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A Study of Heat Stress Characteristics on Workers in Hot
Workplace by WBGT Index
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Abstract : We have compared the regulations of hot environment workpaces between Korea and ACGIH,
then pointed out some insufficiences of Korean regulations for occupational hygiene and safety. And
investigated the heat stress characteristics of laboratory, lathe and foundry working. The metabolic heat
loads of those workplaces were obtained as 120, 300 2 660 keal/hr based on WBGT index. WBGT index
could be depended on weather condition, therefore useful for controlling working and rest times etc, but
Belding-hatch index was represented by. strength of working, definitely this would be convinjent result for
arranging countermeasures of workers in hot environments by estimating metabolic heat and signs of fatigue.
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HhH © Z = WBGT(wet
bulb globe temperature)ll ol kel AE-A
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= Aol 9o, AdAFT-2E(natural wet bulb
temperature), <72 E(globe temperature) X F 7|
2xol g2 2 iR ZEAQ 2 4FA ALt
o] 7h53het.

WBGTA L &4 ﬂﬁoﬂ e TEAE
o Qa9 AP o tehie WHoE
A, FAFeR FUA OSHA(Occupatlonal Safety
and Health Administration), ACGIH, ISO(International
Organization for Standardization). NIOSH(National
Institute of Occupational Safety and Health) 2
AIHA(American Industrial Hygiene Association) 5
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2.2.2. A A YA} A (Metabolic heat)] A+

AAQBANN 7|EEHE o] &3] AR YA}
dg =43 W2 ACGIHAA A A8 Table
19] Gebd vle} 2o 712S o] 83’ o] AL
ARHA JE o] @ G anFoE &
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SO M E 7124 AAAbE e} &, 249
ek AA ) Yo B AAYALE B IF
Hejo] 2 AT FYero] B2 A7
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EAQ AR YA o], BEA, 7] o #A
531, Ao ga FHe 44 watts/mo) T,

] @ F24420) wa WBGTY e tha
o2 AAYALD Y e NIIER TR AL
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Table 1. Guidelines for assessing workioad”
A. Body position and movement

Kcal/min Remark

Sitti 0.3
g Average values of metabolic

rate during different activities
to be added basal metabolism
2.0 -30 of 1.0 Kcal/min

Standing 0.6

Walking

Walking up hill | add 0.8 | per meter(yard) rise

W, M4, ojxe

£ 4@ 2k

Mixth+MyXth+ ... + M, X1,
H .. +t,

Av. M =

223. ¥ 2A G AL

AUl x Bz AEE A A%
WBGTAGE 572E, ATLES Ad&TL
Z=(NBGT : natural wet bulb globe temperature) 2
2 the 40T 4 7ol AR

D Aol BABAE 4H wARE B35
WBGT = 0.7 NWBT + 0.3 GT 3)

2) Aol AAFAL W AS
WBGT = 0.7 NWBT+0.2 GT+0.1 DB (4)

2] 31 Belding-Hatchol] ¢]3+ 32 x|& o}
& 259 2ol Aatd 4 Uk

HSIzM—};f;—C 5)

gl @A A A FHe) G A
Pge gt g,

1) At
R=11.3RT— T¥) (6)
ke 28313 e 29 g 2A% A
[£=1-0.5(clo}]

A7l A 1L GAGA ] gig Felzm 0.7
dlA o} R FReel 49l die ghelw, of

71
2 Ao i i i A
Average Range 2 @A ¢ Athermal insulation index)EZA] BT}
Kcal/min | Kcal/min ALA B ZE-S Table 29} 2t}
Hand work light 0.4 02-12 . , o
heavy 0.9 Table 2. Threshold ||7rjn|t value WBGT correction factors in C
. for clothing
Work with one arm light L0 07-25 N
heavy 1.7 Clothing type Clo. Value
Work with both arms light 1.5 10 - 35 Summer work uniform 0.6
heavy 25
Cotton coveralls 1.0
light 3.5 - -
Work with body tx:wdc:rane 5.0 25 - 15.0 Winter work uniform 14
eavy 7.0
very heavy 9.0 Water barrier, permeables 1.2
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2) BARZRE (T)
RT=[(T,+213)" +0.248(10°) T, — T( G)™*1°# —273

