RARF-ATAR

74

008—-128—-1455

BIE AT ITIFES
AR IEIE 1R8]







; o E o~ T Ao T e
o T oM BT R DA
& AL S A A U
. mr S B2 e
AT Ty YT &
—_
4% T oA B o
= = D o 53
Y 2 X B b T oy
) ' ~ —
TP amy L PwE
S S 0 o S »
ﬁolyoHEdr.%l%C%ﬂ
ﬂ%ﬁﬂ_] IAIJL_MQWI, O
T E X bR gw
% — 1T O 5 L
s T e ARG 0T
w om R Q@%%%M%
ro ™ 97 N . e
o %Te%wrﬂmf_fﬂ%%mo
xTT o U oG
To T ==
ﬂﬂmﬂmo%x%iﬂ%_%n
—~— = — O —~) — o X
OL .L‘LMVLO‘WW,EEQMAL%JOWOJK
so °7 5 LA s .
WK oy BW® o oy Mo
Z‘*O# LlﬁW,anOWMﬂH“I‘W;O
B oy 3 o P e
&@%ﬁ%%ﬂ@ﬁil%
. R G N
P Il ga T PrE®
.m_x%u_ﬂ_/u Toﬂg%ovxﬂﬁ
Iﬂ_l‘wArﬁMWWququE._oEJI‘OIWW
" H R T oo Lol X
Moy d o S o
s B E o
B e S o W )z "
BT ST R Y od R BT
— XU @ o mOT R me B

)

O

(AL,

s}

[¢}

=
o

(EF<, HS, CO, CO:
(EF<l, HaS, CO, CO

2

2

7k

7%

°

9|

o
T

Gl

&

7F Sl At AR AFEA B 9= AR AL



o
T

1= 6-8%e] HAe] 50% WA E

w5} frelzks 2 Al AA 2 0 VAL 9 A
3

A Gl 40%, 7

7h ml A oR FF A

ﬁﬂ%mx Mﬂﬂﬁo_mm w,ﬁm%oﬁ_.ﬁm%
. N OB RN B oo e
R T < Wi o W o o - " o L wr
%Eﬂﬂ ovﬂﬂ_oﬂfr% S m g
) 0 MI,L. 5ﬂ
—x O E EHT%%,%Q S 2 dw
U_K 1UJ| ﬁE VL ‘Aluﬂ — 17_A|1_ 2 ™ EO HH
- + A ook L
#o )Q ] = NN ol . i <0
o I E mk SIMIE
i.._ﬂAU_l ﬁEﬂZI_ﬂV & To ol az,:;‘ix‘._/ro
= o dE LS T N
Mmooy 5 oF o f L G
OMﬂ]XFOﬁ. ‘A:.LLEZ,mﬂ‘W /omq_ﬁﬂ_olzt1
- - I S RS R T o o om B
G3E5E §i8227  =.Fig
— oy rE Y s g o o X
SR O N SR P e
O W g oW ﬂﬂﬁ%mﬁw SR Y e
mn\éu fLAly ‘mi A/M ]_./l :Mv_ﬁ MH < ‘EH Oﬁo MM”__ ;i ﬂmu WME ﬁm
/H\m_uoﬁ%aﬁw J.:iﬁeﬂﬂ.rm lﬂlmﬂuloﬁ
19%5F FTATEL TR
T T o N R R
! OL';O — ﬁTl!?tHﬂ
‘Wﬁ‘ul ,m io OL]UT_ ,an]]
m —_ of- ml, %0 o - N o e ku Mo WF
et T T oo o T L Bl
SHxx® Yagwas oo TN T
S T P W oo oo oM WA
(HT%qmu MLE_'UW@MUTNJ ol ”om,ﬁ
B = o e T T o w o N D e
R G B B U N S
ko N H K < o = W R

o o Mo T B R



k& (Dose-Response) ¥ 7] ]

-

e

]

FAAFS % LCso(rat, 4hr)&= 55 %&E 4

)

e
{
E

Lo

}

H
fa

7}

T

AL, 2y COxel 7% 8%l A

20%%

1

T

600 ppm

1
-

o] 7% 1,000 ppmol A 20% A}, H.S9 749 350 ppm

oA 30%2AF, CO
= Abge 7 gliich

sl g oA H.S, CO

7F A5 Al

[c]

]

7k =i 9] AbarAte

4. & R 7IdHas

)

e

) #

=N
[}

I

e, CO2, H2S, CO

oo
ol

w

Ho

flel vy agAkg A

9|

243 A

4

—_

5. 49

AN, FAN, AAsE

’

}

Nl
Mo

274, 29

—_



¥

)

A

H cﬂﬁc}x}]E_ 1;1_1 }\},J“[_/\],E:ﬂ 57\_/\}

2] 3]

#

TR
T
4

<

.9,])\

L =

0 1w 0w 10 O© o~ >~ 0 0 O O

Hc-jﬂ HE A TR AT coveeermeeseenisi

A3

n
oo
<

Gt
o
<

10
10

11
11
14

—~ o~ o~ o~~~ o~~~ —



15
15
15

2
- Q] AAAT AF AHAE W AFTAFE] AP e

3

A B A A EZAF cwerereerssemerssemssessss e

1. =

15
15
16
16
16
17
18
18
24
30
30
30

S

31
32
36
36
43
49
52

—_—

iy uoﬂ oF BE BT BE

4
(1) U] AFTLAFE] ZAF 2 EAT e

o] Ak

7 =

?__,_1

ZEEE

A ] zk

2% Al

4

—_ e e — = T
o~ o~ o~ o~ o~



A7

AL

= .
= 9%

=9k fraflzks B A e o] A R sl mA

VIL



2 # e vid

<% >
<Table 1> 2taEr S47] WE 7] T AasE: SH A} o 13
<Table 2> H 5WZF AFAZAT O] ] 8F AFHFAFIL oevrersersmeessesssnsssssssseisnnnns 18

<Table 3> Causes of asphyxiation and poisoning in death
il’lVeSﬁgaﬁOI’lS in the OSHA ............................................................. 25
<Table 4> Fatal occupational injuries by selected characteristics --====+ 27

