500 mg/mLoZ &g
sto] Zst9on F ZEHs 9 ZetE kol 7Fo] A9, Esot Hulet I8 &9 FxUt
S7HE 55 QEHOoR Jricls AFE EHL, 2 sE9 &2 1 T Edds T2
Yo FEHo] FFOZ(p<0.05) w2 #= HEHHSIH DPPH Sy &75, ABTS SHZd &
A, 98 9 SOD fARRAY &4 A Hsof #e s 529 HF 5k o232 S5
Helom 5Y% &9 Eol A} o5 FEAA EHeof ] FEHo] {40 =(p(0.05)
£ 2%E YEATE lipase ASi&d &4 A%, B} 48 FE2H BF 529 5271 F71
2 A EAo] F7ele AFS B+, 100 mg/mL E 250 mg/mLe] #u FEA 71
= FAAQ Zol7b oy, 500 mg/mLe] #u] FEHA= FosHA w2 A B EA
oh X3 I FEHo] Iy FEFAHG [foHoE 2 AT BHZ HUTh e-glucosidase A
S e} Ths FE2H AboloflA [l Aol UBNA] UAAIT lipase AS L3 2

BFA

o] %29 FE7} 37
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Strategies for Deepening Citizen Participation in the Design of a Rural Spatial Planning
Public Platform: Application of Arnstein’s Ladder Model

Suk Yeong Cho, Ahn Ok Sun, Kim Su Yeon, Cho Han Sol

National Institute of Agricultural Sciences, RDA

SEFMATYS HEAG A&/PsAT U 49 AL kolt AL BEE sE, Fuiels
Ay AR An ok 2 4B Fol WAe diR AR Aot FAH ASH
HRET 93, Fulo] A4 FAAY }yo] IFAL BASHE FE nAL wFe Aol B
AL B AL FA HEFMAY R SRELS AR Fo] $EL Ao A 4
ol UA WS BT B,

o274 B Arnstein(1969)9] ‘AWIF ke BEe BEAGL o RFL Hoig A

AEe] BFgoz HHA, ZZ(Manipulation), X&) (Therapy), X Al&(nforming), 9
(Consultation), 3]-(Placation), @(Partnership), ¥¥(Delegated Power), Al FA|(Citizen
Control)9] o4 @ARE FESGoH, AW Aw GAE HIZ(Nonparticipation), ZEAF,
9], 3G dAE FA1F Fol(Degrees of tokenism), B, YU, A|UEAS A&7 Zoj(Degrees
of citizen power)& Zt}. ZHQ] FARE FHE-L2 o8|t &0 s o tfFE B¢ JE AT
B WS, JAANA & FAEH o 29 7|eS ATcted HEFEE AR oobEQIY SRR
T FI XA GFA JAHFE Sof 1" @39 Hage AdE g BAT £ Q=
EHE 7l AAQ Z8A4S Hoet F =
o] AA= olgA WMPEH=AE AT &

ol

AE Y g= AAE 27T 55 1P F2S
gAg HZ9] o8z g exekel dA Fxo dags 7
o] 334 A AHE FE o Fo] JA7t oL oty SHOHAT. B XA HEA
E2 gUst FAVE A BEE 5 e AWEA 7EE 7159 84S

oy gt =9 FEo] Wit JH AY &I E Hol, Fol £EEE sk 75 ZH5ofof
S AARRITE FAHCRE, O HE AlF Ve AT F2A Fsh @ 94 9 e A
F A% o AA 2, O 358% Ve FUEAE AE oA -HYH-JUset T2 Y
A Tz £9o] "gsitt ol OECD(2003)9F AAFL(HAE 9, 202 =

—_

F u, 42HQ OAY SN Fudel SAEL Folo A golE WY 5

1A 5 UAE 49 ASY FelF ool ¥ 4 Yt XA IS W 23olok Ak 7
o

=

Moz 2T q=v SAEL AR AY o] wrax gy, 27dolo] thekal
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Kim, Kyung Hee, Lim, Changsu, Choi, Yoon Ji
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A Study on the Characteristics and Best Practices of Rural Relational Population
Programs

SENEY FYsYLS

Changsu Lim, Chae Wan Lee'

National Institute of Agricultural Sciences, Jeonnam Research Institute'

