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Development of a Work—Rest Management Framework Using Risk
Assessment and Apparent Temperature in Heat-risk Workplaces
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ABSTRACT

Objectives: This study aimed to develop a heat-risk classification and work-rest management framework using
apparent temperature (AT) as a practical indicator for workplace heat-risk management. It goes on to evaluate its
applicability in occupational settings.

Methods: A literature review of domestic and international heat—-stress management guidelines was conducted,
and workplace heat exposure was assessed using wet bulb globe temperature (WBGT), workload, clothing and
respiratory protective equipment (RPE), and heat-exposure duration. Heat-hazard levels were classified
according to workload and clothing/RPE, and these were combined with hourly heat-exposure levels to construct
a four—level heat-risk classification matrix. The relationship between WBGT and AT wasevaluated using literature
and field measurement data. The proposed framework was subsequently applied to nine occupational settings
to assess its practical applicability.

Results: Workload, clothing and RPE, and heat-exposure duration were identified as key determinants of
occupational heat risk. Combining heat-hazard and exposure levels yielded four heat-risk classes (I-IV). AT
showed a strong relationship with WBGT, with the regression model explaining 88.7% of the variation in WBGT
(R?=0.8870, F=62.78, p¢0.0001). Based on this relationship and on existing heat-stress guidelines,
temperature—specific work-rest criteria were established for each heat-risk class. When applied to nine
occupational settings, the proposed framework identified all evaluated jobs as requiring work stoppage under the
measured conditions, while the existing Ministry of Employment and Labor criteria for several jobs would have
permitted continued work with specified rest periods.

Conclusions: The proposed framework integrates workload, clothing and RPE, heat-exposure duration, and
environmental heat conditions to provide a more comprehensive approach to occupational heat-risk
management. AT may serve as a practical indicator for work-rest decision-making where continuous WBGT
monitoring is difficult. However, because AT does not directly account for radiant heat, WBGT measurements or
additional assessment of radiant heat should be considered in workplaces with substantial radiant heat exposure.

Key words: Heat stress, apparent temperature, wet bulb globe temperature, workload, work-rest schedule,
occupational heat exposure
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A =57]7(International Labour Organization,
ILO)= 715 Hg=E Q8 A AA =5A+2] 70%7t
ZH(excessive heat)o]] =&F o] gloH, =FA=9
PHI Hrof ARt FFE vXA = of oF 2,285%F
go| Azt FAa oA wid 18,970%0] AbdRittal
SHATHILO, 2024). o=t AFsiE L 4= 9
= B 229 7 @R HoEr ZFEolH
A2t 31% ool H= ZAAaoA ] A 2
Holgtal AoJstal JUtHMoEL, 2025). 7143 (Korea
Meteorological Administration)ol] W=2H 98 Z
A 71 2024 62 2.8%, 7¥ 43¢, 89 16.9¥, 9
4 69 20159 olHR 47E A% 7ISEUTHKMA,
2025). 1-€:FHE(Ministry of Employment and
Labor, MoEL)O] W=, -2yt £ =& AR
oF 1,682,825714% FHHH, HYPo| &5 = 5At
+ 9F 2,818,722 2.2 45kl AtHMoEL, 2025).
2 &7 5 o] AAlel FYh=o] gol ZH=H &
AEG AT HYSH, B Yot Al 24 7]50] AHAlE
H 2@zsto] HE|o] 43t H9- AFgoI7iA] o]2A =
tHKang et al., 2020). A®#2]*(Korea Disease
Control and Prevention Agency, KDCA)2 2024¢
59 209FE 9¥ 3097 A9 2GR} =
3,704go]H, 23238ko 2 It 7 APYA}L == 341
o= 20239 AgkR} 4= 2,818, AFEAF 3210 H]5|
Z7Fshtk FTHKDCA, 2024). $4% 52 129
it weREA Ayt 7]20] 1T 37K o AFg{do]
5%, HIEA7170] s} ZH 7|7kl AFge] Yol 8%
Z7Ke}aL s tHWoo et al., 2019). B4 A8
F7Fd2l8]l(American Conference of Governmental
Industrial Hygienists, ACGIH)= ZFOo & QIst 24
A IAPES 2R AES | FkS v|AH, o
Z27]1%00 - &2 A vhA 2L, 4ol F-2lsliof
Sitha SHATHACGIH, 2026). 2P0 & QI3 FAAZE
A APFES] B8 FHA= 1.639(95% CI: 1.087-
24702 °F 60% ¥ Eol= AolZtal styoH
(Gautam, 2022), E20] =2 Fof LE=o] APLE o
T WEHESo] ISt 5o Wad 4%

7F @oh= B % QJtKSun et al., 2018). £3], dF
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oI tHKenney et al., 2014).

