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) 209 4000 00 00 209 1800 00 00
W 209 3250 00 00 206 157750 23 05
wEWA 00 957 00 00 15 234258 29 06
S 4
IPS 209 2000 00 00 20.9 4000 00 00
2] 209 4000 00 00 238 499000 60 13
B 209 2000 00 00 265 77000 95 22
wEWA} 00 00 00 00 50 5937 21 14
LRSS 2
IES 209 2000 00 00 229 35000 80 12
) 209 2000 00 00 300 119000 110 32
$3z 1209 3000 00 00 1 216 3000 00 00
ARz 1209 2000 00 00 1 209 2000 00 00
| N = =757 = =745HA %=
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(2) F71H A=AA

<E 33) 7V 59 fHs A=A o7 Fga7ta "egt YR A4 9 {avts &4 A3t
UoF7h o7 2Ft 4937t WRCOHs %)
2~ <
T T @ 02 CO2 CO  H2S |z 02 CO2 CO  H28
(%) (ppm) (ppm)  (ppm) (%) (ppm) (ppm)  (ppm)
Bt 20.9 400.0 0.0 0.0 20.9 500.0 0.0 0.0
EFHA} 0.0 100.0 0.0 0.0 0.0 200.0 0.0 0.0
Az _ 7
A 20.9 200.0 0.0 0.0 20.9 200.0 0.0 0.0
2 20.9 500.0 0.0 0.0 20.9 800.0 0.0 0.0
Az 1 21.2 400.0 0.0 00 | 1 21.2 300.0 0.0 0.0
o 21.2 300.0 0.0 0.0 21.2 300.0 0.0 0.0
drox E—_frl?j 2} 5 0.0 0.0 0.0 00 | 0.0 0.0 0.0 0.0
EAEN 21.2 300.0 0.0 0.0 21.2 300.0 0.0 0.0
24 21.2 300.0 0.0 0.0 21.2 300.0 0.0 0.0
oz 1 21.2 300.0 0.0 00 | 1 21.2 300.0 0.0 0.0
B 21.0 420.0 0.0 0.0 20.9 550.0 0.0 0.0
_ EEHA} 0.1 109.5 0.0 0.0 0.0 57.7 0.0 0.0
HHx _ 4
EIES 20.9 300.0 0.0 0.0 20.9 500.0 0.0 0.0
Edfs 21.2 600.0 0.0 0.0 20.9 600.0 0.0 0.0
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A Ft QE AGFt 2o F WEOME F
A~ A~
5 & 02 CO2 CO  H2S | @ 02 CO2 CO  H2S
(%) (ppm) (ppm)  (ppm) (%) (ppm) (ppm) (ppm)
20.9 400.0 0.0 0.0 20.8 756.3 0.0 0.0
0.0 36.5 0.0 0.0 0.2 409.8 0.0 0.0
FAbAZ 16
20.9 300.0 0.0 0.0 20.0 400.0 0.0 0.0
20.9 500.0 0.0 0.0 20.9 1,800.0 0.0 0.0
20.9 366.7 0.0 0.0 20.9 422.2 0.0 0.0
0.0 70.7 0.0 0.0 9 0.0 109.3 0.0 0.0
20.9 200.0 0.0 0.0 20.9 200.0 0.0 0.0
20.9 400.0 0.0 0.0 20.9 600.0 0.0 0.0
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)

(

(3) ErelH4 A 2A]A
(E 34) 7V5 3¢ fH AAAE o7 2d-37ta 937t Yo A4 9 {o7ta &4 Ayt
A Z7 Q57 27 D F7F W2OHs 5)
A~ s
T T ;5 02 CO2 CcO H?2S ;j 02 CO2 CcO H?2S
(%) (ppm) (ppm)  (ppm) (%) (ppm) (ppm)  (ppm)
A=z 1 20.9 100.0 0.0 0.0 1 20.9 200.0 0.0 0.0
ZAZ 1 20.9 200.0 0.0 0.0 1 20.9 200.0 0.0 0.0
ot 20.9 200.0 0.0 0.0 20.9 200.0 0.0 0.0
FFHA} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ghgx 2 2
A 20.9 200.0 0.0 0.0 20.9 200.0 0.0 0.0
E3ha 20.9 200.0 0.0 0.0 20.9 200.0 0.0 0.0
oz 1 20.9 200.0 0.0 0.0 1 20.9 200.0 0.0 0.0
Az o+ 2 20.9 200.0 0.0 0.0 1 20.9 200.0 0.0 0.0
] =37 &
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4) Fgus A=AA