2T FEAGS 4% AFEAe} AdaE f7lo] Adstal glom, olo g5t gt AlEE
HZog ‘=& WA AT (Rural Relational Population) 7lde] FEuty gt & TAQJIFH
FEY ST S5 5 BAL AR, 28 5 oY d9olA AT wR7chs AR &Y
314 &9 uT 354 A7 F2% & T oldf &R AT BAZ fiste] &
ToA= FH A A9 dF6t, 52 BAQT T2 9 WES A5, 9
A AARS &5t RS H5A0E it
AT YHO R 19AR AR A9 A4 #H AZ7HERG-AA AT 2oF 521) A 2%
AR At 2AF BERSE AER] HE 3 ARV 2AL 3EAR 5AR A3 AT
SH, A, F4, AR, A, 99 2 FEAE A5, - A4 Ae-S A - A -2 e
FHoE FES S, 42AE AR 871 Aol Histe] A A H AS HAHARARE
AASHGTE o]F Eoto] & TARIG TR 29 AHE BAsHon, £42 7t X9d &8
a8 29 A% W g AT 4 oS ek A A% 9 35 0A WY 52 SHes
H| 7 -E35l= HAlo g2 o|Foj AT} uix|ul STHA 2 Algd EAL miolsty AAMEES E/\H s},
AT A3}, BE BAQT D2IY £ EAL A A AR FREG A, AEsE F
Aot 22 FH/golt A A FAGEA-TD), 7193 fACIA FoxHFA), 28Hde &
ALE7HES-SH) 5 AG oo W= FA AT oS 53} Ao] ampHolint. =4,
A GALS] AAFEAA 5ot de5rd, 35718 9 119 dF #9253 354 7|5k
]_/5\_7]-.1:_'6]— JTZE o:]/ﬂo]— 7(40] .J_Exqo]o%r,} J_E_'a] Q;q]_o,] _§_—a‘35}_§ﬂ§1} mok/\i—a‘aeﬂﬂal— |
SR EH‘E HWOPU% Z]Oﬂ U A=t FAd deds ZEstinh A4, AE7Hsd g1 A
FAY dAH A AAE =35t
°D‘°U% _E‘Jq H‘“—HEQ}Q} ﬂ‘n“/]ﬂ 71‘*«1 ALY o F27F 43 a/0o s woELh
2 ATE & AT Z2Io] st T § ™S do] A FAHY A9 nd
2 7155HL &2 Eojeth eARIY 52 A AR/l ZlERt FA| A, ‘FHln o
A9 A= AlF, WHEY W ARUE 7o AHF LG0T FF 5= TA IJ%L gE H
A= A9 E4S F_EM SEd 229 A4, ARE AME S48
HARNFE] AFot= oojAl= 7] A AA 50| Basiohal wE
5 5= WALF &G = 1011 ot *o M 27} FAE Boto] 5= &
At oA, AFE A S49 5 &
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Development of Gangjeong with Dried Kimchi to Improve Functional
Properties and Consumer Acceptability

Yeon-Jin Park
Dept. of Hotel Cusine& Baking, JeonnamState University
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Azd HAAE F7et ] 237 @3t 9 AAY FuE I A 5 3
mEE7pte 9 3 of A4S Axotdnt. Ax" XY Hret 7P fARE A=
AN2YE A7IE . gyt 71RE A7 AL BEE 7P 29eH(32.10) AT 7t
T =2 A3H21.79) L 2
ot Wol] = ANE & 4 Utk ol T2
Azt S det. 39 2 A A7t
FE VAA] g ACE HJA HE FoA FYHQL Afo]
2731.61)°] HET(0.64) Bk 2.58], A% A& A7Fs 740.92, 1.00) 2ok 1.6H,
7I7F2(0.78) 7t #ETE oR2.1H) =2 X E EAth A=Y H7Ie P 2euE) oF
230 H|gto thh B2 $£X(4.80)F Ho AA AE F JYTHoR M 9 FAEs
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Usability Evaluation of a Wearable Device for Heat-Related illness Alert in Farmers

