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Multiple Exposure to Occupational Hazards in Workplace by
Examining Korean Working Conditions Survey
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ABSTRACT

Objectives: This study aimed to analyze patterns of multiple exposures to hazardous occupational factors using
data from the 6th Korean Working Conditions Survey (KWCS) and to provide insights for improving workplace
environments.

Methods: ‘Multiple exposure’ was defined as exposure to two or more hazardous factors, either concurrently
or sequentially, during at least a quarter of working hours. Hazards analyzed included exposure to vibration,
noise, hot or cold temperatures, inhalation of dust or vapors, skin contact with harmful substances, and
musculoskeletal risk factors. Statistical analyses included x* tests to compare groups and multivariate logistic
regression to identify factors influencing multiple exposures with R software (version 4.3.1).

Results: Out of 50,538 original respondents, multiple exposure status could be determined for 50,405
individuals, and, after applying weights, 17,915 respondents (35.6%) were identified as being exposed to two
or more hazardous factors (multi-exposure). A comparative analysis between multi-exposure and
non-multi-exposure groups revealed statistically significant differences (p{0.05) in variables of gender, age,
employment status, type of employment, workplace size, and occupation. 471 combinations of hazardous
factors in multiple exposure were identified. ‘high temperature’ + ‘low temperature’ and vapor + skin exposure
combinations had correlation coefficients above 0.5. Characteristics such as ‘male workers’, occupation of
‘those in skilled trades’, and industries of ‘manufacturing’ and ‘construction’ were associated with higher
tendencies for multi-exposure.

Conclusions: The findings highlight that many workers were exposed to two or more hazardous factors during
their work, with certain occupations and industries showing particularly high tendencies for multiple
exposures. When co—exposed, multiple factors may interact to adversely affect workers' health. Therefore,
it is essential to pay attention to multiple exposures and establish and implement management strategies to
address them.

Key words: additive—effect, combined—exposure, KWCS, multiple-exposure
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Figure 1. Visualized comparison of workers exposed to multiple hazardous agents with workers otherwise
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Table 1. Comparison of workers exposed to multiple hazardous agents with workers otherwise

Multi exposures ~ Non-multi exposure

Variables (N'=17,915) (N'=33,450) o
T ) T o p-value
n % n %
Male 12,468 69.6 16,340 50.4 742 306
Gender
Female 5447 304 16110 496 £X0.001
< 39 4,880 27.2 11,964 36.9
Age (year) 40-49 3,813 21.3 7,967 24.6 118.914
50-59 4,739 26.5 7,10 21.9 X0.001
> 60 4,483 25.0 5,408 16.7
Self-employed without worker 3,021 16.9 4,788 14.8
Employment type Self-employed with worker 1,100 6.1 1,340 4.1 25.117
Wage worker 13,033 727 25337 78.1 0.001
Unpaid family worker 761 4.2 984 3.0
Permanent worker 9,621 73.1 20,462 80.8
Emsﬁla%r;fent Temporary worker 1,969 15.1 4,126 16.3 i}gg&?
Daily worker 1,543 11.8 749 3.0
Workolace sizc$ < 49 13,445 79.9 23,633 76.7 1196
No o orkers) 50-299 2452 146 5173 16.8 0,001
> 300 926 5.5 1,991 6.5
Manager 144 0.8 240 0.7
Expert and related worker 2,003 11.2 8,635 26.3
Office worker 1,191 6.6 7,682 23.7
_ Service worker 1,783 10.0 3,814 11.8
c%(;(;?f?sggln Salesperson 797 4.4 4,420 13.6 283(7)17
Worker in agriculture and fishing 1,493 8.3 1,000 3.1
Functional and related worker 3,337 18.6 1,066 3.3
Machine operator and assembly worker 3,661 20.4 1,872 5.8
Simple labor worker 3,506 19.6 3,821 11.8

N : No of samples (respondents, weighted) Tn : Subtotal of samples (respondents, weighted)
TSum of n of each employment status equal to n of wage worker in employment type
8Sum of n of each workplace size less than 17,163 due to answers of ‘not knowing’ and ‘not responding’

X,

o] ot et kol Zol& EAHp<0.001). S %ﬁﬂ FEHRIAL ZHe] BolH]l wE g AwEY
AEg vlFEsto] dE, 2AM; A9, dFEEd 1 th ES gELE fax guo] A4, d#o] Alslel
S3H, AL A, AF 5 24" B ol tis] 7 S AR AR, AF, 4S5 A9E ¢

P

s d2AR H| tses 224 Jd 7F A4 = AHE7] Yol tEleE oJFE SEHPE Sto] th
o7 FOJ3gt 2ol (p<0.001)7F YA Table 1). 4 ZAAE A (multivariate logistic analysis)
= AASFAH.
2. O3 =9| CHfot Ay
Ees FoldAte] EAZ AnEY| o sk 1) OB &Y MUK 25
Al EeEd A H5ke Foldxt 29 HEE Aozt TEIHZAIERE SRIH 471719 bl

