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Application of Smart Technologies to Prevent Chemical
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- Focus on the Electronics Industry by establishing
a Continuous Monitoring System -



Jl ~TNtE7|=

s

g 9

]

o

3

2023

Ul

S}
o}

Ho
Bo
ﬁo
oH

<

wA



N

o] & & (*D

A9

Al
™

(<D

g

. A7)

SRDE

]

o

T

8

2023



vl e A S AP R A A105x @t =EV]E A
A o FeldAl S8Vl AA A FelidA Alx 5 s X =E, Ax 5 STt
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2.1 33824 TF

2.1.1 7/Id

3}8}&E 2 (Chemical substance)ol® ¥, 3&dE L Tof ALZA WS doHA
Aozl EA AA FHAA EXcts EES st oE AYPAIAY FEF EE
AT As dIHE T Ed FHH A2x). dutd oz APdPdFdAAE dY T/
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o ZAbe mEE 20199 JE fUI1EgES HFcE TU AR == 20,22970
A 3,424,336,764E°|t}t. HT AHFA T 229 =227 1Y

Aoz JePdtHRl 7 A u 24, 2019). 37 ol
T2 AFE seEAe 20204 71F 31,600F 0%

med seud gl 4l
2018\ ATFE HFH 29499%e] wls) 7.1% ZAHACT AR YA AT
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7F2 A3l n-34Hn-Hexane, CAS No. 110-54-3)), 2-H & & 3 2 JH(2-Bromopropane,
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Y 5o Awsh A Aol AE 8 2 AFS TF3e] 7| S3elob
FTHAARATE A4392). 2247} AFsHE Bdo] AgeAngel B 5
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2016'd 2912~ gR2IHoA dY AAFAEZRIAA Fe2 7 (Klaus
Schwab)e] F=AYPWA ‘4zF AP Y 7|s' ol tAE 7|so] 7 HAMNW 3%
A} e w0 A rE A7) <(nformation & Communication Technology, ICT)o] &%
ZAe w3t i3 7le€E+ AHEdEUdnternet of Things), <13 -A|5(Artificial
Intelligence, AD, Z%-33HRobotics), FA-=55F, 32+ <AA(ED printing), Ui=7]
%<(Nano technology) 5°] Attt Ut A= tEHASE 4242 3 91 3 o) A]
421 APJYEH S AFAF, Yooy, 2472 To= Q3 FdHE AFsEy, O

ogom Aosta gom oo, qUA, ATFY, $F/1E & T B
oz AAAY. ‘zriEsE ol BE £ S meh gekalAl 4o® 4 9
Lo, AR BENAE 43 4G V1 F 53 ARFAEN FRAS
NE Fol MA Aol AEN AAH J5e TAFOEA HEE Ax £F
del mnE Ui 71£2 9udthNho & No, 2022). o & So0] ZulEEHo|
@ wEolE, AFAS, ABUAEY, AA T 43} 4G g0l Aigae] 2
AR AEH] YWY, AYSE AN Fol TS M= FFL I
FaWA/GR At FRIUFANE NS 434 HAHB7) & H o] BRI 15
g S4RobE ARt ATNAHE LSk Arh023d HFA FEAE 2B
EQ R&D AYAE 233, 2023.3.28.). 15t @A Fok= AFA %, 5G, A4l
A, wlole, glolelE Fo| Qor ngugel ddnAn APHow Bdo] He
BRe sAntEFAS okl Robt Atk 2MEFY AL AtEAZR o FYA
oM 5 871 Z1eMuEE ARHYT, A Bofoi AAL te Aed
BUEY AzE 5 67 JeEmE A4E olF B ATe fA A
o JeRE ok Rof /& MEt F FeEAC] FE2E A AME o] g3l
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20193 M Al =% 7]F(International Labour Organization):= 1001 d7ke] =%

bzl
B AEE viEo®E AEL v e tid bRy Eoko] =daA e
71315 #A43%t] AR2 AASIAY. 71eF] SHoA AMER WHztaflozs A
sto} BESAVE, AEshet 2R, Hirle ol AdAENeH kel e 1

B3}, olFsATY fdalel AAH 77 HEHATKSafety and Health at
the Heart of the Future Work-Building on 100 years of experience, ILO, 2019). &
Abstel A H FAl7]<=(Digitalization and ICT)&Eokell A Fal 8l =Zo gk AA
7t =Y ¥ ¥ (Real-time monitoring of exposure to hazards)& a3 3H7 o 2 HE
ZAAAE 2717 AT 7R AAHEHATH

(O™ 2-3] HR|E3ref YESLZ|=0] 4

OPPORTUNITIES

POSSIBLE REDUCTION IN SOME
PSYCHOSOCIAL RISKS FROM

e Improved work-life balance due to
telework

* Reduction of stress associated with
commuting

REMOVING PEOPLE FROM
HAZARDOUS ENVIRONMENTS
Reduced need for work-related travel

Increased worker control over work-life
balance

Reduced need for real-world trial of
prevention measures

Real-time monitoring of exposure to
hazards

HEALTH PROMOTION

* Real-time monitoring of physiology and
‘nudges’ towards behaviours such as
taking a break from computer use

IMPROVED PREVENTION MEASURES

Increased understanding of human
behaviour and its underlying mechanisms

Improved communication of OSH practice
New opportunities for OSH research,
development and learning

Improved collection and sharing of
accurate OSH records

REDUCING INEQUALITY

* Cost-effective way for developing coun-
tries to keep pace with progress in OSH

* Improved and widened access to

education and training (including for
OSH itself)

ded

CHALLENGES

POSSIBLE INCREASE IN SOME
PSYCHOSOCIAL RISK FROM

* A perceived need to be ‘available’ at all
time, poorer work-life balance

* |solation (remote working and lack of social
interaction)

Performance monitoring
Job insecurity
Cyber-bullying, -aggression and -attacks

Technostress and technology addiction
and overload

Can lead to:

* Increased pressure to ‘cut corners’
(taking fewer breaks, taking risks, using
performance enhancing drugs etc.)

INCREASED RISK TO SECURITY AND

PRIVACY FROM

* The collection and recording of sensitive
personal information

* The loss of jobs and roles

INCREASED ERGONOMIC RISK

* From increasing use of mobile devices
and sedentary work
Leading to increased risk of associated
health problems (MSDs, visual fatigue,
obesity, heart disease etc.)