Insoo Kim, Sooin Park
National Institute of Agricultural Science, RDA

A3 75T EGo] Puo} Mt Z7H gk FAlL, ot FPoT I3t Wt &
QYA SO Yo olo: Uk 2024¥ Setete] WA LYABAL 3704902 A Hhy]
SL4% SA9T, 1 Aed BoHere 71808 WA A2A 18154 ATR, 59l 3
Qo Agart 1 FAo] o] ol TPt aFHEL. 53 FA 1Lo] 5D P 29
42 W 1l ok A Aol Basht dde d 290l oY AYEE ANsH) R
QAP o 014G Qo] AFOR ofelAl A9k WL ol B ATCIHE ICT 7 &2 &
39 22U AVUY FAS skl N84 BAHE B9 wAY WY 284S AEsH] A4

ke £2E ZHoR Sasler

AL 71GHRE JNoR B 2 99 U, duNLu LAXHWBCTIE A
S FAAZ QY V1% SR ICT H2Y LAY oY LY AXNE A4 sl @ 4
84 458 99 Al 9 oo A2 A 0709087 AR-5154) 5 odE 44
ST, 29 A7 ALIOUT~oTD) A8 Al U AR BAE FPSAT. B W7l

Ll A2 X489 P2 AFH AR ZAS AR A olF A% 2AS AASAT ARE
He 294T AT A4 I ANFE, 22 48Y 79 B ts

Wa4e grl, AF 2410 48
S8 AR ohY A, 84, % 4YA L 484 5 A8 AUl e A 2 df
¥ 2AE s
A 7éﬂr APRAZARIA 7 SAR1ES =A% gt AEAXE.738) E AT %&*3(48
Ao AA FHZ % AH 2 3580E AHFHoE W LPE‘rUfE‘r 71&9] 4
2 Q1A Y ottt 2EE wdste] A2 dE 2442 H%‘”f’é Aol gk o 71
f4.78)S BT AARRAF 23 292S 9F o
3 7% AL 45808 A WEUL 53] &
Eotom, AE 84417, ARERY A(4.04 3. .
Aol 7158435 BE JAAHE.258)NA FAAR B7HE Btk W e ASAE 9
%;‘(4 uﬂo]/ké 011:1 Z 344 z;qoﬂ/q,] ;q_ ]_6H 2
ool A8 A%l WAS Veltt WA AN o AE
A2HOF, ICT /W £B48Y A2t 5919 =

X,
rlo
m}r

gA o] £G ¢1d W FAAZE hfo] o
A% oase] Hhat WEEE 4440

P

L EPE RIS B A A8A 7} 2
843t 7] £84S Rolt  71o9F 5 Ao
olE gofele FXe A gete] BEE 4 Ak
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A Study on the Application of Renewable Energy in Rural Areas through Comparsion
of Specialized Disctrict Legal Systems

Soojin You, Sang Bum Kim, Ok Sun Ahn, Suyeon Kim, Mi Jeong Song
National Institute of Agricultural Sciences, RDA
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The Practice of Surveying and Inventorying Shared Resources (Commons)
for Assessing Social Cohesion in Organic Farming Villages

Myeong Cheol Jeong, Jin Ah Choi, Ki Chun Seo
National Institute of Agricultural Sciences, RDA
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Assessment of the Decision-Making Process in Rural Spatial Planning:
Evidence from a Survey of Local Government Officials

Ok Sun Ahn, Suk Yeong Cho, Ki Chun Seo, Han Sol Cho, Yong Gyun Kim, Sang Bum Kim, Seung Jong Bae

National Institute of Agricultural Sciences, RDA,
Institute of Green Bio Science and Technology, Seoul National University'
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Rural Healing Tourism Service Quality Satisfaction among Active Retirees
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Lee, Don-gak,*' Kim, Kyung Heel, Lim Chang-su', Ji Sang-min',

Jang Kyeong-A?, Kim So-hyun?, Moon Ji-won?, Yang Ka-young'

National Institute of Agricultural Sciences', National Institute of Crop and Food Science’,

National Institute of Horticulture & Herbal Science3, National Institute of Animal Science®, RDA
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Analysis of the Derivation of Rural Specialized Districts under
the Establishment of Rural Spatial Plans
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Bong Kwan Kwon, Phil Gyun An, Eun Hye Cho
National Institute of Agricultural Sciences, RDA
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A Pilot Study of the System for Agricultural Injury Causation Investigation and
Feedback to prevention