2ASGOH, O RAAL Aole] JuBA £ KA 2T F WS A9 107 23 (Table
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Table 2. 10 most frequent combinations of hazardous agents in multiple exposures

Combinations of hazardous agents Frequency Ratio (%)
Erg." factors + vibration 2,428.372 13.6
Erg.” factors + high temp.T + low temp.’ 1,144.307 6.4
Erg." factors + vibration + noise 1,141.751 6.4
Erg.” factors + dust 761.451 43
Erg.” factors + high temp." 702.371 39
Erg.” factors + vibration + noise + high temp.” + low temp.” + dust 643.790 3.6
Erg.” factors + vibration + noise + dust 607.905 3.4
Erg.” factors + noise 590.209 33
Erg.” factors + vibration + dust 576.607 3.2
Erg.” factors + vibration + noise + high temp.” + low temp.’ 471.825 2.6

" Erg. : Ergonomic T temp. : Temperature

2o . tekeE wofdAe 23 5 FHR 22>
s ZEAAEY 2 f3ialel 9A =&se
BEE, Ueks 22A] 13.6%7F fF 230l =&
se Aoz 3HEst

<EAAAS ol aRlel it =E22 HekeE
AR A 107 2 HFo] 2= LA
A 7 Fafaclol distel WA SEA F 84.2%7t,
OskeE SEA § 98.1%7F Z=AAEE ' f5f
%09 =Ednal "ol tekeEd vl HekeE &
22 A RRoM 7 2 vleE EY oA
o s A €A 5 22.8%7F tekeE: SEA
& 03.7%7F =EdHal si9ie, ole ZE4AEE
& FaadlS AlQfetal A SEAR BElkeE &
HAF ol 7P =2 wlEellen AA S8R F
oA AAete HEY ks FEACIM AAskE
H&}2] 2}0](40.9% = 63.7% - 22.8%)= H= 190
UARF Foll 7HE 2t

&Z9] AF A SEA F 15.4%7F g §F
AF 43.0%7F mEETal ol w2 222 Fald
Ao LeEHil SEHY IEA= A SEA T
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20| 42.6%=2 /1A W2 &9 iR =
S SEHY 22AE w2 259 FoidAel o
g SEHT AARE FAE Eded, JA SEAR 5
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Figure 2. Correlation coefficients on each pair of hazardous agents in multiple exposures
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Table 3. Multiple logistic analysis of factors relevant to multiple exposures

Variables Odds ratio 95% Cl
Gender Female 0.692" 0.640-0.748
40-49 0.949 0.858-1.049
Age (year) 50-59 1.044 0.939-1.162
> 60 0.951 0.841-1.075
Self-employed with worker 1.216° 1.016-1.455
Eyn;gloyment Wage worker 1.083 0.973-1.205
Unpaid family worker 1.376" 1.076-1.759
Workplace size 50-299 0.814" 0.689-0.961
(No of workers) > 300 0.933 0.830-1.048
Expert and related worker 0.701 0.443-1.108
Office worker 0.368" 0.233-0.583
Service worker 1.608" 1.012-2.556
Occupation Salesperson 0.670 0.420-1.069
classification Worker in agriculture and fishing 4310 2.204-8.430
Functional and related worker 4.057° 2.561-6.427
Machine operator and assembly worker 3.029° 1.909-4.806
Simple labor worker 2.631" 1.665-4.157
Mining and quarrying 2173 0.405-11.657
Manufacturing 2.429 1.454-4.058
Electricity, gas, steam, and air conditioning supply 2.090" 1.065-4.102
Water supply; sewage, waster management, materials recovery 3.608" 1.706-7.633
Construction 3.480° 2.065-5.865
Wholesale and retail trade 0.778 0.464-1.303
Transportation and storage 1.160 0.685-1.964
Accommodation and food service activities 0.914 0.545-1.531
Information and communication 0.524" 0.299-0.919
Financial and insurance activities 0.303 0.171-0.538
Industry Real estate activities 0.452" 0.266-0.769
classification Professional, scientific and technical activities 0.718 0.415-1.245
Business facilities management and business support services; 1.291 0.770-2.165
rental and leasing activities
Public administration and defence; compulsory social security 0.805 0.479-1.355
Education 0.621 0.364-1.060
Human health and social work activities 0.843 0.500-1.422
Arts, sports and recreation related services 1.127 0.638-1.990
Membership organizations, repair and other personal services 1.402 0.834-2.358
Activities of households as employers; undifferentiated goods—and ~ 0.051 0.018-0.143
services—producing activities of households for own use
Activities of extraterritorial organizations and bodies 1.349 0.214-8.498

"X0.05
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