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Fire fighters' Asphyxiation Incidents during Confined Space Rescue in Korea

Juhee Lee - Taesun Kang"

Department of Environmental and Safety Engineering, Ajou University
'Department of Health and Safety Engineering, Semyung University

ABSTRACT

Objectives: This study was conducted to prevent asphyxiation of firefighters during confined space rescue. The
specific purpose was to identify the magnitude of the problem, identify the cause of the accidents, and suggest
measures to ensure safety of confined space rescues.

Methods: We collected data from National Fallen Firefighters Memorial, press releases, and other sources In
order to identify the current situation of asphyxiation incidents among firefighters from 1945 to 2019. In
addition, an incident investigation was conducted for each case, and the processes, causes, and control
measures of the incidents were described as a narrative data entry.

Results: Over the past 73 years, eight incidents involving firefighter in Korea have occurred. In these incidents,
five firefighters were killed, and eight were injured. The confined spaces incidents occurred were water supply
tanks, wastewater treatment tanks, pickling pits, septic tanks, and more. The causes were three cases of
hydrogen sulfide poisoning, one of oxygen deficiency, one of carbon monoxide poisoning, and three unclassifiable
asphyxiations. The people in need were all workers in various industries.

Conclusions: The number of firefighters’ deaths and injuries during rescues in confined spaces was severe and
the risks have not been completely eliminated. By establishing and implementing a precise incident
investigation system, according control measures should be initiatedin order to prevent a recurrence of the
same type of disaster and reflected in the SOP. In particular, due to the high risk of occurrence at workplaces,
cooperation between fire and rescue authority and relevant agencies such as the Ministry of Employment and
Labor and the KOSHA should be strengthened.

Key words: Firefighter, asphyxiation, confined space, rescue, asphyxiation firefighter, incident investigation
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H37t Aol= S48 HESE dor|BE oAt
Zdt ool AMEE AHrE d%rt FX itk
(KOSHA, 2007; KOSHA, 2017). F-9l&c}t Z1ggt
27} BRSHAE AT ek AP &30 gl A
glojA 25 Aol gzt ZYstH FRAE 9
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(Selman et al., 2019). ¥=of Ho]x] &= APHQA F
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&5 5 A2 2 FEVHE A7) ot Hl=- AFY
PR AATA(National Institute for Occupational
Safety and Health, NIOSH)°] 1983~1993 A}O]
et duStt AAAE dideE A% Bt
of AMIRARS £33t Ayto] WE, AFYAS] 4%7t
AR LZAFHHWilson et al., 2012). "= HEojA
20109 ofgaHtYo] stk fAYoA F2EE
% APSSE A= JJATHNIOSH, 2011; Selman, et
al, 2019).

St ALY o'z vt AR A
A% F52PA4A} (Standard Operating Procedure,
SOP)OI= 3F47} opd(elst HIZHY) &5 &5 YHE1t
o] UFRI WEONAQ AfaL Al H£F SOP7F Uk ©]
SOPE= ¥% 7§go] Aot ofds] dHgzt Fafid
A JE7E FEA 23 97 dX= 740 Easitt
qd& =°f, 37557 AdgE ¢
Aot S 4wt oS B2 A9 dHgLio]
gt HAgt 8] tiFo] 2 4= Qv Ao Azt
215 BAE BEY, 4 4EQ AshHE S
ot 5004 o]Ao|tH(NFA, 2012; NFA, 2018). o] &
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e 4 QA= AlAH0] wj$- FHeksith= ol
of Bls W= 1998UHE NIOSHOA A <=
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A2AL Aol Bl g AmolmR st 4 9l
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Al o= Akl SRlEofoF sk=H|, IAdd=
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2 Ao|tHKim et al., 2015).
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Table 1. Detailed descriptions of firefighter's death in the line of duty during confined space rescue

