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Clinical Evaluation of Patients Intoxicated
by a Gas Leak at an Underground Shopping Center
- Carbon Monoxide Poisoning -

Ji Young Ahn, M.D., Young Gil Ko, M.D.
Departments of Emergency Medicine, Inje University Seoul Paik Hospital, Seoul, Korea

Purpose: It is not easy to detect carbon monoxide (CQ) leakage, and CO-intoxicated patients do not show a specif-
ic set of symptoms. The aims of this study are to clinically evaluate patients with CO gas intoxication from a CO leak
at an underground shopping center, and to discuss the establishment of a disaster prevention plan.

Methods: A total of 51 patients intoxicated by CO gas exposure in a gas disaster at a underground shopping center
in Seoul on September 8, 2006 were enrolled in this study, and the patients’ medical records were retrospectively
reviewed. '

Resuits: The mean patient age was 29.4+6.3. The initial mean COHb level was 14.98£6.97%. The number of
patients with COHb greater than 25% was three, and six patients experienced a syncopal attack. Only one patient-
was treated with hyperbaric oxygen therapy. However, none of the patients complained of severe neurologic or car-
diovascular symptoms.

Conclusion: The symptoms of CO intoxication are non-specific and difficult to define, and the detection of CO leak-
age is difficult. Thus, workplaces should be equipped with leakage sensors and automatic alarm systems and
should have develop disaster prevention plans.
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Table 1. Epidemiologic distribution

Age Male (N) Female (N)
<20 1 1

20 ~ 39 17 26
>40 3 3
Total 21 30

Table 3. Clinical symptoms of carbon monoxide poisoning

symptom Frequency (N)  Percentile (%)
Dizziness 41 80
Headache 38 74
Nausea or Vomiting 37 72
Palpitation 15 29
Chest discomfort

or Dyspnea 9 17
Syncope 6 11
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AAGA HAA A o] AR B A= AT
(Table 3).

Table 2. Distribution of staying time in commercial store

Staying time (hours) frequency (N)
<3 7
3~8 24
>8 20

Table 4. EKG findings of carbon monoxide poisoning

EKG findings Frequency (N)
Normal 22
Sinus tachycardia 3
Sinus bradycardia 1
Sinus arrythmia 2
Nonspecific ST-T change 1

123



[fetat=d=isiX\ Al 42 X2 S 2006

SIELABMA S5, S J1A

R

Mot o

g 2 S35 EF JASEAEN L T A
)7} 0.4%, FALX7} 27 2%E Vel D ditsleaga
& FET} 5%0]511 A} 6B-E& BT ARTL A T 443
ol Aste] Ul dE SRS 518 FAbe] ditst
G284 PFFEE 14.9816.97%AHFig. 1). 59
d 7} B o)A pH 7.4£0.4, Paco; 38.116.0 mmHg,
7] FAJ L& 091158 HAEE HARS 82k 299
o 22X T4 Mg B A} 3, T AW 19, ¥|E
o] & ST-TH3E K]l 3x7} 1o 2 Vet Table 4).

5 X222t o=

S A ARE AR B EF QA ELEY

& FE7F 26.8%ew WY 3 A& FF, oJAH

Z, AARA, F2 BARY SFEBL 548 1909
I 2 9ol 100% AFA X 25 AJstgT). 19¢) 3kxf
99 X8 ohed HYsida 329 S 534
AN 4~6ANAE A B2 5 BLsgh o] T 1Y
el A TP FHZo] AT = AT

1 #

AxstekaE Al AAE7E A F 2 eras)
Fuo) BgA dad) s WA Fr), B Fa}T
39 ARz A AAReE AR $E] Fa g 4
o= AEA QIh> A W) YAksterae] WAL Bk
B Ax(heme oxygenase) ol &3 g o]g}24-E Tl &
At AFAo 2 8F ANSBAN ] FEE
1%% WA £315] 34 g7 oA e] Yiksiera

25
21

g 201
g 51 15
o
2 10f 9
£ 6
=2 5..

0 1 i, i

1~5 % 5410%  10~20%  20~30%

Initial COHb (%)
Fig. 1. Distribution of the initial COHb level at ER.