EXPOSURE TO NEW CHEMICAL
OR BIOLOGICAL RISKS OR
ELECTROMAGNETIC FIELDS

* Electromagnetic fields

INCREASED RISK OF INCIDENTS AND

EXPOSURES

* From lack of risk assessment in remote
workspaces, particularly public places
(cafes, transport systems etc.)

OSH MANAGEMENT AND OUTCOME
CHALLENGES RELATED TO
* A more diverse (because of widened

access to employment) and dispersed
(because of remote working) workforce

Ojho ojxl= =4 (Lo, 2019)
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<E 2-3> ADKE?|S0| $IGE UM 27U 2% FHQIBA7 127 A6192902)
Hg A 74 $(2021. 5. 28)
7 RO|P(ALA Ol OFHIIA O] =X
a2 e 7+ 5 Shcst=
230 MYZE YN ) S A = o= el ssere
2 I SHCH OUIH| 70| AFA Ol OFHIFA
TN g SHER ste B | Lo oo e BHETH SR e
s E SE(THOY, A2z A&
AU AREHYS YA
] B} A52 - A522|20| 2 FMMH| E=
SHOIUL7t OA| AR5t FRE
SMSAE 0% B S YT
ZEBICHEEY| M ohg 2 59 o _ Jp— —
sppo| Boare A2 spoia s | ot M629E, M6 He =N
o o ol— o = © =
DI]1:||—'7rglo*H\ 3 oA i;E Zhsto] - 27170 QA|E 1 Y=X|E
=Tlot= v = wONN= S I mostz 2 sof stoy <R 2019, 12. 26,
=25 A2 27|17 ©R|g| 1
S8e1o AT37I7h wAIE L 2021. 5. 28>
ALAE BIIBLEE 5t010f ) ﬂewzzr
st <THA
SFCE <O 2019. 12, 26.>  A172 A5 G2 kM Az
2| ZHER
. BEEsA SE 0 A18E A1E T2 2w
EH =z oI- E O Z|
[ st =
EE B A8RANY o Ea:&aﬂ_.-ﬂq
HAIR|Z
aRE 4.9 H7420) U2
EH =
> 8 A1zl A Y 2R £7| B
AT HZ7| & _
5.8 A1252 |30 L& 2gHF5H7|H
EH = =2
4.8 A1z e 6. TEFZ A O H AR T of w2
=R SHTAQOI B BHO| oL Ah Y
EH 5t =
> 8 AnzEAvE S8I7tA sEe| 2% . BIl0| et BES
AAEF S| B -
=3 0|45 A2
2.2.3 2tE AXMAE g
AA of| el FRE Syl JAE AFT 5 e WEE ABHE
A 2 ZAAE It A7 A ¢ e AERE AN, A, 384 FE,
A5 5 =3 As FOoE gt olF FFgEHY IV T =EFT AAE
2x02 s ANE 71244 EmE s @ AesE slade &
Fe A EAR], d7)51e2], HE5AA W FEAoE FEY £ JdoH AL
s AT B0 we g, A9y, P, BSEE 52 PEste] AP
" A4 Al A (Semiconductor type)E WFEA] FHo| 7t~ HEE w) JEhE A
ZNHMERS WHIE o|&st=H Az7E tdstal vlwd 7hAo] AyHsiths §A 0|
At #A71sksta] Al A (Electrochemical type)2 =Z7|7F Zx AHAm7E ALd F
T dEs WA Ae A= A& 93l CO, HsS, Cly, SO, & SAHHY 712
7F 4l B SdNkSS dod uf BAHE AFE SHSY VM vEE AT

15 -



. HEA44 7F2Al A (Catalytic combustion type)s 7}
& g WIS IYZ e ZuPt, Pd $)F Al
S AAF ¥& Aolth. kAR Tt Furt HEE o
g MEFHd AV1H A WHstE AT F Ee HEAE H 94
A A (Non-dispersive Infrared type, NDIR)«= A Al F5o s ol &
2 FES FTE Aol Y E = Beer-Lambert *HZ & o] &3}
Zo Fa7t=E A A HEZ 4+ Atklee JH, 2015). ZF 7F2AA F
E

&
Jn 2

28 GEAA | IS | WAL e
37) e 2tg 2tg 2tg uE
2z e = e 23
A Fou=y 5B 2E =
Mty - 58 - =g
'f'_f%—’_l\'—E Hﬂl-% HH|-§ HH|- = HH|-§
slgaE e e - e
7t4 A3 == HE H| M
o =3 13
ess 42 ] X us
(~100 mW) (~400 mW) (<500 mW)
AFO1OFZ] B} JHOI A TEA a4
;%E El'—f_f—%!’xl - H - = - O |-I_O I-— - O
(0~1,000 ppm) (0~100% LEL) (0.17~10 ppm)
CO, NO,, CO, HsS, NH;,
CHAF7tA CHa, CoH3 CO, CO,
Alchol, 0; & HF, Cl; &

e

‘2utEghE dojo] tig FAIAR] AHYE WElrle ofgARE JtAlA e
BE &gl A 2(0On-board Intelligence)e} HAE HWEHIE AFst TAlol 7Hs
3t e ~nE AAMMEZ & 4 JdukRick Rys, 2018). v ZAFI AL E 3
(American Industrial Hygiene Association, AIHA)OIA &= MM S o] &3 Z=22 1%
H3E 93 7IeA B 2utEAAY FAS A 2E, B4 EE, AY =EE,
e REE RS AASATHAHA, 2016).