L Firefighter Victims who
Case Date of Incident Where the incident Specific location  victim of firefighter tried to . . .
Incident . occurred L ! . Brief description of Incident
No. ' region . of incident the Incident rescue : job or
(Time) . address
(age, gender) task(age)
Ganadona water The firefighter was exposed to hydrogen
2012, ngdong Underground 1 death sulfide gas at the entrance of the
purification center 1 death . - )
1 Oct.30 Ulsan - sanha—don wastewater (33, male) © worker repairing  manhole and fell down to the confined
(09:30) ’ g 9. treatment tank ’ pump(40) space, while trying to figure out the
buk—gu ;
location of the worker to be rescued.
The firefighter was sent to rescue a
worker(cleaner) fallen in a water tank. The
tank was filled with nitrogen over the
2012, Hankuk Glass . water. The manhole's entrance was so
2 Jul20 JGeuonnSSLTI; Industries Inc. Watet;:kupply (ACOd(r:f;Ihe) 1c|edaenai‘:1h 'ta\g/i(rgg)r narrow that he went into the manhole
(16:35) . soryong—dong, ' 9 without wearing SCBA and tried to get it
from a colleague and wear. Though he
inhaled oxygen—deficiency air for a short
time, but suffocated.
The firefighter went down to the utility
tunnel to help drain water, but
2010, Yonain Seocheon housing  Underground 1 death 1 near-miss : He felt strange and leta worker go up
3 Jul.30 G eo?w ’i district urban utility (40, male) construction worker first, and then he fell down. Thecause of
(17:44) yeongg : nongseo—dong tunnel ’ (ND") the incident was found to be carbon
monoxide poisoning by released gas from
water pump.
The septic pumper first collected waste
from the septic tank and when the
2005, Y Apartment Underaround 2 iniureds 4 injured : workers second pumper arrived, the ventilation
4  Sep 12 Incheon : chengcheon-dong, e tig tank (35 &JND ND) cleaning tanks  system of the tank failed. In this state,
(10:35) Bupyung-gu p ’ (43, 48, ND, ND) they entered the tank to replace the belt
of the ventilation fan and suffocated with
hydrogen sulfide.
One worker lost his consciousness while
1999 Dolsam Industries ~ Underground 1 death, 2 injureds pumping leaked water from broken valve
5 June 5 Busan inc. water supply 1 injured (46, 18, ND) :  in water supply system. 3 people
A . Hwajeon-dong, and distribution , worker repairing  including a firefighter was asphyxiated by
(11:08) Hwaj d d distributi (31, ND) ki iri includi firefigh hyxiated b
' Saha—gu system water pipeline  hazardous atmospheric condition (oxygen
deficiency or carbon monoxide)
4 workers became unconscious and fell
. 1 death 4 deaths (24 2/, to the water on pickled radish(danmuji),
1997, . Seungbo general  Concrete pit for 44, 65), 1 injureds . : p
Seongiju, ) a . (28, male), 3 ; while they were moving danmuji out of
6 Nov.15 food : pickling radishes v (47) : workers Lo .
(16:27) Gyeongbuk Seonnam-rmvun (danmui) injureds moving pickles out pit. Firefighters went down to the pit to
’ v J (38, ND, ND) 9 pict rescue workers, and they were asphyxiated
of pit )
by hydrogen sulfide.
3 workers were overcome by something
in water supply system during repairing
1996, Hanyang Underground - pipeline. To rescue the workers, 3 Firefighters
. water supply 3 injured 1 death (57) .
7 Sep.11 Kwangju  development Inc. L . entered into the system through manhole,
. . - and distribution (43, ND, ND) 2 injureds (45, ND) ;
(18:30) : Mark-dong and they were asphyxiated by hazardous
system . " o
atmospheric condition (oxygen deficiency
or carbon monoxide)
To dismantle a useless LPG tank, a
Dream Land worker was sent into tank and fell by
1996, Yongin, Aptment LPG 1 death 1 death asphy><|at|o.n. Firefighter enter into tank to
8 Mar.13 Gveonaa - Kvheung-eu Gas tank (35, male) (59) rescue him and be overcome by
(15:42) yeongg ' VG g-eup, ’ hazardous condition(residue LPG gas or
ugal-ri o ! - ;
oxygen deficiency) while taking off his
mask and put it on the fallen work.
9 deaths, 9
Total 5 ‘dn.eaths, injureds,
8 injureds 1 X
near-miss
'ND : No Data
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Figure 1. The wastewater treatment tank where a firefighter
died in the line of duty (Oct. 30, 2012 in Ulsan,
Korea) (Yonhap News photo).
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al., 2011; Park et al., 2013; NFA, 2017).
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FEAAlo] A7 = ZRAoln 27 Al AL
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A7 EE WAl E HLE ARG+ QHE
(OSHA, 2005; Harbison & Bourgeois, 2015). &
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of gttt Ackl ARt Eof =of Y F3ledvt o
g Al dEE 7 o7k GAFe R 1EEe] &
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g It wEbA Folkea 50| o HEH A
A= dEEt delARY 375 7E &Eskal
HZsoF gttt (Forsgren & Brinck, 2016).

