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Confined spaces are inherently dangerous workplace and
many fata and nonfata accidents have been reported.

Even though these accidents occur in various kinds of
confined spaces, there has rarely been reported on the hedth
hazard agert, i.e,, the types of gases and their concentration
ranges Therefore in this Sudy, we evaluated severd toxic and
agphyxiating gas concentrationsin various confined spaces.

We surveyed 57 manholes, 3 sewage trestment plants, 2
yellow radish manufacturing companies and 7 barges to
measure the concentrations of oxygen(O:), hydrogen
sulfide(H-S), carbon monoxide(CO), ammonia(NHs). Lower
Explosion Limits(LEL) and Volatile Organic Compounds
(VOCs). Those four types of confined spaces occupies 56% of
accidentsduring lest 9 yearsin Korea,

In 57 manholes, the concentration varied according to the
types of manholes; rainfall and sewage, and by location;
resdentid and industrid areas. Sewage manhole in indudtrid
area was evauated as the most hazardous then other types of
manhole like rainfal manholes, resdentid sewage manholes.
The highest HS concentration and the lowest O concentration
a sewage manhole in industria area were 300 ppm, 8.7%
respectively. In 3 sewage treatment plants, H:S and NHs
concentrations were resched up to the 500 ppm and 200 ppm
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respectively. Two yellow radish manufacturing companies
showed the concentrations of 316 ppm, 505.2 ppm, 90 ppm and
15.7% for H:S, CO, VOCs and O, repectively. Seven barges
showed 15.9%~20.9% 0xygen concentration.

Gas species and concentration ranges varied by the typesand
location of confined spaces; CO, H:S, O: could be hazardousin
manhole, especidly manhole connected to sewage plants. CO,
H-S, LEL, O,, NHs should be contralled in dudge silo and duge
pumping confined spaces in sewage treatment plant. The
activity of lifting out radish from the storage tank wis evauated
more hazardous rather then the other activities in ydlow radish
manufacturing industry. The employers must conduct the survey
to identify al possble confined spacesin their locd workplace
prior to performing the tasks. At the nationd level to reduce the
accidents in the confined spaces, we suggest that systemic
approach and active education program including possible
hazards, standard operation procedures, ventilation plan, and
persond protective equipment in confined spaces should be
implemented.

KeyWords:  confined space, oxygen deficiency, hydrogen
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Table 1. Characteristics of investigated confined spaces
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Type Locations saple
()
Rainfall Reade@d )
Industrid 9
Marhde Resdentia 6 | | |
Senage | - HHJFQ(D, Dyeing (6), Paper mill (8),
Industrid 3 Food industry (4), Sewege plant4)
Chemicd manufacturing (4)
- Public sawageplants (1)
Sawagetregtment plants 3 - Smpledepostion (1)
- Private sawageplants (1)
Yellow radish manufacturers 2 - Soragetank (2)
Bages - CraneBarges(2), Hopper Barges(5)
Table 2. Measurement range of gas detector sensor
Gas Type Range Resolution
O Hlectrochemical 0~30% or more Lessthan 0.1%
H2S Hlectrochemical 0~100 ppm or more Lessthan 1 ppm
LEL Cataytic sensor 0~100% (LEL’ s25%) Lessthan 1%
VOC Photoionizetion 0~200 ppm Lessthan 0.1 ppm
Co Hledtrochemica 0~500 ppm or more Lessthan 1 ppm
NH Hlectrochemical 0~50 ppm or more Lessthan 0.1 ppm
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Table 3. Concentrations of gaseous pollutants in manhole by locations and types

Mean+SD.
Types Locations n CO VOC H:S LEL 07
(ppm) (ppm) (ppm) (%) (0
Rainfdl Residentid 9 0.64*0.68 1361149 0.33=0.77 328323 20.790.19
Indugtrid 9 058069 103156 00 368872 2059074
Sawvege Resdentid 6 0.751£097 155+177 225+6.28 2751196 2065+0.37
Industrid 33 056+2039 22153979 1671+6311 6.05£532 1979237
Range 0~1050 0~1%40 0~3150 0~230 8.7-209
Table 4. Concentrations of gaseous pollutants in manhole by Industries
Mean=£SD.
Location n CO VOC H:S LEL 0
(ppm) (ppm) (ppm) (%) (%)
Plating Indudry 7 305270 193+369 2731643 82316.14 2041027
Dyeing Industry 6 380+321 5871561 0 7841481 192+25
Food Indugtry 4 088+1.36 2961391 0.22+067 844+418 201061
Paper Mill 8 1671249 814+925 025+0.62 401225 1995+154
Chemicd Indugtry 4 03*048 2771151 03+067 06+126 2071022
Sawage plant 4 106+145 436*56.6 126+1725 5474 161+654
Range 0~105.0 0~154.0 0~-3150 0~230 8.7-209
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Table 5. Maximum concentrations of gaseous pollutants in sewage treatment plants

Maximum Concentration
Location CO vVoC H:S LEL O NH;
(ppm) (ppm) (ppm) (%) (%) (ppm)
Enterance pipe 427 178 2789 0 203 103
_ Sadimentation Room 369 03 120 0 209 10
Public-sawage plant ,
Sudge Hoation tank 369 72 3201 0 209 129
SugeSilo 406 543 5000 84 199 1453
Private-sewage plant - agration tank 11 54 69.3 0 204 139
Simple deposition - duge pumping 458 79 287 100 187 200
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Table 6. Maximum concentrations of gaseous pollutants in yellow radish storage tanks

Maximum Concentration

Adivity Depth 00 VOC H2S LEL o2
o G T ) 09
10 21 640 1253 1.7 198
Lifting out radish from gorage tank 20 1352 644 3160 142 178
30 505.2 00 3160 187 157
10 376 99 0.7 6.0 205

Sorage Tank
15 913 520 1141 103 204
10 18 14 113 35 209
Empty storage 20 48 07 93 34 206
30 120 0 100 33 206
10 0 33 0 29
Desdted tank 20 0 42 0 29
30 0 49 0 209
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Table 7. Maximum concentrations of gaseous pollutants in barges

Mean=SD.
Location n co VOC H:S LEL o
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CraneBage 2 145 02 04 0 191
Hopper Barge 5 15 0 04 0 159
Range 0-145 0-02 0-04 0 209-159
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