g AEF AL #HAE FAWE distr] YA H
= FPEAAMPHAEAATY(National Institute for
Occupational Safety and Health, NIOSH)2} ACGIH
oA A 4] AR AR HieS Wdstal glom,
1] 874U.S. Army Training and Doctrine Command,
TRADOO)X: 2% 7o} 2kof wet 33} §4] g
1 S8 HAE AR sk JTHNIOSH, 2016;
ACGIH, 2026; TRADOC, 2023). H]=AMAPAE A
(Occupational Safety and Health Administration,
OSHA) A= & 918 7l =5 ¢A ol8T = IS
o= vjmsta lom, AFE ALl ZEIHE AT
Stal ATHOSHA, 2025). I&hsiE £ J3F o
HE Bof 9, 4X, ¥ SAE dPop 74 4
2 AlZE 28 AFsk glor, 12 Aol sy
2 Ao mE FA AR
AEAY A139x 9 T2 H AFPHS FoHT2A
Azt Algk 4

fto
ol
=?L_‘,

N

LAt dis) At #4 9 7 @ i3S vk
SHeE ot Qloh At 9 k¥ 71EH(Ministry
of the Interior and Safety, MOIS) A3ZXA = =
d2 AdqGe = oo, o & LT 4= Sk
E SHHMOIS, 2025). SGAIYEE(Korea Post)Y
A% A8 SAE Hotal £ EXHO| wet JF HA
2 A4 71&E 2Pt JoH, FHAHAH Sl
3t HEA = 190 37 ol Aol AYsk= F
 SHAAASI=E g5t AFFAS P E AT A
A 755 oFskstal ATHMOLEG, 2025).
T2 ol=fRt Al |9} 7tolEs AR AMY
o] A gEo= FHAZE St @ A
Aol FET Bt oflgt SUZR] VEE AA
oz 2 Fret 2 EAES FES] §HPsHA X5t
I Qlth E5] E €4 B9 I AHE EEEH= &
FEF-2 % (wet-bulb globe temperature, WBGT)=
a7tolal, Al HUEHY ofHgo = Qs FatE
Atolut o]E Qo] W2 dxo] AHEstr|ol= 7]
=4 AA Aol At} o]of 7|21} FEE 7|Hte R
27t AFEo] 758t Al X (apparent temperature,
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AT)E T8I B A4S TANE Bart Uk A%
37te] Aol A4 W Rl AF 221 Tt
B o Aok, BG P w2 PA% B
2 AAHOE BRstel WS Zlo] FelZolet,
of 2 AT WBGTS AL 71e] Auhe £
ARFewol W7k AE2A) eSS AR,
£ /o PA} 7S BNl 2 Y
A% BFek JREe] wet TR A FA 7%
2 AASTA Gt ot 4R @Y =54 By
o % 4§ B B9 Ak 712 @Y A8 7
$HS AEUHORA, EQ A A AYAS B
3 AEH Qe A FA AR 1ES AN
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=2 T g
t A% BHoz W}
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2¢ w2 9go] B 2L w54, WY, 37
S

20249 7¥€ 19%E 20259 39 259714
AR 2 AY S E e
Aol 1 =74 ol wet WBGTE &
7171(QUESTemp® 36 models)E T
i esAte] = & YA S4
HlghH 0 2 HE] 50cm ©J4}, 150cm ©|5}
71715 St & 1A17F B9t 108 7H4
2359 HMoEL, 2020). AU} A1e]ofA]
ol L2E= dF FF9 H$ ACGIH 7]l =
2t 7F5AE A8t tHPaik et al., 2004). A%
O} WBGT 2x8ko] #HAZES &Rlsty] HalAl 7143
oAl AlFot= F4S o-85f SAS(ver. 9.4)F AMES
of ATTAE RISt E3H FAS sHohs
A9 E FEE S5 oA 5YIE ot S5
7171(Polar  ABGO)E ZHEAIZ|L, U] AH|F
(kcal/hn)& 35t £ AE FAE &I 1
g1 AW FA egAet A B4 2y 3 o
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AL 54, 2+
HFZE, BAL HiF )= &3l o|Fo
13 Gugto] H&sHA] X AH§ Al

g AEFHA(heat stress) Al HE

B2 I = @ AEHAE XIlote] 9 4
B AJA”0] &85t Ut} o] AJAHS T 7|28
ok oflel I, BAME, 5%, 959 °d a9 &
5% 52 FFo7 1S Hoppe, 1999; Kang
et al., 2020). §3] +&°lv &Y 5 TYst= thh
A (metabolic heat production)2 A4 A2 A
Ao T ASAA 24 E7FsT € AEYAE FET
< oot wEbA 59 &S 7| o= 7 B
£ Fagole @ WiEE FXIsk= Zo| "3F o]
(Armstrong et al., 2007). &3} &7 2o Hst
Aol W=, 20t Q= B2 AAHEL =2 B
o HF 2L Qs oF Y 2k FLUF BF =
A YT ¥, 60t I+ € 23 5ol Ha
oo wet & W St AFos BA Ao
APYE AL 2d EAO Aolg HYHLee et al.,
2009).