N
3) dFg ¥3t
C=KW'(T,—T) 8
4) A GEod
E o = 26 V)*¥(42 — PPA) )
(E-pLe=Teyg s (10)
1555

E:exp-(214- i37:5l ).
[ T, : wet bulb temperature (K) ]

P = 1014 - (£ ) [ H : altitude (m) ]

=
AF L AAdFT2ENWBD Y S H 9
T -5ToA +50Co|M AEEE F05TEA
ATF2EE 549 fEA AF2=AE AHE-3
93, NWBT|= Assmanns3E 7 & Al(Psychrometer)
(Japan, SATO-7400)7} AMEEAT). FFLEE
AR R AL Hog HAx Qi F7|e] A
Zol He o 2= Jrt AXFAHALS 7
33 NWBTY] H &2 He 252 A8 A

Table 3. Comparison of Permissible Heat Exposure ('C

dzleiy 2aiel FERSY

E72EAl(Korea, DK-012)= HAIEE &
&t whyol ARSEa, 229 AW E 5T
oA +150Col™ HAYEE £0.5TCo|th oA
Z) 7ol 15cmo] 1L, BAlE S 58 & JEE H
o] glow, T2 vHE F¥E 9 Wil nHY3}
o 1A 7wt} S48

oX

33. 37158k

dole) F&% LEE 23T & UEE AR
H F&A) (digital anemometer)(Japan Lutron AM-
4203)E Fol@o 2, BaF Fae} Azt
gt ol Fte F4E F e YAk

23

34. 2AY 53
BAAMRSL AHHE e 284S 39

shed] Bastm, NIOSH7L F3shs A

o Al A LhEh ARR-S 0.950]

NLE(T), FRE (1) R 35

Aol Heh YTALES

TyoTe+ (T, V)Y (T, + T,) C (1D
4 Z3 3t nE

4.1, HAFEe| vl

FEvete] 2987 PR BEd 2
24357 2 B t4°% vl 9 ACGH
292 N2 ulwslr] ¢)3te Fig. 19} Table 3-&
Ve 21t} Fig. 16 ACGIHO| Al A A8 Q)

) between Korea & ACGIH regulation, WBGT Criterion Values for Work Rates

Light Moderate Heavy
Hourly ACGIH ACGIH ACGIH
Activi K Ko
4 orea unacclimatized |acclimatized Korea unacclimatized | acclimatized orea unacclimatized | acclimatized
100% work | 30.0 27.0 30.0 26.7 250 28.0 25.0 225 26.5
75% work | 54 6 285 310 28.0 265 200 250 2453 275
25% rest
;23’ work |4 4 30.0 32.0 294 28.0 30.0 279 26.0 285
o rest

0,
25% work | 5 5 310 325 122 295 315 30,0 275 305
75% rest

A oLE BHE|X|, 153 M3, 20004
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°F |°C

113|454
Acclimatized

— —~— - Unacclimatized

95135+

60 min /hr

ENVIRONMENTAL HEAT -~ WBGT

~ 60 min /hr

68 (201

l(')O 2(I)0 3(')0 4(')0 5(')0 kcabhre

400 800 1200 1600 2000 Btwhr

116 233 349 465 580 waus
METABOLIC HEAT

Permissible heat exposure TLVs for heat acclimated
and unacciimated workers

Fig. 1.

2229 AFHE R W& WBGTA T
ZiAbE F o] AadE JEll gk oA
& X gAIE o] Fo| AHHE FeFTUTE
L xof 2§ Ao/t W& HAFIL ) o
9}zro] ACGIH| A 2 &3} Fig. 14+ ol¢} #H
# ACGIH® 2437 g =&71%3 $-g
ueke] 71&S FAIF e v mste] Table 39
et mtetA vty JlEe 2493
ol e s8r1FES AL o =229 5
g AgEE Fw3 nstdof vt F 24
Aot 2EAPZ dg H8Fo] e 224
oFe] Atolol= Foll ik A g8 zpol7} U
of Egtd] ojo] g mrt HA| ¢z gt
TAHeZ w3tA fvtete] 74L& ACGH
o] AN AE A Ao HLHA &
3RS A5 g FEs sk ok

o > rir

42 _’E!EHAP”——I ¥ g
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2229 tA B A#E T e =
@ 4u1a 2 2k 4 mx}%—g au g 2
o

ool B¥ gAY FoRE A AR
ERS] AgRas 4 ge 294 28R,
Fo1¥e ¥5E aFste ARAUR % A
4o AAVHE aFe PRI 2EAE
Bz AYsE o Ade] DL YR
kel BANE, Z AA A% 2 A

