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(B [1-1) BEOY]) 5 3719 F/38=

TR E % (ppm) < (mmHg)
224 (Nitrogen) 780,900 593
A2 (Oxygen) 209,500 159
oFZ 3 (Argon) 9,340 7
o] A3} ek (Carbon dioxide) 335 0.3
vl (Neon) 18 0.01
& (Helium) 5 0.004
€ (Methane) 2 0.002
AYE (Krypton) 1 0.001
T4 (Hydrogen) 0.5 -
2FshA A (Nitrous oxide) 0.5 -
A== (Xenon) 0.09 -
Q<= (Ozone) 0.01 -
7 1,000,000 760
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oF
= 2+ H
ofgt SMtAF o R dojur g AtAAY ] ofg Alojgtal dAsHA At
AafiM = #HE e PaO:7F 40 mmHg H
FE7E Eojofst=dl 7] T AAE
A

40 mmHg Eut} @AY o AEL 30
%e X3 3718 Ut sHE Y PaO,= <F 55 mmHgﬂ HEg AF
ARRIE b st dAAetr] B} o]ibsteie] ot Fmolgta @

%7]7]'5\4;4 75‘"?‘ 0294’ COZQ ’]?‘?:]LS P02 = 150 mmHg, PC02 = O
mmHgo|™ AW A9 Py = 40mmHg, Pcoe = 46mmHg©] t}.
o 7]¢t Wato] 2 ARGty AreE AvRY <3E M-3>3 2t}

(B TI-3) tfj7|ekslo] ME AAEedar A5 (Hultgren, 1992)
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760 159 20.9
636 133 17.5
570 120 15.8
456 95 12,5
390 82 10.8
249 52 6.8
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SAtAR FHEd BAE 3408, 7F2YE(Er]=19W) 119, ¥% 1.539

g/ 2 (0C, 1 atm)o]™

ol

45 %olA 452 %ottt
°F 0.0005~0.3 ppm¢] FEoA =

-

-

9

=1
=
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-

shde] WA

[¢]

29 % by weighto]™ =%

-

T

1%=(20 C)
(Afier Macaluso, 1969).
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(B 114 ) Foed Sl &

9384 54 Fira
#2}4] (Molecular fomula) H,S
w2+ (Molecular weight) 34.08
7}~ %= (Gas density, air=1) 1.19
<713} (Vapour pressure) 15600mmHg at 25C
& §3l% (Solubility in Water, 207C) 29% by weight
=/ 5HE TAS 023 (F42)
213} (Autoignition temperature) 260°C
Z1hH 9] (Explosive range in air) 43 ~46%
217 (Color) A
A} (Odor) e gA
EE7]E A H ) TWA 10ppm, STEL 15ppm

(4 : Macaluso(1969), & &<t B 25 (KOSHA))

(B [I-5) gt LEIIE

Zara T

L3 k=

(ppm)

AT NZ7HS S8 s 10

(Threshold Limit Value_Time Weighted Average)
SHAIZE =F SR 15
(Threshold Limit Value_Short Term Exposure Limit)

1k |

(Recommanded Exposure Limit_Ceiling) 0
Zodos 43 2 A3 9% & & dE 5= 00

(Immediately Dangerous to Life and Health)

50% A Abs%E LCs(Lethal Concentration) 952
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OSHA(1985)¢] Hito] olshel s Z7bolA] 7bg me AlgAE 2alg
AR 37100 Fe] AM PASEE Be BRI Fhirt AAFH

4 =
N
01}4'

Fol F=2 EAste] @77F A&3d] o] FofA A X, Fshrio
4L gdera %XV} o] 23}= WA Hydrosulfide9} Sulfide ©]&& ¥%
= o ok

s < HAd

u
_l

2) Bl o3 173RE

n)=k A9 A7 3 (ACGIH) ] TLV(Threshold Limit Values)9] Documentation

durH FE2AE F N(dog)s ol&s wAAPANA 3000 ppmolA = R
el 35 F &l "WERer 1,000 ppmell A= 15~20% § AbgekithaL
715 o9tk Lundet Wieland2] 7oA ¥Fo]E 500 ppmol] 22~35% &9t
w=E3R S u 3vkE] S 3 vhElzh 158 ouldl oS dldlew dnA A
2¥ o] FEFol Folrie T8 EAVIHoR ZAESY. ofvky AY
(90)o M= 344vtz]e]l JES} HAE fidez 0, 101, 3059 80 ppm &%
oA A A3 80 ppmolA ATZA7F WERE AL diEated HlE ¥ ¢
FAZF AAsdn 2Ad st oz s nE -] dFo] YERgtha Bl

n| =t P Ae o B AN - (National Institutes for Occupational Health)
NAE Fstrart A9 ul Abde] Fadddelgtar FHon 1wtk Als|

g B f71%0] R i WA ALY wET o) F99)
A= 0]

3
500~1,000 ppmoﬂ e Bz 5F0R Q8 Yo Axs FFd
A= ol THF(EFIeho] BAsHA Hoh oF 50~5008] A5 Lol A=
=, 58577 Aol Qla 250~600 ppmEEol AN =EHAS
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0.003-0.02
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&

30 - 100

> 100

< 20 ppm/ <8 A7t

15 - 25

50 ppm/ 1At

230 ppm/ 20+

> 1,000 ppm/ 1it

1,000 - 2,000

(NIOSH, 1977)
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(B M1-7) grieis ==}

29558 54

A2 (Molecular fomula)

CcO
28.0
0.968
15600mmHg at 25T
609C
12.5 ~74.2%

0.004% by weight

1)

9] (Explosive range in air)

719+ (Vapour pressure)
1% (Solubility in Water, 21C)

I3

A% (Molecular weight)

=

=]
RL
o
=2}
)=

=

7}~ % (Gas density, air
1

=

=]

Q.

o
2184 (Autoignition temperature)

=]
=
3
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=

A~

217 (Color)

TWA 30ppm, STEL 200ppm

WAL (Odor)
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8, 16, 30 %7}
Arp} W
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"
Z]

Z
st 12~13 % A= A FAA w)

I:L
[ S

T 5~6 % A&7t HH, 7]
&

Fol _¥Hd -5, 1992)

°©

o A

1~2 % AEolal,
< CO®=7F 7+ 50, 100, 200 ppm¥ =, COHb 3}

e

ST
>

-

3tH,

O -1

[¢)

=
Aol ket 9

27 04~07 % A=7F HE A}

(catabolism) ]|

COHb

|

|

7]

E

=

= °o]F 9
E

°F 180

s

-

2001), Safety and Health in Confined Space, Neil McManus)