A AMARCE= I1E SO 2HE 5AE B35t
7l 98 WBGT AEE g7 ARgsta JUKILO,
2024). 18R ES FQ IF #Y V|Ee=
WBGT A& A"stal lom, £Y EX A= 7]
4789 AFEE 71es B85kl UTHMOoEL, 2020:
KMA, 2024). ACGIHE & AEg 4dACHHE, &
5 & W9 IE FAAE AMEsiete] dFe} 3=
AZFE s, & S0l Wt WBGT A&
& & ATHACGIH, 2026). L5t 27t stehEd #
= A Al FEol= HE B wet §4] AR HleS

AEot, 55| 12 meg AR A=
Ast ZHA71Z(Action Limit, AL)S 835}, AlA|
oF ASoAE AL YL HISHA Y= T
JAIGE 2o wekS AAlskal JIEHNIOSH, 2016). H
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Table 1. Heat hazard matrix based on workload (A) and clothing and RPE (B)

Workload (A) Low Moderate High
Clothing and RPE" (B) (€200 keal/h) (200-350 kcal/h) (0350 kcal/h)
Low (1) . N +
Light clothing / No RPE L M H
Moderate (2) §
Long-sleeve clothing / Half-face RPE M H VH
High (3) H VH VH

Non-ventilated clothing / Full-face RPE

L: Low, "™M: Moderate, TH: High, SVH: Very high, 'RPE: Respiratory protective equipment

STH(TRADOC)¥} NATO 9A| 24 o] wt 99
AE 47gska OH(TRADOC, 2023), S-ejue} =53¢
F(MND, 2024) 3t 42A(F2], K& ARY, ARE FX)
= &4 I S 29 Solth & 5Fe} ARt
HRAZTHKorea Occupational Safety and Health
Agency, KOSHA)> 1&g 2ol disl 2 =}
WBGTol whet 2Adxt FAHE Algstal o, 24
¥ Z5of te} WBGT 442 24517 AtHKOSHA,
2017; MoEL, 2021). o]} Zo] =9} & ST
4, & AEYARRE 5AE Hosh] YsiAe 2
d A=} AAE B0l 24 9F #EY I 24
& aEolof 3k & & 3l

E AEFA Frhs dubEoR A} 279 7]
C

B 49 Sasiolol aiek ol 419 o] v
At At g o8 2 QR T

e el GRS VA A4 Wee 8T
£3), G2 494 JPoary AME Bu] 95
g3l ot AR ETE AUl A% BHoz
o A WE U 48 BUS ABHoRN I Bl 4G
Y Qe MY, AT A B4 9 A
e ¥Y 4 Atk 9% @ AARSTY F7hHe ¥

)
il

A, 3, g Auke 1Tt Bold Ade 2
& 9% A9 @ SEds WHE o S 2

= AelA
) e ula
(Morr1ssey et al., 2021).

ACGIH= &Y Aol weh E4tiibeE 5714 HF
2 FEskar, 9E9] o W= clothing adjustment

www.kiha.kr

values(CAV)E Z#&dlo] WBGTe| EAZS Tist
WBGTeffE AAlotaL St FAIKOR, A& A9
dkAu]-vheRR] 2R A] -1°C, Eﬂ_ﬁlﬂﬂlﬂ QAo AA
H5E2 1°C, o]F A& FIE2 3°C, FHo] =3t
B Ushg g MRS 11°CO) HARE HesheR
A5k JATHACGIH, 2026). KOSHAE 9JE o]
net AL FAE T olF A AAELS 4°C, 7ML
57| A B2 6°C, T4 o s drE H4l |
FEO AL 10°Co &% BAS A8sta Qi

ojfet el A7 e FYstel, & AFelM=

590 FAEE 2 FEQSF 4% 3 Al
Hg $EEO2 TR, £ 8o 29 B9 §
1 2 33

Hr2 BEsigc) AE ‘ﬂ ZHRIE S

T E;g.._g_ﬂ A B= UHEt R %‘J*]' 2ol HAl
BoF 280] BLHY FOE AL 2 i)
gon ¥y nAd £ 9B H51E 285k 7
F= THAM), STl DAL Ant ZRAES 29|
L Ao ‘AL ()2 B2 ATHTable 1).

2) B9 E A7t 53 72
=9 492 AYSE = g ade A4} 29
gl =B Agoleh. Tt A BY =F

% Zt] "zl 2 A & Zoixt gl o) u]ra]. =3
EW% E«.Ho] et £ ﬁ%LOﬂ Ae 1L =E AR
£ AA9] FHATto] oflt 3t AIZE F AFAE
T23H0] AAZR wEH AR HlEE Holstrt.
ol IBLFHE IAY wjAZE ZY-FAl AIzHH|e
ACGIHS] A7Hg 2l HdS wrgstAtHMoEL,
2025 ACGIH, 2026). -2 UjBofA9] th7]|A]
AAEEo] gltfete $HHE kEo] X&EHDZ
Alﬂoﬂ Z3ol, Y T FES| AlYgH
1HS Q17gsfjof it

_]_:9—13:_
S REES
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Table 2. Exposure potential levels based on the exposure
rate

Exposure rate

Exposure level (exposure time (min)/hr)

E1 (Low) <25% (0~15)
E2 (Moderate) »25-50% ()15-30)
E3 (High) ¥50-75% ()30-45)

E4 (Very high) %75-100% (Y45-60)

o] 1% 222 Table 29} o] 1417k A7
< 7|ECeE ARG 15& wHE 15-30—r 30-45%,
453 oo FHsle] TR HRaISI.