<Table 5> Fatal occupational injuries by event or exposure and major

private industry division, All United States, 20006 =-«:weeeeeeeeee 28
<Table 6> U] AAZAFT B Foprih T35 AMLAAG o 29
<Table 7> A2 AW U] 27] 3 AAEE SR AT} oo 7
<Table 8> AT AW v Axio] BE AFFEE 50} AALG oo 4
<Table 9> Eal A7 Ap Y v 250} APFEE 22 46
<Table 10> &% Algdad 8] U =3 259} AFLEE 22 48
<Table 11> €% Ala7d AW ] =2 259} AJLEE Z= 49
<Table 12> CO, =% A8 An] Y =3 59 APTEE S= 52
<Table 13> H.,S =3 A7 AW U] 23559} AFYEE S 5
<Table 14> CO =3 A AW U =3 259 APLEE F 59
<Table 15> QUF TI7]Q] F7] A covereermerreeesisissssss &4
<Table 16> Confined space classification table s teseseeserersssninnneinnns 66
<Table 17> Checklist of consideration for entry, working in and exciting

CONTNEA. SPACE +++++++++eersserssseemssenssesiiesiisteis e 67
<Table 18> A A ] ZFW AR AH|ZE H] DL crevererreermemeinmieniseieeniseis 63
<Table 19> A|FEAH ZAT} T i 69
<Table 20> Atasiee] wE A FFHOSHA & NIOSH, 2006) «eeeeveeeeeess 71



Vili e AFREES) §37F~ @ ZdlAo] A 2 &

<Table 21> ©]2ts}etze] &

<Table 23> <4t



ix

2t

<A ZHE1>

R

sl

12
13
14

AL A AAFTL AFE] B e,

5]

vael

_ZTI

g

}

[AFA 3] A& sampling 2 4

[AF1 4] At

=
=

4

20
21

(AR 5] Q5= A A

I DA P RN - OO

(AR 8]



<IgF AdE>

39
41

42

%(Dose—Response) 3&74]

[29 6] rate] 2

A7

[29 9] 20C

ol

[29 10] 30C
[29 11] 40C

ol

[Z29 12] CO, 2%

[29] 13] HoS 20 ppm

o7
o7

[29 14] H.S 100 ppm

[Z29 15] HS 350 ppm

[Z29 16] HxS 500 ppm
[Z29 17] CO 300 ppm

[29 18] CO 1,200 ppm
[Z29 19] CO 2,400 ppm

61



ol

A

=

471(6€-9¢)el

3}

[€)

}Eggr_’

32150 %01/l

)

TA e, A

9]

stal lom A

o

1 7H20073
i 7} 2y

°

°

ANx &5 A

2017 2] A

o

e B, b

| 9 AAhFETF 18% HRto®
7F 18%H]¥F = 235%017d, Bt E T 15% o), &

A 18%01%, 235%w| R, ©Ab7E2~ 15% MR &stea 10

A st

T

354 10 ppm?©]

4

X

7

RAY RAY Spem A

B

ofpy

B

B
ENl

4

ko

A
pul

=
)

Apel7h gk

L

-

o AbaLE Y

==
5

L

=2 =
—

1 Abgel 744 el



g el ek 2 Aol Al B eeAdel v

A7E glow Fdolut shAjel g de] A A

2 e

|

N

el
s

(23

™
HH

;OO
o
|

fi%e)

oK

Ak 7hoart ohm, ol

|

7184 7=y

o
a
Apprk

T

0]
pal

_]

3

1
=

A7E e A7 9

“

Ak 24 Aol AT
w

=N
[}

2 540

=
—=

AN
Al

A~

12

g

A}e)

ol
N

SEE

Ry
-

il Al

]

|

o
u

I

el

o|J
M

ojy
Hlo

K

_ZTI

—_
o

1o

-

L.

)

o
=2

[e)

Efe Aol w

2

1
ks

s

1

4

4w

tel 7}

soln, 53] tjxe] v|elth Ak A

H

°©

A Foll A Aba F=ol o

A

|

o
u

LAl Hrt

o)
=

o
NJo

o7
7
~

<

4
)A

o)

o

o}J
il
-

Argro] A%

|

7] &%= 23°CollA]

| Al

th(Edward and Dorothy,

1

-

o}o}
TS AR

S}

°©

A Al

o] A Blackstone

b, 3350w

33

=

=

st

°©

A

AR Apgel o]=A ddt.

[¢}

g Aqtoll 9lo} Edward and Dorothy(1921)

& e 7]



sk gulg] 9] C57BL/6J mices 9vFE] 25 5% oxygen &EoA] 158 o]
AEe A £t 432 B al(Blackstone, 2007)3F91 .M, Toshifumi(1998)+
ratE ol& 7 Ad 17 9 5‘3}3]?‘ Abgate] t7] & Ak ARAEY F9
&, 23 NO, CHy, COy, No)E =FAA HA 9
WAL dFetal EFAAY AHS #EEAT A kA 20%, Z=23 CH,,
30-40% ¢ o] "HIow 2-3FF AMgesien, i
7FE(Np)ell ofgh AAo XM= Ade Ax(id9z FAHE)E AFIAD
A FE 7% A e o TEAAE Abn TR 4%, NoEE 96%ol A T
Aatdeh T3 CO2 o] &3 AdoME 353 37 (ventilation) 8 =7}
COys = 5% 71817 o 45-50%00M =2 &2 deH
60-67%0l1 4 19-23e EFAA7F BZEST NO ©F wlgke] &gt 75:'_]/5}%
Ao 2E TS B 0% o]l YERSEIL 50%A4 s 3
g 2HFen 5G4 = NO 9 CHy % 80%, AtAsl 4%0)4 YES
tt.
LRl o5 AAoME EBobgAde] TR 40%, A 12%00A, 2helFlo]