Carboxyhemoglobin (< 43}

COHbY F%7} 30 % ©o]7to] =W
Ao oF 50 %A coma “FEjC ©]
1o A9 7o) 1,000 ppmoll A]
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l. Rali7tAE

%)g =1} 7«|7F0043F e 81

A

(B TM-9) gikelstr k&27|F

2

TAFIE 5=

g 7]F
(ppm)
8AIZE AL B8 o5
(Threshold Limit Value_Time Weighted Average)
8AIZE AT AAlE 35
(Recommanded Exposure Limit_Time Weighted Average)
%] A} 7)-
sl 200
(Recommanded Exposure Limit_Ceiling)
Srdon 4y U A%d 43S £ 4 dx FE 500
(Immediately Dangerous to Life and Health) ’
50% | Al& % LCso(Lethal Concentration) 5,207

o,

AN A0 G2 wEFRTE FaEd ste]l T2 A5-Hu Al
FE e datsieiae e dibsleba R ol e} Wukael & ek
M e JFE weth webx T A E SAE Yl 4t
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D ojsei 54

ojAtst el W FHA 2 A < /\}”P% |

(OSHA 1985, NIOSH 1994). ol4tstetie= tf7] So EAlstar glom oF

350 ppme TEE YeERY HE 9F 380 ppm(Kleen HalA)O &2 Ab5E}o]

dlom A&Ear Ql} o|qbsterAo] Abgte] &
=]

AFHsE Fushs £
| dayete selEgsh AR weIbgo % way

oL} glzle] - ol
sk,

(B MI-10) opteietr ==|oRPy &7

22354 54 o| At3het i
#2124 (Molecular fomula) CO,
w2+ (Molecular weight) 44.0
7}~ %= (Gas density, air=1) 1.53

& §3% (Solubility in Water, 217C) 0.14% by weight

/5 TE BT ElkcEiss

2134 (Autoignition temperature) Elicies

ZHFH 9] (Explosive range in air) s oty
217 (Color) LA
3

WA} (Odor)

wE71E (LR )

TWA 5,000ppm, STEL 30,000ppm
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AA kS o]4t3tetA FE (ppm)
AT 350
H 3£ 7] (Alveolar airspace) 53,000
A e HAve 5,500 (5~17h)
2 de F& 15,000 (%¢717h
okt S (E - W A, ofek v 9) 30,000
SEF Z7h (3 290) 40,000
5% As7t 50,000

&, e, oAAE e 75,000 (7~15%)
AT S BY L de #1009 A, )
HF e, G433 ZF(Photophobia) 76,000
110,000 (137"
o] Al E.1g s
R 300,000 (25%)
M5 YA AR AAT AN A o] Fekae] OE wE25ES The)
o] At gt

(B [M-12) oJptelta: &7|E

=2 71

ojitdga FE

(ppm)
BARE IS 85
(Threshold Limit Value_Time Weighted Average) 5,000
GAZE =% 38R
(Threshold Limit Value_Short Term Exposure Limit) 30,000
8AIZE ARPhE Ails =
(Recommanded Exposure Limit_Time Weighted Average) 5,000
G =3 AuFE
(Recommanded Exposure Limit_Short Term Exposure Limit) 30,000
7how A4y 9 A% 4B E 5 e B w0000

(Immediately Dangerous to Life and Health)
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(B T-13) 3y Qolekize] gy 7

x%7|% IDLH

T VOCs Cas No A% b
- - P (epom) (ppm)
Human 117 (Benzene) 71-43-2 7811 80 0.1 500
Carcinogen
Hhol A -7 (A) Vinyl Chloride 75-01-4 6250 -134 1 -
1,2-dichloroethane 107-06-2 98.96 83 1 50
Carbon tetrachloride  56-23-5 153.82 76.6 2 200
Probable Trichloroethylene 79-01-6  131.39 86.7 100 1000
Human Tetrachloroethylene ~ 79-01-6  165.83 121 100 150
Carcinogen
o} o B 2% Dichloromethane 75-09-2 8493 40 25 2300
B) Chloroform 67-66-3 11938 61 50 500
Bromoform 75-25-2 25275 150 05 850

Bromodichloromethane  75-27-4 163.82 87 - -

1,1-dichloroethane 75-34-3 9896 573 100 3000

Possible 1,1-dichloroethylene 75-35-4 9694 31.6 - -

human 1,1,2-trichloroethane ~ 79-00-5 13341 114 10 100

Carcinogen
wolyli==24  1,1,1,2-tetrachloroethane  630-20-6  167.85 138 - -

© 1,12,2-tetrachloroethane  79-34-5  167.85 146.5 1 100-

Dibromochloromethane 124-48-1 163.83 - - -

Not classifiable Chlorobenzene 108-90-7 1 125 6 1 32 75 1000
as to human 1,2-dichlorobenzene 95-50-1 147.00 180 0.1 -
carcinogen(D) Ethylbenzene 100-41-4 10617 136 100 800
detdoz
BEgz|ere 1,1,1-trichloroethane 71-55-6 13341 74.1 350 700
=4 Toluene 108-88-3 92.14 1106 100 500

* w=F 7] : NIOSH Recommanded Exposure Limit

* JDLH : NIOSH Immeduately Dangerous to Life and Health



ol =dE2 stR, steAdd, 4aAAY, AAY S A
Al sk EuAel ARt or AdubHom 4ol Sl IUA
#7] 89E(VOCs, Volitile Organic Compounds)& ¥33ta & = Utk

VOCst= At 77189 AL & WWs] sz FasY 47 8
il

=2 A e AdE = o vt dids BA1Y staA
o] et vt 3 2 R AR FAEHY oM HrE &
A5 ti7lel ¥iEE VOCsv Hl=3 37 steAeldes FYdse o=
CEansi=g
ool HEH F8 54 IDLH ¥ #A¥8+s%5E Aestd tha9 x9
Fage
(B 1I-14) F2 29| g
£39 5= AFsE 2
AT o4& ;<10 % T A <6 %
Fstri IDLH : 300 ppm LCso : 952 ppm
JAbshek A IDLH : 1,500 ppm LCso : 5,207 ppm
ol 4t shek A IDLH : 5 % oA EH ;11 %1%
% IDLH @ SZoz Mg 9 AZo dsks £ £ Use sE(mmediately

Dangerous to Life and Health)
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<E V-2> JRBE FFIN 7Y 69