124

o] FEE 0.001% O)3HA| 2 2F=} v Al A= 20%, 7}
2 vk ARG A E 30%, Fdout 3HA] Al 60%71A]
e F e Aoz A Ak, AU FrEHE
dArsteae] L B9 BV, =24 W) 849
2o} Atslghe] TR oEsked oF 4A1HE<L
70 ppme] YAStEA Fro) =2 =W ¥F dAtshera
P4 FEE 10%P 20 o]231 350 ppmolle] =&
2 9} 40%7FA] o] rl=e] AU ¢ AdHES
X EA 8AIZES] ZHGFRt GAs A g S
H 50 ppm7}A 2 AR gl A o)te,

UrA o 2 Uilsteh $59 F8 gL /pEde R
£ 7MY drtso) &3t FEo] EIATE 2%
oA dFe g F5o] A= AL BT i
A, kA 28]l 2% Fo & JtE FF Fo] d& F
QAepe B a7 Fex 23 Ydrr|g 221 A
TR G A G E dirstaAv) Ag 15 TR
fr&=o] AAeA §717t o] FoiAA] K3k HA A
B SRR B2 Bt 28al 3~4Y AR
UF RIES TR JA-EEH 24 52 F7o) 3
ARG Zo 2 Hol £ ARYH 2754 712 FEo] YIS
Ao g FAHY Al A G W 71718 A3
WA B2 o] GAsEAT) AN FEEHAT G5
ARAENA A 52 T3] SA3AA v Za 7k F
Zo] o3 Alu 2 2EE Ao g Btk A Al %
oA USRS FE AR A F = 75 ppmol 3
gHaj) 250 ppm7tA] AEE o2 REHT o]#g 4
o ]S o] 259 Y =A 7t &2 g At o)
FoFh BHoh o B A HAH Bt o A% T
SHE BIS Ao r FHH A A2 AZ=HIA
< Aeo|th,

dArstea F5o] W els dapd o AdstgaAn
7} LA A AT YA Ho A of7|HE AXE A
AT H AZFEAAY FAHAR 544 o3 AoR
AAZXT GAkBLERAE R4 BlE] 2008) o]Ake] A3}
o2 A Attt IS HAT YA HAY
A B EFAE HH0 2 o|FATAL 2H LR AA
RS FAAA 23 AGLFTE oy, a8a ¢
At AaE M A9 d % A EFAE(cytochrome), 1] L.
F 2% (myoglobin), Fol ¥ A &&A (guanylyl
cyclase) 5] & Tl B oAz A3} o
AEeraE AR 02 AEIE a39) A3l Atsi)
A2 FHAIA 2 2HR-7](oxygen free radical) & A A
B Frxdit) TElal gAksteAs vegEYd 4
Fote] AF A A o] & TAAF o2 H B

JOURNAL OF THE Korean SocieTy oF CLinicAL ToxicoLoGy



G 2 Kottt HHASE AL

Aol s ezt APAQ) 224 5493 JE
FSE dodlet 9%e £ = &) &
ERANN 8 E FFE FETFO=A 4Ll
#do] ol Aoz A ek,

7 F T 20% ofste] BE 8% dsgadga
TEE 24, 7% 59 A% T2 vEyAw
60~70% o) del M= AP Aow LA U F3
TE sRANE T4 £ dF o F IAA 2 A
L2 Huse] ot A FHN T dikst gad
A 2e] T Ui 25% o) F o= glA glom B dF
MM 25% olde] BF FEE HAW BxE0] 350)
et

ddstes $59) 7P 8% B2 Ar)E F54A
Ast ABBA Y. 27] T4 2 A= BF 94

L
1A
r
)
B>
rr

7] AEEA
e At d A w2 Yehs ¥iott, &
o A% =&oMs A #49, A28 ol e
=AY B e Fol vehd 4 gick Agst
el o3 AITERT T2EH PHOERE 2t}
3 dAstdadde =52 7)A ARETE 437
b Ad R A& BEvh stEs S5
T 2EFA Y AP 54 FEoE ARFHoR JE
FSH FA AFAE dod & lon 27 F4ol
AE FHlx o) Fo) AN, A3}, e W, X
o, AR Fo Se] vehd & e A AN A8

Bl 2 W B

ofN

L (delayed neuropsychiatric syndrome)& #3+&
AT B QTN 7P EF F4E FEH X E
oler HAARNE 54¢ A= 159U FF
EE TEEEE 54T B 9, Al WHo)
AN A= 6ol et Ui T o4 HlE B
2= YA

diksteas A4 FX A vlE] Elotd] W 24 2
Fato] PA7)e] g st w22 AR, 71, 4
73ts Ao AHE JHAE F Jon Lot
< AR i @44 o) A F5F0] vehd
T YT E DTN G = 7FY7)e) Ee] Bk
o= B8kl Pl 9] o9 Aok jIUT