CE 35 7Fs T w84 A=A R A3t du3d Wi da B feirts 53 25

D37 7 237t D37+ Y2OFs %)
2~ 2~
TRl TE |Gy 02 CO2  CO  H2S | 02 CO2 CO  H2S
(%)  (ppm) (ppm) (ppm) (%) (ppm) (ppm)  (ppm)
o7 209  366.7 0.0 0.0 20.9 550.0 0.0 0.0
EFHAE 0.0 2733 0.0 0.0 0.0 288.1 0.0 0.0
Hezx ]
A 20.9  200.0 0.0 0.0 20.9 200.0 0.0 0.0
A 20.9  900.0 0.0 0.0 20.9 900.0 0.0 0.0
b o 21.1  250.0 0.0 0.0 21.1 400.0 0.0 0.0
FFHA} 0.2 70.7 0.0 0.0 0.2 141.4 0.0 0.0
ZAZ - 2 2
A 20.9  200.0 0.0 0.0 20.9 300.0 0.0 0.0
A 212 300.0 0.0 0.0 21.2 500.0 0.0 0.0
o 21.0  240.0 0.0 0.0 21.0 240.0 0.0 0.0
Er=he bl 0.2 54.8 0.0 0.0 0.2 54.8 0.0 0.0
Hre . 5 5
A 20.9  200.0 0.0 0.0 20.9 200.0 0.0 0.0
2 212 300.0 0.0 0.0 21.2 300.0 0.0 0.0
ot 21.0 2333 0.0 0.0 21.0 233.3 0.0 0.0
. FE=82 02 517 0.0 0.0 0.2 57.7 0.0 0.0
LXZ } 3 3
A 20.9  200.0 0.0 0.0 20.9 200.0 0.0 0.0
A 212 300.0 0.0 0.0 21.2 300.0 0.0 0.0
AAzx 2 20.9  200.0 0.0 0.0 1 20.9 200.0 0.0 0.0




Ao F7h o F 2dF7t 4957t WRCOHs 5
s P
TR & 02 CO2 CO  HXS | Fy 02 CO2  CO  H2S
(%)  (ppm) (ppm) (ppm) (%) (ppm) (ppm)  (ppm)
ot 21.0 275.0 0.0 0.0 16.6 275.0 0.0 0.0
prp=chi] 0.2 50.0 0.0 0.0 9.1 50.0 0.0 0.0
FTEX _ 4
A 20.9 200.0 0.0 0.0 2.9 200.0 0.0 0.0
o 21.2 300.0 0.0 0.0 21.2 300.0 0.0 0.0
oot 20.9 328.6 0.0 0.0
o] 0.0 48.8 0.0 0.0
_ 0 =37 gg
A 20.9 300.0 0.0 0.0
) 20.9 400.0 0.0 0.0
o 21.0 333.3 0.0 0.0 21.0 300.0 0.0 0.0
e 0.1 57.7 0.0 0.0 0.1 0.0 0.0 0.0
3
ES 20.9 300.0 0.0 0.0 20.9 300.0 0.0 0.0
= 21.1 400.0 0.0 0.0 21.1 300.0 0.0 0.0

_62_



Wb % A4
Q4 A4 AR E o7t tisl dTolA SATE A mE iU
T 571 = FASh Ao=x Selskith
(R 36) 24 AA a7t &4 Ax
o - o = 02 Co2 CO 725
Al AT @) %) pm) (pm)  (ppm)
B 211 300.0 0.0 0.0
we | B EBEEZ| 00 0.0 0.0 0.0
1= =]
i 24 211 300.0 0.0 0.0
2] 211 300.0 0.0 0.0
o 44 AL
94 Aol MAFE faltie] sl 4T D AReld ZAT A

=
—
o 2F d7E 37 e A

(E 37 94 AAA {87t 24 A

A3 @ o opm
B 209 2000 00 0.0

adpz| BEWA |, 00 00 00 00

B e 209 2000 00 0.0

e 2 209 2000 00 0.0
o B 209 1750 00 0.0
‘Q;ﬂﬁz} EERR | 0.0 500 00 00
gorpzr | FHd 209 1000 00 00

el 209 2000 00 0.0

—_— 210 3500 00 0.0

g | EEE} 5 0.1 70.7 0.0 0.0

e (0| Hx 209 3000 00 0.0
A | @b 2o 21.1 4000 00 0.0
ENECl w@ |2 211 3500 00 00
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] >~ 02 CO2 CO  HX%
T B @) pm) pm)  (ppm)
N 00 707 00 00
(7}(_5%)75) S 211 3000 00 0.0
2 211 4000 00 0.0

ameg| B 211 3500 00 00
ge | mERd | 00 707 00 00
Ols B Ha 211 3000 00 0.0
) Bl 211 4000 00 0.0