+d HEd HZ=AL oy
NEwEE ST SentryRAE
IfrEE 247 RAE Systems MultiRAE Plus
SA17] 4
TA17] 4
S GA A A A A} SENS Q45
EA Zz2 Y RAE Systems ProRAE Remote v3.0
(B V-3) Fg71r
e 5F SHHY =olls SEAIZ
1 (0)3 0~30 % E== 1 o)A 0.1 % ©]3s} 15% o]
2 7FAA(LEL) 0~100 % 1 % o|s} 15% o]y
0~200 ppm 0.1 ppm ©]3}  10% ©J
3 voC w = -
200~2,000 ppm == 1 ©]4F 1 ppm ©]3}F  10% ©|Uj
4 CO  0~500 ppm EE 1 o4} 1 ppm ©]8F  20% oJuf
5 H,S 0~100 ppm H=+ 1 o)/ 1 ppm ©J3}  30% ©Ju
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<E IV-4> 2BN|9] AA AH|ZF

3 A A 1 kT3 A 2H[Hm)

AF = 200

YA & & (Paramecium) 500

APt (lusarium) 10,000

%  F(Chlorella) 40,000

Al (Azotobacter) 1,200,000

<E IV-5> NEEEE M2 5= HoRig

SEs 1= 23 3F AF 6 S =
g 20.9 20.9 20.9 205 20.5 20.9 204
TR 20.9 19.6 9.3 45 0.2 1.1 1.3
Qo)9F 20.9 20.9 20.3 20.0 19.6 19.7 195
kv 20.9 20.1 18.9 18.7 17.8 17.7 17.6
bz 2 20.9 20.9 20.6 20.9 20.5 20.9 205
28+ 20.9 20.9 20.5 20.4 20.4 20.8 20.2
oF 20.9 18.3 17.0 16.7 16.5 16.7 16.9
=) 20.9 0.1 0.1 0.7 0.4 1.7 1.9
k) 20.9 20.5 19.7 19.3 18.6 18.6 185

CIRRARs 0.2 0.0 0.0 1.5 8.2 3.2 41
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25

Ao AZELH diksteie] 5
Aol whep AAE] = =
ppme| Ao 3FF-E 54.7 ppm
A ZFrVeltela, SolmE sl
ppm FEE YERR 7] Al Aeke] it
25F2kol| 515 ppmS Al Zo 2 S7kste] 270 meWPq = }3}95\‘4-
kel A9 1EErd B3 152HE 1,000ppme dol S47] A
LER AL o] % 8F7HA A% 1,000 ppmeolZdol

UERAE vhdus 1089 AdEd SR MY =2

-
A1l AS- 17 e dakstetart whAskA] @kgkout 23] 49.8
ppmeo] WHAE o]% 3FAlo| 123 ppmlE Hi FEE YEgloew 1
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25
131.0
270.0

3.2 17.0 7.0 4.8
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0.0
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Hom wFEAE= 1, 259 282, 375 ppm= YEMATH T 3FAt = 1
A=H e S T SUMsPAA TFEA 459 ppmlE HUlEEE
o]

T 1

o Al T haske] 85 Akl 320 ppmE VFERARLT
R A 3FA = 2FAE Y BE R E Holnpt % A&
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<E N-T> R32gd fderlois sE Hey

Sas 1= 23 3T 4F 6 = =
2 Ef 0.0 0.0 0.0 2.1 2.1 0.0 2.6
A 282 37.5 0.0 16.2 26.8 459 32.1
Qo9 F 0.0 0.0 0.0 248 28.0 1.6 444
DES e 9.9 51.8 13.8 434 50.1 64.6 67.0
bz 2 3.8 23.6 11.9 17.8 33.5 14.6 48.8
28+ 0.0 0.0 0.0 6.0 2.7 0.0 2.8
oF 0.0 0.0 1.9 10.3 9.3 26.6 12.6
=3 0.0 181.2 120 27.7 55.4 32.3 30.6
k) 0.0 0.9 0.0 15.9 17.7 12.6 418
HhL 53.3 3.7 12.4 11.8 11.3 33 23.0

QoL 3FAMA HEHA Rt 45 27 AR skl e

TEAOE 16 ppmOE B BES Wo|Url 85A¢ = 444 ppmOE 3
AFES YB3 A 3FAA] vHEEHAY ofF U FEE
Holth7} A3 S7leks A5 Biow 8FAtol= 41.8 ppme HilsEE
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FEAZE 8F T AsEe asEE vHESIUIE 8FAbdl= 488
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=E7]E0l 10 ppmQH @A gL SRR =
71eE 2¥ete FEE UEIAT ©FAY A5 tE 7hsel Blugs
% S S How 65l 262. ppmlE H il
= F2kel 197, ppme] FHilFEE Heolurt 354}l

34 ppmoE FE7F AT F FA) o]Fo= HE AEHA skt
A8 37kl 6.3 ppm= Bl A 99| 73tell= A AEHA FUT
o] A9 1, 270l e FRE Bl F 3 4 Fabo] wHEH A}
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<E IV-8> APITTE YL BE WY

=171 1= 2% x 4% 63 (e 8%
o el 0.0 0.0 0.0 - 0.0 0.0 0.0
@A 15.5 18.5 12.5 . 26.2 229 183
QoluF 0.0 0.0 0.0 - 0.0 0.0 0.0
Iz 0.0 0.0 0.0 - 0.0 0.0 0.0
FrAx 0.0 22 14 - 0.0 0.0 0.0
28+ 0.0 0.0 6.3 - 0.0 0.0 0.0
o 0.0 0.0 08 - 0.0 0.0 0.0
7 1.0 19.7 34 - 0.0 0.0 0.0
k) 2.0 0.0 23 - 0.0 0.0 0.0
B 2.9 15 0.0 - 8.5 45 7.6
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<E IV-9> AlZ0| 498 YRz 53

gRRiE9 B4 T E A 2 A
Methyl mercaptane o
(CAS No. : 74-93-1) CHSH v
Propyl mercaptane oF s
(CAS No. : 107-03-9) CHECHLCHLSH Gl
Dimethyl mercaptane CH;CH(SCHj3), L
S-methylcysteine sulfoxide ; )'K(\I__,CHE S EERP
(CAS No. : 4740-94-7) ot e
Methyl f-methylmercaptopionate .~ T

1} O] of] =
(CAS No. : 13532-18-1 ’ E/REJ A
§ — CH,
f-methylmercaptopropylalcohol o
(CAS No. : 505-10-2) o =
SH
Furfuryl mercaptane 73]
(CAS No. : 98-02-2) 0
Alkylisothiocyanate R-N=C=5S i, ol
y y
v = of

Alkyl sulfide RSR A e, 9
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257 A A il s
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<E IV-10> Wg2Z2E SLoRRk sk Hoiig
=