(
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— Communication Module — Power Module

Signal Processer, Radio Li-ion Batteries, CoinfAMA,
Transceiver, Zigbee®, Bluetooth®, Energy Harvesting - Light,
Wi-Fi, Antenna, Ethernet Thermoelectric, Piezoelectric
\ \
Communication Module Power Module
—
\
4 )

EE . @

Power(Data Management o Sensing Module
\' M()du !
Power(Data Management )
Module Sensing Module
Power Management ICs, Accelerometers, Inertial Sensaors,
Capacitors, Microcontroller/ Light and Image Sensors,
Processer, Memory Acoustic, Pressure, Temperature,

Proximity

[1F 2-5] A0LE AN S3HEF AGYUH(AIHA, 2016)

a‘ﬂ/\lﬂgﬂ?E %3l 3M, BASF, Oracle, SAP, Microsoft, DuPont & 5 71 ¢l
dES 3lal 9= ARC Advisory GroupS 2wtEAAZE AH] AFEQJIEUY
(Industnal Internet of Things)e] &3} A FAX4HA G 7|SA| 2G| 2 &o] S
Hu Jom ~utEAANS wAHI} QTAS By s A7IHAEstA g
(Institute of Electrical and Electronics Engineers, IEEE)o| A4+ IEEE 14514 X +-$
ABEJL b B FAZA o] Fokol] AATE ARHoE HEEY] = A3
A, B4, AFEA, AAA, Bt tig A7 E88ite e AP Ak 1
B AR me} 8 FAH =4S AA ] Aol Fail Safe Design 7'do] %
HojokstH, HolE ASS T3 FEAH FRE A2 1A, Al EAold @A
ANA 2mtEAIAZL &5 =
AFARE Zokell A FalEEEde FEs WMEA Iotste O ARE ZEA A
FHRZo 8l AL FREE AAYL F2rE 254 AHE &85t AP
sistEd FES AEsH €] A% S8 Wl HEFHJAO U 252 A
T SA7IEol glo] dAAR AMEE g Atk Aol ArkSiegel et al,
2019). "= =8 FFtH R AATFY(National Institute for Occupational Safety and
Health, NIOSH)& 2008 +9& 9% AE<oHDirect Reading Exposure

obo Mlm Jﬂ rul

i

r
X
1
>
N
2
=)
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Assessment Methods, DREAM)S <83t #HATE A FsHP L 2014dol= =2
¢l %219l CDRST(Center for Direct Reading and Sensor Technology)S A X3}
AMHEA Fokoll 2mtEV|s =9 2 #d A5 AdsAdth. Faisist=4
A o= iy EEEAo]  tidk  ZF=(Sensitivity), A ®]Al(Selectivity), <FAHA
(Stability), ¥4 =(Response time) ¢ EAo| we} HEE=4)2(Semiconductor
type), Z17]8}8}2](Electrochemical type), %< 42](Catalytic combustion gas

2 2= At} SnO,, ZnO, Fe,03 59 F454H8ES o]
WA wHd 7tar HAE5E A AVIAERRY ®sr 2

A A
Aechs Y27t o gHUTh &
% <

T

N

gl Gl wek AAe RbEEHEY 3 ELET)
oA 547t2E AEste A9 dou, AW 72 SRV B A
o] fu AE3 =] TA0] tdsitts 540l A &¥3s B AT F
o AdZgtes A= o d7ER7E AR s e ASe #Eel met 4ksk E=s
ddutES 4o v AHE AAY HARE SAHS 7t wEE AA S
AA e Z717F 2L -5 ™ol wonm AP wHEAdo] Fue 54 A
HEALY e Sy 7t AX s Az AXd o7t 7HAd7k=er A=
& A Akl Whgo] dojut A= wkEde mE =R Y4EYs
A7t ALHAT. 255 dFS AA o FFo] A Aol wWbE ZAd o)
ARGl Foe AR "Il Tr2AHAT] sl F2 ARSEtHlee & Lim,
2015). #AAe stet=d, 53] frlstdEolA BAHE FILY 78 =(Total

Volatile Organic Compounds, TVOC)& Z43t7] 93] dES FASE Fo|3}2
Al A (photoionization detector, PID) & & ®to] A=A HHori et al., 2012; Hori
=2 st s
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31 AHEH

AARYE FAAA S Aalakgleln] HE MEA, ol 4HA 5L FHoR AR
oA AR FEEY SR FAAL@ALARE, 2022 BES= 5 4
Aoz Ade] Hx = Aotk HA AAZFHAETWol M2w A4k o] X

&= 1A - 71T 4
[TAG7AA] 2oste] AR FA & s L
ol9} HAF AMHIAE A Fdte 4G oE AHostyn JATHARFTANAANTH). §
gubet AR o] TR 5 T
At F8& ANER] WNEA, FAFAT7], B g2Ede], AFE, 7Hd
FoolA AA AFES AA skl AL LS =
A AA AAE Holy &g A, HWRHIEA, WEE, LEL
71N Aol mE tAE Yupolx Fa= 4 J
| oloA AL St} =78 =Y B & A 2 (index.go.kr)ell il
FEd AR 242 dARIPNA AdEHE F5 T
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oA = F GAZ o] APAFE JIYstATt WA sEEAR Qg 5 A
7 I Pd AR AR g SstEd Y AA, A8 vhed AA
o A&, B &oF AEAtE T8 ATt SFRAEFNA &85 10T 7
21 g E3)9A7-7]31gHE(Total volatile organic compounds, TVOC) &4 A0 =
QAo AR5t AR A& I 7HsAd S HI7ESEATHOSHETL 2019). 2020 ol
+ TVOC, Cly, HF, HCN & AArgelA Bo] HAuH™ Aol e 459 3t
StEde ARt Az g AAMES AA A" £Fe A A&ERE
T BAAEYEHY A="S /NESFTHOSHFTL, 2020). £ A4 gl
A ES} EHEF 5 A2=EY 7lad tis) &rfstar ol &8st /7]8A] A

2AP4ARe] et Eres B4t AARUEE Y H8Addd tis Hot
stk 3tk oWl AAIRUE P F53 AE8A%E AYEASI Y E HuFE
tHKim et al. 2022, Kim et al. 2023).
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oA X

4.2 AEAT A3

421 A 2=" 74

FAEYEE Al2Ee 742 st=go] H = npow FRE
Atk st=go] BB A (Detec)E Y3 2rntE MM A ESL =Y E #(Monitoring)
#e](Management)E 93 SAF o= FAHT AlF 240 AlA, 4,
A ZAH 3etEd =E2QRI} BAS B3 ZPEoE HAE5E
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712t = 1#sted AAPY. FAl(Communication) A&7 o] A€ “dH
Aoz MAo|A AT =EF HolHE & =1
It Ad, Fariy, AsS5s, 44, AHdea, 4 A
TE(Long Term Evolution), Wi-
F2 HolE & Whotx AAsteE FEE
tolg & 7t&3dtd R =24 ofn] 3l
3l= 1(Web) T+ <i(Application)o]t}. =
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‘]

gst7] fste] Aba, AW 5 GAERA FRCA RUE o] ad
=4S AT ofF AA9 JeAd Ade st AdAe dged T
Abarel] the @A BRI 239 KOSHA AlertE 20083 H-E 202013 74A] £-4 849 1L