3) 29 93 My 27

A Bt PR SFHSTE AYelo] A&t
55} Su(Table 1)} WiAIZE I128H WeE-8(Table
2% ZFsto] Table 39] MEYAE B4 &Y &

49l AUEE [-VEHOR il At
A 2280l Bsie B0l 37184

L-OAH
o= =

S o]
A&l 7iAd *‘23/‘3—% LFERH, axi Al 48
r 2

4) WBGTS} HZ2=(AT)Q A

Zd 9¥ SFo] ¥ 7|2o] S71eel wt At
o] &} 7Fs AlTHE 7HAshe, o]of H|Fsto] FA] A
7] gH7E @ ELh 1SO(2017)2F NIOSH(2016)9
2y o] £9% Lw=xrl dut ZPES 283}
AHollA BHE $29 SA-sS 3 FF &Y
3 &7t 28°C ool RE A% &l f2loH
7%ttt @3k ACGIH(026)9F 1-8+-%+H(MoFL,
2020)= 4% AY9] 58 A 225 30°CE AA]
sl Qi

Zo 95 E_:Lo] lJ_-l:_O]—x]_TI_ 7| o0] AkEShe
1o 7

M ol

=

o o

A4 A7 2,
el Aeto] b, o
2 A7 790 33 19ARE %a
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714440 o ER weg A| 18LEH7} o] W &
A 7|zog pj-_Q_o].—y oItk w3l FA ]/\11_ 235t
A B4 gl 7123t g BE BE ol8ate] 4
Zew= Muow molsty et 4 9o A
o] At

o, AR SRS Y st Rl

= A7t %Etﬂ(Equation 1), AP 2ANA=
712 ] S5t Hof oF 5.1~5.4°C7HA] =4 Y
g &= Qitk= A9 3 At HuH b QtkPark
et al., 2008). o]of & AFoA= IrHEQl Ae] 2+
I AFEAe] ottt deEE BF REgsh] sk
al-a4 E32}= (d'Ambrosio Alfano et al., 20142}
ASAR(a5ald)E EEot A4S T 2=
Table 49} At} Ao}l A9 A&A7(a5-a9)=
ISO 7243004 AA|ok= A9l WBGT AHd4(Equation
2)2 AEsion, Ay AESA=E(al0-ald)e HIE
AL Q= @0l F8E+= WBGT A 4l(Equation
30 A&sict o= 74 A=rt 53E 4 E4S
Z| ot vrgstHA A2t WBGT 7H] #AE &
Moz gristr] {5k Aot

=-0.2442+0.55399Tw+0.45535Ta-0.0022
Tw2+0.00278TwTa+3.0 )

AT : Apparent temperature, 'C

Ta : Air temperature, "C

Tw : Natural wet bulb temperature, °C

Tw = Ta-tan-1[0.151977(RH+8.313659)/%] +
tan”' (Ta+RH) - tan' (RH-1.67633) +
0.00391838RH*?-tan-1(0.023101RH) -
4.686035

RH : Relative humidity(%)

WBGT=0.7Tw+0.2Tg+0.1Ta(out) 2
WBGT=0.7Tw+0.3Tg(in) ®3)
Ta : Dry-bulb temperature, °C

Tg : Black globe temperature, °C
Tw : Natural wet bulb temperature, °C
B4 A3z, WBGT A2k 1He] APAFRY) =

www.kiha.kr
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Table 3. Matrix of heat-related hazardous work environment classification based on health hazard level and exposure level

Heé)lth hazard level L M H VH
xposure level

E1 | I Il 1

E2 | Il Il IV

E3 Il ll \% Y

E4 Il % \% Y
0.8870°& UL AHL2=7F WBGTE w2 2 719 WBGT SAHHHIE YA 2835171 ol @4l
2 Agols AoR IRIFGOH(F = 62.78, p < 0.0001), A =F A¥ =&

ol HiEoZ o3 TS
(Equation 4).

5

4g =zsg

WBGT("C)= -0.04783 + 0.83075xAT(C)  (4)

ARAS 0.88702 A2 WBGT HE9 <F
88.7%5 A¥dS Auldttt. ol A= WBGT
£ g3 & Wgele A EYS HojFy, B3] d &
EdF20] FUst sty griEcks 29 $X4,
Ae 28 9 74 AR Rojeh 2 e ffg
A JAHER S FHOE E8ol|o] FES
e &35 SR E2 A

o

HU 8 ok @

(¢}

=

i

2
[O oH,

Table 4. Comparison of WBGT and AT according to condition

PAZE 274
9A AE=

5)