=t 15 2% 3F 4x F = T
) El 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e 0.0 0.0 0.0 0.0 2.4 2.7 0.0
Qol7F 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DI s 0.0 19.5 15.1 14.6 14.2 14.2 13.8
Uz % 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ey 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 3.0 0.0 0.0 0.0 2.9 0.0
ks 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S13BRBE 38.2 21.9 22.8 29.8 79.9 39.2 84.4
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WAL o] F HAR I FR7b Ftste] 75kl 135 ppmo® HiFEE
Esgh AaFEE 877 20 % o4S fAstgon, FUH7)8He
2 4687k 21~26 ppme YERHASH, Ssteiet TR AE
HAEA dth Febrd SAHAA Y oo r 4FAtds BE A
Jala BEE 248 Rain

<E V-11> HHE] NAL7| €A =
7k 1 25 3% 45 67 75 8

(%) 209 20.9 209 20.5 20.5 209 20.4

EIRA TR 0.0 0.0 54.7 65.1 100.1 | 1350 | 117.0
Fobra 0.0 0.0 0.0 - 0.0 0.0 0.0

VOC 0.0 0.0 0.0 2.1 2.1 0.0 2.6
74l g7k 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Al A8 9 AAE Tt 3FA k] 93 %E w48 AT o]F A
HHq 0w FHahste] 65 o]Fo= 2 % o]stEA] 7H AR E 7Y |4
Had &sras 125 % ~ 262 %5 YERYSITH
<# IV-12> HEX] Ag87] 1> sk
7} 15 25 35 45 6+ 15 85
A2 (%) 20.9 19.6 9.3 45 0.2 1.1 1.3
dibsletA | 15 32 17.0 7.0 4.8 2.5 0.0
Fslea | 155 185 125 - 26.2 229 183
voC 28.2 37.5 0.0 162 26.8 45.9 32.1
ZFAATE= 00 0.0 0.0 0.0 2.4 2.7 0.0
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<E V-13> Q0Jmg *g87] &¥tx sk

7k 157 EE 35 45 6T s 85
A2(%) 209 20.9 20.3 20.0 19.6 19.7 19.5
AAiksteba | 00 0.0 38.0 50.9 91.0 131.0 110.0
St 0.0 0.0 0.0 - 0.0 0.0 0.0

VOC 0.0 0.0 0.0 24.8 28.0 1.6 44.4
7FAA 7k 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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78FAelE 270 ppme 71EE ST ARARVISFE FEE 8FA
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8T o Itras HASHA] o)
<E IV-14> 4= MgE7] 212 5

7F2 13 25 3F 45 6+ 7 8+

AL (%) 20.9 20.1 18.9 18.7 17.8 17.7 17.6
AArstet A | 0.0 515 136.0 178.7 224.4 270.0 270.0
gobra 0.0 0.0 0.0 - 0.0 0.0 0.0
VOC 9.9 51.8 13.8 43.4 50.1 64.6 67.0
ZFAA 7~ 0.0 19.5 15.1 14.6 14.2 14.2 13.8
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YAz AFE7IE ARG EC] 8Tl 488 ppme 7|=35F%
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<E IV-15> 4ZAX MgE7] 212 5
7} 13 25 35 45 65 75 8T

A2 (%) 20.9 20.9 20.6 20.9 20.5 20.9 20.5

AArkstEbA | 33 0.0 0.0 0.0 1.9 3.8 0.0

gl 0.0 22 1.4 - 0.0 0.0 0.0

VOC 3.8 23.6 11.9 17.8 33.5 14.6 48.8
7FAA7 2~ 00 0.0 0.0 0.0 0.0 0.0 0.0
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Wb 485
A AL TFA] DAtste A FR7F 30 ppm e 2A H LA
ow, Fa4a7t 3%A4e 63 pom WASRAT. FLAAAHGEE 4F

ke 6 ppme 71EFH o, AAE AT 5o 20 % oS FrAEFA AL
7FAA 7= HHAISER] Sk
<E IV-16> AE&g NEE7] 2812 sk
x| 1% 2% 3% 4% 6 7% 85
A2 (%) 20.9 20.9 20.5 20.4 20.4 20.8 20.2
AAkslERA | 0.0 72 0.0 9.0 19.5 30.0 6.0
gl 0.0 0.0 6.3 0.9 0.0 0.0 0.0
VOC 0.0 0.0 0.0 6.0 2.7 0.0 2.8
7FAA7 2~ 00 0.0 0.0 0.0 0.0 0.0 0.0
MR _LYIIAYH 55
35
25 \
=1 15 \
10 /9 \
. P =g 6
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O O 1 - G 1 O 1 1 1 5 1
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Ab) 5
9 AFALY)E 3FARE 2wt 18 % ujvto g 7kt &k
Ar718kstEo] 7Tk 266 % AR oW, Ferist ditsEAE 1 %
njko 2 AL whAyelA] okl 7HAAVIAE HE wHASHA] 2okt
<H IV-17> 22 X7 HAJIA =&
Axd | 13 2% 35 45 6 75 85
AL (%) 20.9 18.3 17.0 16.7 16.5 16.7 16.9
AAEFERA | 0.0 0.5 0.6 0.0 0.0 0.0 0.0
gl 0.0 0.0 0.8 - 0.0 0.0 0.0
VOC 0.0 0.0 1.9 10.3 9.3 26.6 12.6
7FAA7 2~ 00 0.0 0.0 0.0 0.0 0.0 0.0
Qe WY IIAY ST
30
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0 b—no00 o8 _apng  mpogmpgol—=po
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V. 2R Saa WA A - 109
op) A
A AGE7)= 2FAke] e 01 %2 st AL ARG
FAEAT dabstetA FEe 37k 123 ppmeE HAA|E 7| Estthrt
A #HAaste] 8Fatel= 3 ppm= WERNAT. S3bris 2_2,:}01] 19.7
ppme 71 F8IRA o 4F3; o] foll= WA EA] ettt A8t e
Fakel 181 ppml® HAAE 7|EsF L 77~ LELS 3 ppm
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<E V-18> ZXf %7387