IR 50%, AhA 1096004, o] ZR T0%, thA 6%l UERRE AL S
BA= ZER 80%, A4 4%0l 4 YERTH(Toshifumi, 1998). ol & &k Az
NN UEhbe QYRS FE HEAT BF/A oo A, Mo
Akagel o Mo NABRYI} VE MALET A5 A, &
FE wx et peAle A% Ba AYRFEN agAAATI 2
& ZAF £ AFTa, WA AR AL £53} Az
2 Polo| & FAAT. 1 A} o mAdwete] Seby AMR
Aole] o] Frhste] W FEol ofy|sm, HF A nfe] BF E:



g el ek 2 Aol Al B eeAdel v

4 e

i
fite)

,.mO

ol

=
7

229)

7

<

N

s

Jri
fite)

il

7100

Hd f718sHE, HeS, COy, CO 5),

=]
=

i 7F2(%)

)

o
T

ol A



I 5 - 9 422 A dFAE D ALZA ZAL

1) =9 24y s A=A
FEvtet Ak ek
Asedtd W A=E 2AKSH
BAsa A die 9 Ade] da BES w3}
2) =] Ak Abg Al 22

YU HE 3 v dE SF 5 Ao Ao AAAS
& AsAEIE AN A48 AlsiAbEe] fQly EF
Sato] FEAE At A% AN BeH FREE wEH,
2. A A=

D AEEAD 2 =EHY w25 AF

A EAL HEPA filter 2 € &% ZAAXE E3)] Asld FAH 279 4

H-557) 3 AE7|(FLd5EF243)4L CER 2008 o83ttt 53] U3



AR (SIS n m ZJ 3 Aoe A W © S 1) =
S 2 <114 Z‘]
) 1 H al = = 1
ful ﬁ% quige} Avg ]
L =X o]
[} ] /K]

(ICS-2
0GR
, SIBATA Co., ]
., Japan)< o]

6 e

Ho xR
P <
—
Mo ﬂwmmmimn
%@ %@M%%xwﬂ}
m< ~ = N2 =0 Mo Nk oj N RE N
mu% maluau9%ﬂ1i}%
- Z % , o <N 1o = o1 R 5 !
i dﬂm_l :i Poia]lﬁi
N n_w1]§ oy @m K ﬁm
WX )nawomgoﬂo_xE@]?
=) mﬁmgrAﬂLi_x7 .
T Yo hﬁ%wi ﬂé%%7
g DB #?ﬂlﬂ%%
T 2 o.cF._t ﬂMu :
o X Ci?dﬂm‘_aﬂ,t m% i
do o T A%,goﬁ%imqmﬂj%
_au]b Tﬂo%ﬂrmnAoLuNﬁW_WLlﬂ
o = F -~ Ty EsEx ;
T e 3w s oA = i £ ¥
ﬂ.o% mwﬁ“g )ld!Mﬂla/,i
JEio:i ;oOJIzTJ_LI ]M
o M ﬂuaume\ux%mﬂ@ﬂﬂ%mu
Mg @ﬂmwmmﬁ%@ﬁ%g
=R _zal.mﬂm.@ 31
o Lo %ma.pmﬁéanémmslugmﬂ
o NP G %ﬂm%ﬂa%moA -
dﬂ7ﬂAl, ‘_L,oﬁ Eo ﬂ/m\\_.lw‘ur ﬂﬂ‘m,h ﬂ;odﬂri ,i
. oqqﬂxe o o A=
o WM - < aas o . 5 = = .
i : 1 s = ol i o o} X
QONE =K ﬂLgoﬂL.quﬁ;;H]%
= ™ rE TR z®E
ol oy hloufqoovrq) :
5 A ;ou% rA,A
Mdm o] Do mo < fon X° o = 5 Z g L F
o &° OH = N . < ! ﬁL ‘H_ol ; ;
o ko R gl = N N & :
™ pk T 7 Eq&%%ho
c: l_ : iy oK Ulo 1_,% TR » " (- © F E&m
bl % T N ﬂ.% m M m i
o NE w TH Ell A
71@% ﬂdld;
B & B
~N = i
= Ao

1]

s
P

ar D‘
3] )

=
T 21-247TC, %
, AEE
40-60%, z=™ 150
~300 L
ux= 12417
+ A
j=aren



A7AE 3

II.

G

!

1

k)
pul

=

=

]

Japan)E ©

H(SIBATA Co., Japan) W 7% SD rat 10v}<]

] (activity monitoring system; SIBATA,

=z

14 (150 L/min

°©

Hlem,

5]

2 =7

AE R E

3]

3wl 1

&

]

e}

mj

USA

)

(Illinois instrument Co.




o

Zl SD rat 1072 &

H(SIBATA Co., Japan) W

I3 HEPA filter

S

o

14

VA DS

}H (150 L/min 4+5°)

STHO

H o]

6% (& A 94%) 2]
J(VG-4R, SIBATA Co., LTD, Japan)

dlo

o]

=
=

3=

2HEA %

FA(TWA 50 ppm, STEL 150 ppm) ¥%=& 100, 500, 1,000 ppm

I

o]
=

Aol 5]

=
Z2) (activity monitoring system; SIBATA,

A

s =
B

JJo

3=l 13],

&

o]

G.C. (Model No. GCS-14PFFS, SHIMADZU, Japan)

HAcw 1314 2YEY

=
=

7](Ilinois instrument Co., USA)

°]-& 15

=
=

Flom, 44

S

=]
R

o]

7HA

g

=
=

H (SIBATA Co., Japan) W <=7 SD rat 10v}&]

}a1 HEPA filter

)

o

14

7} A

Bl el &8k (150 L/min %)

g}, H-557)

23714718

A

%] (activity monitoring system;

!