20093 F-E] 201974 10 AL ARl dietel = BA sk 2017 5 i

202097H AHE AYY FEAF BAAA ATEGRRA GARATY v
]. o]z

f'-?ﬁ ol

S
< ol

¥ds

A7t FARE dAAFES] stEd A BUEE A28 F50 T
g AFolA AAEHANY sEtEEEE AESHAT

o2 R AZSTH EH g AEAR TR RIS E, 94, A , =
Slepa, G4 dARstE A, R ol Fol tigk A 8o Hagt Zﬂii J&%H&’iﬁ}.
A2 E A 91% CO, HsS, 0, 54 =& S st
ATAHe FEo] Ax e AFEHAHANA THE F Qe 3 51
doeE Aes a8t AYgAFAT. o3 HEAAE HEoE i §‘r
el A T AA7so] dE&HoE AL JhsdAd et Ve HAES
Alstath 2aAlo 24X HAEZAR FILARTVISIEE, E4&, B3Ts, AseA
T 4T =4& *“4‘3}95114. TR TSI =E S A =4 FolAE A
o] AHE RIEZE 52 f7] 84l A B E = 54o] 9lal TCE, DMF, ¢
g 1-EEr3x2 g Fo Q% F5Aae w2 KOSHA Alert WA HIE: &
Hdolt}., E3lriet Hav BEA 5 ARG AzFA oA APJ‘-’”HF’% 3<%k
2](Process Safety Management, PSM) th’do] H= Edolth. AdsFies &
AoA F&2 AFLE1 KOSHA Alert7} 2" AtEl¢ PSM thAHE2 ¢ Eq
ARt AAE A st = #d A&7 ofdg wol HFE AR S A

4.2.3 Ad7IE A3

2k U AA 2R 988 AAe s myEHE] s FAdA Yol
A FEEA QFo] M B2 Ao AMHNEE X st= slo] "asith mEkA
ol SAHH FEA AFRA A 7€ AP} AESHA wE A AFH L
2 vlastes Aol uigA A &tk AT A vt HA e T Fhdd O
g AE7IES npEAE YA R AFHoEE AAASAH N WE FPF =E7]
TOE F8Ev A8ETH =2VE, S AEGAEAY A BAE At H
FE(TWA), 9A =Z&7]%(TEL), H1xE7F0)<S vur|Eoz g3t
AFAE AR A HIxZ27|H0)LS 94 RS d7Es 2HE AT
A &7 FSTEL)S A&EH o2 15800 w33 itste] oo wE da
71 AL 39Y. AEEHEEE(TWAE 1H 3+ 8H H+ & F 7/KA=
SHAbS St AT Fe ARE o) §ste] BEE T F AEF FAT

AAE 7)ZFo] wg} &2 LED ¥Z ¥, BA AE5SS B YA Aga

3
+Z7]%(Occupational Exposure Level, OEL)
]

_/': A AA [elNe)
50% ®9h), F9J(OEL 51%°lA1 100% w|¥k7k=]), Z43(OEL 101% ©]3<l =
ol 7 2%, wa W3 5 ANOE BAHES s



e
A

~E 7] 2] 0-50%

eE7]59 51-100%
=719 101-%

[ 4-1] =27|F ] YHLZ0| CHE Z2 A4

424 FAR8 A AR A

7t E Aol AE5E AES AGAY] AN sEFES 1Hste] i
EAEZ FJste] AAsAt. TVOC, Cl,, HCN AlA+= 9= AlphasenseA}2] A&+
2 A3 HF A= =Y City Technology SensoricAle] AlAE ARE-SFH T
Zt EAE Z2AE ) AAH"E AN HZ s 3E 7] IHprinted circuit board,
PCB)E At A& st FF thgFs AA &S At S48 st A
Al AR E HEE FASAY. AABE AAe FAEL, AN E, BH3AT F
E4E e 2

=] TVOC cl' HF' HCN?
£ (ppm) 0 ~ 6,000 0~ 20 0~ 10 0 ~ 100
3H4H= (ppm) 0.05 0.02 0.15 0.05
2rSAIZH (T90) 3z O 60% OfLf 90z O|Lf 70z o[y
s22% (°0) -40 ~ 65 -20 ~ 50 -20 ~ 40 -30 ~ 50
52 &5 (%) 0~ 95 15 ~ 90 15 ~ 90 15 ~ 90
4E71%t 54 2IE 18742 e
(80% “85) (80% *85)
2371 7 Eiif’ooo 24 7l 127114 1271¢

—

TVOC ZAAA+=  PIDWH2(Photoionization — detector) &2  ®¥H3-Al4=(Response
factor, RF) =+ XA A 4(Correction factor, CH)Z &&= IHAFE 7R 0o
ME EAEE AL 7 USRS s vk s E [O18 4-2]19F o] A=xA

ol A AEd FH o]B olfdle] ThYH BAY HEw o] s

o
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Accuracy of the Table

This table is for indication only. Table accuracy is 1 to 2 digits only, so when calculating concentration for a specific VOC, specify to 1