Ak, AR5 F] AA, S7H A L7 ERH L
T HAME A =2 VIR 9 SR AR, HEE ¥
TS5 Aol o FR WAL AR A 5
F Al M v ARF Fol vEhd & la A=

oy 4

JOURNAL OF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY

ro
@

RS0 T ™ DE -YNstEL BS-
A= HSolH W3t FAW A8 ddd ¥t
ol Y & itk &3 AZ FAAE F71E F = A
o= dulA Jth?. oEa A gAtkshaad)] =& E
RS X Ak aEa g AikaZ, FE, AE
T A% HEF AF7F vEhd AR & Bud
WL FZe] e (globus pallidus) F9]o]t}, v E
W3 o] wywle] v g-&(methanol)ol} 3F3k4¢2
(hydrogen sulfide) 5] F5AXE BY 4 glof ik
tga 5 S-H79] B opdA g 13 WY &
AT Grstes 59 gig 7led-e LefsiA e,
2 dFlME A gAAg A4S JElY 8371 39
o] AN WAMAEHA ZHALe B4 W 39, B4 A
19, B]5013 W3} 1% 9o AAxA 38L& 4
Thl 5022l WslE B Y AL gllon o Ak
s EFE AR e YTk
AR FE T AdaF NEE FAE =
BROZHE BT § F4FH o2 4G FFR
ojch, A HFe] FUhE datstEAE Ao wity)
Aot @A e darsteEng el vty
Al A 240~3208-0]11 100% AHA)AE 40~80%,
2.5~3.071%¢] 2 I4E A5 Aol AL 2087HA] Za
El= ol

Yitstga = Ao LA EE 1890
Haldaned] 2J3) A8 =250 1960@) -2 AL
Q. APFAR EE didsleaed] F58 294
71 A2 5 B3l GAksteart a4 A}
T AL FAAE B9 o ) AR ujAte] FFS vHE
AEIF a3 d& 233 di g s A=
U B3 kA7) w7l AbskedS Fo)a 417
SHa Aol E HAaA7Y A AMFERE FEY. 28y
AH T8 TE TN LA 87} 4G &
FE AYE F o AR R AT B F
7hell oJsf Abstddo] FIHE 4= Q1o HuHI)% 3%
1=

B E AR R A} thsle] o} =RFolg}
AT dsteh F50) Hede 2 Ao Y
A A drhee HAEL E4 YHsty B
S 71 AR FE3A) YA AHS, 15%0)439)
3 dAsea¥8a L FEE ol ¢JalEed 4 o
71948] A 5T A&HQ] FAE HolE Ex) Fo
A GTEQ AREAE Aol qstr] 98 LA R
E5 AP AR5 FU3 A E F)=
ABHA @2 71FoE 4HA Qon U HHYFES,
o|AskE, A, £3] 71X o] Y= Az vy H)

o TS

125



Ol

CHeta=ossT\ M4 2 Hl 2 S 2006

R

A HABF SRS A 712 G=EA U
2 AFqAME E8F dAseLrENLe TRt
26.8% 3L 2419 W] 3o YA = A&
5 ¢St 282, 5 34%Y 189 A9
Ak APIARNEE AP o NE F FFLE L4
AL TS HAEA eksict.

2FH NI A Q) GAst e F5) v)E] A5l A
WP O ] S BAL gk g Fo e ot oA
7FET O 988 A0 Hojd Aln B4 ¥ AFE
7t el 7k vE AR R AR A 2" 7E 5E E
A2 Add A g FE IAAES] 42 2l HE
LRE 2 o) AT F ANE Yty 3 7oA
Bot ezt & Aoy But ol k1 A A&
oy e g FR UigE FRAE AFE Aol #
Ao 2 Btk b7t H2 ALS5E0] A JHA oA
o A E T S7HE AR B SEE BV T
24% 27] 5 A vehd £ e S4EN aT 25
& 3t A2 AEF WL T F U=REF
AAA A Po] WQF AL R BT,

distgaE ouM FEE F5 d  5is B
o] TAFT. YIS F5E FT 4TS A
& Uehlistl 7hg $30] Beste o3 FhsAdol
=1 o)E XA AHE 24 Jok IFTN 9
o] ARgo] FAFHEA TP AR F50 5
T Za FAC UARAT H2 B9 Fof =53 dAo
ASHEA ALESS AFE A 98] Aol 51
U WA 8] HEg F38) A Bt o F2 & 7]eooF
ao] B AT MR A7 2L B2 AREe] 43
A &43s RAA Y 7t FE2L 228 ol wet o
Ad AYe T FE 7 W2 2 9] 42
opr-g] ZxI = AURA] @& Aot} F&9 JFsdol
VT BE RN QAsteL FA7)9 BR ALTS 9
FA0o 2 dAeta dsted =2 FRYT S IEF
4 2 AFES U FEE Aoete] YA AL o
FaA e o] AS =HIHEF o F Aot

$

I

#u=

Ml

1. Cobb N, Etzel RA. Unintentional carbon monoxide-related
deaths in the United States, 1979 through 1988. JAMA
1991;266:659-63.

