J. Korea Saf. Manag. Sci. Vol. 18 No. 3 September 2016
http://dx.doi.org/10.12812/ksms.2016.18.3.47

ISSN 1229-6783(Print)
ISSN 2288-1484(Online)

47

A g1 AN

F AT

A Study on Asphyxiation Accidents occurred in the confined

space, and their Prevention
Bu—Hyun Kwon"
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Abstract

A confined space means places where the risk of damage to health caused by lack of oxygen or

hazardous gases in inadequate ventilation conditions and the risk of fire and explosion

caused by

flammable substances. Asphyxiation accidents in a confined space occured every year and also occurred

more than two people at the same time.

In this study, we surveyed the domestic statistical data occurred the lack of oxygen in confined space

for the last 10 years(2006—2015) and, analyzed the accident by industries sector, workplace size etc.

17 fatal work accidents that occurred in confined spaces in Korea between 2013 and 2015 were

investigated and analyzed using the database of the KOSHA and suggested interventions to minimize

asphyxiation accidents in confined spaces. This paper is expected to be used to establish interventions

planning and training as a preventive measures in workplace having confined spaces.
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<Table 1> Confined Space
(Subparagraph 1 of Article 618)

1. Well - vertical mine - tunnel - caisson - pit contacting or linking the
following stratum or interior of other similar things

A. Area where contained water or spring is not available or hardly
available out of conglomerate bed with a stratum whose upper bed
has no water flowing

B. Stratum which contains ferrous iron salts or manganous salts
C. Stratum containing methane - ethane or butane

D. Stratum which is causing or could cause erupt carbonated water

[}

Interior of a well that has not been used for a long time

3. Interior of closed conduit - manhole or pit installed underground to
accommeodate cable - gas pipe or underground buried structure

4. Interior of container - closed conduit - manhole or pit where
rainwater - stream water or spring is or used to be

3

Interior of heat exchanger - pipe - closed conduit - manhole - bank or pit
where sea water is or used to be

6. Interior of facility whose boiler - tank - reacting top or inner wall of the
steel is liable to oxidation due to long—term confinement (Excluding the
one with its inner wall made up of stainless steel, or its inner wall
prevented from oxidation)

7. Interior of storing equipment or wharf such as a tank or a hopper
containing coal - lignite - sulfide ore - steel - log - drying oil - fish oil or
other substances absorbing oxygen out of the air

8. Interior of facility without enough ventilation such as confined
basement - warehouse or tank where ceiling - floor or wall is painted with
a point containing drying oil and the paint is not dried, yet.

9. Interior of warehouse or pit storing grains or feed, interior of warehouse
or pit ripening fruits, interior of warehouse or pit germinating seeds, silo
used for cultivating mushrooms, or interior of a wharf loading feed seeds

or grains

10. Interior of tank - warehouse or brewage which contains or used to
contain soy sauce - alcohols - yeasts its fermenting items

11. Interior of sewage disposal tank - settling tank - water holding
tank - tank - closed conduit - manhole - pipe or pit which contains night
soil, contaminated soil, rotten water, sewage water, wastewater, other
decaying or easily decomposable substances

12. Interior of refrigerator - freezer - cooling cargo truck or cooling container
using dry ice

13. Interior of facility such as a boiler - a tank or a reacting top which has

or used to have helium - argon - nitrogen - freon - carbonic acid gas or
other inert gas

14. Interior of a place where oxygen concentration is less than 18% or more
than 23.5%, carbonic acid gas concentration is more than 1.5%, hydrogen
sulfide concentration is more than 10ppm

-
o

5. Interior of concrete curing place and temporary construction lodging
using lignite * charcoal - briquette stove

-
o

. Interior of a batch reactor and a tank which used to have chemical
substance.