Z9 A S20 M2 &Y/54 TIE
1SO(2017)2} NIOSH(2016)°] w2, Fof £&3H
LE5AL dut AAES 285kl F5 £50 SAE
S YT FF A 3 257} 28°C ool A%
o] FoJsHAl F7Kstet. ] S<HTRADOC, 2023)9]
2 FA Ao w2 d, A& He- Ao 4dA7t
A A& Zdo] 58=EY, F5 Y2 3GAZAT 5
|59, H1 AGHA)NA = SHAE AR 10
2oa A3 Agketa k. E3F ACGIH(2026)2t
T8 ER(MoEL, 20200 1% A9 38 34
255 30°C =202 AAsta Qlr}. AFGbE 7]

Condition Ta' (°C) Tg (°C) RHT (%) Tw' (°C) WBGT! (°C) ATS (°C)
al(Literature) 30 30 35 19.4 22.6 28.0
a2(Literature) 35 35 35 23.1 26.7 32.7
a3(Literature) 40 40 34 26.6 30.6 37.4
ad(Literature) 45 45 31 29.5 34.2 41.7
ab(Outdoor) 31.6 35.4 62 27.2 29.6 33.3
a6(Outdoor) 32.0 37.2 62 24.4 27.6 33.8
a/7(Outdoor) 33.0 40.4 52 24.3 28.8 34.1
a8(Outdoor) 34.1 421 48 24.8 29.2 34.7
a9(Outdoor) 34.4 425 44 24.8 29.3 34.6
a10(Indoor) 31.6 31.8 67 27.8 28.90 32.7
al1(Indoor) 31.0 31.1 66 26.7 28.00 32.0
al12(Indoor) 30.6 30.9 68 26.6 27.90 31.7
a13(Indoor) 30.9 31.2 68 27.4 28.60 32.0
al4(Indoor) 31.1 28.5 70 24.4 25.7 33.7

Ta: Air temperature, 'Tw: Natural wet bulb temperature, "RH: Relative humidity, SAT: Apparent temperature,

IWBGT: Wet Bulb Globe Temperature

www.kiha.kr
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Table 5. Work/rest (per hour) based on WBGT, AT, and class of heat-related hazardous work environment class

Work/rest (per hour)

WBGT AT
Class | Class I Class |l Class v
<25.0C < 30.2C 60/0 60/0 60/0 45/15
25.0-25.9C »30.2-31.2C 60/0 60/0 45/15 30/30
725.9-26.7C »31.2-32.2C 60/0 60/0 30/30 15/45
226.7-27.9C »32.2-33.6C 60/0 45/15 30/30 15/45
)27.9-28.0C »33.6-33.8C 60/0 45/15 15/45 Work stoppage
»28.0-29.4°C »33.8-35.56C 60/0 30/30 15/45 Work stoppage
29.4-30.0C »35.6-36.2C 60/0 15/45 15/45 Work stoppage
»30.0-30.6C 36.2-36.9C 45/15 15/45 Work stoppage Work stoppage
»30.6-31.1C )36.9-37.5T 30/30 15/45 Work stoppage Work stoppage
»31.1-31.4T »37.5-37.9C 30/30 Work stoppage Work stoppage Work stoppage
»31.4-32.2C »37.9-38.8TC 15/45 Work stoppage Work stoppage Work stoppage
232.2C ) 38.8T Work stoppage Work stoppage Work stoppage Work stoppage
ol et oA = 2T 31°C ofE & 2 EY A & gt ¥ 7|E2 Table 59 &t
Joz FolstaL, 33°C ol BF 2A7F 20% °] = 98 &Y & SFHI~VH)ol o2 2 74
4o F4 Foig oFslsial ok A= 7]HHe] Az AASHIH
£ O3 dIARIC 2 FoE dA 04 102 F4,
BE GACNA 158 FA E 14A~17A] ZQJA & 30 B A AR A0 e B A
A A, 9 dAIA 158 74 4 5 ZAAES A 2] Aol 2ot aAte] A} =g S4% 2
oIt 292 FA7F EIHUNTRADOC, 2023;  IE uigtoz Z9 93 4L Hrlst A7k= Table
MoEL, 2025; ACGIH, 2026). WBGT2} ATS] A4 6ol AAIBIAEE & o7 AES e r =4 A9 &
o] w2 BAMT el Awd 712e AN & Sad] mE 2-F4 A APk olg 18
Table 6. Assessment of heat stress and work—rest regimens based on WBGT and AT measurements
. Actual MoEL code
Year Date Area V\(%?T ?‘og) Workload E;i(gssisr:}[l:n;fft k ?c ?::Slg \évg:kﬁiif)t work/rest
time P (per hour)
2024 7.22 Delivery (Out) 314 37.85 Heavy H E2 Il Work stoppage  Work stoppage
2024 7.23 Roa‘zoﬂte)a”e“ 314 3785 Heavy VH E3 NV Work stoppage Work stoppage
Engi -
2024 7.25 ”sa'i”neterroaz‘) 281 339 Heavy VH E4 NV Work stoppage 15/45
2024 7.30 Cook (In) 30.7 37.01 Moderate H E4 \Y Work stoppage 15/45
Road
2024 8.8  maintenance 341 4110 Heavy VH E2 \Y Work stoppage Work stoppage
(Out)
2024 8.12 Con(sérﬁtgtion 324 39.05 Heavy E4 \Y Work stoppage Work stoppage
2024 8.13 Injection (In) 29.1  35.08 Moderate E4 \Y% Work stoppage 30/30
2022 8.17 Buildingn;:leaner 30.1  36.29 Moderate E3 1] Work stoppage 15/45
Building security .
2022 8.18 quard (Out) 31.6 38.09 Light L E3 Il Work stoppage 15/45
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A AgAlol mle I}t dA T1_/LEHLE 7Y A
7ol s 2T F4 AIzFe] HIE AR Aokl 9