223} 2] TR U AAUALY 23
TH-2 ACGIH7# A 1+ Table 1& o] 8319
om 2 A AdE APATTEA date] of
Bsh 2ol ehigiT

Standing along 0.6 Kcal/min
Hand work 04 Kcal/min
Basal metabolism 1.0 Kcal/min
Total Kcal/min 2.0 Kcal/min (120 Kcal/hr)

AZicjAE o] A4 T
£ T8 Table 49} 2} o]} o] H7A 9 o)
A9 AREeel BE QL) puEe
Ade Az FgPeo] mep AAAL e

AL FFol T

120, 300 ¢ 660 Kcalhr 7} 2651 31&S &
& th o] A¥E QHEA|FHSDY} U #

A7 vk @R 2A5E AN Petels A
(5)° LhER shst o] WA e gte] /1]

Table 4. Comparision of metabolic heat for three kinds of work

(Unit : Kcal/min }
Laboratory Lathe work | Foundry work
work
Body position | standing |  } \oyino | 20 | walking | 3.0
& movement | along
Type of hand 04 'Klo{)]:)th 20 work 70
work work | ™ | with body|
arms
Basal
metabolism 1.0 1.0 1.0
Total 2.0 5.0 11.0

Journal of the KilS, Vol. 15, No. 1, 2000
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B2 AdgAdel 2 9Fe e dFug
a3 AuzA5t BA 4 A9 & F
ek weA oleld 2EAEY EEHY Bl
g flatel 2RYY R FANL 2%, 42T
JRrel FFAY, AAANY TR 7712
3% AFERAY 08 AN TG Fe A
Aoz o HEH BE B Ed
Ao 2 oS

43. A2 X[ A M

2 Aged deg MriAe 2ol A
WBGTA|=¢} Belding-Hatch®| =& A|4+38le] H]
mat Aoy BARe ABAE AP
A e ANAAFOR Helo] WBGTASE
2(3)8 ©]&3}1, Belding-Hatche] A]=(HSD)&=
21(5)9) Aol o &5 F3leo] 4bESh

4.3.1. Wet-bulb globe temperature index

NEE A7k At el HEA, AuEy
2239 M 8 WBGTAIS AL thae 4(3)
WBGT = 0.7 NWBT + 0.3 GTo] thdabe] A4k
AT Zhztel Aol By AeA SH A
o} o] o 2 5 A4t® WBGT o] o] o 7}
A8 G At et gk GA| Table 5, 6, 7]
etk A7l o8 7HA] AEE b,
-t Bk SRBEFI FANL Sol w7
7 e g tehd £ 3, 85 Al Az
7} ¥ 1t (time welghted average) WBGTE t}S 2
% ol ARtsitt. o] 4o WBGT,, WBGT,
...... WBGT,.= i, t, ... ta 59F2] WBGTo}t}

WBGT, * t,+ WBGT,x t,+ - WBGT, X ,

Av. WBGT = sy

(12)

4.3.2. Belding-Hatch X 4=

Belding-Hatch#| == 4](5) H s I = MERLC

of chgeted Aals) 9s) olyel F4ol Imhsec
Qo) AT 22 AABPel hE P

g @ A= st gFF Zo] Adste PRt
a : Air temperature = 22T
Wet-bulb temperature = 17 C

I
w
>
@)

Mean radiant temperature

grI oo gral x|, M153 1%, 20004

22X Y E2EHO

i

Fet oA

fac

Air speed(in laboratory) = 0.5 m/sec
Insulation value of clothing = 0.6 clo.
Then water vapour pressure = 12 mmHg
M : Metabolic heat = 120 Kcal/hr
R : Radiative heat = 29 Kcalhr
C : Convective heat = -60 Kcal/hr
Emax = 277 Kcal/hr

1) EAtde] digh H-aHR)= 2(6) : R = 11.3

k (RT - Ts)ell tigiste] ALkgct.

