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Fire fighters' Asphyxiation Incidents during Confined Space Rescue in Korea
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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

LN 2 O AF AN ), Z5hok Ak o] U
Bl TR S QuroR AR 5

oj

9 fAEARMPLS, GisRs, BRa D) A § AU AR AT LA V1% - 2R
3 A4 59 91go] Uk FAT THUPARAN,C] o B A0l mEW Dol S AL B
3 alPA)OIAE ‘WrlBzFoleta Aoska glow, @ glo] Akavh BEGh Aol A MAsHe Asehe At
o] F7IN ZEAZ A & A, AR N8 2AW - WA O BRI of No| Y=w s
sRPow o At AL A U So] BE A&, QAksErs So ofat AsEIolA A 6 -
TARIRANA Y] Bk FARI0Y DT A PR kFo o3t FAFECI} FHRL FH)O

AedE WS ARl Qi Sk B4 AR BAR

*Corresponding author: Taesun Kang, Tel: 043-649-1692, E-mail: kangtaesun@semyung.ac.kr
Department of Health and Safety Engineering, 65 Semyung-ro, Jecheon, Chungbuk, 27136
Received: August 26, 2019, Revised: September 20, 2019, Accepted: October 27, 2019

Juhee Lee https://orcid.org/0000-0002-2680-9620 Taesun Kang http://orcid.org/0000-0002-3876-8539

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

590



ABRI Hiafx|

2 BRIt SEARPHEATHOlsE AREAF
&) TEARS WEd 2 591H2012~20169)
A S7oA 4] = FEd $52E A e
BAGR 24 £ 1880l o] F 94%o] APY
At AAZAY Fsles B AEEL S5 5 U
H37t Aole S48 HEASE o722 ARt
g ool AWE HER Ak TA o
(KOSHA, 2007; KOSHA, 2017). F9l=c} 71435
27} BRI NE AT KIS et AP EHo| gl A
golA 25 Yo szl ZYstH FRAE 9
Aol whxit}, QPR 3T dHAE WEH Uy
T AR 12.5%7F Fx5H AJTTT} SAl
of A& GHHKOSHA, 2007). 1980~2005% A
o] ml=9o] WHFZt e TAT WA AFoIAE
o3zt AFGARRS] 55~12%7F 22 YERtT
(Selman et al., 2019). w=°] Eo|x] &= AFAHQA &
SIRIAE AL BIFZ FZR1 LHF oA AlES
Zot= I wj$- YEstuE ARPHol= HAY Ho
= 8 t9& 7|3 HX} 77 RS Tof #1t
Ato] LA F R A=t gLl e] 2
g5 5 A8 +2 A7 L7t ot uv|5 Ak
PR AT E(National Institute for Occupational
Safety and Health, NIOSH)©| 1983~1993& Afo]
g dggt dAARE R Ao WEst
of ALLRANS S35 Ao WEW, AFFARe] 4%7F
AR LZAFITHWilson et al., 2012). B|=+ -804
20109 o8artfYo] skt fFPoA F2REE
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Table 1. Detailed descriptions of firefighter's death in the line of duty during confined space rescue

