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Investigation of the Occurrence of Industrial Accidents and
Accidental Deaths by Chemical Leakage and Skin Contact
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ABSTRACT

Objectives: We investigated the status of accidents and deaths caused by chemical leakage and skin contact in
Korea. The purpose of this study was to produce and provide technical reference data for the efficient
management of accidents and the rational management of accidental chemicals.

Methods: Accidents and deaths caused by chemical leakage and skin contact in industry were investigated.
Based on 68 accident reports related to chemical leakage and skin contact, the causes of accidental deaths
were analyzed. In addition, we investigated the chemical substances and articles that caused these accidents
and deaths. Based on the results of the investigation, the causes of accidents caused by chemical leakage and
skin contact were identified and practical management measures for the chemicals were suggested.

Results and Conclusions: In 2018, 372 people suffered from chemical leaks and skin contact, up by 123 (about
49.4%) from the previous year. The number of accident deaths was 14, an increase of five (about 55.6%) from
the previous year. In the last three years (2016-2018), 91 chemical substances and article groups were involved
in accidents caused by chemical leakage and skin contact. There were 16 chemical substance and article groups
involved in accidental deaths. There were ten cases of accidents involving two or more casualties due to
chemical leakage and skin contact, and 23 deaths occurred. Most of these accidental deaths were caused by
subcontractor workers outsourcing risks. Therefore, there is an apparent need to strengthen the responsibility
for safety and health among subcontractors.

Key words: chemical leakage and skin contact, chemical management, hazardous chemical accidents(HCA),
industrial accidents
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Figure 1. The number of industrial accidents by chemical
leakage and skin contact in the last 5 years(2014
~2018)
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Figure 2. The number of accident deaths by chemical leakage
and skin contact in the last 5 years(2014 ~ 2018)
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Table 13} Zt}.
éﬂl 51(20149~20184) 39t T shehEdo]
T2 gREHE0E 291 ol ALAPREZ ) HASE
%?l SIEZ2 Table 29 2t
T 59(20149~20184) B3 T sheHEd o)
T2 gFEYSH0] o7t 291 o4 AFAPEAZ} AR
A9l sFsHEd Fo|A carbon monoxide(44, 8%9),
nitrogen gas(24, 52 S=(poisoning) ¥ +=
of 23t AAAli(asphyxia accident)® tH=2] AFgA:
£ A SFshEdoltt. ammonia), trichloroethylene
(TCE), sulfuric acid, carbon dioxide & Z}Z} 291

2. SfetEHO FE1 NIEHFC R 201 0|4 ALIALY o ALXAFGAZE 1714 A skekEdoltt,
X7t ol SCHXHoH o1&
_4 54(2014¥~20184) =9t dhale 3slskE o] 3. CHME S TS E M| Q|5 AL AR XHSH
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ATAAT e 1040 FOAN W BTL A2 SU(014d-20184) EU uE HHEAs

Table 1. The current status of accidental deaths to two or more worker by chemical leakage and skin contact in the last 5 years