AR AFTHO] Do HejRAlo] T2 Sl
DA AR yiolA Fsked 5= Hd 500
ppme< 2 S Fokx HPEG Al 9F 300
ppm &3}eAa7t S HYoo et al., 2008). ARt
Hol| }=9 ¥4, 2% 5 FujshAY Eol=7] 42
E4o| Zo3E Aoz, A4 52 dHIEAF
JEZT3 59 - AIFY ot AMdF= HeA 2%
A zo] Fokpa AAAD 2 HE AEH X
Pofeh 7IAHEY] AR, Ha AEY ZAY Al VS
57 52 iEukad 2E 59 W82 ekl AlY
Sfof gt At AR A e fAAR A=
o] T2 I = - AlPsto] A9 LEAMEE oy
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A AR A7 9s 20129 7€ 20¥
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Zrr A% 30 FEI A FHATHARD), F55
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21 712 % o] JUTHNESA, 2019). oJ7]of|A ‘ujAke] 71
ANE FATIAR QYR ZojA ALrEE oR A
Tlojof st} FoH AWN(40)= B9 ELAYES
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Figure 2. The water tank where a firefighter died in the line of duty(July. 20, 2012 in Gunsan, Korea) (A) Diagram of water tank
(B) The rescue team was working at the top of the water tank (C) Water tank viewed from below(D) Manhole that victim
entered attempting to rescue a worker (Gunsan fire service photo).
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Administration, OSHA)°| F¥sk= A D57t
#d FH(0OSHA’s standard for Permit-Required
Confined Spaces for General Industry;29 CFR
1910.146)°f tigt =34H7} (performance evaluation)
7120 =, WE 252 24 1X(60.9 cm) °ol4do]
ook gt} (OSHA, 1998). sH=adla3des EHA9
A7 A2 Bt oflgt AR Y ALY 2%
£ UHIe g XHstal Aol EEARRE S A
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Fa <=2]” (NFSA, 2019). §< o] o £HH40A))]
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s ASHIEES 35 8oz v /A, =2
Fzo] BA 9 w59 Yt A5 9ste] A3l
ARole ALE(HES AF 9 o]go] Tt HE,
A2zA95)S Tttt B4 Askae el B
GA| o] AR 1G5 T5- W s X YS
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2 2 m, Zol 11 mE o]&sto] Syt YAatsket
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oo A FHATA A% 119 AEGBSA) HYE 5
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Al AR (Cho, 2005).

‘97 9A1F A WA LA Uk T 104] 3027
T A HAA7F &GS olojzitt. vid 2719 HESL
Zojzl Apdo] WA Askx ARl BAF 2]
HE WS Yo Astxo] S0z, A HA Agof &
Ho| Wol wiuziths JARREAAS] X]&HE T2
HAGA AYL 71 vz JHES F4H A7)
ARt ol Rp7] g ZEAHANE AR 2R}
Eo] wiAues Y, ol5 FotHd HAYA HYE
7R A2 2A Zich F5] 418 Wil SEo o
of o] Zast BERAYA 119720 Y 28 Fs)
Z YolA f57tA0] S5H ATHYECE SAF

FARATH Azof| W= ofmtE AgstxofA LAY
o= AFLY] Q1S TR A, 9 ARaL B9
£ 2o JAFHQA Foleh FE9 EAo| YERdTH
(KOSHA, 2017). & 73tz 37|slo] 14y faf7kA
7} HiEE]7] of8e 24 Agskxo] Eo7tA HHE
< FRE FGS ohs &7 Fuleh Aokl a3ty
EgE ot} LRYUEL F3t nkeo) IS8 7E
2-gatA] ¢kl Eof Zhed], FsiRoA EAshs WE
FoN7EAR] Folpal] EAS & gA) 3t sto g HQl
t}. olmtE AR E HIES RufjrpArt Sy 987t
e FZho EJT o= LuE F3to] ofrEt: \h
TA 37188715 2gata FxE5ol dsfof gt
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Al 8715571 flo] Szttt f=7tol A4, &
2 AA7F 23 ARF AEAY FsHE(18. FdE
o 2. AR AP S 210l AME ok Slsk