. Firefighter Victims who
Case DaTe of Incident Where the incident Specific location  victim of firefighter tried to . . .
Incident ! occurred . ! . Brief description of Incident
No. ) region . of incident the Incident rescue : job or
(Time) © address
(age, gender) task(age)
Ganadong water The firefighter was exposed to hydrogen
2012, ngaong Underground 1 death sulfide gas at the entrance of the
purification center 1 death . L .
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 Jul.20 ?euonnssglé Industries Inc. Watet;:; pply (iodrej;:;) 1c|edaenai:1h .tavr\n/(lz(rlgg)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% 'i district urban utility (40, male) constructiog worker first, and then he fell down. Thecause of
(17:44) veongd : 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 ank (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 (31, ND) worker repairing  including a firefighter was asphyxiated by
(11:05)
' Saha-gu system water pipeline  hazardous atmospheric condition (oxygen
deficiency or carbon monoxide)
4 workers became unconscious and fell
. 1 death 4 deaths (24 27, to the water on pickled radish(danmuji),
1997, . Seungbo general  Concrete pit for 44, 65), 1 injureds . ) .
Seongju, ) ey ) (28, male), 3 ; while they were moving danmuji out of
6 Nov.15 food : pickling radishes 7 (47) = workers e .
(16:27) Gyeongbuk Seonnam-mvun (danmuji) injureds moving bickles out pit. Firefighters went down to the pit to
' 4 I (38, ND, ND) g 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. o . 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 ; e =
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 Gveonadi - Kvheuna—-eu Gas tank (35, male) (59) rescue him and be overcome by
(15:42) Yeongg - Y % P ' hazardous condition(residue LPG gas or
Gugal-ri o > - -
oxygen deficiency) while taking off his
mask and put it on the fallen work.
9 deaths, 9
Total 5 .dgaths, injureds,
8 injureds ] 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).
Folede ATt gl 714 AEloA & Ak
kAol A7 Thaolnt 3714 Al At
HAE AAE FUotal oiFEAE WAPAIZ| AT
G714 Al o] AlFES HO)S ELHAL o5
1 FIEAH9)E HEWT A dYsks 71A0)A]
9 W= 7HAR I8 si AT E7]E(STEL)o]
10 ppmo2 "> Y3 1,000 ppm FEo| =&EHH
g & W59 §Yogr SFo] "Wl 94l olu &
HZc}, FokpdEs A EFE AFSta A(Cytochrome
Oxydase)?] &4< Afisto] AZEZS vh=tt &
g AR AA RS 7H oAk AW Al Z7F
ALAE o] 8ok IS WAletEE At A4 AFE|
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A2g w77|e Aol dojd £ ok Fskehe
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i, N

A 4 QAWF 150-200 ppm &0 HH T2
nEAZIERE A2 1Y AeE A= =)
(OSHA, 2005; Harbison & Bourgeois, 2015). £3]
Folpao] At 8¥HSoda-can Effect)ol] #2]H
of gt} At B3kt B =of AW Fikpart o
g Al dEE 37 7] dAIA R 1EEl] &
SkeA (Hydrogen Sulfide Clouds)e] TojeZ:=
S EIt mebs Filkeh F=o] oiEHHE
A= dEEt delARY 375 E7E #Eshal
Aok gttt (Forsgren & Brinck, 2016).

AR AZTHY U7t A RA] E2W sl
At AFR yiolA F3ked 5= Hd 500
ppm= 2P S AFokx HPAY Al 2k 300
ppm9] &alA7F A HYoo et al., 2008). ARt
Hol| 2 ¥, o4 5 FufstAY Eofj=7] &
E4o] 509+ AR, A4 52 gWHTEA%
AZ2 T S8 - A diidolth. A= HeA84
A zo] Folpi AFA Y F2E He MEY {10
i TPAFET] AR, Ha MEY ZY Al TS
57 &2 WEukaa 28 59 W8S Xt AlY
Sfjof gt AtaZF BT 24 e AAAN A=
o] ZRIAE 7 - AlPsto] AHAlQ] LEAMERE ofY
ot 22 AaoA ot HE SYAA 5 SHHEEA
£ B35 957t AT AFAFTF o] 2Rt S fiutst
7] "ol SEAZE AFEEE ZojH, o] FxstEd
Hro & AW o] &#Z o= ofojz] Ho|t},