126

10.

11.

13.

15.

16.

17.

18.

Raub JA, Mathieu NM, Hampson NB, Thom SR. Carbon
monoxide poisoning-a public health perspective.
Toxicology 2000;145:1-14.

Choi IS. Carbon monoxide poisoning: Systemic manifes-
tation and complications. J Korean Med Sci 2001;16:253-
61.

Zegdi R, Perrin D, Burdin M, Boiteau R, Tenaillon A.
Increased endogenous carbon monoxide production in
severe sepsis. Intensive Care Med 2002;28:793-6.
Piantadosi CA. Diagnosis and treatment of carbon monoxide
poisoning. J Respir Care Clin North Arm 1999;5:221-63.
Gorman D, Drewry A, Huang YL, Sames C. The clinical
toxicology of carbon monoxide. Toxicology 2003;187:25-
38.

Ilano AL, Raffin TA. Management of Carbon monoxide
poisoning. Chest 1990;97:165-9.

Administration OSHA. Occupational safety and health
guidelines for carbon monoxide. Accessed February
4,2005.

Roughton FIW, Darling RC. The effect of carbon monoxide
on the oxyhemoglobin dissociation curve. Am J Physiol
1944;141:17-31.

Hill BC. The pathway of CO binding to cytochrome oxy-
dase. Can the gateway be closed? FEBS Lett 1994;354:
284-8.

Debias DA, Banerjee CM, Birkhead NC, Greene CH,
Scott SD, Harrer WV. Effects of carbon monoxide inhalation
on ventricular fibrillation. Arch Environ Health 1976;31:
42-6.

. Wolff E. Carbon monoxide poisoning with severe

myonecrosis and acute renal failure. Am J Emerg Med
1994;12:347-9.

Verma A, Hirsch DJ, Glatt CE, Ronnett GV, Snyder SH.
Carbon monoxide: a putative neural messenger. Science
1993;259:381-4.

Myers RA. Carbon monoxide poisoning. J Emerg Med
1984,;1:245-8.

Silver DA, Cross M, Fox B, Paxton RM. Computed
tomography of the brain in acute carbon monoxide poison-
ing. Clin Radiol 1996;51:480-3.

Yanir Y, Shupak A, Abramovich A, Reisner SA, Lorber
A. Cardiogenic shock complicating acute carbon monox-
ide poisoning despite neurologic and metabolic recovery.
Am Emerg Med 2002;40:420-4.

Caravati EM, Adams CJ, Joyce SM, Schafer NC. Fetal
toxicity associated with maternal carbon monoxide poi-
soning. Ann Emerg Med 1988;17:714-7.

Holstege CP, Baer AB, Eldridge DL. Case series of elevat-
ed troponin I following carbon monoxide poisoning. J
Toxicol Clin Toxicol 2004;42:742-3.

JOURNAL OF THE KOREAN SOCIETY OF CLINICAL TOXICOLOGY



19.

20.

21.

2RE 2

Jay GD, McKindley DS. Alterations in pharmacokinetics
of carboxyhemoglobin produced by oxygen under pressure.
Undersea Hyperb Med 1997;24:165-73.

Smith G. The treatment of carbon monoxide poisoning
with oxygen at two atmospheres absolute. Ann Occup Hyg
1962;5:259-63.

Jiang J, Tyssebotn I. Normobaric and hyperbaric oxygen
treatment of acute carbon monoxide poisoning in rats.

JOURNAL oF THE KoreaN SocieTY OF CLINICAL TOXICOLOGY

22.

23.

24.

KISHDE JtAeS AD S XS0 tier Y&A D& —Autsies 55—

Undersea Hyperb Med 1997;24:107-16.

Gilmer B, Kilkenny J, Tomaszewski C. hyperbaric oxygen
does not prevent neurologic sequelae after carbon monoxide
poisoning. Acad Emerg Med 2002;9:1-8.

Weaver LK. Hyperbaric oxygen in carbon monoxide poisoning.
Br Med J 1999;319:1083-4.

Tomaszewski CA, Thom SR. Use of hyperbaric oxygen in
toxicology. Emerg Med Clin North Am 1994;12:437-59.

127



