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ABSTRACT

Objectives: The climate crisis has arrived and heat-related illnesses are increasing. It is necessary to discover new
high—heat risk industries and understand the environment . It is also necessary to prioritize risks of industries that
have not been included in the management target to date. The study was intended to monitor and evaluate the
thermal risk of high—priority workplaces.

Methods: A prioritization method was developed based on five factors: occurrence of and death due to
heat-related illnesses, work environment monitoring, indoor work rate, small heat source, and limited heat
dissipation. it, was applied to industrial accidents caused by heat-related illnesses. Wet bulb temperature index
and apparent temperature were measured in July and August at 24 workplaces in seven industries and
assessed for thermal risk.

Results: The wet bulb temperature index was in the range of 23.8~31.9C, and exposure limits were exceeded
in the growing of crops, food services activities and accommodation, and building construction. The apparent
temperature was in the range of 26.8~36.7°C, and exceeded the temperature standard for issuing heatwave
warnings in growing of crops, food services activities and accommodation, warehousing, welding, and building
construction. Both temperature index in growing of crops and building construction were higher than the
outside air temperature.

Conclusions: In the workplace, risks in industries that have not be controlled and recognized through existing
systems was identified. it is necessary to provide break times according to the work-rest time ratio required
during dangerous time period.
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Figure 1. Process of industries selection for thermal environmental monitoring
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Table 1. Heat-related illness and fatality, number of high—heat worksites and percentage of outdoors workers for prioritization

weights

Evidence data for second selection

. Percentage Ranking of Related welding
First selected industries Heat Heat MOS} S.'m'.'a“ Ngmber of of outdoor percentage of  industry —
-related -related KSIC division high—heat k d )
illness  fatality code worksites WOTKETS eltoloTes TERES2iE e
(%) workers  KSIC class code
Food service activities and accommodation 3 1 55~56 1 1.3 34
Warehousing 1 0 52 0 10.4 17
Building construction 55 0 41 2 421 5
Growing of croups 2 0 01 1 61.6 2
Manufacture of parts and accessories for motor 2 0 30 747 10 36 30201
vehicles
Manufacture of other machinery and its parts 1 0 29 756 2.8 28 31202
Manufacture of other electrical equipment 1 0 28 405 1.9 32 26291
Manufacture of metal products for construction 2 0 25 3622 3.7 23 24132
Building,' maintenance and repair services of 2 0 31 3 15.7 12 31111
steel ships
Other construction 20 5 4 2 421 5
Public laboring 16 0 4 2 421 5
Sanitation and similar services 6 2 74 3 12.6 14
Personal and houshold servies 2 0 96 27 2.3 29
Wholesale and retail trade, maintenance and 4 0 4547 8 35 %6
repair services of household goods
Silviculture activities 7 2 02 1 61.9 1
Insurance and pension funding 1 1 65 0 2.8 27
General management services of buliding, etc. 4 0 74 3 12.6 14
Land cargo handling 2 1 52 0 10.4 17
Transport via railways 1 0 49 0 11.5 16
land stevedoring in the port 1 0 52 0 10.4 17
Construction of hydro power plant 1 1 41 2 42.1 5
Business services 3 0 75 3 18.1 11
Support activities for agriculture 2 1 01 1 61.6 2
Construction headquarters 1 0 41 2 42.1 5
Insltalllation of machinery equipment for 1 0 1 2 366 10
building
Manufacture of fabricated plastics products 3 0 22 1163 0.6 37
Animal production 1 0 01 1 61.6 2
Manufacture of rubber products 1 0 22 1163 0.6 37
Dyeing and finishing 1 0 13 681 0.6 39
Casting of iron, steel and non—ferrous metals 2 0 24 1249 1.9 31
Manufacture of meat and dairy products 1 0 10 885 2.1 30
Manufacture of other chemical products 1 0 20 520 1.3 33
quk_binding or service activities related to 1 0 18 135 12 35
printing
Coating of metals 1 1 25 3622 3.7 23
Other manufacturing 2 0 33 122 54 20
Manufacture of stationery and artists' goods 1 0 33 122 5.4 20
Manufacture of wood furniture 1 0 32 95 4.3 22
Manufacture of other febricated metal 1 0 25 3622 37 23
products
Manufacture of clay products for construction 1 0 23 817 13.8 13
"KSIC: Korean Standard Industrial Classification
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 230-246 www.kiha.kr
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Table 2. Scores and rankings for prioritization weights