o 7)ol A

(D) #Fg3tx A& 2o g g k (thermal
insulation index) = 1 - 0.5(clo)ol] 0.9&
el gk

) BARZERDE A7)
RT = [ (Tgt273)" + 0.248 (10%) (T¢-Ta)
(Gy)* 1"% - 2739 i e o%ﬂoﬂH

T2l $3A 7 329Cela, ZEF2EA

FH 9] G, (Air speed)= 1.0 m/secE 3}
™ RTE oF 54T o]t}

(3) FH9 2E(T9)e EFF F$-E A9
Bae AR 35To|2R olF O
Fig=}

2) A AL E ME 99 42004 Loizl 3
7HA 9] A}z A 120, 300 2 660 Keal/hr
£ 77t gidstdeh

3) HFLOY Pk A C=k (V) (T
- Ts )l dlqlsled Alxtaich
A7NA V = AR 2ol F4E
(0.5 m/min : 30 m/hr)E )¢}

4) FHof FSEHFHEMaxX)T  A(9) Enx =
<v )’ (42 - PPA)°] mo,ss}oq A 3}1

=71 B2 2(10) diygste] AL
‘RiEP. weha] AEAA 27 14:30 A<
A7z e Adstd Hsl = 018 =60

X 100 = 68.2%7} =™, o] o] Ao
A ZE ARE dYdstd AL A
Table §, 6, 7¢] e ch

@312 3wg A% A8 HSp
WBGTA4+% T3H= Wae olgstgort o
SR e AR BE ARAE AL
7) o) Nz Aade I HEEE o
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Table 5. Variations in environmental measurement and heat
stress indices in a laboratory - April

Time  |09:30|10:30|11:30]13:30] 14:30] 15:30} 16:30] 17:30
Radiant 343 476 | 533 |57.5 | 54.0 | 505 | 424 | 207
Temp.(C)

Dry bulb
Tonnte) | 180 [185 1200 |, 01220220205 | 215
Wet bulb 1166 165 | 165 | 160 | 17.0 | 165 | 160 | 155
Temp.(C)
Relative
homidyeg |82 |82 |71 |64 6l |7 |55 |3
WBGT(C) |19.5 |21.4 |23.4 [24.8 | 253 | 249 [ 226 [ 223
GI(C) 23.0 280 |31.2 {33.5 | 329 [315 [27.5 | 240
HSI (%) | 13.7 482 |64.1 | 750 |682 | 59.6 | 366 | 73

Table 6. Variations in environmental measurement and heat
stress indices in a lathe working factory - April

Time 09;30{10:30|11:30113:30| 14:30(15:30|16:30/17:30

Radiant
Temp.('C)

59.8 {682 (729 {773 |75.1 |679 |68.4 |60.9

Dry bulb 1160 1190 |21.0 |21.0 |21.0 {220 [18.0 [175
Temp.(C)

Wet bulb
Temp.(C)

14.0 {150 (150 |15.0 [15.0 {16.0 150 |15.0

Relative
humidity(%) 81 65 |52 |52 |52 {54 |73 77

WBGT('C) (205 |243 |26.7 |27.3 |27.0 |27.0 |23.4 |22.0
GT(C) 31.0 |31.0 [40.0 |42.0 [41.0 |38.5 |36.0 |325
HSI (%) 132.91157.6/166.6)176.7|171.7161.81156.5) 140.1

Table 7. Variations in environmental measurement and heat
stress indices in a foundry working factory - April

Time 09;30 |10:30]11:30(13:30{14:30| 15:30]16:30|17:30

Radiant

Temp.('C) 49.8 1493 169.5 |72.9 |73.6 |58.6 |57.8 {509

Dry bulb 1195 1205 |21.0 [225 | 235 [24.0 | 23.0 | 225
Temp.('C)

Wet bulb

Temp(C) 170 {185 |18.5 [19.0 |19.0 | 185 [ 18.0 | 18.0
Relative v
humidity(%) 86 83 79 {79 |65 59 |62 |65
WBGT(C) |22.5 (234 (263 (281 {29.1 (276 {266 |254
GT(C) 29.5 |30.0 |38.5 [41.0 |42.0 [36.0 |35.0 [32.0