PP 55

Axd | 1F 2% 3F 4% 65 75 8
AL (%) 20.9 0.1 0.1 0.7 0.4 1.7 1.9
AArstet A | 0.0 49.8 123.0 93.1 54.9 16.6 3.0
gslra 1.0 19.7 3.4 - 0.0 0.0 0.0
VvOC 0.0 181.2 12.0 27.7 55.4 32.3 30.6
7k 7R~ 0.0 3.0 0.0 0.0 0.0 2.9 0.0
SN _gMIAE 55
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;{ 100 93
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60 /50 ~ 55
0 N 28 82 31
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ZH 14
a8 AFE7|= 37 dAslE A FET)F 86.6 ppmlOEA FH LA
71E235F9 3L A7t E FEE 97t 41.8 ppml EA HiE 7|E
staom sslei= 37k 2.3 ppms WER ST FET A7
&QF 18 % ol fFAISIA AL 7HAAd 7 WA S| okt
<E IV-19> 13 387 271> 5=
Ax® 1R | 2% | 3% 4F | 6+ | TR | 8%
A2 (%) 20.9 20.5 19.7 19.3 18.6 18.6 18.5
AAEERA | 0.0 16.2 86.6 64.9 59.0 53.0 22.0
gslra 2.0 0.0 2.3 - 0.0 0.0 0.0
VOC 0.0 0.9 0.0 15.9 17.7 12.6 41.8
747k~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I gMIlAY 55
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54719 FAHE Holyton, 77 A 6574k 799 ppme 7] &3}
et

<& IV-20> "L} Ng87] 1> 5=

Ax® 1R | 2% | 3F | 4F | 6+ | TR | 8%

A2 (%) 0.2 0.0 0.0 1.5 8.2 32 4.1

AAgtER | 1,000.0 | 1,000.0 | 1,000.0 | 1,000.0 | 1,000.0 | 1,000.0 | 1,000.0

F3lri 29 1.5 0.0 - 8.5 4.5 7.6

VOC 533 37 12.4 11.8 11.3 33.0 23.0
7FAA TS| 382 21.9 22.8 29.8 79.9 39.2 84.4
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$37k2 4S99 FTIRY FA49 2424¢ g ok

wavenumber range : 400~ 4500 cm !
resolution : 0.5 cm’

scan number : 43]/spectrum

th FE7hse 54

Ao AT A 71~(C0) 9] FTIRE ~FEHS Ao,
T~ e <3 IV-23>3 72t
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Reference Gas Concentration(ppm) Carrier gas H|

CO 50
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W 49 2%
FTIRS AHEstol b2 242 @ 4% ARd 5494 1A o945 g9
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7} 2050~2250 cm (absorbance/wavenumber)ol Al 78t S5t 7F YERE oM
ol S ALY U Fall7te SAHHY vashy] e datsieh REbs
T4 ez dAs

A g7 Wl 2 Flvtee & ~FERS BAS Ay A&, 1,
B4E A9e RE A gAY 2200~2250 cm | oA At Er s AR
e o e 2t AEEY 59 <a¥ V-18>3 o] dAkstera
~FEJL 1600 cm 'Y 3800cm 'l A Eeld 4 e FE(H0) 2

Ll (L[e[tulRIE] 4| r]a v (reX]2] iR -] B|E|A

0.5em-T e, T50.000C 1 0uetm, 10 00
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91 20.4~209 %)

H
=

Hit 206 % (
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(B v-6) g3E a¢ 2UWE AL 5
Ag & 34 | 3EAE
T EEUX A X A E X _ Z AR
H Ak 1.0 0.0 4.0 0.0 0.0 0.0 0.0
ATARE 915
2.0 0.0 14.0 0.0 0.0 0.0 0.0
(25 %)
TUHE0 %) 2.0 0.0 35.0 1.0 0.0 0.0 0.5
AIBAHE S5
3.0 1.0 47.0 2.0 25.0 0.8 1.0
(75%)
2 o gk 11.0 4.0 105.0 9.0 28.0 1.0 3.0
e 3.1 0.9 38.1 1.7 10.6 0.3 0.8
o E Y _2CUL = CO{ppm)
120
L ]
100 A
80
€ 604
g
5
Q40
20 4
» .
I e e s
Elé & IE% %Iﬂ HIIN 6t¢|7'<121 ﬁr%
(38 v-7] dFE 3¢ 39 AL 52




V. 2nszhE

IEl

P
=

(B v-7) &38 3T 2UE IMdq7lkiklE 5k
g E st4~ | 8}5hA)
T EEUX A X AR | Z AR
H gk 2.6 0.1 8.6 1.7 22 0.0 0.0
ANARE 915
4.2 0.2 12. 1. 2. 2.0 0.4
25 %) 7 8 3
k750 %)| 8.8 1.7 16.7 22 25 2.4 1.0
A 3AHE L 5
10.1 1. 4. 16. 100.0 42 1.
75%) 8 84.5 3 8
gk 145.0 10.1 154.0 24.0 111.0 4.7 6.3
gt 19.3 3.0 58.7 8.1 43.6 2.8 1.6
o E Y D02 2 VOC(ppm)
180
160 .
140 4 .
120 A
‘g 100
g—:) 50
=]
= &0
40
20 T
0] — =~ 0B e
EI.—;* Al I% EL” HIIII ﬂ#IiEI irii.’

(2 v-8] ¥ T 23WE VOC 5=



144 UHI7t Iz

Ag £ k4~ | 3EHAlF
T EEUX A X AR | Z AR
H gk 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ANARE 915
0.0 0.0 0.0 0.0 0.0 0.0 0.0
(25 %)
TG0 %) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ABAHE S5
0.0 0.0 0.0 0.0 315.0 0.0 1.0
(75%)
gk 203.0 2.0 0.0 20 315.0 20 22.0
e 27.4 0.2 0.0 0.3 126.0 0.3 23
o & ¥ _TCHQ 2= H,S (ppm)
3580
300 4 T
250 +
200 4 *
g S
a 1580 4
€3]
IN
100 A
0 4
oA ——— e
EI.—;* i I = EILH HIIII e IJ‘HEI ir‘ll*

T o2E Yera =




(B v-9) 38 3¢ 2WE J7IRVd7IA LEL &
Ag £ k4~ | 3EHAlF
T EEUX A X AR | Z AR
H gk 4.0 4.0 4.0 0.0 0.0 0.0 0.0
ANARE 915
0 0 0 . 0.0 0.0 1.0
25 %) 5 5 5 3.8
TG0 %) 6.0 7.0 6.0 4.0 0.0 0.0 3.0
A 3AHE L 5
0 13.0 0 0 13.0 0.0 .
(75%) 7 3 8 5 3 35
2 gk 23.0 15.0 19.0 8.0 14.0 3.0 6.0
3 T 8.2 8.4 7.8 4.0 54 0.6 2.8
9l & B 2L 2 LEL(ppm)

LEL{pprm)