Weight for second selection

First selected industries (1) liness ) il (3) Indoor (4) Heat (5) Limited Total  Weight
or fatality to cond;; ct work source . hleat. weight  ranking
WEM (small)  dissipation
Food service activities and accommodation 1.6 5 4 30 40.6 1
Warehousing 0.0 5 2 30 37.0 2
Building construction 30.0 5 1 36.0 3
Growing of crops 0.4 5 0 30 354 4
Manufacture of parts and accessories for motor vehicles 0.4 0 5 30 35.4 4
Manufacture of other machinery and its parts 0.0 0 4 30 34.0 6
Manufacture of other electrical equipment 0.0 0 4 30 34.0 6
Manufacture of metal products for construction 0.4 0 3 30 33.4 8
Building, maintenance and repair services of steel ships 0.4 0 2 30 324 9
Other construction 11.8 5 1 17.8 10
Public laboring 6.1 5 1 12.1 "
Sanitation and similar services 3.6 5 2 10.6 12
Personal and houshold servies 0.4 5 4 9.4 13
\S/\elfrw\ilceesslifaagugztsgldtrgcggasmaintenance and repair 12 5 3 92 14
Silviculture activities 4.1 5 0 9.1 15
Insurance and pension funding 0.8 5 3 8.8 16
General management services of buliding, etc. 1.2 5 2 8.2 17
Land cargo handling 1.2 5 2 8.2 17
Transport via railways 0.0 5 2 7.0 19
land stevedoring in the port 0.0 5 2 7.0 19
Construction of hydro power plants 0.8 5 1 6.8 21
Business services 0.8 5 1 6.8 21
Support activities for agriculture 1.2 5 0 6.2 23
Construction headquarters 0.0 5 1 6.0 24
Installation of machinery equipment for building 0.0 5 1 6.0 24
Manufacture of fabricated plastics products 0.8 0 5 5.8 26
Animal production 0.0 5 0 5.0 27
Manufacture of rubber products 0.0 0 5 5.0 27
Dyeing and finishing 0.0 0 5 5.0 27
Casting of iron, steel and non-ferrous metals 0.4 0 4 4.4 30
Manufacture of meat and dairy products 0.0 0 4 4.0 31
Manufacture of other chemical products 0.0 0 4 4.0 31
Bookbinding or service activities related to printing 0.0 0 4 4.0 31
Coating of metals 0.8 0 3 3.8 34
Other manufacturing 0.4 0 3 3.4 35
Manufacture of stationery and artists' goods 0.0 0 3 3.0 36
Manufacture of wood furniture 0.0 0 3 3.0 36
Manufacture of other febricated metal products 0.0 0 3 3.0 36
Manufacture of clay products for construction 0.0 0 2 2.0 39

"WEM: Work Environment Monitoring
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Table 3. Thermal environment monitoring conditions for each monitoring point

Monitoring

Unit

Work Work-rest In/outdo  Cooling

unit e eniEs workplace Liuri:s intensity ratio or (counts) figgier Lz
A Water Greenhouse 2 Light Countinuous Out. - Gyeongbuk 7.22
. culture work
Growing of crops Counti
B Soil culture Greenhouse 3 Heavy ou&/cl)r:IL(Jous Out. - Chungbuk 7.25
Food service Countinuous
C activities and ~ Cooking Cuisine 3 Moderate work In. Fan(1) Seoul  7.26, 8.18
accommodation
Loading . Countinuous _ . N
D . place 3 Light work Out. Gyeonggi  8.3-84
. riving
Warehousing ; Room f
forklif
E orklitt temperature 2 Light COUCJ(';EOUS In. Fan(1) Gyeonggi  8.3-8.4
warehouse
Welding . Welding . Countinuous Fan(1), . ~
F industries Welding place 8 Light work In. Air con.(1) Gyeonggi  8.4-8.5
Building Material Loading Countinuous _ . .
G construction handling place 7 Heavy work Out. Gwangju  8.16-8.19
H Public laboring Field work Road/off 2 Moderate Countinuous Out. - Seoul 8.24
road work
. Building, Assembly Assembly 1 Light Countinuous In. _ Busan 8.26
maintenance and factory work
repair services of . Loading . Countinuous _
J steel ships Loading place 1 Light work Out. Busan 8.26

Table 4. Thermal environment monitoring results and the difference between these values and meteorological data

