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ABSTRACT

Objectives: To develop the smart sensor to protect worker’s health from chemical exposure by adopting ICT
(Information and Communications Technology) technologies.

Methods: To develope real-time chemical exposure monitoring system, loT (Internet of Things) sensor
technology and regulations were reviewed. We developed and produced smart sensor. A smart sensor is a
system consisting of a sensor unit, a communication unit, and a platform. To verify the performance of smart
sensors, each sensor has been certified by the Korea Laboratory Accreditation Scheme (KOLAS).

Results: Chemicals (TVOC; Total Volatile Organic Compounds, Cly: Chlorine, HF: Hydrogen fluoride and HCN:
Hydrogen cyanide) were selected according to a priority logic (KOSHA Alert, acute poisoning statistics,
literature review). Notifications were set according to OEL (occupational exposure limit). Sensors were
selected based on OEL and the capabilities of the sensors. Communication is designed to use LTE (Long
Term Evolution) and Wi-Fi at the same time for convenience. Electronic platform were applied to build this
monitoring system.

Conclusions: Real-time monitoring system for OEL of hazardous chemicals in workplace was developed.
Smart sensor can detect chemicals to complement monitoring of traditional workplace environmental
monitoring such as short term and peak exposure. Further research is needed to expand the scope of
application, improve reliability, and systematically application.
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Table 1. Characteristics of smart sensor system
Category TVOC o HFT HCNS
Occupational TWAI 0.5 TWA 0.5
Exposure Limit (ppm) Depends on the substance STELT 1 c” 3 C 4.7
Range (ppm) 0-6,000 0-20 0-10 0-100
Resolution (ppm) 0.05 0.02 0.15 0.05
RespoTnsg time Within 3 sec. Within 60 sec. Within 90 sec. Within 70 sec.
Operation temp. ~40 10 65 ~20 to 50 ~20 to 40 -30 to 50
Operat'(?,z) humid. 0 to 95 15 to 90 15 t0 90 15 to 90
o 24 months 12 months
Operating life 5 years (80% ability) 18 months (80% ability)
Warranty 2 years or 5,000 hours 24 months 12 months 12 months

"Total volatile organic compounds
TChlorine

THydrogen fluoride

SHydrogen cyanide

ITime Weighted Average

Short Term Exposure Limit
“Ceiling

AAL

EARZ 10| ofd A[YeE ZgS Sith. die
10 ppm, A9F8e4E 10 ppm, E8¢4E 5 ppm
o FF7IAE Al 5kal KOLAS 7]8olA m78/84
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(a)

(b)

Figure 2. Design process of smart sensor system (a) conceptual sketch design, (b) functional design

Normalized TVOC
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)

Nomalized TVOC
1.00

(b)
Figure 3. Computational fluid dynamics verification (a) left: without fan, Right: with fan. and production process of smart sensor
system (b) mechanical design for molding, (c) mock-up, and (d) molding and mass production.
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S50l Uit gt Brket RUEHPEE @4 A
2= o8 Aggoltt. ol EAIEE FE5H] Yot
of AAZE S QEIA vRA9] o] ¥ F
QA B3 H(open path Fourier transform infrared
spectroscopy), SFHEA HAAMAE o83t falistst

¢

i o
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E3 A7 AEEAHPark & Levine, 1994; Lee
& Lim, 2015).

S vl= oUAAE AQEA}F & (Energy Facility
Contractor's Group, EFCOG)T} t]=- AFAIANE 3]
(American Industrial Hygiene Association, AIHA)
M= erEd E2FES ASSH Hrkelal ol
SEARS] Ao A-835t7] flste] A=A S|
£ &80 Higt 89S HES] WAR TR
THSiegel et al., 2019). ©o] WAA= =4 S84
H|7} 7|&0= 3788olu APRARTE ARSE|GLS.
U Z3leds 53 Zol wi2A 527t ¥dlehe SkehE
o] tistol= LgAQl AN T HiIsEE F
E517] 9g == ARgo] Zhssittal BRI S
glolg 7|84%] 53 2T 4% AT E2U|E &
Foff gRRlof| & &-go] 7Fss5tH, HolE AlZErt 7t
ot H1LEA)7F AA| oJEA YA 59
FEE AR AZ7HoA Asd 4= Aokl s3I
wEbs S}eEd FAAAAE 0]83F AREAIAAES]
i 9 A 8RRE s AFJE AR H$- Fa3%h
olfroltt. 20189 WA AlQtekrAa FA5= A
A 855249 Fole 718y AdSHES4 Al
2= #E7L ofg7] "2l A=A F47|E o8-St
o ZHS o8k A= AaHo grfisiof gict
Aokt It Ham et al. 2019).

AUEAMAES o83t 34 AAIEUEY
AHL AAOA HAAH LE34E ARE AST S+
= A5, ALH JHE AHsto] BESH= SHE
I o]F HYE|Psto] AFFAo] HES & Q= HEH
T4 59 4840 digh FEZF dQsitt. kR
THoA = 12 A5 S5t GAIZYEH AAF9

ZHe AA(OSHFTI, 2020)3H1 k&l gt
A AE 7%, A A Y Foivks A 5 olE
2 wj7go] tiste] HESHIT

ol AtolA= @A ARl 7Hsdt AAE A
Aoto] AREAIMAES AA| AZsith. PIDWA] 9
ZALR71ERME AAE Aot AAEE A& st
Rl o2t A FAR, STFEAH ¢ EEHE 52
AR SR ARkl didEES S5 AR,
A e BE 52 1Este] SHEERTIEREE,
P, ARERleAd, Edlpa 5 452 A5k, @A

A8 PIDWAS] AAE HSEwoAE 955t 7}

=
T

Rl

>

o)

I
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SASE 52 EAE 9l = ot 7149 M %
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24 P 54 Wi 59 37t A7t dasit,
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dwo] LTE 29 olgsis W4 BEE 28519
o} = AR E TREA 23} Zho] ZRAF ] AR
WuE oML BAlo] ojig 5 glont FAlgol
4 20 e B e ALl Aol K5
7o) QIet. THek LTE 2h9E1E ol g3k Aol
Alug B4, 29 UE A9 92 £4) S og ook
el Bag peol et $3d Jug 233
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HEAN EZF Yu 249 doES
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HAE ojglo] the Fhro] tiet MAES Adstel 4
sdlo] Ao 5 AAHe] FFES Fole G 2

3 AAMEZL g1 Aoz mdtdEn, E3F AlA
2 g 7|9 T 52 At AHE ERREA
BAVIES AETt 4358 AlAA|E(disposable smart
sensor set)Z9] JHIRFE 2 Eojof it
A U] 7EAAA ] TS FATHS A
o7 U2 29 7legZ 7 Qe Aol &
1, 8 AlAQ HRole B3l ol o&Esta 9l
£ dAojtHlee & Lim, 2015). oo 7fd gt Anp
E HAMAES] o B5F =4t AAE st
ME ot37] wZel FFolls Akl tigh 5714
AR Y= 1187t ] sirt

v.z =
o] Aol ATHEALNS o] 8sto] 2772 Al
4 A2WEE A5 A% AR

AR A A Sheich. SRR 7 9 A1)
50| 2YH AUEANAES SHE JRE EE]
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