Alphasense Application Note

AAN 305-06

or 2 digits only.
et | T | it
Index Chemical name Alternative name Formula CASno. | IEeV [10.0eV |10.6eV PID-AH2 (ppb) | PID-A12 (ppb)
1 |Acetaidehyde C2H40 75070 1023 | NR 55 25 480
2 |Acetamide C2H5NO 60-35-5 969 NA 2
3 |Aceticacid C2H402 64-19-7 | 1066 | NR 28 180 3615
4 | Acetic anhydride C4HB03 108-24-7 | 10.14 | NA 4 20 400
5 |Acetoin 3-hydroxybutanone C4Haoz 513-86-0 | -08 NA 1
6 |Acetone 2-propanone C3H60 67-64-1 969 12 117 5 0
7 |Acetone cyanohydrin C4H7NO 75-86-5 11.09 | NR NR
Acetonitrile CH3CN 75058 1220 | NR NR
9 |Acetophenone methyl phenyl ketone C8HBO 98-86-2 9.29 NA 06
10 |Acetyl bromide C2H3Bro 506-96-7 | 10.24 [ NR 8
11 |Acetylene ethyne C2H2 74-86-2 1140 | NR NR
12 |Acetyiglycine, N- C4H7NO3 543248 | 940 NA 2
13 |Acrolein Prop-2-enal C3H40 107-02-8 | 10.22 | NA 32 20 400
14 |Acrylic Acid C3H402 794107 | 1060 | NR 2 15 275
15 | Acrylonitrile C3H3N 107431 | 1091 NR NR
16 |Alkanes, n-, C6+ CnH2r+2 N/A ~10 NA 12
17 |Allyl acetoacetate C7H1003 1118849 | ~10 NR 15
18 |Allylalcohol C3H60 107-18-6 | 963 4 23 10 200
19 |Allyl bromide 3-bromopropene C3H5Br 106-85-6 | 9.96 NA 3
20 |Allyl chloride 3-chloropropene C3H5C! 107051 | 1005 | NA 45 20 450
21 |Allyl glycidyl ether C6H1002 106-82-3 ~10 NA 08
22 | Allyl propyl disuffide CBH1282 2179531 -85 NA 04
23 |Ammonia NH3 7664-41-7 | 1018 | NA 85 40 850
24 | Amyl acetate C7H1402 628-63-7 | 990 9 18 10 180
25 | Amyl alcohol C5H120 410 10.00 10 26 15 320
26 |Amyl alcohol, tert- C5H120 75-854 9.80 28 15
27 |Anethole C10H120 104-46-1 ~8 NA 04
28 |Aniline CBH7N 62-53-3 7.70 08 05 3
29 |Anisole C7HBO 100-66-3 | 8.21 059 | 059 2
30 |Anisyl aldehyde C8HBOZ 123-11-5 ~8 NA 04

[1FH 4-2] AlphasenseAte] A& Zt1zt=(Application Note) ANN 305-06 (25)

A2 LTE v E A W2e A&stidn. #2818 LTE 2H-HE o] &3t ZdUF
I A A3 FH WI-FE o8 & vt ZvHe ddsts BlEol F
4 ERE 285EE Wi-FE o888 Atoles SAHEol dd + o 55
A EFF2 WE 5 et FAo] dZHA we Fol= A AAd st
=d =E25Ed wet &gk LEDHEZE ol &3 Z=2ANA dEF= 7exE "HA
= At

AXME T3l =89 HolHe SRFeE HdeEHo SThvE AH s EH;F
o 58 dYAet TEAA dHFE Vlee JHAL doH, ZTAMAIAE o
&5t F7F dHE & = At AA, §A, ZAF o AnEAAMAET B
7l F3E F UAEE g3 22 FEE nHEE SAlo] dAHA ¥ A
G dnlst stetEd & AA HolHE 7S5t ARD 5 de vYSDhrt=



b AAFHAL FE £F B, MEY $F2S B4 T+ = BN hay
BGAN, Wi-Fi "4 A 5 4le) LED, ¢ 34 So] o] itk B4
A2 Fo AL =9el PP Assn, AUL AL B 5 de A A9

Y A71E FFHAY 2700mAh A W WEY FAL 9% C B A
Ue LEE AAHAT. YHe AHEHo) AN & AFD £ G A
f 943 WEE, Y4 E= 9@ AN 5L A% AN, LTE 298 2AF 9
3

3 WE
3 Te sty é:iﬁl Skt
AW AL 2ntE AAHES Z7]E 7FR 6.5 cm, ¥°] 145 cm, FA 55-7.5
cm ol FA= LTESH-HE Al2)std oF 250goitt. ¥ F4le ¢ LTES-H

(¢F 150 @& F71E 7% oF 400 go.& AAE 54| 7 OWE IHELOFE AL

= 27 58 %z oF 600 BTt 7HETh

(13 4-3] AlY JHYUE ADLE MAMHE

ZUHY 2 AR E A HAEZNE (smartsensororkr)E TE3tATH AF9 %
H A AANE HAAAG 2 A AR, seEd =2 AT A=
A, 3 F9o, 25 F) T FFES A=A A & £ e g #E
& 34, HolHE A Agsted Z&dFE W T8 FEste FASAT &
A& T4 ZEEZV B3 & TR AAE AEsH e Aol 7Hsets
= 334 =4 ALsdn ZRELS AA AMHNES =27 AEI fATEE $
gt F28 AL ME AFAEeRE FEFT A KR =(Dashboard) s}H, W3
(Mapping) 8}9, AlA ¥ =&5F HolH EF Hoz ARG, &7 ﬂ%"d =l
ABE stig Bl AAAES *é']?i%bﬂr LEOE] = X‘ﬁr?‘—iﬁi & Atk (1

A AAAES] A9
Slom AN GolEl LS AL

H 4-4], [2F8 4-5]°A
A5t wE5E BE JYIEE HAY
_]5]_ o

o, AE SAHY® A
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HZE 7Y SANEYUEDZ A2" AEFAAAAE (19 4-613 2o AAAE
ol HFH ©wlolE= Cloud serverol| AR =™ FAlo] B7bs3 AadAes 24 Al
MAE AXH WEIIEdE 7|20 7t5slth ZHPZol} IA=ZEQ Yoz &
d A9A 2 #AgArE SAHE dHolHE gRlstd AddAe] AdreEs #gE
T At @ A= AA oA FAEE dHEE T3 AdFE o] 7MEsi
A= AAE AFRdolE FAE T3 AdGao tigh &7 dolE 7Rk &

FBAE F 5 A= FASRAL,

Sensor Data Receive 000

« it
@' End o -

r ~ User. 0 . c
A ‘

_ Search
pplication Manager 7. - mom

Server
T Search 7

Log

Storage

- P \\I
= e ] e
i } =
\ Storage Server y. |\\\Management Server y
—‘@’—J ) -
‘.’ Network Server (Cloud Server) w
vl - § feves” @ Gateway @

[1E 4-6] oofE3 SAIZHET AlL- AlHTEE

4.2.5 AX H5 ALY

Ao g dsgde A AES Halste] AAsAT. TVOCE PIDAA &
k= 914 7] +(Korea Laboratory Accreditation Scheme, KOLAS) &1 A& 7 A7) &0l
Al olaRddl 7b2(100ppm)E o] &3t AFsta H&, Aljksrd, B4 HE Al
AE wAo] ofd ANFo g AH%3kelS 3¢t KOLAS 7|#olA Z B2 Al
e FF7H22 APRE ot wAZAZA 2 ANFHHAE DFitol AeFdE o)
At
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43 23 E A 3 T
431 A