o S A= AlERARRE 2d A-ZAREY Zjo|
7 =] ¢kl 9lon, o] 82 ACGIH &7+
9] &8gAket ul=gAe] FEE FHokal vk Ma et
al., 1999). Egh o] 7]&2 AFFA W &Y &4574
71202 ARgskal Qlov Adat A AT FES)
£ 71E0 2 ARESHA] gl Stk AR EAY R
o= Qlsf ZHo gt 9 T YFE Aol
Folsta glom, AAPARE A7zl st 32 /4%
Qto] =9l=|11 Q)= dAoltt. six|uh, AR fE 2
LB5AE0] doks A4 181 ke AEe] dF 54
< IobA] ¢fal dEF J|ES Aot 4] ARE
HiESHAY FEfols A2 oS- vigEdolzta &
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Q51 120 =& LE2A9} 18x ¢L B2}
Ad T Zo|7h gtk silon, olE fsiA=
FFER A A=E FEsfota 3 E AAA 891
Hapo| wEt YPAHIIE AStsloF sl sholtt
(Sim, 2024).

ol A4 A} E

O
=
2
+
o
<

of

A A S50l w=t 44 &
5 A9} Blws) HE
Zol7k QS & = AUt AE E0] AR AU I
, Fo=(M) € AR E55(E4)e =23
et £ Y AL Ngo=z ERFNG &3
WBGT+= 29.1CE, & A 7oA = &Y S4
dog mAEoY I8LFHE VR = ARIE
30+ ZHAT 30% FAlo] A8HH Ee o AF F
57H0llA -4l 710] oEA UEHeH, 18k
R 7Ieit H5Fo g griEich ol By o
A Aol 2 A7 FAoA Yzt FA] 59 T A
KMog AW REE RFE= Zo] F8sith e A
Ao o] AFgoletd &} F4] Al7ke] HATE v
2 Sl =& 1 EISsjof gk NIOSH
(2016)= ¥4 A7He] S8l disiA o %2 Azt
&9t dotar AAI FAZ FHobH 49 @ FZo]
Lexezg g FAE HdiM= Add 74 AR 2E
o] "oty JFPYTHNIOSH, 2016). Parajuli et
al(2025)2 © 22 F412 d T 3o s 2
A &L 5 Aol F8E &8 T F4S HIEA] o]yt

o webd, S o]g S 4B 43 W HiEe

(

H_a

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(3): 293-303



29 ol %

2 ZIUYOM Y BUI MRS &S A 84 B2l yot 27 &3t A7 301

Lol Jdg o] Fa% Q4oARt s
7}77}01 0] Ao 23] AT} leoﬂ A gl A

= AYA =Hof 3Eof a7t H 5 Ak shnk
(Parajuh et al., 2025).

OSHA(2024)= 2017958 20229714 211719
g I EAZ HASE 521} AFRS XA 23 =
Ayo] vbst =212 vkR|she A Our B A A7HE 3§
SoHA] 2 e, AAdolA =
%= A % ¥4 227 %i‘zitd %%ﬂh skal gloj
58 4 A o] FFH08 gHHY E9], A
sl Ao A=} RIeTt 55
LA A Q] AAAAA o] ofd s}
o BEZ %’4%6}% BAARL A 842 QA Eojof
Qteh. ol2Rt 715 917] AgolA AR Ul =4 ¥
e o 2] =2 IpAolnt. AlAfH] &
(2023)2 3+ 7l9] fol8elE wEsh] oA o
s FW" shue] meadlos 5 FRUt glon,

= H7FE B9l ARRolA L9 R A=
) *‘5%43}71] She =29 WHAo] &2 ARAio]
%S Aol 3FATHShin et al., 2022).

W o 2o 93 Aas AAS] 5t Aoz
=SAAl A8 71 gl AT Sl &
Al71EE B 12 vlegAtll tisiAe Hrel dx
71%2S At QLem(NIOSH, 2016; ACGIH,
2020) 2o A-g3t7] gt Z=TH =Yo] Bast
CHArmstrong et al., 2007). Z@3} H3H A=)t
AQinA, o 227} 5190] me] B4 zcExl— ]
S317] 9ot EIARERS 40712 THE A SR
5okt o] S Al AR WOHH‘" 5~749]
G AYZ FHot] APk, 112 H-Z9 o]0
o e & AL FstrtiMargaret et al.,
2021). E3t, 1PAE ZARE 2GS Fokgto] thsf
M= F7HR1 §4] Azt Bofzt a3td) A gof o
2 d & 9 AHZ o] 27 7o, ZF Ao
o= WBGT YAIZS h% UhE & qlow, 1o wet
23 Rkl A AR gEH 4 okl shlch
(Parajuli et al., 2025). o+ & AT IA]I7 =
st} 2 oA =&H WBGTSF A% (AT) 7+
3|AALS AAHAS 0.88700% =2 APES HYo
L, B0 ARSH AlZp(n=14)7} & olek= 3
o] qutt. ol B4 34 x4 siolA9] Aijo|ng
T Hot bRt 71 243 FRI9RE @4 ol

