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8 AAE Fepeao dd v= vlE B 5k

Sourcez2 F¥H A& (m) H|-&(%) & (ppm) H| 21

-6.0 82.1 9.2 SZ7] A2
-3.0 87.4 9.8

0(Source) 94.2 10.6 SFsleA 9
+2.5 101.7 114
+5.2 169.8 19.0 H1HFEA
+6.0 128.5 14.4
+7.5 92.6 10.4

Al 44 IoT 7|5t A= Ay}

D Bt 2418 w8

o2

AGROIA 20249 78 19%H 79 1297 HSAGAA LA
WHE7 A Ah W gEka RS ZAYE gelH:
GE 9ot 2t Qe F2 A, fARS, B ARG SO T
A ZAPY ri AR NES BF wEsdch ol CH, HS,
CO9l Bt 7127 ostzyt BrlHol, ¥ 7% W offgt ]S glo

CO, BZ= 250~600 ppm, Oy 2% 20.9% SArt.
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B 9 #HeAY W degzt 2Y A 7taEE 5349
aeal | rerm o 308 SAHZET (Fdah)
CH4(%) | H2S(ppm) | CO(ppm) | CO2(ppm) | O2(%)
2471 A 0.1 < | 0.01< 1< 500 20.9
2471 fA®ES | 01 < | 001 < 1< 350 20.9
2472 fA®ES | 01 < | 001 < 1< 400 20.9
2473 | 7HAE 4| 0.1 < | 0.01 < 1< 400 20.9
24.7.3 | AHEY 0.1 < 0.01 < 1< 450 20.9
24.7.4 | AREY 0.1 < 0.01 < 1< 600 20.9
2474 fAHES | 01 < | 001 < 1< 450 20.9
2475 | #AES | 0.1 < | 0.01 < 1< 500 20.9
24.7.8 | 7HAE A | 0.1 < 0.01 < 1< 350 20.9
24.7.8 | AREY 0.1 < 0.01 < 1< 400 20.9
2479 | 7= A= | 0.1 < 0.01 < 1< 300 20.9
24710 | 7Fs AH | 0.1 < 0.01 < 1< 250 20.9
24710 | 7HAE AA | 0.1 < | 0.01 < 1< 350 20.9
24711 fAES | 01 < | 001 < 1< 400 20.9
24711 | MAARARA 0.1 < 0.01 < 1< 450 20.9
24712 | §AES | 0.1 < | 0.01< 1< 500 20.9
24712 | AR 0.1 < | 0.01< 1< 600 20.9
71&9] dHolgos Fa4AaHS) AS5EE7 74 olst=Rt #7159
ok olel, ToT A& A AA 2y Al 3549 FEHIE gRlstr] 96l
HaA2d W AR 10m, A2 10m, E°] 10mE ddez A=
2ES Zggstglon, 2y M-5-Fo| AA 344l FEE AU
TRl AW s FUe 2719 AR 103XS AAsteen, 74 A
2 30 Aoz F 24023 A
TUTN HAEE REESHY] QoA 22 A7]9 HExE AAst] AP
25k, ZF wpAegde] Aaxo] A7 b2, Aax H {AES 7310
_ o3 -



et s FUT 272 ohiqrh 10¥e] HAE Aw: (E 1007 2
o}.
(E 10y A9 D55 H49] Folea srus) (0% 14 5%)
HAE 30% A GeteA X (ppm)
No. 0 +30 | +60 | +90 | +120 | +150 | +180 | +210 | +240
1 0.00 | 0.02 | 0.03 | 0.02 | 0.03 | 0.04 | 0.03 | 0.02 | 0.01
2 0.00 | 0.00 | 0.02 | 0.02 | 0.03 | 0.03 | 0.02 | 0.02 | 0.00
3 0.00 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00
4 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
5 0.00 | 0.02 | 0.04 | 0.05 | 0.03 | 0.02 | 0.01 | 0.02 | 0.01
6 0.00 | 2.70 | 1.30 | 0.50 | 0.03 | 3.20 | 2.60 | 0.40 | 0.02
7 0.00 | 0.03 | 0.03 | 0.04 | 0.05 | 0.05 | 0.04 | 0.03 | 0.02
8 0.00 | 0.01 | 0.01 f 0.0 | 0.0 | 0.01 | 0.01 | 0.01 | 0.00
9 0.00 | 0.04 | 0.05 | 0.05 | 0.06 | 0.05 | 0.04 | 0.02 | 0.02
10 0.00 | 0.03 | 0.03 | 0.03 | 0.05 | 0.06 | 0.05 | 0.04 | 0.03

10§19] H|AEoA 9 Fat4ao] Ferh difE 0.00~0.06 ppme
= @%EM Zrol7b glglou, 6¥iA = £ Fsteao] s st 9l
Ao & A 0.00 ppm oo, & AlFH = 302] AAENE wf 2.70
ppmo] AZEH YL 0]F L7}t ZAasithrt 1508 AT AJFol| Tt L7t
Hekshs Rgolditt. [ Sl 68A HAE Aiks ARt mE Fkiist
of gt Lo},

W

rL

2 & 302, 1508 A Aol ZF Felrad] TR A
gt olf= HiEol AAE] Sl FIrart fAES A of
ARAY HeE A7HA dAF R AR Ao A

Y B 21 320 ppme & 7]FZ]S 10.0 ppm ©]d FFo]AA]
FARS 7)7H AdE a9l FsHE A

e Blran 4TS L 4 ek
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E 11 [oTE o83 A= B2 (EF9 ppm, & 4AtEE %)

3] =} H?2S cO?2 02 CcO
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ABSTRACT

A Study on the Feasibility of Applying IoT Sensors for

Accident Prevention in Confined Spaces

Kim, Tai—Hyoung
Major in Industrial Hygiene Engineering

Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study aimed to verify the applicability and effectiveness of an
[oT-based real-time monitoring system that combines gas sensors and
wireless communication functions for the safety management of confined
spaces. The system utilized the GX-3R Pro model from Riken Keiki
Korea Co., Ltd., which is capable of continuously measuring multiple
gases, including oxygen (O,), hydrogen sulfide (H2S), carbon monoxide
(CO), methane (CH, ), and carbon dioxide (CO, ). A typical confined
space in the electronics industry—a wastewater treatment pit (15 m X 5
m X 10 m)—was selected as the test site.

A computational fluid dynamics (CFD) simulation was conducted
under a high—concentration hydrogen sulfide emission scenario (500

mg/s) to examine the presence of concentration gradients within the
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space. The results showed that, even with mechanical ventilation, gas
concentrations  varied  significantly by  location. In  particular,
concentrations of 10.3 to 16.2 ppm were observed at points 10-12.5
meters away from the H,S emission source, indicating that harmful gas
levels in confined spaces may fluctuate depending on position and time of
work, thereby highlighting the necessity of real-time monitoring. Under a
low—concentration condition (0.05 mg/s), the overall H,S levels remained
below 0.37 ppm, but relatively higher concentrations were still observed
near the emission source.

In an actual field test, the loT—based monitoring system was worn
by workers inside the wastewater pit to measure oxygen and toxic
gases in real time. The results confirmed that both oxygen levels and
short—term spikes of H,S (2.7-3.2 ppm) were reliably detected and that
sensor data were transmitted continuously and accurately to remote
monitoring stations without error. These findings demonstrate that an IoT
system integrating gas sensors and wireless communication can serve as a
practical and reliable tool for confined space safety management in the

future.

[Keywords] Confined Space, Real-time monitoring, IoT Sensor,

Computational Fluid Dynamics (CFD), Hydrogen Sulfide
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