A IREE GAREYUE - AEAE o Ested e EdEz 2" A(TCE,
Trichloroethylene, CAS No. 79-01-6)= AAstAd ok TCEE a5AF 59 Ad3H
of AHEEHE EHR] F7]EAZE AAMARAY A BN GEEL T SEHAYE
ol =A< A(nternational Agency of Research on Cancer, IARC)ol A A A
15 Ed=dot. gy, 55 AF 59 AN BHE o Ee o
E49 AA(Cleansing), fri AA, €A (Degreasing), A2, =& &A(Solvent) 52
2 AHEHH, dEEddAM 2EEEEE S5T(Steven Johnson Syndrome, SJS), 73
A=A, w4 AR Y §48 F5 4o Uk

A A AR RS AAAF= A atst

% 2 ]

=¢ 77| =% At X3 MH

(1Y 4-7) 28 HYBY Y SAHEY I MY

o AYgA2 9F 300 FRoIH Eole oF 3mE AU AF &P 2h
7F AXEo ok MAPE EuE AP e HE FEEo AXHo glown
71 Z 2.4m, Zo] 4m, Eo] 2.5melth FEAH 2 A IMZ 2% 100% TCES
Adoz ALg3ty ALg3e 4 Ha 1008 8oty AEY ALgFe] 95%s AL
A AH 2ol A AHEE ™ AR o= 9 H 758 E7F AFgE T

EUd 389 AYJEe 25 THolth W JHEY ¢ &uEr] 2% F
sistEd =299 QoA AYS T3t 2%o] TCEE ol &3k At A 1AH

al

Aole ST, 209 AL JnE PCB/RE A& Al Hdstel A%
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SHP7]e FdstH A EEP7INA ZdH FEo] AE
HEM AT AAF AdLS AHs EEP7ICNA =7 844
2 wAE AdArt =HAHE SUer AAkstar EYH2 }%(Flux) s olEdd
AlFee AREd 23 FHohlle Adeltt. A 2A A Z’r‘ﬁ% SHPel AHgE A
SA20igE A AR el RobFAnrt AfdA & FEol iz 1-23] ¥x
AR AH LA A H T FRFAHoE AH }—t— Zi% w3t AF £
F7] SA¥ 7 194 F 29 AL Ade oFF 8AIRE A S sk A A A
Y2 H 1572080 285 = TSARE Ao = A T 180 w2
THIT. A EHolE el 9)RA FETF 44 A Fo oy YEVL E
= e 5 AAGEHI AdstA Fete] Aot At dEd ] w4
AA 7= Rl A2AH sACds DA AlH7] 1deh o 54

d

7F AA" AFHZ] 1o7E AAE Stk o]F R AgHE Tl o

28 HALRrY 2| 2142
TIPS 2 1
A Z7F (W*D*H, m?) 15%20%3 2.4%4.0%2.5
27| u| e TAMZ|(QIEA)  RAHT(LHA 1, AHEH)
TCEAFRZ (liter/month) 5 95

JAREAE 28 F 180 LE HA

[1F 4-8] HARY
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(23 4-9] 2 M2

43.2 ¥y

A/ ZAdH A 2AE 2ol i 2utE AAAES Z83F GARYEPA
Hol ZAHS At O AAE J|E AYSAESAH WA SAHA AL} vustdd
o AMAES 2X713E2 20219 5 FE 20219 10€7h#] oF S7d3toltt. Hlo]
H 31243 dF tolgrt AFHA AU ARl 022 ZAHE F¢= AU
o Aol HA &2 olfre AIFACNA HAY FUE TR AdEs 1nAY FHY
S AANFA @2 ASE FdEHE HA dolE F sstEde] A HA X2 Azt
o] dlolE, AA AZAtel A AAR HA ZARHELTCE 65 ppb)e] Ayt o]st A
#e BARAANA AstATh. =" dHolE= SPSS 27.0.0.00BM Corporation,
USA)& AH&ste folaE2 0.0502 EAstATh olet 34 AgEd 478k 38}
=4 A7 =< Expostats® &-83} % thexpostat.ca). Expostats2 H]o] At
TEA7IHEY] AP RA AR EFEHN gl e g F5(2019)0] ARk x z
Aol =424 FstEd =& Ao 839t Expostatsoll= & 47FA Toolo]
e o]F =AHAde] thd Log-normal distribution A4+ Box and Whisker
graph®] A5 Aol 7} Tool 1S A3

2GS ESH B9 dlolEe AYSAASAHAPALIIRS T3 AAE H2 49
A=A A4 2 kAR AF el 20213 AT ARBAFI SAHAIRE &
3T
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14 ABAZH S AN dFAE FARFAEAS 25T
g HaA] nEA Asbe] whE®, 201895 E 2021974
AR HFEAL BYx, B2 AAA, O|ATEZBLT Foln UFF AFFL
Zyzy oF SLelty. TCEE 20199 F-H 20213 4Ht7|71A] g 58lHE HE3oh
H3Y B4 AARAA 289 AANE AH A% EFAIIHGE A wF
0.2660.2 2020 4hut7]o] Uhehgeh 2019 Shublsh 2020 4wzl 2021 shut
8 2AoA EFHVAFEENS 25 002 B7HS

o, 2ATea -gee mE 2444 WdE P9

]o

N,

2y
o tu rlo mb

) ) . IPAT TCE! EDC®
Nl Sz Em
(ppm) (ppm) (ppm)
P1 0 ND - -
2018 Atdt7|
P2 0 ND - -
P1 0 ND - -
2018 sfek7|
P2 0 ND - -
P1 0 ND ND -
2019 Abdty|
P2 0 ND ND -
P1 0.062 0.386 0.601 -
2019 3t&t7|
P2 0.052 0.296 0.506 -
P1 0.266 4.413 2.443 -
2020 Atet7|
P2 0.121 4.579 0.985 -
P1 0 ND ND -
2020 sfek7|
P2 0 ND ND -
P1 0 ND - -
2021 Af8t7|
P2 0 ND - -
P1 0.039 7.305 - 0.543
2021 Stt7|
P2 0.038 7.250 - 0.361
B84
fo|jAZm 2™ 2= (Isopropyl alcohol)