No. Workplace Chemical Accident overview Death workers Dat_e of
substance (Persons) accident
~ . Lignite was burned for concrete curing while performing
K gogj;;icrﬂon Carbon  the mold work on the PIT floor of the excellent
1 b : dioxide  construction site of the apartment construction site. Two 2 2013/12/31
Construction o - T .
Site (lignite)  workers died of asphyxiation from carbon monoxide from
lignite
Ammonia used as a refrigeration refrigerant leaked
2 Y-Marine Ammonia  from a ship under repair of a tuna fishing vessel(1,474 2 2014/07/31
tons). Two workers died of asphyxiation in ammonia.
Two workers died of suffocation on carbon monoxide
. C_arb_on while recharging lignite fuel to lignite stoves for the
3  A-Construction  dioxide ) . . . 2 2014/12/15
o thermal insulation of concrete at the construction site
(lignite) ASRS
and performing internal temperature measurements.
During the construction work related to the replacement
of control cables for Shin—-Kori Nuclear Power Nos. 3
4 D-Construction Nitrogen gas and 4, two workers died of asphymanon in nitrogen gas 3 2014/12/26
in the valve room of the opening removal. In addition,
one of the managers who visited the victims died of
suffocation from nitrogen gas.
A colleague found out that two workers who were
: Trichloroethy! cleaning the inside of a metal washing tank containing
5 B~Company ene trichloroethylene fell down in the washing tank and sent 2 2015/06/02
it to the hospital through 119.
Three workers operated the submersible pump to drain
Carbon o ,
o the water inside the underground water pipe at the
. dioxide . .
6 W-Water Pipe (Internal replacement site of the old water pipe of the Kumgang 2 2015/09/23
Mechanic . Basin. Two workers died due to suffocation from
combustion ! )
; harmful gases such as carbon monoxide from internal
engin) > X
combustion engines.
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 39-49
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Table 1. Continued
No. Workplace Chemical Accident overview Death workers Dat_e of
substance (Persons) accident
This is a death accident caused by two workers
K=Zinc overturning sulfuric acid when sulfuric acid was
Manufacturin Sulfuric acid released while the bolts of the manhole cover were 2 2016/06/28
9 being dismantled during the repair work of the zinc
smelting construction site.
Carbon Two workers from subcontractors performed replacement
T-Construction  dioxide work of coconut charcoal stove for curing of concrete
8 Partner (Coconut insulation at the basement construction site of newly 2 2017/12/16
Charcoal) built urban residential house. Two workers died of
asphyxiation in carbon monoxide while working.
Nitrogen gas was introduced into the tower while
working inside the tower to replenish the fillers in the
9 P-Steel Nitrogen gas steelworks oxygen plant. Four workers who were 4 2018/01/25
working inside the tower were suffocated by nitrogen
gas and collapsed to the hospital.
Carbon Three workers in the process of replacing fire
10 S-Electronic dioxide extinguishing agents were suffocated by gasoline 2 2018/09/04

dioxide. Two of these workers died.

Table 2. The current status of chemicals caused to two or more accidental deaths by chemical leakage and skin contact in the

last 5 years
No. Chemical substance Types of Accidents No. of Accidents No. of worker deaths
Total - 10 23
1 Carbon monoxide Poisoaing 4 8
(630-08-0) Asphyxiated
9 Ammonia Leakage 1 2
(7664-41-7) Asphyxiated
3 Nitrogen gas Leakage 9 7
(7727-37-9) Asphyxiated
4 Tnc@gr_o(;t%l)ene Poisoning 1 2
5 Sulfuric acid Leakage 1 9
(7664-93-9) Skin contact
6 Carbon dioxide Leakage 1 9
(124-38-9) Asphyxiated
2a} WRS] ofgt ATAFR AR FolA Tl nB(144, 9.5%), 3. AIWHO] 5 uAA]
JARATHY] AHIAYEIA7E Q= 68719 Al 9 1557, 3.3%) % 4. BEHHEARE W FaH
(KOSHA, 20192} F4Ho2 148719 AtLARG A5 A v|2] - A BEGA, 3.3%), 7. TAE7A] G2
o] 1Y elo] gt &4 Ad= Table 37 £t Al vlEGH, 2%) 59 «l=E ERIFSIH 1.
ARk 2 ARIRFARE 7| et 2] AI3H HA A7 PR EATY v Zo gt FaW-E2 AATH
71% 59 vl &5 ol digh 9 diiF Wede s 9 IEAA wE(197, 12.8%), UH 37
2 1 AY ohHuATe nB(E67, 44.6%). 2. Y A& @ RakA BES 2157, 10.1%), HARA

o Ald 9] e w664, 24.3%), 5. SEA
FABATE vlAA(197, 12.8%), 6. HARTTC]
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Table 3. The results of analysis of the causes to accidental deaths caused by chemical leakage and skin contact in the last 5

years
Large category of No. of No. of

9 gory investigation Subcategory of investigation contents that cause accidents investigation
causes accidents (Case. %) (Case. %)

1-1. Insufficient management supervision and

0,
management system for the workplace 1912.8%)

1-2. Lack of establishment and implementation of o
_ 8(5.4%)

confined space work program

1-3. Insufficient implementation of risk assessment 5(3.4%)
1-4. Failure to prohibit entry into confined spaces 3(2.0%)
1. Insufficient safety and health 66 1-5. Insufficient emergency measures and evacuation 138.8%)
management in the workplace — (44.6%) equipment R