SIBATA, Japan)& ©]-&



°]-& 3%

=
=

7](Illinois instrument Co., USA)

o m_re o " BR T 4, <~ g % mm e m_re
do N p TR ERT 2w do N
— '~ . © - 2R do X
O 1_.E ‘a ﬂw 7_l =) ﬂ_r_m n — — O 1_.E
W o i RO
= Hr ﬁAou S o N o e m o % = Hr
g \7|L 0 = e I+ o ool S ol < g \7|L
S X TR o 8 RO o), B B 8%
= % o A ) £ K &5 T = X
° n ™S o g B3 - =
S AR e B N S NG AL
=K O K X = o W TO
A E» él ﬂuﬂ — 1r,._ [~ W m A E»
= Mo o o o= < T BN g e
8o N T g T T e 2 e
;Y 0 I X w2 ;Y
SER R B Mo B o 2R e
L © Q, o Mo = &o ol X® BB > LM
O ~ o c X o X - O ~ o
g — o =y "o To m B — iy
S <X X - o By S o X X
N < B S M = o mp 2 ANM e 5§ v &
N - . O T S ~ B B wn a
O E o dAEﬂ%ZAaﬁ = Q E up
= o] - Boo o U SS=NC -
X8 - B oo gmoo @ A oo oy XK gr
X Mo oF %_ 2 W SO oy of po W Re g5 oe
33 - - N ® 33
N e w Jl W K oo = 3 M_.. ™ < M@_ N ™e W
S X omog o XM ™ o G
W o = @Y G oo
= o]
Ho ~o fron! ojm < A M,WI N %0 ﬂw 1o ~o
~ 7 < Al o © r T il ~ 7 <
X oH B w e & N =W X oH
) S B o L)
o R - N R
domoe do Ao e B S e Mo o
Bool i oY RN DT ooy Voo
N = R B e g X -owm
— X ool N o o oo T X
T OION NOTH M ™ T S8 o 4% W~

s
=

=

=

=

H(SIBATA Co., Japan) W % SD rat 10v}2]
A A2 (activity monitoring system; SIBATA, Japan)

SHEEA(TWA 5000 ppm, STEL 3% ppm) %5 TAHLE 138 CO; 2%, Oy



10 - A2FESE fal7ks 2 A48l A4 2 250 VA 9% 97

6%, Ny 92%, 202 CO2 4%, O 6%, Ny 90%, 3u- CO, 8%, O 6%, N2 86%

o] AF/IA(TE PNIRWA)E ol & ANPesEol dalxezx: AlAHT

54 w5717 T AAFEE A S 7]linois instrument Co., USA)E
255 AF FESAHEAACS-20RG, SIBATA Co,,

H
ofg 15% Ao 134 HUHY dgor], 4Nt nF TR F
W Eol7

6) A22Y SAdA Falrid] mE S R 29T
7 NEFE 7 EYHB(SIBATA Co., Japan) W 47 SD rat 10vtg]E 3
To® S FBEAHS), Ak, AR TAE EEVREE o8 FUAY W
of N7 =EstH APsEe] & H TFAH, ArR SO dESE &
A #FsH FA A (activity monitoring system; SIBATA, Japan)E ©]
& Adeed 54 WIS SAsT AP AdTEAe 242 ek
2 (TWA 10 ppm, STEL 15 ppm)E 7]+22 17 HS 20 ppm, O 6%, N
O

A%, 272 H.S 100 ppm, Or 6%, No 94%, 32 HoS 500 ppm, O 6%, N
%9 FTF7FA(TE 99.98%)E o8 AldsEo HweE: A|HoH, F7} A
o2 3lo] HS 350 ppm, O 6%, No 94%9] 7}~E o] & AdFE2] x|Ald]

7E s

s
TR ¥

(7) 227 g S A dstetsof] W JiF 4 54 I
AN E o+ FY A8 (SIBATA Co., Japan) W 7% SD rat 1078 =
A

7}
o 1 YAFBC0), 4, Arw TAY HEhAE o8 FUA

gt



A A (activity monitoring system; SIBATA, Japan)E

_ZTI

<2

o}J

7102 17 CO 300 ppm, Os 6%,

=
=

3tk A (TWA 30 ppm, STEL 200 ppm)

CO 1,200 ppm, O: 6%,

o
QLI W

No 94%, 2= CO 600 ppm, O2 6%, Ny 94%, 3

=
=

7](Illinois instrument Co., USA)

s BB SAHEXACS-20RG, SIBATA Co,

‘IoR

|

tRom, At = TR F

5]

2 154 2UH

o
T

1 A

)

ol

N

L2 "= EPA° “OPPTS &70.6200, Neurotoxicity

(activity monitoring

1

N

=
=

screening  battery

g o8 ARl 29} 2ol A

system; Sibata, Japan)



12 - A2FESE fal7ks 2 A9870] A4 2 250 AL 9% 97

a2 " TEAE AR 33 2ol As AbAhwEEA7]([linois instrument
Co., USA)E A&t om 7 - AL 18% (2] 7FAF24 34 % 18.04%) %

Frhem 7w s



.. 13

G

o

QA %

II.

—_

<Table 1> %

E(%)

™
-y
' F| S |8
N B | © | ©
= No ol PSR
‘m ﬁﬁ— o o ©
Oy
ol _ — | @
.m_u i SRR
T
Nr.._ — © ©
w8 | 8
R |
J—A-O
NI™ f o0 o0
I8 S| s
N
<0
: © | @
- S ~
il mo ER
|
M d |
2| ©

oF 206%% -1} rats 107}

Adel=

1}

™

_Eﬂ

20.3% %=

o=

[AFA 3] A5 sampling”] & AHAsE



14 - AR2FESE fa7ks 2 49870 A4 2 2540 v

s
off
oot
e
-

3. TAA

|

7F Ngdne] BAANYE Hudy RTAAE Flet Algad TE9
Hlu & Paired-Sample t-testE AlsATE T 5%(p<0.05)¢] 1=
AZ AAs HFoZ2E 1%((p<0.01), 0.1%((p<0.001)e] A= HAZA gz
W wET oS Felsith 3 B2 A Sigmastate] I H)E|EAHE
(One-way ANOVA)S &glow f-9oAlo] ¢l A# = Dunnett UHEH| L

2 o8 5% FEAIA o4 AL salck

=5
N

(o ofN

A

N
(Gl

5

T



.. 15

a7 23

oy A=
E2A}

III.