H1
b

-

oo o L kb oof
op

rlo

1 Aol AP RATIE] Ve 1 Ae18xe] wet Ak,

Qastes @ Popd BES SHT AvHs (R 38), (E 3

L ohol 2 olusiRs BEE Aod RE sjac)

1% Y] Fo| SEot 2 JER A4dolgdtt et AR ol

o & Z4ge g7 F AAEART 98 3L FE 52 BY

gkl Aol oltsterr st 7R Gobd aclolu Agle

ofe9nz 2470 9R7} okt FAHk thut £% o] Ry

Z7bdog o Sielo] Wad Zog Atk olstgrl st obF
A7t ohyw AIRAS AR 24 BAb 57 obec)

o 5 = 02 CO2  CO H2S
A7 TE @ @ pm) (ppm)  (ppm)
- Bt 20.9  200.0 0.0 0.0
j}  mzwx ; 0.0 0.0 0.0 0.0
e ) EAES 20.9  200.0 0.0 0.0
2o 20.9  200.0 0.0 0.0

o Bt 20.9  262.5 0.0 0.0
;“37‘—} BERA | 00 744 00 0.0
S e~ 209 2000 00 00
- Ay 20.9  400.0 0.0 0.0
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-

-

—_

] ~ 02 CO2 CO  H2S
A o) =] T
Ad A TE @ @ (pm)  (ppm)  (ppm)
. P 209 2889 00 00
=ieal)  mzmat 0.0 105.4 0.0 0.0
E}] H - - . . . .
G et B DS 209 2000 00 00
A 209 5000 00 0.0
| B 209 2000 00 00
Efﬂﬂ A I E A 0.1 707 00 00
L B P 209 1000 00 0.0
e Es 211 3000 00 0.0
= B 209 1750 00 0.0
E‘jg{ zEud |, 0.0 500 00 00
g  FE 209 1000 00 0.0
A 209 2000 00 0.0
(E 39 ¢4 A4 f5li7ta &3 43
] 02 CO2 CO  H2S
pS| [e) T =]
Al F1A ) T (%)  (ppm) (ppm) (ppm)
EEEET
SR 209 7000 00 0.0
ATE g
CERE 209 4000 00 00
21 g7
EEEET
Atz | 9w | 1 209 2000 00 00
g7t
g4 209 3235 00 00
227} wz¥x 00 1091 00 00
=] GRS 17
e A4 209 2000 00 00
Ad 209 5000 00 00
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] o 02 CO2 CO  H2
A A o I _H‘,__
] L I E N (%) (ppm) (ppm)  (ppm)
B 209  225.0 0.0 0.0
ik gl EZ®a 00 500 0.0 0.0
By | e |4
PSERg EES 20.9  200.0 0.0 0.0
2o 209 300.0 0.0 0.0
(E 40y A3AA Fgoli7ts 54 At
N o1 - S 02 CO2 CO H2S
Ad A TR ) @) pm) (pm)  (ppm)
b kg
PO Raed 9 i 1 21.6 400.0 0.0 0.0
257t
3) St ERT AH ZAHET
stetelz iy Aol q MAEL gal7tao] e ATet oRelq Z4%
i, BE 1F B SES 5FES GASHE oR s oo
R AdoAE |3 EAAA AT o] o] RN SHE AAlSt
Art.
(& 41 SSHARET AH fts 57 A9
] ~ 02 CO2 CO  H2S
Al A [e) _l:'l_ T
S T @ @) epm) (ppm)  (ppm)
=47 ge
] B 209 2773 0.0 0.0
EE! ‘Q;ﬂ’gﬂ BEWA |, 00 685 00 00
Xﬁ}%qjgj@ EIP 20.9  200.0 0.0 0.0
2 20.9  400.0 0.0 0.0
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4) drled BAANE 543

f7le e wAAA] o
shelstA] £short

(& 42> AW A4 fate 27 Az
AR o o o) G
B 20.9  400.0 0.0 0.0

‘?4;““573 mERA | 0.0 0.0 0.0 0.0

as | Aama | Hx 209 400.0 0.0 0.0
o 2o 209  400.0 0.0 0.0
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Occupational Safety and Health Administration(OSHA) 29 CFR 1910.146
Permit-required confined spaces.

Occupational Safety and Health Administration(OSHA) 29 CFR 1910.134
Personal Protective Equipment.

Occupational Safety and Health Administration(OSHA) 29 CFR1910.23
Walking—Working Surfaces.