Kyungsu Kim, Minji Lee, Wongeon Jung, Dongphil Choi, Philgyun An
National Institute of Agricultural Science, RDA
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A Study on the Perception and Program Preference of Participants in the Agro-Healing
Program at the Urban Agriculture Expo
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Yun sook Kim'*, Sang Eun Lee, Min Ji Kang, Yong Nam Cho, Seong Tae Lee
Gyeongsangnam-do Agricultural Research and Extension Services, Jin-ju 52733, Korea!
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Household Typology Based on Investment Diversification Level and Analysis of
Type-Specific Characteristics: Focusing on Financial, Socio-demographic, and
Psychological Factors
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Hyeon-Jin Lee, Joo-Yung Park, Jung-Hyun Kim

formerly KDI,, Chungnam National Univ.. formerly Seoul National Univ.
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A Survey on the Living Conditions of Rural Areas in Kenya
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Yoon Ji Choi, Chang Su Lim, Ji Gang Kim, Ho Jun Im
National Institute of Agricultural Sciences, RDA, KOPIA Kenya Centre, RDA
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Effectiveness of a Work-Life Balance Awareness Program for Farmers

Jung Shin Choi, Ha Eun Kim, Yoon Ji Choi
National Institute of Agricultural Science, RDA
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A Study on the Design of a Transport Cart to Reduce Feed Carrying Workload for
Cattle Farm

Sooln Park, InSoo Kim, Min Tae Seo, Sang-soo Park
National Institute of Agricultural Science, RDA
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An Analysis of the Perceptions of City and County Officials Responsible for Rural
Spatial Planning and a Study on Future Development Directions

Jin Ah Choi*, Ok Sun Ahn, Yong Gyun Kim, Ji Won Yu, Soo Jin You
National Institute of Agricultural Science, RDA
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Effects of Drying Conditions on Antioxidant Activities and Functional Compounds of
Yeongyoja (Aerial Bulbil of Dioscorea polystachya)

Bit-Na Song'*, Jae-Eun Jeon', Jung Mu Song', Ha Yun Kim', Yong Sik Jo', Kyung-Mi Kim'

'Fermented and Processed Food Research Division, National Institute of Crop and Food Science, Rural Development Administration
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Analysis of quality characteristics of steamed wheat nuruk by grinding ratio

Mojzl* - et
SENSY TYNYVEY YETIBBD

Yejin Shin*, Bora Lim

Fermented and Processed Food Research Division, National Institute of Crop and Food Science, RDA

The purpose of this study was to evaluate the quality characteristics of steamed wheat nuruk
produced with different grinding ratios. Two grinding ratios were applied using 50% hulled wheat:
Smm grinded (B1) and Imm grinded (B2). Aspergillus luchuensis 34-1 was used as the inoculating
strain. To assess quality characteristics, inner temperature, moisture content, pH, acidity, amino
acidity, enzyme activity, organic acids, free sugars, and free amino acids was measured. Throughout
the fermentation process, SW B2 (Imm grinded) showed higher moisture content. Both SW Bl
(5mm grinded) and SW_B2 (Imm grinded) showed highest enzyme activity at the second day of
fermentation. Saccharifying power and carboxy peptidase activity were higher in S WB2 (Imm
grinded). The free amino acid content of nuruk was also higher in S WB2 (Imm grinded). These
finding suggest that finely grinding wheat and manufacturing steamed wheat nuruk can produce
nuruk with superior enzyme activity. In addition, the increased production of metabolites such as
free amino acids indicates improved fermentation efficiency and quality, which may contribute to

enhancing the flavor of makgeolli in future brewing applications.
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Career Trend Changes of Secondary Vocational School Graduates in 2020 and 2024
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Kang, Dae-Koo
Professor Emeritus, Sunchon National Univ.
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A Comparative Study of Young Children’s Teacher’s Role and Play Support of Pre and
Post 2019 NURI Curriculum Revision
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Ju Hee Park Gyeongkuk National University
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Physicochemical Properties and Processing Quality of the ‘Baromi’ Breeding Line

Jeonju 705

Jae-Eun Jeon'*, Sun-Young Jeong', Nam-Hyeok Koak', Su-Kyung Ha’, Jung Mu Song', Kyung-Mi Kim'

"Fermented and Processed Food Research Division, National Institute of Crop and Food Science,
Rural Development Administration

*Crop Breeding Division, Department of Crop Sciences, National institute of Crop and Food Science,
Rural Development Administration
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