A

1 1 =
.
Edﬂ
o
AH B ] A
AL -

W W
- A
of o oy nma, & b3
. T g 2 =B . 5
il : U,._ R m -
~ Gl N©O X )ﬁ - d
=0, Hr Al N = o mm :
: : 1 . < xy
£ = i = ) . &m @ zl
_ O]
a o A No H < g W n_
iz ) > o o ™ —_
— ._WL Eo _Eu ‘i m W)ﬂ : 1__/l
A o) i <A - zﬂ mﬁu : .1__W
i =8 -1 ¥ “
1) : ‘l_ )A ’
¢ M MUH s Mo < e A 2 =y
: 1% - H_Aw Wﬂ e M I mP
. % zﬂ g M o o = oR
5w v E R 1}
mO : : : : =z L Mo
. ﬁ U : JlL ~ [§] I
1 3 - W % @ %o
A&%ot%oa .mdﬁ
\LM AL 5 Nﬂ WO H.ML ‘ﬂl ‘n|Aa D]
> 9 X N = o & : : :
W.._ LH_ X IJI BT 1_,/| Wrﬁ ox % m N
%%%%Eém S =
%Hﬂ&mggo% Mm%
$ : > 0 =)
AN ~ (e X ] Tl - M : _1@
S W E = ol ¥ _%
o5 Ho w < - | E
laN ol i < %o 5 ;
: : . m_r W ez nE RO E iy
iy bl Yo g 4
o - N ~ o : “ 1r
OO m ,th ﬂ_mo < S ﬂArO ml JXIL AL
: - » ﬂAro 5 =0 7L _~ %
1mo]u_uj|mouao aﬁo,_l.mm
o = N % 0° =y = wru m :
il ~ : o
W % 2 - }
: L ;s
cy



ws} fark 2 A9830) 4A 2

A

/}l_

16 -

T

0

o] F&7F 18%

ol

B

ox

™

file)
e

B o7

€

S R

t}’2 74 (The confined Spaces

T

°
pul

Folt}’®  FA(Safe work in confined

o

Regulations, 1997)3}

-

R

o

}

spaces)

(5) Wt

Aty AS AAdebd B AN (Part XI of Canada occupational Health and



w17

=

w

g

Safety Regulations, SOR/86-304)9]]

s T

3
“

stofof

bt 2395 olage] 514 R

5]

1 7|22 185% ol

el

ofofl= A

]
o7kaL thgtel glof Al

=
=

Ao AAd &3t (2)

N
__i

S0 ¥ 2865(Australian Standard 2865)°] wE

- AYgoE ASVE ARHAL AR e T

o

o= Hojglt



18 - RS falvks 2 ARiEel A 2 2BY0 WAL 9% 9T

2) S - 9 A2AH AT 24} L 2

NERE JESV RS

gpAoz AYANE Table 29 2ol HA F7HFAG 9o

B AT, ALAY DA T 5 A9 A

B 4
w2

O b
e ri
A
ol
=
P>

Jo =
o - <

e,

i
>

>~
>
R
:Oé

ox % rH
e
i,
of\
At
=2
lo,
2
(0]
>
-
= o
S 2
O
;&w
r =
S o =
rL
S =
ri
(a»)
]I.Cﬂ
Ogrﬁ
o 3
=)
2
= g
LL
DN
w
MEJQJ
>
o=
(o]
O_>#4:l>~
B
by =

g2 27820 %), HHHH—F(128<V ) o= ‘/}E}MQU{ 7]
a7k A 2(59%) 0] 5o, voHﬂ’\i AArkst
14 EBEAT0), FEE, Ad 5 ABIA(1%),
o2 Yewton, sz eE Ao 41.7%, AxY
°l Aulzglo] 1220309108, AdERE 69ol4 9%e] 1%
A 90z doliel, B ARG FAE A% ANAE T2 A9 7
27498 Wolth APAASE 133%% WoATGae] A Wk ohleh Al
SN PR B FARE AL 5 AHEFAL A T, 2008)

g,
e ot
%)
o0
W
X

(oo
B e

w

(@)}

$

oldt

P

o

B

%)

$
Oﬂ :{o :{0

h‘ F_uﬂi

23.3%, 14,

<Table 2> |+ 5 A7F 24 AF | o)k AP gALaL

T = 2007 2006 2005 2004 2003
AF () 31 20 22 16 21
AAS | A $(3) 19 16 16 12 17
3% | 71FdE | A9l 375 A238 90.9
WA | RgR) 7 7 3 4 1




.. 19

=

w

g

FAYNAF

T

0]
psl

fl2Ah 23k e 31 (3

[

F A

0]
T

e

S

[e]

=
o

ApgAtare] o

T

0]
pl

o ¢l

o, 20079 ¢

O 2007. 6. 16(E) 47]

N2

13.3%(7]

7155 10 ppm), LAMsErAE 727 ppm(ie

=
+=

%4 P18 000

APALILT} e
I

o

2

]

O 2007. 8. 2(%) A

T

0]
psl

34 3 ppm(
30 ppm) &2 =4 o] H o},

[¢]

o 9

),

2

37}

)

18% o©]
-

=
=

O 2007. 6. 30(E) 47]%= 1L
o

—r

rvzel

X
N

,.__AO
B

2 %

®)

I AR EE 162~165%, 7HAA87ES 0%, ¢

A

)

1~3 ppm, &34 0 ppm

a2

O 2007d 9

o)

APARILE A|S ZARA] Zlo] 4 m

s

225 9
T 107 % ©]

[e)
A

4 A A4 210 %, &84 75 ppm

3w 7] (BLOWER) | A4

=

O 2007 69 t7-3A @A 00077 22l ]



a7k 2 A]jedol A R

(o]
EiE

Az sk

20 e

n o= do ]
= W 0 o
2T M-
o = B W
i g S
= 2 &
< o} o0
o = 2 A
B e mﬂ N S
= q % 2@k
—_ oj
- = I e 4
- o g
vA
4 ™ TO ™ ) m@
_ N T e X
< A = N
To o No .
X S o Ho X
0 _ Hlo Ko ~T .
) 3 2w
N o <= — % X
i ) ~ o 2
Ol_ wll o) X ﬂo ‘”Ar
o T W T
—_ E ﬂ@u PRy H__.E
= = = ala! W@ <
Oy = @ o
S = op WW o
o~ ‘m_vl [=e) b~ — O
o [t
Sz B=F=
O O

|7k 5oz Aa Abge A

I3

1Al e 000527 5t

Kl

|

Ry

34 m=z HBd F
I 4k2 206%, CO 9 ppm, &3t44 45 ppm, CH4 V] =7

o

s

°©

(]