25

20 A

|
| *

i
1T

T

0%
1z

HIEI

T
st el e

37 v-10] 95 3T O3S JjoUTlA LEL SE
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(B v-10) 32 o 230Z A 5=
Ag £ k4~ | 3EHAlF
2 A== A X AR | = AR A
H gk 20.1 19.0 13.4 17.4 8.7 20.4 19.9
ANARE 915
20.2 19.7 20.0 19.3 9.2 20.5 20.5
(25 %)
TG0 %) 203 20.0 20.2 20.9 20.9 20.9 20.9
ABAHE S5
20.6 20.5 20.4 20.9 20.9 20.9 20.9
(75%)
gk 20.9 20.9 20.9 20.9 20.9 20.9 20.9
H 20.4 20.1 19.3 20.0 16.1 20.7 20.7
ol = W_RCIQ 2 O, (ppm)
22
20 e ] él =
18 4 J_
’E 16
TR s
[
12 4
10 A
8 T T T T T T
T2 & 2E R HIE| ata Hel gty
[ v-11] €32 s 2WE ML 5=
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148 - UHIZ7F ZAFRE FAIXEH Q91 mot 2 of oA e
ZF™X|Holl ME VOC s (Zhgt) Bl
BRI RS

12
O

_:Fm

] 111

24

1101

j 6.3
[ 15.3
| 155

| 145

] 15¢

80

100 120 140

VOC & =(ppm)

160

180

[

ag

v-14] ZRIe] T2

VOC SE(AR) HlaL

12
O

] 315

] 203

200 250

300

350

(23 v-15] FgRIc] mE Helra

SZ(AZ) Hlw




- 149

2%

[ejol wE LEL(ZYsIstzt) (2lthgt) vl

|8

SRS 8
e | 19
HE AREMZY i | 15
ZEEHR i ‘ | 23
HFEX A 24 _:be
zeno 94 | e
ARl 24 J‘ 9
0 5 10 15 20 25 30
LEL 55(%)
[AF v-16] FBXH0] WE 7197t s=(A) Hlu
(B v-11) AFNY S 420
#0| n CO (ppm) VOC(ppm)  H:S(ppm) LEL(%) 02(%)
A 0.6 (0~2) 14 (0~5.5) 0.3 (0~3) 3.3 (0~9) 20.8 (20.4~20.9)
05m 9 07 (0~2) 14 (0~55 01 (0~0.1) 3.1 (0~10) 20.8 (20.5~20.9)
10m 9 07 (0~2 09 (0~32) 03 (0~1.0) 24 (0~6) 209 (20.6~20.9)
15m 1 0 26 0 6 204
20m 1 0 26 3 9 204




150- - UHZ7F RSS2 TAYsH RO et Y ooy 7
(B v-12) 39X|Y 102 820
#H0| n CO (ppm) VOC(ppm)  H:S(ppm) LEL(%) 02(%)
A 0.6 (0~2) 1.0 (0~5.3) 0 3.7 (0~26.0) 20.6 (18.6~20.9)
05m 9 04 (0~2) 11 (0~5.3) 0 21 (0~18) 20.7 (19.5~20.9)
10m 9 07 (0~2) 14 (01~5.1) 0 42 (0~25) 206 (18.8~20.9)
15m 3 07 (0~1) 05 (01~12) 0 8.7 (0~26) 201 (18.6~20.9)
20m 1 1 0.1 0 0 20.9
(B v-13) AFX|Y 4z 820
#HO0l n CO (ppm)  VOC(ppm) H2S(ppm) LEL(%) 02(%)
A 0.8 (0~3) 1.7 (0.2~6.3) 23 (0~22) 2.8 (0~6) 20.7 (19.9~20.9)
05m 6 07 (0~2) 16 (0.3~29) 07 (0~3) 20 (0~5.0) 20.7 (19.9~209)
10m 6 08 (0~3) 18 (0.2~6.3) 38 (0~22) 35 (1~6) 20.6 (20.0~20.9)
(B v-14) Ega9X]| 32 820
20| n CO (ppm) VOC(ppm) Hz2S(ppm) LEL(%) 02(%)
FA 31 (1~11) 193 (2.6~145) 27.4 (0-203) 82 (4~23) 20.4 (20.1~20.9)
05m 7 27 (1~8) 17.1 (4~79.2) 7.1 (0~90) 71 (4~17) 205 (20.2~20.9)
10m 7 33 (1~11) 27 (29~145) 246 (0-172) 7.9 (40~22) 204 (201~209)
15m 3 33 (2~5) 6.5 (26~13.5) 67.7 (0-203) 117 (5.0~23) 203 (20.2~20.3)




V. UHZEZHE AEEAL U XRAEN HA. ... 151
(E v-15) A=E N +ME 57gdZ0}
20| n CO (ppm) VOC(ppm) Hz2S(ppm) LEL(%) 02(%)
A 0.9 (0~4 3.0 (01~10.0) 02 (0-2) 84 (4~15) 20.1 (19.0~20.9)
05m 4 05 (0~2) 34 (02~10.1) 0 6.0 (4~8) 204 (20.0~20.9)
10m 4 13 (0~4) 33 (02~9.4) 05 (0-2) 98 (4.0~15) 199 (19.0~20.9)
15m 1 1 0.1 0 13 19.7
(B v-16) GMTX] 1Mz F7gZn}
#0l n co(pm)  vocppm)  TESPPM g (g (%)
A 381 (4~105) 58.7 (8.6~154) 0 7.8 (4~19) 19.3 (13.4~20.9)
05m 7 34 (4~96) 51.7 (8.6~154) 0 7.6 (4~19) 194 (13.7~209)
10m 7 428 (4~105) 154 (8.9~144) 0 82 (4~17) 191 (13.4~20.6)
(B v-17) AKX a2 820
20| n CO (ppm) VOC(ppm) Hz2S(ppm) LEL(%) 02(%)
A 1.7 (0~9) 8.1 (1.7~24) 0.3 (0-2) 4.0 (0~8) 20.0 (17.4~20.9)
05m 8 20 (0~9) 6.7 (1.7~24) 0.1 (0-1) 41 (0~8) 199 (17.4~20.9)
10m 4 10 (0~3) 111 (1.7~24) 05 (0-2) 3.8 (0~6) 200 (17.4~20.9)
(B v-18) SI3TNg e £8Z4n
20|l n CO (ppm) VOC(ppm) H2S(ppm) LEL(%) 02(%)
A 13.25 (0~28) 539 (2.3~111) 1575 (0-315) 67 (0~14) 149 (8.7~20.9)
05m 2 125 (0~25) 512 (25~100) 1575 (0-315) 65 (0~13) 151 (9.2~20.9)
10m 2 14 (0~ 56.7 (23~111) 1575 (0-315) 7 (0~14) 148 (8.7~209)