2 o

l

2F 4] 3587 AHEE FAA| A8 T
Ztap A ER A0 = oA} [AAHARY), 55
AIE F&5Hd & 1A 7hao] AAlEo] =23t o]
gl 7]1Z5 o] JEHINFSA, 2019). o7]o|A] ‘u}ike] 7}
ANE FAATIAR PR FTHIA AnAF o2 HA
Eolof gttt FodH ANN(40)E 593 EeAdS
fol B3 ke g o7ttt et ks ANE &S
A Folqlth FARARTA Q] AL AL AHE0]| WEWH &
g3 AT A5l 49 cm E V|5V E FEotale
E93 ¢tog Eojzd £ Qe B & (Figure 2), A &
W= SOPY @4 AIH=E F75F7E ol =
TEERH A4 WY& ot E¥F 4o E Sojitt
(Gunsan Fire Service, 2012). ©o] &2 &7t 5<% st
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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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ERE Aol FRHeEe |3 vl 37128715
2ok oAl =0l gkl AstzelA Tk W=
Fol7EAl Fokeao] SAS 2 AR Xt Ho® Wl
o}, obtE RS e Fui7tart DA 927t
= sl EUT ol W F31o] ofEEE v
BA 37128715 AEshal 72850 dsior 9.
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Figure 3. The danmuiji(pickled radish) storage pit where 4
workers and a firefighter died by hydrogen sulfide
asphyxiation(Nov. 15, 1996 in Sungju, Korea).
[MBC News]
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o2 H7] oK Park et al., 1997).

J8od FOA7E? GRA] AAxo= of" AE3
Q1 FolIR7E ASS7H? A Ak 1S wtsiie
oz SX52 JAF[AAT A Fejeiolnh T
A ARz Foledrt AsEs WA b
HAZH] A RAle] W2, AL B4 2719 ©F
A A AAZOA 155-316 ppme] &sleart 24
Hot AR GRA] AgRoA A2 AR7F A A
okokth 2018 8¢¥ 21 B Fo9] &R Hiyt &
oA 29 AV AP, 1% )7 A
(Sunjae Kwan, 2018), 2008 6¥ 8Y A& 74 &
FA AAxRo)A 3ol APFEtHKang, 2008). 1992
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=0 957] 52 o] AL mAR}; F g Al Y
AAreto] f-Ejuet Hx a2 TFX] dAxo|A9] A49]
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o] Z|AoA= A4 U1 TFRE Y T S &
E7kA R A3 A WE YollA o] IAygh
o2 dAAs) AHE BE, s w5 5ol Wkle] H
Aol Il A7 AR A HHoE W
HollA st gy 87]oA HiEH £
5o°] ¥Qlo] H7% |}t (KOSHA, 2017). o+ H
Y 5ol T3t o] ALY ARl BAl kmiUt 5
P SHANRAL A72E BA] = 3 & 5 it
Avrgato] AUk AFILRARE 35HA] oot AR E
B o2 93 o @2 wEE FohfR] X3t A o]

7% st

8) XHSHA 8 : 27| BUIAMA ok AU 25 AfT

T 8o X Ao &8 F9lE 714t 2
Y 19 4 7uRe] A3 U 7|S0] AAslet.
‘199649 39 139 OF 34 287 715g 7L &
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& 29l 7 —f& T ulH WA
=

s 7193 H7 =
]:H-_i éh"LX} ?} "(FFM, 2007).
SAZIATE BFEEA oftE 7]E A5t LPG
(Liquefied Petroleum Gas) ®3E Aol Yafl, A
SEHIA AY o|ARM7} A 50 cm WEL AT
B3RS 2.5 m, Zo] 8 m) Fe&2 S0zttt Ao
2 28Fh BA] 7IAbell= oAt SRR S T
AHOE ojd Ao stal YU=A URQIA] ol 4
AL 7 kAo o3t Ao 7]&Eo] <9It} (Hong,
1996). LPG= T34 -{7EA0] ebdyte] 9 ARG Lol
wEt 22 s AIA[IIAE Yot ZEW
ot} HetZ FAHECE o tAE 9}°}(7]9]r°} A&
£°}) A Uit ol Heke nE T A=
g57/do] AT HHE FoA I s EAT A
T71E A¥oto] T FAl S AFAES dore
‘257—(410]‘:}. 59 8] - A H FAE HHCE |
o] S04 w7t A7} E]f% ARG SR = &
%ﬂ |2 skl =t LPG ARF™A AR
FA7|Eol wet AGAE 7 - A E F
= ®4 Q9] LPGE HI= 85t ol YiE
E%“éﬂ'ib} =& Agstal A F71= Ax|2shof g
t}. o] 7|&oA= LPGY] wX7F Z4slste] 1/4 olsk
7F HAEA] AL s ARRAE AR RIS A
< sk Q. o] 7ol U= A HA A<