O 2007. 2. 8(%)



.21

T
W

g

¢

O 2007. 9. 23(4) 471%= 2H:FA]l 000

2 ppm, ¥

7 4kA 209%, CO 1-2 ppm, $3br4s 1

Al 0004 2 4]

A

O 2007. 10. 31(7) 471%=

F3hekA(CO)s = 7F 102

(e]
A

o)

7FA7EA 1 - 2%l 0= (A1 6 x)

ppm, AHAEE 20.7%,

- 343




oy

sheta- o}

}

A

]

= 9F A7
7 AkA 12.2-181%, ¢

47

g

w5k fralvks 3 A8l A4 2 254 v

A

/}l_

O 2007. 9. 8(E) S Al

O 2007. 6. 27(

9292 ...

R

A9

13
=]

sl 5% 22 ppmO|

[¢]

o13ke}7}

L=
=

o]

<]

L}L

=

=

AF3ler A 350 ppm,

9A7 527} 997

2



T3 008U % Ht A 0000t E Astx HA 2 A dojd A=

2008. 6. 6(7) WA 3% 0000}FE Atz FAzAe 9 zFdA 2H
o] A|&tel Ao Yttt 2 A 7153](2-38W) v 9l 2] F7f



20.7%, &3} 132 ppm, gEuol B AE IAkskEa 1-2 ppm, 7HA
7b2 2%0l9lom ALYl e galpa To 8 staFE A AR
FA

A7) A AFRIER o] WHFTelA WAs= AeE

Fol abd7lel dA e 50%E et e, deEee A
7 NEB A A 500457} e}, d

, Aol mla] 2=7F Eob f71Ee -9
7

H
Mol 4756W ¢ AbgAbaLzE sl e o]F 423%W(89%)°] A4 H T

ol ofgk AP ARALSIAL, o]E T 190% 2 Sl ogk AAAL v ] 2331



<Table 3> Causes of asphyxiation and poisoning in death investigations in the

Simple asphyxiants Solvents Mechanical
1 Propane 1 Chlorodifluoromethane 42 Total
10 Methane 1 Coal tar pitch volatiles
7 Argon 2 Dichlorodifluoromethane
18 Nitrogen 1 Diesel fuel Other
12 Carbon dioxide 3 Gasoline
1 Isoprnranol 1 Dimethyl sulphate
48 Total 1 Methyl chloride 1 Maleic anhﬂwﬁ'idc
4  Methyl chloroform 1 Sulphuryl fluoride
8 Methylene chloride 1 Cyanide
Toxic gases 3 Naphtha 4 Hydrogen fluoride
. 1 Perchloroethylene I Phosphorus (yellow)
3 Ammonia 2 Toluene
25 Carbon monoxide 4 Trichlorotrifluoroethane (F-113) 9 Total
3 Chlorine 2 Trichloroethylene
30 Hydrogen sulphide 1 Trichloroethane
4 Nitrous oxide
35 Total
65 Total
Oxygen deficient atmosphere
(substance not reported) Unidentified or report incomplete Table total
27 Total 7 Total 233

This table does not include the 190 asphyxiations due to trench cave-ins
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H(Depletion of oxygen from cave-in or collapsed materials), 2JA} % o]
(Drowning, submersion) Z2]i2 ¥ F3F 2AA] 2Ah 3272 (Depletion of
oxygen in other enclosed, restricted, or confined space)® 73t +=U]
Table 49} #Zo] AT 2FGA9] 4k ARTHS HH 1992WHH 200243 &
Qt Swoluk abAaZAF e ofg ApgAtazE 107e] WA EAE R, 1 $ 2003
ol 771, 2004l 971 ASES o 20051 ol A x| ekgrom 20061 of =
Table 59} #o] 47do] WA HA} FHadhs des Holi YATHUS. Bureau

of Labor Statistics, 2006).



Characteristics 1962 | 1882 1085 | 1998 | 18 1909 | 2000 |z2o001' | 2002

=
=
w
=]
@

= ;
Event or exposure™ - continued

Fall from piled or stacked material . 3 7 L] - 4 L] 3 4 - § -
Fall from roof ., 102 120 120 142 140 54 157 153 180 150 142
Fall through existing roof openng . ] & 1 a g 20 12 14 18 1 11
Fall through roof surface ... 12 14 18 12 pd | 17 20 18 12 28 11
Fall through skylight 10 1 14 8 18 7 22 18 16 23 20
Fall from roof edge 24 38 41 38 48 56 47 0 &a 55 az
Fall from scaffold, stagng . a6 T aa a2 - BT a3 a2 B5 ai 8
Fal from building girders or other struciural steel ... 7 40 34 34 3B 48 42 43 44 41 41
Fall from nonmaowing wehicks . . ] 33 43 34 55 83 43 47 61 53 a0
Fall to lower level, n. 5 12 118 17 17 21 107 118 123 143 118
Jump to lower level | 8 B 7 3 13 4 - 3 3 5 -
Jump from struzture, or structural elemen 3 - - - g - - - - - -
Fall on same level .. SR a2 48 63 53 52 4 51 70 56 g4 a4
Fall to floor, walkway. or other surface 43 a5 4G 33 40 33 34 4 44 5 5
Fa'l onio or against objects ... 14 ] 14 13 T a a 10 B 11 ]
Expesure to harmful substances or environments _...| 605 ) 641 602 481 9 538