-

7. Interior of a piping or a dust collector which used to have harmful gas.
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<Table 2> Kinds of Asphyxiant

A substance that is not harmful itself,
Simple but can reduce the oxygen
asphyxi concentration in the air
—ant (ex) Hydrogen, Nitrogen, Helium,
Ethane, Carbon dioxide etc.
A substance that interferes with the
transport of oxygen in blood.
(ex) carbon monooxide, Aniline,
Chemic Nitrosoamine etc.
—al A substance that irritates and damages
asphyxi the tissues of airway and lung, and
—ant impairs their function of
oxygen distribution
(ex) Hydrogen sulfide, Ozone, Chlorine,
Phogene etc.
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<Table 4> Statistics in Confined Spaces('06—'15)

N ‘ Tansportation,
0. 0
| Constru| Other warehousing, | Manufa | Othe | Tot|
emplo
- —ction |business | communication |—cturing| —rs | —al
—yees .
service
Total 73 41 14 64 13 {205
>2,000 - - - 1 - 1
1,000
-1,99 4 1 - 3 - 8
9
500—
2 - 3 1 - 6
999
300—
3 - - 4 - 7
499
200—
3 1 1 - 5
299
100—
3 3 1 6 - |13
199
50—99 6 4 1 8 1 120
30—-49 4 4 1 7 16
16—29 6 4 1 6 3 |20
10-15 3 6 1 7 2 119
5-9 5 3 1 9 5 |23
>5 34 16 4 11 2 |67
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<Table 3> Statistics of occupational diseases
occurred by lack of oxygen in Korea with
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injuries <Table 6> No. of injuries by Age

Total 205 78 127

2006 6 3 3 Age

5007 16 5 14 20—29 | 30—-39 | 40-49 | 50-59 | 60°)%¢

2008 13 4 9 Total 18 42 68 45 30

2009 27 12 15 2006 1 1 1

2010 34 9 25

2011 o7 12 15 2007 | 1 4 3 3 4

2012 17 7 10 2008 1 4 2 4 1

2013 28 10 18 2009 3 2 10 8 4

2014 23 15 8 2010 | 1 5 17 7 4

2015 14 4 10

2011 5 10 3 3 6
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<Table 5> No. of Injuries by work period

Work preiod No. injuries
Total 205
>20 yrs 5
10—20 yrs 16
5-10 yrs 14
4-5 yrs 2
3—4 yrs 6
2—3 yrs 19
1-2 yrs 21
6 months — 1 yr 16
5—6 months 10
4—5 months 6
3—4 months 11
2—3 months 3
1—2 months 15
<Imonths 59
no data 2
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<Table 7> Analysis of Fatalities('13—'15)

No| Industry sector | No. employees | No. worker Work period Entry(m) | Confined spaces

1 | Manufacturing <5 1 1—-2 month 1X0.7 | Water holding tank

2 | Transportation <5 1 <1 month no data Interior of ship

3 Agriculture 5-9 2 6 month—1 year no data Storage tank

4 | Manufacturing 50—-99 1 5 — 10 year ©@=0.43 Reactor

5 Construction 16—29 3 <1 month @=0.76 Gas pipe
Building . .

6 <5 2 10—20 year 0.5%X0.5 Interior of pit

management

7 Construction <5 3 <lmonth @=0.9 Manhole

8 | Manufacturing 30—49 2 1-2 year 1.9%1.7 Storage tank

9 | Manufacturing 50—99 1 1-2 year @=1.5 | Interior of hopper

10| Construction 10—-15 5 <1 month 0.45%X1.2 Bag house

11| Construction <5 3 1—2 month @=0.65 Manhole

12| Construction 30—49 5 3—4 month no data Pipe

13| Construction <5 4 <1 month 1.2Xx4.7 Storage Tank

14| Manufacturing 30—49 1 6 month—1 year ©=0.9 Mixer

15 Wastewater 50—99 3 10—20 year no data Manhole

management
16| Transportation 10—-15 1 10—20 year no data Interior of ship
17| Manufacturing | 1,000" —1,999 2 10—20 year ©@=0.6 | Interior of hopper
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[Figure 1] Worker's Status in Storage Tank
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[Figure 2] Measurement of Gas Concentration
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<Table 8> Measurement Results of Gas
Concentration

Gas Concentration

L Measurement Result Measuring
range
02 20.2~20.9% 0~30%
H2S Over range 0~500 ppm
CO Over range 0~999 ppm

¥ Model : GasAlertMicrob, Honeywell, Canada
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