152---- UHZ7t AASFH AR 20l oot 3 oo iy

(B v-19) SRINERZY oidlz Zuzn

Zo| n CO (ppm) VOC(ppm) H2S(ppm) LEL(%) 02(%)
A 1.7 (0~9) 8.1 (1.7~24) 03 (02 4.0 (0~8 20.0 (17.4~20.9)
05m 4 03 (0~1) 31 (2.0~4.6) 05 (0-2) 0.8 (0~3) 208 (20.5~20.9)
10m 4 05 (0~1) 32 (1.7~47) 03 (0-1) 0.8 (0~3) 208 (20.5~20.9)
15m 1 0 0 0 0 204
20m 1 0 25 0 0 205

A EH 05 moﬂf\i AAstEr A7 Het 56 ppm
(91 0-96.0 ppm), FTAF7Ist=Eol Bt 124 ppm (S 0-154 ppm),
4 ppm (F¢ 0-315 ppm) Zakslekgto] Wit 4.2 % (HY
) 7F 33t 202 % (91 9.2-209 %)= ‘/}F/}LHME]'
Zlol 1 moll A+ dAketetArt Het 7.2 ppm (B9 0-105 ppm), 3EA57]
| H1 181 ppm (H$] 0-145 ppm), 33}rFa7F it 11.2 ppm (H
0-315 ppm), Zwalatgte] i 52 % (M9 0-25 %), Arsm=7F Hit
20.1 % (H$ 87-20.9 %)E YERASAT
05 m¢ 1 m ZoldAMe SHZ4%}E fow t-HAHATFT %)=
AAgE A3 7 Zlold e FAASE Fod AolE HolA ¥ Zo=E
LFERSE T



(B v-20) Zolg tx s

HO| A2 FE2 CO (ppm) VOC(ppm) Ha2S(ppm) LEL(%) 02(%)
AL 0.0 0.0 0.0 0.0 9.2
05m n=56 HU 96.0 154.0 315.0 19.0 20.9
Ht 5.6 124 7.4 42 20.2
AL 0.0 0.0 0.0 0.0 8.7
Im n=46 HU 105.0 145.0 315.0 25.0 20.9
Bt 7.2 18.1 11.2 5.2 20.1
2l0|¥ CO (ppm)
120
*
100
*
80
g £0 4 P
8 40 * *

20 4

.
-

0.5m 10m

[AF v-17] FHo[E ibefEr 5k



Y OC(ppm)

180

20|18 VOC (ppm)

160 4

120 4

100 A

60 A

40 4

0.5m 1.0m

H,S(ppm)

280

[A" v-18] HOE VOC k=

21012 H,S(ppm)

300 4

280 4

200

100

a0 4

0.5m 10m

[AF v-19] FHoE Fefe 5




210|¥ LEL (ppm)

30
L [ ]
L
20 A
*
]
. L] L
£ 15 A [
[ol
o L ]
=,
W g 4 .
5 4
04
T T
0.5m 10m
(3" v-20] Zo]¥ LEL 5k
201¥ O,(ppm)
2
+ T
18 -
[ ] »
= 15 4
jo'l
=t
3 144 .
*
12
10
*
*
8 T T
0.5m 1.0m

[AF v-21] FolE 242 5k



B A N T X o o W LT g £
oF . AF 3 5 ok S W —- X &N a
oadﬂ ﬂlni/\O.iO T T
T oy X T O S R
g P T w R Ay BT TR I
roali o — i ~ LT —
mmﬂﬁui ertwf_ﬂ% g < e iz
s»&Tw FT7eT Egge I
" w2 o XL g -
FE o S 4wt we g3 =
W B BT g B AT ®
= E 5L wHwE.g Hmﬂ%%.mm
Sewm, TTZEC TETplE
—_ < = . g —
wE Lo ER T SAET oo
B < g X XO T o ] WM & ) = < g
oM ) o] R W ~ T s
B o o R 2x 2z
= % d c T2 L EER
TRI Y g Ty BT A E
s OB X Emﬂﬁ_ﬂp 7 g
2 N\ T U N < 2~ Y
T PN MR e Lok
sxRF (TEIIRLEIAC
o Y og ™ ~ %ﬂﬂ%gdmmﬁmu%
= _ﬂ_HEv ]iodﬂo»ﬁ
™ o djo o Mo 7y @ o 3 =
— lcT of R —~ N o )
._II_VI X o ,I.” o ﬂ.ﬂ " K ‘A..# = — Lf m ~
ay mﬂ_%mﬂva oo P2 W X X & ok
Tm Bl g INSSTHHEET o
- Sl SO R SR S RS
i H%MMW%HM&L#_ioax,amﬁm%aﬂ
= r ‘,_Uuuﬂ O)O‘W\/JIEE\‘W
7 ~ . of oy M A B oo P X w Mo me Mo JJ Mo
o T Al W g oo o W ook N Y T A JoAE T R
R D 2T wT

E At Al
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(B v-22) H71a

Jo
110

IH

ol
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KIr
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Tl
Bl
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15% ©
30z oJu

15% oy
20x ©

],

],

}
3}
}

],
9
9
9

3} 2 500 ppm

-

0.1 % ©l
1 % °l
0.1 ppm ©]
1 ppm ©]
1 ppm ©]
1 ppm ©]

gt a 2726 ppm, 3 T7) 89

o o3

Pt A 2ol A

7 o)y
7 o)y

-

S
L

TC

k2 3201 ppm, ¥

1 o)At

°©

T
TC =
T
TC =

1

|

S
L

TC

ol A

7.2 ppm AZHATE 22k FFHFAA

2z

0~30 %

0~200 ppm
200~2,000 ppm
0~500 ppm
0~100 ppm

7FAA4(LEL) 0~100 %
F(%)o] 6.3%= A

0,
VOC
CO
H,S

2

| 2789 ppm, 3]
34 120 ppm, ¥
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o] 543

N

=

=
=
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(B v-23) NV A SHRETNE Soble SE
SEFA TE CO(ppm) H2S(ppm)  LEL(%) 02(%)
N _ Hyt 39.8 198.8 0.0 20.3
M= -
Z o gk 427 2789 0.0 205
Bt . . .
42 244 35.4 9.2 0.0 209
Z o gk 36.9 12.0 0.0 209
_ Hat 35.4 153.6 0.0 209
552 —
Z o gk 36.9 320.1 0.0 209
_ Hat 35.6 1575 3.7 209
2} BEFE
Z o gk 36.9 2726 6.3 209
Hat 385 500.0 7.1 20.0
2hE
Z o gk 40.6 500.0 84 214
SesmAN gl 1 AEES degleh s mA el s
AgnolA direl SE 54709 SAUAT ol A%D FHE
4 4 gl Al AU
LEMEHE £8X HAHAEY 5 gall7tA 5=
350
300
250 \
E 200 = \ —— TSN
E 150 \-\ \ —a ‘Z*E:IOP
# \//-/
100 -
50 /\
N \
’ 1xHE 172 oAtE 2Ate s ‘ 3% E ‘ e s