1-6. Insufficient measurement of oxygen and harmful gas

[0
concentrations in confined spaces 15(10.1%)

1-7. Insufficient safety and health management system

(o)
for subcontractors 2(1.4%)
1-8. Insufﬂme_nt worker health care such as medical 1(0.7%)
examination
2-1. Insufficient corrosion protection measures for 42.7%)
storage containers
2-2. Insufficient measures to prevent leakage 5(3.4%)
2-3. Lac_k _of installation and management of alarm 100.7%)
facilities
2. Insufﬂciept management of 36 2-4. Insufficient installation of emergency shutoff device 0(0.0%)
work environment facilities and (24.3%) . o ]
equipment 570 2-5. Insufficient ventilation before and after confined 12(8.1%)
space work ’
2-6. Insufficient management of handling chemicals 4(2.7%)
2-7. Insuff_|C|ent management of handling facilities for 96.1%)
chemicals
2-8. Inappropriate use of facilities and equipment 1(0.7%)
3-1. Non—-compliance with work rules 5(3.4%)
3. Non-compliance and lack of 5 N B . . . : o
working method (3.3%) 3-2. Non—-compliance with working method in tank 0(0.0%)
3-3. Failure to prepare for an accident 0(0.0%)
4. Lack of provision and posting of 5 4. Lack of provision and posting of MSDS and warning 5(3.4%)
MSDS and warning signs (3.3%) signs R
5. Failure to provide safety and 19 5. Failure to provide safety and health education for 10(12.8%)
health education for workers (12.8%) workers o7
6-1. Non—-wearing and incompatibility of personal o
6. Lack of care for personal 14 orotective equipment 8(5.4%)
protective equipment (9.5%) o _ _
6-2. Not providing personal protective equipment 6(4.1%)
7-1. No installation of ventilation equipment such as local o
o - ; o 2(1.4%)
7. Insufficient facility management 3 exhaust and air conditioning facilities
such as local exhaust system (2%) 7-2. Inappropriate ventilation equipment such as local 10.7%)

exhaust and air conditioning equipment

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 39-49
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Sz wAget sfshEA(substance) ¥ SSHAIET
(mixture and articles)& EF 91Z0]|t}. o|=0] A
104 ol el Asizt gt eEdE2 105019,
sodium hydroxide(1157), cement(1074), sulfuric
acid(437), carbon monoxide(;4174), nitric acid
(2974), acetic acid(17#), sodium hypochlorite(16
7), hydrochloric acid(137), methyl ethyl ketone
(127), hydrogen sulfide(107) 59 <«o=& A7}t
ol WAt AUt EZE AR 104 o) A
3l Q= SFHAIELL ANARY B=ESE skekE2
2 S}eHAE(1614), EFEA &2 A, &= 4 3H

Table 4. The results of investigation of chemicals to caused industrial accidents by chemical leakage and skin contact

(2016-2018)

No. Name and type of chemicals

Status of industrial accidents by year(Persons)

Total 2016 2017 2018

Total 917 296 249 372

1 Substances and articles without detailed information 161 49 43 69
2 Unclassified cleaning, disinfection and varnishes 120 49 37 34
3 Sodium hydroxide 115 36 39 40
4 Cement 107 34 21 52
5  Sulfuric acid 43 15 15 13
6  Carbon monoxide 41 6 9 26
7 Nitric acid 29 11 10 8
8  Unclassified paint, varnish, etc. 18 6 2 10
9  Acetic acid 17 1 5 11
10 Sodium hypochlorite 16 4 10 2
11 Unclassified solvents, thinners, etc. 16 6 1 9
12 Hydrochloric acid 13 2 5 6
13 Methyl ethyl ketone 12 3 4 5
14 Alkalis without detailed information 11 4 2 5
15 Hydrogen sulfide 10 5 0 5
16 Methyl chloride 9 0 0 9
17 Fluoride 9 3 3 3
18  Potassium hydroxide 9 1 3 5
19  Acids without detailed information 9 2 6 1
20  Chlorine 8 0 4 4
21 Methanol 7 5 1 1
22 Carbon dioxide 7 2 0 5
23 lignite 6 6 0 0
24 Ammonia 6 2 2 2
25 Nitrogen 6 1 0 5
26 Ammonium phosphate 5 4 0 1
27  Phenol 5 2 1 2
28  Hydrogen peroxide 4 1 2 1

Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 39-49
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Table 4. Continued

Status of industrial accidents by year(Persons)
Total 2016 2017 2018
29  Monoethylene glycol 4 0
30 Cyan Compounds

31  Spinetoram

32 Siloxane

33  Zinc

34 Zinc sulfate

35  Calcium chloride

36  1,3-Dioxolane

37  Methyl acrylate

38  White phosphorus

39  Hydrogen fluoride

40  Lack of oxygen

41 Cyanoacrylate

42 Sodium nitrite

43  Acrylic acid

44 Aluminum

45  Ethanol

46 Titanium chloride

47 Phosphoric acid

48  Nitrate

49  Chromic acid

50  Potassium carbonate

51  Phosgene

52 Aluminum sulfate

53  Formic acid

54 Nickel

55 Manganese

56  Methamsodium

57  Methylene diphenyl diisocyanate
58  Methylamine

59  Methylphenylpolysiloxane

60 Benzene

No. Name and type of chemicals

61  Arsenic

62  Biorespedrin

63  Sihalofopbutyl

64  Alicylic acid

65  Kerosene

66  Sodium hydroxide + Blue soda
67  Calcium hydroxide

68  Argon

69  Aluminum sodium dioxide

70  Epichlorohydrin

71 Hydrochloric acid + Nitric acid

_= =2 s s a2 s s s s a2 a2 NDNDNDNNNNNDNNDNDNNNDNDNDNNOO W W WS>
- -2 00 - = -2 0 -0 - -0 - 0O -0 - = ONNOODOONOMNOON - OO 0w -0 —0o —

OO - - OO0 OO OO0 0 20 2000000 200 —~0 - NOODCO—-~0 -0 - WwWw--=N
O O O O O OO =2 O 00O OO ODOOONOON—-=-2NO -0 00 —-N—-=-NO-—-O - DNWw

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(1): 39-49
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Status of industrial accidents by year(Persons)

No. Name and type of chemicals Total 2016 2017 2018
72 Sulfuric acid + Hdrochloric acid 3 1 1 1
73 Zinc Chloride + Calcium Chloride 1 0 0 1
74 lron chloride 1 1 0 0
75  lodine 1 0 0 1
76  lIsopropyl alcohol 1 1 0 0
77  Nitric acid + Alcohol 1 0 1 0
78  Potassium Nitrate 1 0 1 0
79  Nitride 1 1 0 0
80  Kaunava wax 1 0 0 1
81  Chloroform + Acetic Acid 1 0 0 1
82  Hydrogen carbonate 1 1 0 0
83  Calcium carbonate 1 0 0 1
84  Toluene 1 1 0 0
85  Triethanolamine 1 0 0 1
86  Trifluoroacetic acid 1 0 0 1
87  Paraffin 1 0 1 0
88  Formaldehyde 1 0 0 1
89  Pyrethroid 1 0 0 1
90  Sulfuric acid + Fluorine 1 0 0 1
91  Sulfuric acid + Nitric acid 1 0 0 1

Table 5. The results of investigation of chemicals to caused accident deaths by chemical leakage and skin contact(2016-2018)

Status of accident deaths by year(Persons)

No. Name and type of chemicals Total 2016 2017 2018
Total 36 13 9 14
1 Carbon monoxide 6 2 1 3
2 Nitrogen 6 1 0 5
3 Substances and articles lacking detailed information 4 1 2 1
4 Sulfuric acid 3 3 0 0
5  Lack of oxygen 2 2 0 0
6  Cyan Compounds 2 0 1 1
7 Sodium nitrite 2 0 1 1
8  Carbon dioxide 2 0 0 2
9  Hydrogen sulfide 2 2 0 0
10 Sodium hydroxide 1 0 1 0
11 Argon 1 0 1 0
12 Chromic acid 1 0 0 1
13 Toluene 1 1 0 0
14 Paraffin 1 0 1 0
15 Phosgene 1 1 0 0
16 Unclassified cleaners, disinfectants and varnishes 1 0 1 0
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