QS PG 2 W, B0 A gt o] 2EAfe]
A geloR W] W% LPG S Agke g
Al 3 AAY E F S sk 4 et of

/A @ RSl 50 el 8 134 4 gl
Wod A AN BT of 4
olekl 375371 285t Wgol —01

= aok_,] :rLoﬂ
7155715 #F8otal 12 E5S O}h o= gF-Fo
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i AT QT FEMS-
o™ of&2 oA &9
2 ARPARE AR Vs % |32} 2410 HE
£ 87X A A3 OF dol 291 o]y AHH
tta AstcHFigure 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.

AZ71 2 —‘—:l:l—_'ﬂ‘:]'(Yonha News,
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ZaAE7E EHch AR EA O] BrEAtE P49 AL
IXAF ARE A2 3AEA got & 4= glt AkaL
AL FAE AT ZARE Ao g4 AR AE <
Ao R EZQl Ay A7|Ho] 1A AV &
< FFFIPPE NIOSH7} +%9ot= AAE $2% 2=
AP A AT YT} 22 Qi 7] Ho] £l E A
T3l £ ok A=rf upAETE, o] dAtollA o
£ AHEIRE A A RALSoF Sl

A4, vt A= PR UHagt 14
A AZE Yt A= H2 FHe} AAE kT
AR F3F Aoz Bk UHFIHe Ho|z] gk X
Q1 Ydo] Jem=E SOPE AAlet H&ET "art
=t obAl2 Hlgsitt AZ2oA A-PL E oA
o] =2 AFoAE E 'SOP 304 - WEAL
I AR FUegY] AT E "ol do] 37E
Fdvks AP A 7)) HA2 FdstA] At 5]
S o]gato] FES o TVIE A gYPo=
Edsfor gttt WMEF 77t ot 3715571 E 2HEot
I AP 4 QIS o, o oz FRE TR0 gt
Ulgo] x3te "Wavl ek ARLAHL uf &71F o
2 YA 23E doy|ng WE Yol E07kA &

NTENE W YA FNTRE 08T A 9
YEE WE S ot AT S gk PHow
Aol Solz o] gl RE WES MA@ )T
Y 371587 A4S PAste] TS Sl
F4 A% AEsiok stk o] SOPOIA WEURE

Q3
YR =Ao] "asitt (NFA, 2017). dro & AR &
2 Aol A &2 AA" Fokraet 22 fo7kae W
oy dHI7t volM T APAY 5= S AN
oh Adfgato] dHFolA Y ehdgt R ERE
St HH%= #E=Ql "NFPA 350 Guide for Safe
Confined Space Entry and Work, 6= #als}od
SOPE 7I8<& AESfoF 2ttt

AR, AAAEE BR ARAlA EAR 8%
A= B LA AR WA Ml ARPHOl W
|LraFgl TAGPAEA 71&ol #3t F2(AH10%
U3 Aoz gt A o), AR
ARl A ARl ARAFEONA et AFFFTE AR
= A7es WA= T AU L& RoA Uk
=9 A= dit ARdFETE ofyEr ANYEE
FTOSHA Permit-Required Confined Space Standard

l_.

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



Azl

1910.146(1993),, "Confined Space in Construction
1926.1200-1926.1213(2015), 5 UH37F T AE
= &5 957 Atk & /\HP%“%Q 57kl A
T 12T JFE Ql=dH, & %'——Eu'—%% FHsHA
HoolHA 1 IS sFsfof 0}‘34 o|F ©
749 ARM fHte g AHURS = 9} ]
2 S7IE Qok= UE]“"”?)‘Z_]'(PGFHH'E Required Confmed
pace)°] 3t FH. V*Oﬂ AFIFERE Hol F=

wn

>,

d
r ol |o

|

r r_}l_li_m
o i 4o

o
il

1ol sttt WS a%asv_
4e AL Geiehs 4933 1

F FERBFA Bl AW P
7t Basich A% Sl ol Gy 293240 &
1930 FRAN A B

o :LEX} S AAA

]