A" v-29] M=Pg B_Z

RO {of7tx 5= A0




A4 Bel A4S, LU WAAE A% EeAE G4EEAL g
o AGE el AAST. 13 99 49 A Anss Faes
287 ppm, $EUcl 200 ppmOE FEEE VehiGon 13 5 A 247

ppm, 169.7 ppm, 22 HH Al 151.3 ppm, 955 ppm, 23 &% A] 28 ppm,
1064 ppm, 32+ AF Al 787 ppm, 200 ppm, 3% &% A] 194 ppm, 1879
ppmo 2 AF Fishs FAE HAH
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1.0 231 64.0 125.3 77 198

15 AFZ1 2.0 1352 64.4 316.0 142 178
3.0 6.2 90.0 316.0 187 157

1.0 376 99 40.7 6.0 205

SRR AZF AFa

15 91.3 52.0 114.1 10.3 204

1.0 18 14 11.3 35 209

H A AZAx 2.0 48 0.7 9.3 34 20.6

3.0 12.0 0 10.0 33 20.6

1.0 0 33 5 0 209

ggz 2.0 0 42 7 0 209

3.0 0 49 3 0 209
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LI £337lo|
SEHS (M= m) | CO | VOC HeS LEL | On(fi2)

(ppm) | (ppm) | (ppm) | (%) (%)

)7} oF 15m e AFeje] A 2.0 H.2 782 1549 34 204
Efow H=4Y
10 20.0 43.3 30.7 2.1 20.6
GEAE o AGdxZ &7]= | 05m ”

9] om 51 6.8 46.2 0 20.7
Qo)A Az 2.0 1757 6.3 34 3.8 205
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1. 0= OSHA 73

1. = Regulations(standards—29CFR)
Standard Number: 1910.146

Title: Permit-required confined spaces
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) 7] F AFAhe] FE7F 195%0]8) o) AY 235%0]/dl ¢
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Study for Identifying and Assessing Hazardous Conditions in

Confined Space

Kye—mook Yoo, Hyunhee Park, Gwang—Jae Jung

Center for Industrial Hygiene Research,
Occupational Safety and Health Research Institute, KOSHA
34-4, Gusan—Dong, Bupyong—Ku, Incheon 403-711, Korea

{Abstract)

Aims : Confined spaces are inherently dangerous workplace and
the sites of many fatal and nonfatal accidents. The difficulty in
managing the hazards posed by confined space is that space
receives no recognition and attention. In Korea the number of
fatality in confined space is two or three times more than in other
developed country. The hazards in confined spaces arise from
many factors : the geometric shape that forms the space, internal
configuration, bulk and residual contents, active and passive
chemical and physical processes, and mechnical and other
equipment. But there are not many information about toxic and
asphyxiating hazards in confinded space. So in this study, we
investigate information on toxic and asphyxiating hazards in
confined space at different types of confined space

Methods : <(Analizing fatal accidents) We analized fatal
accidents in confined space in korea during period 1999 to 2007.
(Survey) We site-visited 55 manholes, 3 wastewater treatment

plants, 2 yellow radish manufacturing company and 7 barges to
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measure oxygen, hydrosulfide, carbon monoxide, Lower Explosion
Limits and Volitile Organic Compounds concentration with pumped
direct reading gas monitor. also we identified and assessed each
confined space hazards <(Experiment) We tested 10 different
materials in confined storage (18¢) to observe their gas changes
for 8 weeks.

Results : <(Analizing fatal accidents) During period 1999 to
2007, 212 fatal and 141 nonfatal accidents occured in Korea.
Manhole, wastewater treatment plants and storage tank occupied
56% of confined space where accidents occured . Oxygen deficiency
and hydrogen sulfide intoxication occupied 50% of main source and
Carbon monoxide occupied 21% <{(Survey) In 55 manhole, the
concentraton was different by types of manhole like rain, sewage,
factory wastewater and by location where what Kkinds of
manufacturing exist near the manhole. The manhole near
wastwater treatment plant showed highest hydrogen sulfide
concentration as 300 ppm and lowest oxygen concentration as
8.7%, the manhole near dyeing company showed highest carbon
monoxide concentration as 100 ppm. In 3 wastewater treatment
plants, hydrogen sulfide and Ammonia was most generated gas and
highest concentration as 500 ppm and 200 ppm each. 2 yellow
radish manufacturing company showed 300 ppm hydrogen sulfide
concentration and it generated from radish itself during 1 year of
ripening period. 7 barges showed 15.9%~20.9% oxygen
concentration and it related corrosion in inner metal tank and

temperature {(Experiment) In 10 different materials in confined



storage (187¢) for 8 weeks, 5 material of yellow radish, soybean
source, sewage water, wood, bananas showed less than 18%
oxygen concentration. some other 6 materials showed higher than

50 ppm carbon monoxide.

Conclusion :

1) We found that manhole, wastewater treatment plants and
storage tank occupied 56% of confined space where accidents
occured and oxygen deficiency and hydrogen sulfide intoxication
occupied 50% of main source

2) The manhole near wastwater treatment plant showed highest
hydrogen sulfide concentration as 300 ppm and lowest oxygen
concentration as 8.7%, In wastewater treatment plants, hydrogen
sulfide and Ammonia was most generated gas and highest
concentration as 500 ppm and 200 ppm each. 2 yellow radish
manufacturing company showed 300 ppm hydrogen sulfide
concentration. 7 barges showed 15.9%~20.9% oxygen concentration

2) We found that the term “confined space” have to change to
other korean word to easily recognize to employers and workers
where is the place to have toxic and asphyxiating hazards and
also change its definition at occupational safety and heath act

3) We suggest that employer should survey and identify all
possible confined space in their local workplace and place where
workers can work and confined space operation system should be
in writing including space shape, ventilation plan, possible gas and

personal protective equipment
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4) We recommand that to practice these program works,
education and hazard assessment carryed out with practical

partners in associations

Key words : Confined space, Oxygen deficiency, Hydrogen sulfide intoxication,

Manhole
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