HSI (%) 261.7 |276.7{332.5|344.5|338.4(292.2| 283.5) 267.9
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Fig. 2. Comparision of radiant heat load according to working
times by 3 kinds work

45 Hu2X|$

YA g JAAFAE B4 g AU
o) ik 371A 9] 2270l st WBGTH
9} Belding-Hatch®] HSIX|<+& A4lsle] Fig.
3, 494 FFTHE v L H T WBGTA| & 7]
Fz0 et Be AolE Yehinz 59
71 &0l & L3 Aol 71 =k mpaba HA)|
o AR A A AlIZH R E AlAlE WBGTA =&
Fig. 13} Table 3o veld 7|& 5L v sty
AAAHQ ZAAAH FAMD T 2o &8
g 5 e AR gFHrt 53] g5 FEH
o] QA F& FEAe Udt WBGTA| 9] &8-&
s F2% TS & AoR JFdrt

Iy} Belding-Hatch®] HSIR|FE= EAlg 3
2L 715248 olyg JdFYHHY nE F
o A, U H o 93 ANHRR

Joundal of the KIIS, Vol. 15, No. 1, 2000



WBGTA|-E 0|88t RLAIT 22Ate| Fr|2EHol| Wt 37

AZIALEEe] AvgRtol7t e HFol o3
e AxE vt sl ol A(S)el o8
Adstdth. @k WBGTA = 7% ©E
APz MSHE A F8ka, HSIAFE ¢
Zo) W} 72zt vzEy UL THTF =
g A5 § Jon ARALE ALY 7z
A2 ZE&F F AUtk ol 22 A
& A lojM e b 22 27E0] H
FHoz Rz Fnt

A, 2R T AT AoAM FA
doll gt g&o] Fadt AR o)t} ol
A&7 i de ALEY TR A 2y
91 ZKthermal insulation index)7} W& zlo]E Zt
I UFoE oo gt ALtr]Eoly A3 o] M

297 0.
ey
- a.
a7t /éz,,.c.‘----"'x\x X g
¢ / O A\
o 25 .o -0
3 .l /:( o
C /
s |0 °
gaft / °
; .
gl o]
! . O Laboratory
! —X—Lathe
17+ i3 Foundry

9:30  10:30 11:30 12:30 13:30 14:30 15:30 16:30
Time(hr)

Fig. 3. Comparison of WBGT index according to working

times by 3 kinds work
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NOMENCLEATURE
A4S : heat accumulation (kcal/hr)
C : convective heat load function (kcallh»)
E : evaporative heat (kcal/hy)
Emsx : maximum sweat evaporative capacity (kcallhr)
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WBGT
NWBT
NBGT

PPA

120

: radiant heat load (kcal/hr)

: metabolic cost of work (kcal/h»)

: Wet bulb-globe temperature index

: Natural wet-bulb temperature

: Natural wet bulb temperature

1 Globe temperature

: Dry bulb temperature

: thermal insulation index

: skin temperature (C)

: mean radiant temperature (C)

: Globe temperature (C)

: Dry bulb temperature (C)

1 Air speed next to black globe (m/sec)
: Air speed next to worker (m/min)

1 Vapour pressure of water at 35 C and

100 % relative humidity

: Partial pressure of water vapour in air

(mm Hg)

2)
3)

4)

5)

6)

7

8)

it

re:

IF

AHF 9 6, AFHABY MATES, A%
Z AL pp. 64~74, 1990,

Z2TA, AQR AT, FEAL pp. 212~220, 1986.
eEREgedtd T, AYE waRy
AR, FTAAEA T, p. 98, 1998.
3 dtA T, APAES AL
Al A 91-21%), p. 81, 1991,

ISO, International Standard ISO 7243, Second
edition, Hot environments - Estimation of the heat
stress on working man, based on the WBGT index, 1989.
ATHA, The occupational environment, It's evaluation
and control, Thermal Standard and Measure-
ment Techniques, 1997.

ACGIH world wide, TLVs and BEIs, Threshold
Limit Values for Chemical Substances and
Physical Agents, 1998.

Gun, R. T., Studies of Heat Stress in Selected
Occupation in South Australia. 1987.

) =]
A

Joumnal of the KIIS, Vol. 15, No. 1, 2000