SR )
e M
>
rO

l‘)‘ rE _YE
O—r‘ o r
:JN
>
ok
L)
o
_\;
pac)

A
_E
‘dlﬂo
0
H

X
5
i)

oo 3O off ng ok
X s %
of

4‘11

i -

e,

i

oid

N

N,

‘8‘1— 7—]0]]4

Y AR LHLPVFRY 27 9] /1%, ¥
A BEARE F4HoR

Agt 2YFTA AHLYRIA FAT FHE D

H
5] Eole 2FEY7I(Kim et al, 2015)2 H]Fo]

2o, o Be Fust Avle] g Aoz Mol P
o AuAgto® Ax gelo] BedE AEIA wek
3} Z4o] BT o] O] A% Fole 55 A

wa} Age] ERY AL} Yonz olej B
£ 5 AR oge %ait a8l 9 Aow
wehEit, oo |

< A B V1SS 7;%% 7} HI\}J\l_Ctﬂ Zd%/\}ﬂﬂ

=

e & 2= %Ol AL ol F7 ol
Zl O}OP—L—rﬂ, 9 < Sii—':—XlOﬂ ool S o
A7t BQs A __Ea OJEP
V.2 E
HsH) 90 72 F ATl A
AtEe AR #2010 I Ade &ds] A7 E
A kT LR ARLRAF A ] 1 - AFE FY

55 A8 ALTANALS =&t @7 SOret &

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

HIgHY WS = - 715

= Xl a
ER= ]

Mot

S=Mol Al 24 601

=
=)

of whegsfor gk B3l ALIelA W Aol 7]
£, RARATE 5 fAA

ZiAfo| 2

o] E=FL 20159E AN AN
24t 47892 B9 olold 4 AUSU 2t
Qaggslo] A7 el FA=GU

References

Byun YW. Manhole accident rescue demonstration
Yonhap News. Dec 24, 1997.

Cho JH. Helplessness against toxic gas of apartment
septic tank — 6 people including cleaners and 119
paramedics were asphyxiated. Korea Apartment
Newspaper. Sep 21, 2005.

CSB. Hazards of nitrogen asphyxiation. CSB. Available at:
https://www.csb.gov/hazards—of-nitrogen—asphy
xiation/. Accessed Aug 19, 2019.

FFM. Memorial sculptures pictures. Available at:
http://blog.daum.net/_blog/BlogTypeView.do?blo
gid=0G6Po&articleno=3501694&categoryld=2733
4&regdt=20070719225308. Accessed Aug 19,
2019.

Forsgren A, Brinck K. Airborne occupational hazards in
sewer systems: CRC Press; 2016.

Gunsan Fire Service. Fatality report — gunsan rescuer's
death in the line of duty. Gunsan: Gunsan Fire
Service; 2012.

Ha JH. National trust first — daily life—fighting battle
Weekly Gonggam Korea. 2012.11.11., 2012.

Harbison SC, Bourgeois JR. Hydrogen sulfide. Hamilton &
hardy's industrial toxicology: John Wiley & Sons, Inc.
Hoboken, New Jersey; 2015:325-330.

Harris MK. Confined spaces. In: Anna DH, Association
AlH, eds. The occupational environment: Its
evaluation, control and management: American
Industrial Hygiene Association; 2011.

Hong YD. 30s, a firefighter's death in the line of duty.
Hankyoreh. March 14, 1996.

Kang T. Who killed the danmuji manufacturing workers ?.
Ohmynews. Jun 11, 2008.

Kim KJ. Firefighter died in the line of duty in ulsan. Yonhap
News. Oct 30, 2012.

Kim HD, An YS, Kim DH, Jeong KS, Ahn YS. An overview
of compensated work-related injuries among

www.kiha.kr



602 O|F3| - ZEHM

korean firefighters from 2010 to 2015. Ann Occup
Environ Med 2018:;30:57 (doi:10.1186/s40557-018-
0268-2)

Kim SS, Ju YS, Kang TS, Kim MY. Survey on firefighters'
human right situation in korea: NHRCK(National
Human Right Commission of Korea); 2015.