TE2| 22 20|23(Trichloroethylene)
§1.2-C]2 2 20| =2 all(1.2-Dichloroethylene)
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L AE4d8rt 23

447 AP FARAT
(e]]
=

AANHAS. dAnjzAlz ARG ditdy B 3 Heofsta Al il
AT 1 B4, AGAT 2 =34 52 =AY & 332 TCE AF

SAY HARSE A TA A st KOSHA Guideo] whet AAISEAH. oHl AL Al
s E£HH71QUDNA o] Bt 1ﬁ-4 HAAAR, o5 AA 5 AALES
zkzk 1% o] 227 AAISaL o] ol & 2% ZEA tiE] MAAEEZHRHe
2 8AIZF TWASA S stk AaAME Aol tatode AdES AAske &2t 7
JASZHYHOR GAE SAS AASAY A SAHAE = 8AZF TWA 2
7, STEL 14 & 370Idth. SAHAE ARG S dAsks F Heo ZZAKP],
P2)ell tiall HAATES AL FPAS G Z 6AZE o) ST d Y
A 2AZ ZFe Uiy Z2A 5 18P2)o] HAASAT. A 2AZ 2 tiEte] =
AN F 1583 GASAP)IS E=2 AA A

SAAT AA AY L AOAFH S 2ol AAYE P2 A =E7]F(10 ppm)
< =73 12.03 ppme 2 YUEt o™, AIAMH Ao Gt AESA A
(P3) =3 TAZF =275 ppm)<S 5.18) %3743 128.66 ppmeE LEFETE P29}
273t @ AEEARE 1S 2dste] FE87]E 2H(AR g BrrAAE

2247 27=
as 2l agqn o ooEd =&l
(ppm) (ppm)
P1 1.28 107
24t
2021 P2 12.03 10
A| M| P3 128.66 25'

"ER|Z 2202 8A|7Zt A|7ZH7tE TWFT|E(TWA)
'E2|Z220|Ha A7 L £7|F(STEL, P393t %2)

o A EYEH
Ak ATAE 2 g B 048 F RS AAAEL BAHAT B

-
A 2E 9 B4 5 AR LB sbeE 2 AN Aol AFE FA

& TR S AAS A AA Ajdels A

i 62 &
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tgy] d2 AZdE AgHolE v AxsAen ATAH Aol 2eIA
A7)0 gredo 2018 XSGt BAYOLRE Y AL FAAYL 05 m ol
Wdor A Ae AUAClE AARAR AF~9h of 2 m Hojzl Fo

(3% 4-10] ZAF Y% AOtE 4

[2 4-11] RN 2R ADLE MAMHE

AAeA Z49 TVOC ==+ te 24 13 o] ®v-&A(Response Factor,
RF)E o]&ste] TCE ==

4
AN
o
f
e
2
QL
2
o
X
p‘g
=2
2

TCE ZAZ3Hppm) = (WA ZAA3} * RF) 2D
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AH HJAgk(Peak exposure level), ¥+ #k(Average exposure leveDe] Wst= [17
4-1219} [17 4-13]e] #A8IA S AU 78 =27Fs Aoy B+
#E =2V HHe® FAEHRT AA SA7IT s 9 HJAe] Hele A
AR ¢ 1.2 ppm(13¥€ =F, BlZF D)l Al 279.1 ppm(144L =F, FFL)o| ATt
A 2AH AYS HYgkel o =4 JEstth 4 HYigkeo]l 1.2 ppm(20€ 2}, H
el A 2,769.3 ppm(105¥€ 2, ZFUE HARRIGHT Hol7l ¢ g 9 3
el Wol: AIAMH AAYeld o ok AARIYE S TTEAREZFL)AA =
0.06 ppmel AT ZFU 126 xkol A Hr) 20.2 ppmeE ERETE A 1A
S v ZFY 208t A 7 e 0.04 ppmol Al R 2 v 2Rl 1
2kl A1 109.8 ppm=E WEFSTE tFE 2G-S AR AT FLAA G
A7 yepgtou ATAA Aol dd HEke HETd
o 4Y HH#HY 22 2 5226083, EFE7AE

= o

o o
>~
el
et
4
N
[-'0
)—A
(]
o
(@x]

sto] 4 HY@d HAas O}Oiﬁr(QL 4- 6> LT%_‘OH EH@ d Z‘JEH ol o
3k 7]3}4 7 (Geometric mean, GM)2 ZAAF 24L& 44.9 ppm, A 1A 2FL 710
ppmolth. A AH ZFe] 7]stE ko] AA &‘%ﬂl‘iﬁr 1588 =3tk &5

=

W LY BREG HFFe ATAH 2ol FA AYuc 9} wgek 2
o] ofd QB JUgel JSPFe AA/RGRG AALGANE 199 =,

@ A
U7} ESiT MIZEQe NSl 7 AN 82, 375
o) gk ma A 7IZke] Bagrel wstel AL Ao

2 HH A JEhtE 5 25 24
wla) o Uebs,

ins
=2
X
rlr
=
2

<H 4-6> YE TCE =245 247 EMZ L [T Y, ppm]
HARREA A| 1M 2
&

N AM'+SD? GMYGSD') N° AM'+SD? GMYGSD ")

|2t 144 45.4+47.80 24(3.68) 145 736+729.00 236(8.17
m3zF 8¢ 101 60.5+49.00 44.9(2.29) 101 1,030+691.00 710(3.07
HZ2Y 43 9.8£14.50 5.5(2.70) 44  698%+139.00 18.8(4.77

= (

HA7|17F 144 1.74+3.72 0.69(3.38) 145 12.1£19.10 4.99(4.44
(
(

)
)

B4 Z2RY 10 1254223  0.795(2.28) 101  10.1£12.60  7.19(2.17
HZ82Y 43 2.89+5.77 0.49(6.09) 44 16842870  2.16(9.39

)
)
)
)
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o5Y T EA S5 ¢ AE TCE SAHZAE E45te Aol & 3
=4 EE WAt E dotEdt. AU AAIEYEE AAl S7TIR &
SR o E AT AFAAFT SAHALE AT