OIt
i
mlm
2 5
oH
ol
L
A,

2 vl

|

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(3): 293-303

sl g FALS ¥EHL FBoE T4 AT
7t 9ed Zlow mudn) Egh ALzt slewt
FTE JHoE AYHL ARRAN EPemd] o
EALEG SRS A A wrgsiR| Heleg {2 =% 7}
dIA = Bajgo] 735t 2 S0 A= WBGT 23
= :%L%E—g IR 711 B} A &85
+ o] BigAlsitt. 2o 5L, o] Ak
HAW 9 B FpololA £ g VIEoE AR
T5 AEste] AMgSHL ke HS g [ & A
T A= ule ARl uiE Adh 2 AT
Aik= A MPolA Al SR A= 718k e
AAE AA AP W 2 &383 JF S0 2
ATS BT & Ue 2A7F E 5 A ol &
T 2] 71 Al o]2F 7ol H
2R SA4H 0w AY 7Hse Ad s 7
As eHsts d YA 2A AR &8E A

B = S B SN
2 oIt

%L—t *J‘Q ’53%*94 =4 %

=

oA @k BA, ke 23 gt e
WBGT thal, @gel AAIOR &% & U A
FeES YRR EYste] Y 53 44 29
2 A AZE71EL Stk A, @Y Bk A%
wEAe) A AY FESt HET g ool wet
AY ST FA Azl Aol Uee AsHsc
o= 7|E TBEFE slolSetelurt @Y AFS 4
A5 uogstel 2QUT o] NAHS BD 5 AL
2 AN AZHOR, Eolett 7% Adony
o w549 A8 sk AL A4 | 9
B PAE Ao 2RI SFES 9Pe Bels
Zo] FelHolu] esict,

www.kiha.kr



302 ZYE: - o|L2 - SHHHE

o] EES 2025~2026WE FPFUSL A48
23] A7) APz Sy AT,

References

American College of Sports Medicine, Armstrong LE,
Casa DJ, et al. American College of Sports Medicine
position stand. Exertional heat illness during training and
competition. Med Sci Sports Exerc. 2007;39(3): 556-572.
https://doi.org/10.1249/MSS.0b013e31802fa199

American Conference of Governmental Industrial
Hygienists(ACGIH). 2026 TLVs and BEls: threshold
limit values for chemical substances and physical
agents & biological exposure indices. Cincinnati, OH:
ACGIH; 2026. p. 239-242

d'Ambrosio Alfano FR, Malchaire J, Palella Bl, Riccio G.
WBGT index revisited after 60 years of use. Ann
Occup Hyg 2014;58(8):955-970
https://doi.org/10.1093/annhyg/meu050

Gautam Biswas, Recent Advances in Forensic Medicine
& Toxicology vol 3. Chapter 8. Autopsy Diagnosis of
Death from Heat Stroke, 2022

Hoppe P. The physiological equivalent temperature—a
universal index for the biometeorological
assessment of the thermal environment. Int J
Biometeorol 1999;43(2):71-75
https://doi.org/10.1007/s004840050118

International Labour Organization(ILO). Heat at work:
implications for safety and health: a global review of
the science, policy and practice. Geneva: I1LO; 2024.
p. 1-89

ISO, Ergonomics of the thermal environment —
Assessment of heat stress using the WBGT (wet
bulb globe temperature) index(Edition 3, 2017)

Kang MS, Belorid M, Kim KR. Development of
impact-based heat health warning system based on
ensemble forecasts of perceived temperature and its
evaluation using heat-related patients in 2019.
Atmosphere 2020;30(2):195-207
https://doi.org/10.14191/Atmos.2020.30.2.195

Kenney WL, Craighead DH, Alexander LM. Heat waves,
aging, and human cardiovascular health. Med Sci
Sports Exerc 2014;46(10):1891-1899
https://doi.org/10.1249/MSS.0000000000000325

Korea Disease Control and Prevention Agency(KDCA).
2024 annual report on heat-related illness
surveillance due to heatwaves. Cheongju: KDCA;

www.kiha.kr

2025

Korea Meteorological Administration(KMA). Apparent
temperature[Internet]. Daejeon: KMA, National
Climate Data Center; c2015 [cited 2024 08 13].
Available from: https://data.kma.go.kr/climate/
windChill/selectWindChillChart.do

Korea Meteorological Administration(KMA). Glossary of
terms for climate change monitoring. Seoul: KMA;
2017