KOSHA. KOSHA Guide on Classification of Industrial
Disaster Records (G-83-2016), 2016.

KOSHA. Prevention of asphyxiation in confined space In:
KOSHA, ed. Incheon: KOSHA; 2007.

KOSHA. Manual for preventing asphyxiation in confined
spaces. Ulsan: KOSHA, ; 2017.

Lee SW. 5 people were dead at danmuiji(pickled radish)
storage pit in Sungju, Gyeongsangbuk—do. MBC
News. Nov 15, 1997.

NFA. 2011 rescue statistical report In: NFA, ed; 2012.

NFA. Standard operating procedures in disaster scene;
2017.

NFA. 119 rescue and emergency report — statistical
information report. In: NFA, ed. Seoul; 2018.

NFPA. U.S. Fire department profile. Accessed Aug 25,
2019.

NFSA. National fallen firefighters memorial NFSA.
Available at: https://waw.nfa.go.kr/cherish/. Accessed
2019.08.13., 2019.

NIOSH. Volunteer fire fighter dies during attempted
rescue of utility worker from a confined space —new
york. Available at: https://www.cdc.gov/niosh/fire/
reports/face201031.html. Accessed Aug 18, 2019.

NIOSH. Fire fighter fatality investigation and prevention
program (fffipp). Available at: https://www.cdc.gov/
niosh/topics/firefighting/reports.html.  Accessed
Aug 25, 2019.

Nogué S, Pou R, Fernandez J, Sanz-Gallén P. Fatal
hydrogen sulphide poisoning in unconfined spaces.
Occupational Medicine 2011;61(3):212-214

OSHA. Permit-required confined spaces. Available at:
https://www.osha.gov/laws-regs/federalregister/
1998-12-01-0. Accessed Aug 19, 2019.

OSHA. Hydrogen sulfide (H,S) factsheet U.S. Department
of Labor, Occupational Safety and Health
Administration; 2005.

www.kiha.kr

Park CG, Kim MG, Kim HC, Ahn BK, Park MS et al, Causes
and radiological findings of asphyxiation accidents in
pickled radish(danmuiji) plants: A case report. J Kor
Radiol Soc 1994;31(1):81-85 Available from
https://jksronline.org/Synapse/Data/PDFData/10
16JKRS/jkrs-31-81.pdf)

Park J, Kang T, Seok J, Jin' S, Heo Y, et al. Real-time
monitoring of ammonia and hydrogen sulfide
according to workplace at swine farms. Journal of
Korean Society of Occupational and Environmental
Hygiene 2013;23(4):402-411

Selman J, Spickett J, Jansz J, Mullins B. Confined space
rescue: A proposed procedure to reduce the risks.
Safety Science 2019;113:78-90

Stout N, Jenkins E. Use of narrative text fields in
occupational injury data. Paper presented at:
Proceedings of the International Collaborative Effort
on Injury Statistics, 1995.

Sungi Park, Hyuchung Kim, Sanghyun Lim SM. The
pickled radish(danmuiji’) plant electric shock, 9
casualties including 119 rescuers. Nov. 15, 1997.

Kwan SJ. 2 workers were fallen in danmuji manufacturing
industry. The Kyunghyang Shinmun. Aug 21, 2018.

Suruda A, Pettit T, Noonan G, Ronk R. Deadly rescue: The
confined space hazard. Journal of hazardous
materials 1994;36(1):45-53

Wilson MP, Madison HN, Healy SB. Confined space
emergency response: Assessing employer and fire
department practices. Journal of Occupational and
Environmental Hygiene 2012;9(2):120-128

Yeo WC. Workers were ashphyxiated,1 dead, 5 injured.
Yonhap News. Sep 11, 1996.

Yonhap News. Scba provided to all firefighters Yonhap
News. April 10, 1996.

Yoo KM, Park HH, Chung KJ. Research on hazard
indetification and prevention of confined space
asphyxiation. Incheon: KOSHA; 2008.

<XXHE >
o]F3|(ATY), i (@L)

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