WBGT Apparent temperature Difference between workplace and MOP
Monitoring Workplace MOPT Workplace MOP WBGT teﬁgs::tztre
unit
A u AR IV IR P Diffierence p-value Diffierence p-value
(range) (range) (range) (range)
26.6 26.3 31.2 29.3
A 060272 00T og1267) OO0T (309316 00T (p97597 COT 03 100 1.9 050
324 28.0 35.9 31.0
B 15339 %0 (78280 °%® @si367 °7° @os3ig 008 44 004 49 002
26.6 27.1 315 30.1 ~
C (23.9-29.9) 0.67 (23.8-28.7) <0.01 (28.3-35.4) 0.62 (26.8-31.7) <0.01 0.5 1.00 1.4 0.50
29.0 28.3 32.9 31.3
D 086202 9% (og1-286 °9%* @21-335 9% @131 04 07 01816 007
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Table 4. Continued
WBGT Apparent temperature Difference between workplace and MOP
Monitoring Workplace MOPT Workplace MOP WBGT AT
unit temperature
Average pt Average AU AU P Diffierence p-value Diffierence p-value
(range) (range) (range) (range)
23.8 28.2 26.8 31.2 _ _
E (23.8-23.8) 0.01 (27.9-28.6) 0.01 (26.8-26.9) 0.01 (30.9-31.6) 0.01 4.4 0.50 4.4 0.50
28.6 28.3 335 31.3
F (27.7-29.6) 0.94 (27.2-28.8) 0.01 (32.3-34.9) 0.96 (30.2-31.8) 0.01 0.4 0.50 2.3 0.25
29.4 28.2 32.9 31.2
G (282308 99 (742070 O (313343 9% (04327 0% 12002 16 00
22.9 24.7 27.3 27.7 _ ~
H (22.9-23.0) <0.01 (24.7-24.8) 0.01 (27.2-27.2) <0.01 (27.7-27.8) 0.01 1.8 0.35 0.5 0.50
I 23.4 - 23.0 - 27.6 - 26.0 - 0.4 - 1.6 -
J 25.3 - 23.0 - 28.1 - 26.0 - 2.3 - 2.1 -
"WBGT: wet bulb globe temperature TMOP: meteorological observation point
™P: p-value of normality test
| |
339
3251
VRO ROPR VROt VPRUIOPROON WRUUIVIOPIOVIVPITON 01 O 8 SO0 O 1 Light 25% work _ _ . icicicicicimicemeen ]
SO O SV SO Light S0%work _ . . o]
...................................... Moderate, 25% work . ___ ___ ...
Industries
SO S S T A 1 A Light, 78%work__ |, R A1 & Growing owater culture)
. 308 & Growing (soil culture)
20,0 = Heavy. 25% work & light. 100% work 20- & Food senice activities
29.9 296 ] ) )
) 297 & Warehousing (loding)
-------------------------- '29%'-------ﬂaééré(e"éo'%wo}ﬁ--'-"2'9'5"""""""""""" @ Warehousing (warehouse)
N 291 ag 7 & Welding
:i_), [ X J @ Building construction
(6] 286 286 %8 B 38 2 @ Publiclaboring
e Ll Moderate, 78%Work _______________.__..__..__..___| o e
° Heavy, 50% work i o »;(ass?mbly)
2751 27.7 @ Ship-building (loading)
272
Work intensity
"""""""""""""""""""""" Moderate, 100% work Tl Light
1 1 A Moderate
76 76 Heavy, 75% work W Heawy
%:v 3
e Heavy, 100% work
A
238 238 23.9 23.4
®
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4
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2251
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o o S o o
® PP PP PP PP L
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Figure 2. Monitored values, industry, occupational intensity and exposure limits of wet bulb globe temperature
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Figure 3. Monitored values, industry, occupational intensity and exposure limits of apparent temperature

Journal of Korean Society of Occupational and Environmenta

| Hygiene, 2023: 33(2): 230-246 www.kiha.kr



240 AIMO| - O[3 - 7| - BHEDI - BAIS - 2NS
&
®] 6.1
41
o
O3 - 10 Industries
3 i & Growing (water culture)
3 3
s 5 O & Growing (soil culture)
g <; 9 23 @ Food senice activities
g & Warehousing (loding)
® 1.2 @ Warehousing (warehouse)
£ | 0.9 & Weldi
s 1<> 08 07 S elding
S 0.5 o 09 @ Building construction
£ & 0.5¢ 0.4 i )
® 0.4< * @ Publiclaboring
P 0T % o ®  Ship-building (assembly)
% 0.1 %02 0 @ Ship-building (loading)
£
3 Indoor/outdoor
C
o @ Indoor
) -1.8
o S <> Outdoor
-1.8
°
N 27
<
-41
.
-4.8
: ' > o ’\ Q> °.r ‘b-
9'\59’ 9'\%\59 9‘6%6%%& 9%\9%\9%\9%\ 9%9/ IS
V V VoV v V
) WA WA WA '1’}"0' &
® PP L300 PP PP ¢ P
Monitoring day

Figure 4. Average by industry and process and difference between the value and meteorological data of wet bulb globe

temperature
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Figure 5. Average by industry and process and difference between the value and meteorological data of apparent temperature
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