=
S
in
o
b
o
=

k3o
w

"]
Centact with esciric current ... 334 25 348 348

Contact with electric current of machine, tool

appliance, light febume e a0 44 63 g5 48 41 a1 5 42 47 42
Contact with wiring, transformers, or other electrical
COMPONENE .o . s} 00 ag 24 T0 71 a4 78 &7 7a
Contact with overhead power lines 140 15 132 139 116 a8 153 125 128 124
Centa underground, buried powe - 5 g 5 5 5 g 4 - 4
Struck by lightning 15 16 15 17 ] 22 2 1 7 15
Contact with temperaiu 32 3B a0 56 a3 40 43 51 28 35
Exposure to envirenmental heat 12 2 28 s 18 22 34 k5 21 24
Exposure to envirenmeantal cold 5 4 7 a - - - -
Contact with hot objzcts or substances 16 11 18 12 13 17 1 15 7 ] 14
Exposurs to caustic, noxious, or alsrgenic 127 16 133 107 123 123 105 108 100 ad 92
Inhalation of substance ... a3 [i7:] a4 [ 76 50 43 55 48 43 48

Inhalatign in enclosed, restricted, or confned

space” ... SRS 43 44 as 56 25 27 e} 22 25 20
Inhalation in open er nonconfined space 15 24 21 12 18 14 3 20 23
Contact with skin or other exposad tissus 3 - 3 g 3 4 - g 7 -
Injections, stngs, venomous bites . o 0 1 @ 14 23 12 18 10 ]
MNeedle sticks 3 - - - 3 T - 8 - - -
Bes, wasp, homst 4 8 8 4 g i) a g g 3 [
Ingestion of substance 13 13 12 18 20 26 20 21 24 1a 23
Cygen deficiency ... 111 112 109 a7 25 i} a7 ol B4 a3 40
Drowming, submersion 78 a0 80 7 T0 T2 75 75 75 58 a0
Depletion of oxygen from cave-in or collapsed
materials - 4 3 - - - - - - - -
Depletion of oEygen in other enclosad, restricted, or
confmed spaceT Lo 12 3 - 10 2 g 7 - g 13 10

=71 Census of Fatal Occupational Injuries (CFOI) - Current and Revised
1992-2006. U.S. Bureau of Labor Statistics

Data.
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<Table 5> Fatal occupational injuries by event or exposure and major private
industry division, All United States, 2006

(Goods producing Senvize providing
Total
9 - - Matura - Trade, Profes- |, .
Event or exposure f‘]‘a""ﬁ_ ot resources | Construc- | Manufac- U.EI transpor- | Informa- | Financial | sienal and Education | Lesure ot
{number) | goods . . semics | L . . . and health|  and
and fign turing " fation.and| fion | activities | business o | send
producing ..o providing - senices | hospitality
mining utilites senvices
Struck by lightning... g § - 3 - 3 - — - - -
Contact with eleclnc curent, n.e 3 = - - - - - - - -
Centact with temperature extremes.. 56 3 E 12 [ 18 g - - 5 E -
Exposure to environmental he: 44 picl B 18| 4 14 i - - 5 - -
Contact with hot objects or substances 1 8 - - L] - - - - - - -
Exposure to ar pressure changes 4 - - - 3 - — 3 - -
Pressure changes undenwater. 4 - - - - 3 - - 3 - -
Exposurs to caustic, nexious, or a\lerge
substances — 165 i 2 kL X ] a2 4 20 13 2
Exposure to caustic, noxious, :rallergen ic
substances, unspecified... 23 i - 3 - 18 - — 3 4
Inhalation of subst 50 an 3 19 i g s E E 5
i ] 4 - - - - B - - -
confined spac 15 8 - - B8 - - E -
nhalation in open or nfined space. 3B 18 - 13 5 20 7 -| 7 - -
Injections, stings, venomous bites.. 3 g 3 - 14 - — § 5 -
Bee, wasp, homet sting.... 5 3 - - - - - — - - -
(Cither stings or venomous DiIEE 4 - - - - 4 - — 3 - -
njections, stings. venomous bites, n 12 i - - i - - - 3 -
Ingestion of substance. 58 0 - 1" 7 36 19 -| 4 5 -
Cuygen geficiency, n i) 0 7 10] 3 3 7 - 10 g -
Drowning sutmerswon x) 2 7 7| - 0 4 - 0 4 -
Chaking on object or substance.. 1 - - - - 10 - — - 4| -
Depiefion of oxygen in other enciosed,
restricted, or confined space... 4 - E - - - -
Exposure to harmful substances or environments. n 4 - - - - - - — - - -
Transportation accidents. 2450 823 kXl 323 125) 1.350 339 40 43 185 04 82|
Highway accident... 1,358 318 108 182 80 E70 628 20 20 1] 4 f]
Highway acqcem un 3 5 - 3 - 15 K - | - - -
Collision between vehicles, mblle equipmen: 857 147 52 7 P 420 233 i 14 44 34 4
Collision between vehicles, mobile
equipment, unspecfied... an 7 - 4| - 2 12 3 - 4 - -
Re-entrant collision.. ] - - - - 4 4 - - - - -
Moving in same drecs 185 0 3 1 L] 108 24 - - o 7| -
Moving in cpposite directions. on ..cmlng 23 a2 e 23 2 144 a2 8 4 15 17] 8
Moving in intersection....... 40 37 0 o) 7 80 44 3 7 10 g 3
Moving an :Istzndlngve ice, HObIle
BQUIPMENt—N ro30WAY......cocoeoo.. 52 4 - - - 43 4 - - ] - -
Moving and standing vehicie, Moblle
equipment-side of road..... 23 - - - - 17 14 - - - - -
%= Census of Fatal Occupational Injuries (CFOI) - Current and Revised Data.