Korea Meteorological Administration(KMA). Number of
heatwave days[Internet]. Daejeon: KMA, National
Climate Data Center; ¢2015 [cited 2025 03 13].
Available from:
https://data.kma.go.kr/climate/heatWave/selectH
eatWaveMixChart.do?pgmNo=674

Korea Occupational Safety and Health Agency(KOSHA).
Guidelines for managing high—-temperature work
environments(KOSHA GUIDE W-12-2017). Ulsan:
KOSHA; 2017. p. 1-12

Lee JS, Song MK, Kim HE. Physiological responses and
subjective sensations by age through seasonal
condition. J Korean Soc Cloth Ind 2009;11(5):
833-839

Ma SJ, Lee NW, Seul SD, Lee JW. A study of heat stress
characteristics on workers in hot workplace by WBGT
index. J Korean Soc Saf 2000;15(1):112-120

Ministry of Employment and Labor(MoEL). Exposure limits
for chemical substances and physical agents(MoEL
Public Notice No. 2020-48). Sejong: MoEL; 2020

Ministry of Employment and Labor(MoEL). Ministry of
Employment and Labor[Internet]. Sejong: MoEL;
c2021 [cited 2025 03 12]. Available from:
https://www.moel.go.kr/index.do

Ministry of Employment and Labor(MoEL). Occupational
Safety and Health Act. Sejong: Ministry of
Government Legislation; 2025

Ministry of Government Legislation(MOLEG). Serious
Accidents Punishment Act. Sejong: MOLEG; 2025

Ministry of National Defense(MND). Ministry of National
Defense Facebookl[Internet]. Seoul: MND [cited
2025 03 12]. Available from: https://www.
facebook.com/MNDKOR

Ministry of the Interior and Safety(MOIS). Framework Act
on the Management of Disasters and Safety. Sejong:
Ministry of Government Legislation; 2025

Morrissey, Margaret C et al. “Heat Safety in the
Workplace: Modified Delphi Consensus to Establish
Strategies and Resources to Protect the US
Workers.” GeoHealth vol. 5,8 €2021GH000443. 1
Aug. 2021, doi:10.1029/2021GH000443

National Institute for Occupational Safety and

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(3): 293-303


https://data.kma.go.kr/climate/windChill/selectWindChillChart.do
https://data.kma.go.kr/climate/heatWave/selectHeatWaveMixChart.do?pgmNo=674
https://www.facebook.com/MNDKOR

2o o3 XY

Health(NIOSH). Criteria for a recommended
standard: occupational exposure to heat and hot
environments. Cincinnati, OH: U.S. Department of
Health and Human Services, Centers for Disease
Control and Prevention, NIOSH; 2016. DHHS(NIOSH)
Publication No. 2016-106
https://doi.org/10.26616/NIOSHPUB2016106

Occupational Safety and Health Administration(OSHA).
Heat injury and illness prevention in outdoor and
indoor work settings; proposed rule. Fed Regist
2024;89(169):70698-71073

Occupational Safety and Health Administration(OSHA).
Heat—hazard recognition[Internet]. Washington, DC:
U.S. Department of Labor, OSHA [cited 2025 03 13].
Available from:
https://www.osha.gov/heat-exposure/hazards

Paik NW. Introduction to industrial hygiene. 2nd ed. Seoul:
Shinkwang Publishing; 2003

Parajuli SP, Biggs T, Lopez Galvez N, Quintana P,
Ciborowski H, et al. Heat-related rest-break
recommendations for farmworkers in California
based on wet-bulb globe temperature. Commun
Earth Environ 2025;6:359
https://doi.org/10.1038/s43247-025-02327-9

Park JK, Jung WS, Kim SC, Park GU. On the characteristics
of globe temperature variation observed at
downtown in summer season. J Environ Sci Int

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(3): 293-303

oM R Wit MRS 28 MY 84 22| Wet 2o et 3¢ 303

2008;17(8):907-918
https://doi.org/10.5322/JES.2008.17.8.907

Shin SM, Byun SH, Shim SH. A study on measures to
improve prevention of health disorders due to
heatwaves and cold waves. Ulsan: Occupational
Safety and Health Research Institute; 2022

Sim HT. A study on factors influencing heat stress among
maintenance workers at a thermal power plant.
Master's thesis, Catholic University of Pusan, Busan.
2025

SunZ, Chen C, Xu D, Li T. Effects of ambient temperature
on myocardial infarction: a systematic review and
meta—analysis. Environ Pollut 2018;241:1106-1114
https://doi.org/10.1016/j.envpol.2018.06.045

U.S. Army Training and Doctrine Command(TRADOC).
TRADOC Regulation 350-29: prevention of heat and
cold casualties. Fort Eustis, VA: Headquarters, U.S.
Army Training and Doctrine Command; 2023

Woo KS, Kim DE, Chae SM. High temperature-related
mortality in Korea: a meta—analysis of the empirical
evidence. Health Soc Welf Rev 2019;39(2):10-36
https://doi.org/10.15709/hswr.2019.39.2.10

<XXHE >
AYE(IFLES AR, oA L H et
i), SHAAFHALN R HdEo| o3 wp)

www.kiha.kr