WEEH0 T Sojztont olgk & A4S AdH °]df
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o). o ZlAlelAlE WAl S GEIkA e
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47} £uEo] Leht A2ARe Uolow oY
QT AWSATE G4SN HEE ALS
el F2 WE o] Baksierat wAyshEA

TS 7k ATk
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6) XHSHALE| 6 : ZAXAYM T ZHoQ AHAL &X| At
AL IERT £HA9= (19979 1149 159
T 4A 2787 AR AFE AEd A SEE
HAE o] AT ) 233 2] o1 4o
AFTR L& T <= ol H3Ut (NFSA,
2019). o AAE ZF 5o AR A%
dl, GA B 5 8ol FAE AfRad] B2 &
HIAE 222 6BAFT 4, F42), AaFY 31
1, $42)0] Zzt A B3t 2E2AEL 7=
o A& 7t 4 m Zo] 3 m FEO TFEA AAR|A]
Y4712 ES 9o g wijHA dREXE 4AY fZE

o
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Figure 3. The danmuji(pickled radish) storage pit where 4
workers and a firefighter died by hydrogen sulfide
asphyxiation(Nov. 15, 1996 in Sungju, Korea).
[MBC News]

of got B2 Y& Fol S2l= AU st ALE
gcHFigure 3)(Lee SW, 1997). A71E Alal Q1
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<=t oA AAREA ol = v A&t
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o= ®7| oJHHPark et al., 1997).

Ot FolU7? @A A xol= ol" AE4
Q1 FHRJAAE A7 9 AsiA 1= mHtsiele
oz =2X52 JARAAT Al Fojeioln) T
A AJRo|M = Feeavt AR WA b
BAZTH AjAle] G2, RAF 4 2719 S
A T AFZoA 155-316 ppm9] Folpirt 274
ot AR G52 A4 DA AR7F A A
okokth 201849 8¢ 21 3 Fo9] &R Hit &
3ol 2789 AMIR AR, 18 FD7F A9
(Sunjae Kwan, 2018), 2008¢ 6¥ 8 HE E4 o
A AAxA 3ol APFITHKang, 2008). 1992
| 8ol 178 AP, 178 ol FA4sk= Azt A
=t 9371 52 o] ARl oAt F gk Al Y
AAboto] SEjvet M 2= GFA] dAxoA9] d4]9
Ylo] FopridS Yt Park et al., 1994). ©F
A ApRoAM= SRR 7R AN EE HAEEE
3} F ZAe] @o] Z3tE|o] Q1= Methylthiol(CH;SH),
Alkylisothiocyanate(R-N=C=S) % Alkyl sulfide
(R-S-R) 59 #71F8E 5 S| U&= 7hed &
717} =R = E718 7 2% ZRbeAlTol
SASHHA Gl a s St Sikeis B0 =
of 7t AJAxoA &2 BFHAY GFAE 71
= & wHto] Sl& o & mojIe} ekl Fikea
9] PR ZARo A £7HH o2 F4FFS o
47 sttt o] i & {2 AHAH FE5T tE0]
QAR ofofX|A Hrt. FeiE the 52 HEdol 7
ZEE SRAE &5ots Aol BRI I Al
7ol 3 T2t F3ea At 337t got £ F
of Adxol HIW7] "ol X8 YA &= AL
2 B 4 Utk 954 AR Filedrt FAR o]
= Figure 394 H&= ZAAH AAR= Asto|AY
2 dHE AE7 ol HwE AEE fRo|lEE
A5 sl HolA] gr=tt= Foltt. o] ol =
50| A AR q APty F7|SE7E
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ARMHoIM= ‘Aol 48 Ha B FEQ Y
M- 5 - 31 11 g U85k &%) £91
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3 o3| Wasi.
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o 3 139 TAPE AT 290] L PO
olg PRI FF HRAPA 359 2FRo] 7}
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P1Ake Thet 2.