1992-2006. U.S. Bureau of Labor Statistics

107 A s 10930191 eH, ‘E':_”ﬁ ‘5‘3511% A= 248 24,
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<Table 7> A&+ AW Y ¥7] 5 r4hsr 5443

MA 22T |HY TE2(%)|FH A FE(%)| MeantS.D.(%)
4 9% 4.38 3.77 3.82+0.09
5 % o 6.07 4.45 4.97+0.26
6 % o 6.70 5.55 6.24+0.25
7 % T 10.41 6.39 7.23+£0.59
2 —u—4%
2 —e—- 5%
PN 1 v 7%
p—
= 1
(=) n
T 14y
= v
= 125
£ g j
[l 6.24+0.25 7.23£0.59
S % .
=
] »
@) \\-—-———’t—ﬁ——-
QN N 3.8240.09 4.9720.26
50 100 150 200 750

Exposed time (min)

(23 1] =347k b2 24 Age @ 8 U it
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A-Immediately
Class B-dangerous, but not IDLH; Class C-potentially
Tl Lol &

Dangerous

= 35 o 317 0] = o] = 5
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2AS §s AxF RaFe Bood gt ARE AFSHHNIOSH, 1979).
<Table 16> Confined space classification table
Parameters Class A Class B Class C
Characteristics immediately dangerous to dangerous, but not potential hazard -
1ife - rescue proced- immediately life requires no modif-
ures require the entry threatening - rescue ication of work
of more than one procedures require the procedures - standard
individual fully entry of no more than rescue procedures -
equipped with life one individual fully direct communication
support equipment - equipped with life with workers, from
maintenance of com- support equipment - outside the confined
munication requires an indirect visual or space
additional standby auditory communication
person stationed with workers
= within the confined
space
Oxygen 16% or less 16.17 to 19.4% 19.5% = 21.4%
*(122 mm Hg) or #(122 - 147 mm Hg) #(148 - 163 mm Hg)
greater than 25% or 21.5% to 25%
*(190 mm Hg) (163 - 190 mm Hg)
Flammability 20% or greater of LFL 10% - 19% LFL 10% LFL or less
Characteristics
Toxicity #*IDLH greater than contamina- less than contamination
tion level, referenced level referenced in
in 29 CFR Part 1910 29 CFR Part 1910
Sub Part Z - less than Sub Part Z
#**IDLH
*Based upon a total atmospheric pressure of 760 mm Hg (sea level)
**Immediately Dangerous to Life or Health - as referenced in NIOSH Registry of Toxic
and Chemical Substances, Manufacturing Chemists data sheets, industrial
hygiene guides or other recognized authorities.
Z ). National Institute for Occupational Safety and Health
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<Table 17> Checklist of consideration for entry, working in and exciting

confined space

ITEM CLASS A CLASS B - CLASS C
1. Permit X X X
2. Atmospheric Testing X X X
3. Monitoring X o] [+]
4. Medical Surveillance X X [s]
5. Training of Personnel X X X
6. Labeling and Posting X X X
7. Preparation
Isolate/lockout/tag X X 0
Purge and ventilate X X o]
Cleaning Processes 0 o o
Requirements for special X X (]
equipment/tools
8. Procedures
Initial plan X X X
Standby X X o
Communications/observation X X X
Rescue X X X
Work X X X
9. Safety Equipment
and Clothing
Head protection 0 o] o]
Hearing protection [+] o] o
Hand protection o] o 0
Foot protection o (o] 0
Body protection o [+] 0
Respiratory protection o 0
Safety belts X X X
Life lines, harness X o
10. Rescue Equipment X X X
11. Recordkeeping/Exposure X X
X = indicates requirement
0 - indicates determination by the qualified person

Z %] National Institute for Occupational Safety and Health
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(Abstracts)

A Study on the Effects of Working Environment (Oxygen
Concentration, Harmful Gas, etc.) on Physiology and Motility

HY Kim, SB Lee, JH Han, MG Kang, B] Ye

As an effort to prevent serious accidents such as oxygen
deficiency and suffocation in closed spaces and to identify the causes
of such accidents, the present study investigated accidents and
systems in Korea and other countries, and conducted experiments on
the lethal concentration of oxygen deficiency and how experimental
animals are affected by temperature, humidity, organic gas (toluene),
carbon dioxide, hydrogen sulfide, carbon monoxide, etc. in an oxygen

deficient situation. The results of this study are as follows.

1. In Korea and other countries, around 50% of disasters took place
in June October according to season, 40% at construction sites
according to business category, 50% at manholes according to
place, and 40% by oxygen deficiency according to cause. Other
gases (H2S, CO, nitrogen, argon, etc.) and environmental factors
(inside temperature, drowning in floor water, and respiratory

obstruction by vomitus) were also critical factors. Particularly
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among the dead, only 3% had had education on the prevention of
oxygen deficiency disasters, and this suggests the necessity of

considering the subjects, time and scope of education.

2. The causes of accidents were oxygen deficiency or acute
intoxication with toxic gas resulting from inadequate ventilation
inside the working space. In addition, the victims lacked abilities
to cope with such accidents due to insufficient education on
work safety, and it was 1mpossible to recognize oxygen
concentration or the state of harmful gases because the
environment of closed spaces was not monitored. In particular,
oxygen deficiency and harmful gases such as N2, CO2, argon and
methane gas were hard to detect their serious danger because of
their colorless, odorless and insensible properties. Thus, it 1is

necessary to improve emergency measures and coping methods.

3. Oxygen deficiency is defined as “oxygen concentration below
18%” in Korea and Japan, “below 195 %" in the U.S., “below
185%” in Canada, and “environment that may cause oxygen
deficiency” or “closed or dangerous places” in the UK. and
Australia. By tightening regulations for preventing frequent
typesof disasters, we need to enhance people’s awareness of
oxygen deficient spaces and to expand the subjects and scope of

education on oxygen deficiency risks.

4. In the results of an experiment on lethal concentration using rats,
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the lethal concentration of oxygen deficiency was 5 %, and the
majority lethal oxygen concentration LCs50 based on dose response
relation was 55%. In the experiment that varied environmental
conditions such as temperature, humidity, toluene, CO2, H2S, and
CO in oxygen deficiency (6%), death rate or physiological
sensitivity increased most by the increase in the concentration of
harmful gases such as H2S and CO and the rise of temperature.
In oxygen deficiency (6%), the lethal concentration was 20% at
1,000 ppm for toluene, 30% at 350 ppm for H2S, and 209 at 600
ppm for CO. However, there was no death caused by CO2 even

when the concentration was 8%.
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