Damien Burlet—Vienney, Yuvin Chinniah, Ali Bahloul, and Brigitte
Roberge. (2016). Risk analysis for confined space entries: Critical

analysis of four tools applied to three risk scenarios. JOURNAL
OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE
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ABSTRACT

A study on risk analysis and accident prevention
measures by the characteristics of the confined

spaces in an electronic parts manufacturing industry

Kang, Man—Suk

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

Confined spaces are among the most dangerous workplaces in
occupational safety. They are enclosed and not well-ventilated and often
remain unoccupied for long periods of time. Therefore, they can be
subject to decay and corrosion, depleting oxygen and accumulating
harmful gases, which can cause fatal accidents. These hazards can cause
immediate death or catastrophic health impairment, which is often
irreversible if an accident occurs. In addition, the small size of the
entrances and the long depth and distances from the inside worksite to
the exits make immediate rescue difficult. Therefore, taking thorough

precautions when working in confined spaces is essential. However, not
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every confined space poses the same hazards, although confined spaces
are dangerous. The physical characteristics of the confined space, such as
the size of the entrance or space, the chemical characteristics, such as the
air or chemicals inside, and the biological characteristics, such as the type
and amount of microorganisms, vary depending on the purpose of the
confined space. Therefore, it is essential to accurately identify the
characteristics of each confined space and prepare appropriate safety
measures and management plans based on the attributes of harmful
agents and physical characteristics of confined spaces.

To identify the characteristics and risks of enclosed spaces in the
manufacturing industry, this study identified all enclosed spaces in one
electronics manufacturing company, categorised them by each use, and
examined their characteristics to determine what harmful risk factors are
present in each enclosed space. Since the electronics manufacturing
industry has all the various types of confined spaces that manufacturing
industries in general have, the results of this study will be helpful in
managing confined spaces not only in the general manufacturing industry
but also in all industries with similar confined spaces.

The workplace targeted in this study was an electronics manufacturing
industry with about 5,000 full-time workers. The confined spaces were
categorised into five main types by use: facilities related to wastewater,
sewage, and stormwater (152, 42%), facilities related to industrial or
domestic water (95, 26%), chemical raw material storage (54, 15%), air
pollution prevention facilities (52, 14%), and electricity inspection
common areas (11, 3%). Categorisation by use has the advantage of
making it easier to characterise the contents of the confined space and,
most importantly, to identify the management entity. The most common
physical accident hazard in all confined spaces was falls. Almost all
confined spaces were more than 2 metres deep and presented a fall

hazard when entering or exiting. Some confined spaces were deeper than
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the length of a commercially available portable ladder, with a maximum
length of 6 m. In addition, some had narrow doorways in the middle of
the ceiling, further increasing the risk of falling when descending. The
nature of these confined spaces justified the inclusion of falls as a
significant hazard in confined spaces.

Different types of confined spaces have different materials, inputs, and
storage periods, which can result in different harmful gases and oxygen
levels. Wastewater treatment plants, which have the largest number of
confined spaces in the manufacturing industry, were found to have very
low concentrations of contaminants in the wastewater, mainly in the
form of aqueous solutions and sealed during operation, so there was little
potential for exposure to airborne mists or chemicals such as organic
solvents. Most confined space hazards occur when workers enter after the
plant has been shut down and drained of its contents for maintenance
and cleaning. However, oxygen or harmful gas concentrations can rise
inside some confined spaces during operation, so if it is necessary to
inspect or check the inside of an operating confined space, it is important
to ensure that workers do not stick their heads inside, even briefly. For
example, in wastewater treatment facilities, the concentration of oxygen in
the adjustment tank and reaction tank can temporarily exceed 23%, and
the concentration of carbon dioxide can exceed 1.5%.

In treatment facilities that use sewage or microorganisms to purify
pollutants, there is a risk of oxygen depletion by microorganisms or
harmful gases such as hydrogen sulphide, so sufficient ventilation and
measurement of oxygen and harmful gas concentrations before work are
essential. In other confined spaces of general wastewater treatment
facilities, there is little risk of oxygen deficiency and a low risk of
harmful gas generation. Therefore, it is recommended to take safety
measures similar to general work in confined spaces related to

wastewater, except for sewage and microbial treatment facilities, if the
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oxygen and harmful gas concentrations are normal in advance. However,
it is necessary to ensure safety by periodically measuring oxygen and
harmful gas concentrations during work. Air cleaning facilities have the
highest uncertainty among the confined spaces in the manufacturing
industry. The confined spaces of air cleaning facilities vary according to
maintenance and cleaning schedules. Thus any parts of air cleaning
facilities can be the confined space work site. This study examined 27 of
the 52 currently designated confined spaces. The depths were more than
3 m, with many reaching 8 to 9 m. The structure and shape were
relatively complex. Therefore, it is necessary to identify the characteristics
of the space and hazards inside spaces prior to the workers entrance.
Since most other confined spaces are fixed in a certain location and have
constant internal conditions, it was recommended that a specific manual

be developed for each confined space.

(Key words] Confined space, Categorisation by wuse, Air cleaning

facilities
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