‘119 2% 6A] 3084 FFA| A Es 3 &
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o] Z|AtollA= HAle] Ul =3 I
S7tAERE AFGET A WE WollAe) At
o2 FAAs] AE B, w3 =5 5ol dlo] d
Atz 3go] Il A7t A% Ay FHoE WE
HollA ZHa3t Huu 8o7]oA HiEd
o] dglo] =7|%= 3t (KOSHA, 2017). o+ o
H 5ol FAET o] Aol Y12 FA| E5HIt 5
PP FHANRAL A=E BA = &, & 5 gl
Ad=o] AUt AL RARS $5HA| o} Al E R
g oS 5t o] B2 &S x| F3E Algo]

7w st

L >

8) KIGHALR 8 : 27 SOIAUA MoK AUA £ AfD

T 8o 2] ¢3 A9l 74 A
g 19 S g H3 Ak 7S] Ak,
‘19964 39 139 9F 34 4287 7158 72 &
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QI Sl AgERIA A9 o] B SolA
Frhzo] FEol QNS 1F FFT o Xo] A

|

_10

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 590-602



[l

A9 F7N5E71E Y 2T F v|A HEURA] &
stal =25 521k ABARAIS JHs] 71 A%
280 AxE A1AF 3E(FFM, 2007).

TAZIA7E BFEEA oftEo] 7]E X5k LPG
(Liquefied Petroleum Gas) ®§3E afjAl|st7] 9Jsl, A]
=55R7IA A olEA7E A7 50 cm WES FaL
BAAE 2.5 m, 7ol 8 m) kL& S0zttt dAlo
2 285t Al ZIAlE ol EA 7L SiAIR S
AHCo g ojd AoF st UA=A] URQIA] far 4
A2 AF 7k 93k Aeg 7|&E o] Slth (Hong,
1996). LPG= "H3}A-R7tA9] ebdke] 9 AR o
wet 2 FEEs AS[IIAE ok, i‘{l’
oluf et FHEOE T 7IAE HIRK7|2RE A
29h AL WIth TEgo|uy BE BE T A=
F85/0] BRI dHE ZojA ek sE 2T F
 F71E AToto] T FA & AAARE dor|E
2 HgAolct E3] 28 - 4 1 A Exqgg 2
3 Qo S0 w7t A7 "ot AR Y=
A 7S Tkl =], LPG A=A /\}%

AlES] b7l wet AR IE 5
Agt wfojl= B3 Qk9] LPGE |2 But ofgt YHE
E7IAY B2 X¥stal oA 3712 x| @sfjof gt
t}. o] 7]olA= LPGE 5&7t Ed5tete] 1/4 o]s)
7h E=A] AtA s FAAUAE FAIR ERIT A
= #HAIska Qi o] 7]

OH

° fol

Haw A

o= AR B4 el
et o] zRte] A

714 W& A5°] 50 ecmPte HS A 4 Qledl,
A AuE dod 2u FARONA EE% o] 4

o

T WE x50z %ﬂig ]E 212517 Mo Sof
HA] Soj7hA] wh= WAl
o] HEx = 95 gojo]
Aolng 304 89 19 F
2852 of= Hofle gH5o]
U AoE FHHEY F7EF7I7F &5 tY 2o
A A & o 2 879 37155717 A
o g8 oER2E HxnpAT 99thd Qe

| A o]H ol o &
Al dF AR BE 78S é—s |22} ZpAle] B2
E 3720 A #9125 o] |1 oy AF
ot AStK(Figure 4).
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Figure 4. Statue of firefighter Park Jae—seok in Gyeonggi—do
Fire Service Academy in Korea. He died while
saving a worker who fell in an LPG tank. He died
while saving a worker who fell in an LPG tank. This
statue depicted that he take off his respirator and
put it on the fallen worker.

Horgof|A| AlFste] GAl A5 19 637 Ao
A 37158715 AF72 FEHAHYonhap News,
1996). oI55l 1997 12% 24%Q0]| AF=Eo] WE
25H Aol Hx=2 Hueg=t, gt 28 ]
7h BEE7] AlRReE ]Xé_i HOItKByun, 1997).
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ol oWt ol f-Euet AW 73 BQF A F
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