AAF 2ol wls) A aMF ZAPde] Ha :=EFF(Peak exposure levelo] RTh
WA #EE AT HARRE S ZAFAHA A= 09A], #Y vk AL 174,
otz o] mprEAIt e 2 FAHEE 204 A FolA I AXT7F UEbsTh A A A
Aol A= 84 30274, 124 3074, 174 3027, 204 3027 oA 3=aX7} 4

s =
Sh

e Vel 53] 174130274 7 2041302 ol A= 1,700 ppm 22 £ qu
A 7F GERR T AAR A}l A HAZE 44.8 ppm, 7]EE L 0.346 ppme] S

o A 2AH 2e YY HUE 1,941.8 ppm, 718 0.885 ppm O x]:mw
AgelM o =A dEgt A TAM A Fglel A AUATE SRS =ET]E
o 77wl o] Yelpr|= o oA 8A130% o] F 8xt# STELXE =338} oH,
STELE z#a A= =% TWAIO0 ppm)el 54 o] ==tk 174 36% 40%
o] 71 W A 23H Aog AHACH 184 04 52x7HA] F 28 12
23 STELA|] ooz ueygth. S4ate] 7AAR] dwsh= [O8 4-14] [O11

4-1519) == JeEATH

<E 47> SHUY AIZHE TCE kE4F 2YYU 2HZY [l < Y, ppm]
AL 2 2203 2
e
N* AM'tSD? GM¥(GSD'") N* AM'tSD? GM¥GSD'")

24X 7k 63,427 0.831£2.01  0.346(3.03) 60,448 18£85.8 0.885(7.24)

S AI7E 17,383  0.427£0.57  0.295(2.17) 871 13.4+185 3.33(6.6)

SQA7ER 42,672 1.04+2.4 0.38(3.43) 59,577 18+86.4 0.868(7.2)
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Abstract

Application of Smart Technologies to Prevent Chemical
Poisoning
- Focus on the Electronics Industry by establishing
a Continuous Monitoring System -

Wook Kim

Department of Industrial Engineering
University of Ulsan

In Korea, hazardous substances in the workplace are managed by categorizing
them into exposure limit setting target harmful substances, permissible limit setting
target harmful substances, prohibited substances for manufacture and others,
permitted substances for manufacture and others, harmful substances subject to
workplace environmental measurement, harmful substances subject to special health
diagnosis, and managed harmful substances, according to Article 105 of the
Occupational Safety and Health Act. However, incidents of poisoning caused by
organic compounds among managed harmful substances, such as trichloroethylene
(CAS No. 79-01-6), n-hexane (CAS No. 110-54-3), trichloromethane (CAS No.
67-66-3), and methanol (CAS No. 67-56-1), continue to occur. These incidents mainly
occur in subcontractors in the electronics industry that process or manufacture parts
for laptops, cell phones, and other devices, exposing a gap in Korea’s chemical
substance management system. Furthermore, the number of newly handled chemical
substances in domestic workplaces increased by 7.1% from 2018 to 31,600 in 2020,
indicating a need for changes in chemical substance management systems and
methods due to the development of industrial technologies and changes in the
quantity and handling methods of chemical substances.

Smart technologies such as the Internet of Things (IoT), Artificial Intelligence (AD,
robotics, unmanned transportation, 3D printing, nano technology, and sensors are
being actively integrated into manufacturing solutions by being combined with
information communication technology and information intelligence technology.
Recently, these technologies have also been applied to the field of industrial safety
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and health. In relation to hazardous chemicals, monitoring systems that detect
chemical leaks and transmit this information to processing systems for delivery to
administrators are of particular interest. The International Labour Organization (ILO)
has identified continuous monitoring of exposure to hazards as a key issue in the
field of safety and health for new workplace. The National Institute of Occupational
Safety and Health (NIOSH) in the United States has conducted research on the use
of sensors for chemical exposure monitoring through the installation of the Center
for Direct Reading and Sensor Technology (CDRST). In Korea, the Occupational
Safety and Health Research Institute and some major companies have attempted to
measure air quality levels in confined spaces where worker access is difficult by
utilizing devices that combine sensors and communication technology. As a result of
this research, remote measurement methods using wireless communication have been
included in actual system changes for measuring air quality in confined spaces.

In this study, we propose a chemical substance management approach for small
and medium-sized enterprises (SMEs) using a continuous chemical exposure
monitoring system based on an [oT smart sensor set that combines sensor and
communication technologies. To this end, we developed a pilot smart sensor set and
installed it for four months in the chemical handling areas of actual SMEs in the
electronics industry to measure the level of chemical exposure. The continuous
chemical exposure monitoring system is an operational environment management
approach that supports SMEs to manage workplace exposure levels in continuous, in
order to prevent health effects caused by hazardous chemicals that may occur due
to the high concentration of work at the time of product production, among other
factors. By combining smart technology and industrial hygiene theory, such as gas
sensors, communication technology, dedicated platforms, and notification standards
and methods, SMEs can now monitor and manage the exposure levels of harmful
chemicals according to work and time periods. The pilot smart sensor set developed
for this study consists of four types of sensors for measuring total volatile organic
compounds (TVOCs), chlorine gas (Cly), hydrogen fluoride (HF), and hydrogen cyanide
(HCN), and the target chemicals were selected based on their toxic risks and the
current handling status at the workplace. The sensors can use LTE or WiFi
communication, and mobile measurements using batteries can be utilized for
maintenance operations. The TVOC sensor set includes a photoionization detector
(PID) sensor from Alphasense, UK, and the measurement range is 0-6,000 ppm, and
the conversion of each substance can be made possible using the manufacturer’s
stated response factor (RF). The actual measurement results showed that the daily
maximum value varied up to 28-110 times the exposure standard, depending on the
process, and the maximum values of exposure levels by time of day on specific days
were found to be up to 39-71 times higher for each process, indicating a significant
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degree of change. While the measurement by the smart sensor set is for the
location, and the measurement according to the Industrial Safety and Health Act is
for the worker, it is difficult to directly compare the two measurement results or
determine whether the exposure standard is exceeded. However, it can be seen that
the level of workplace chemical exposure changes significantly. Therefore, continuous
development and theoretical research, policy changes, and expanded support for the
continuous monitoring system are necessary to improve SMEs’ self-regulatory risk
management capabilities and prevent workplace poisoning accidents.

Key word : Chemical poisoning, Acute poisoning, Gas sensor, IoT, continuous
monitoring, Self-regulatory risk management
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