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ABSTRACT

Objectives: To validate the effectiveness of a real-time chemical exposure monitoring system developed by
KOSHA (Korea Occupational Safety and Health Agency), we applied the system to a workplace in the electronics
industry for 153 days.

Methods: The monitoring system consisted of a PID chemical sensor, a LTE communication equipment, and a
web-based platform. To monitor chemical exposure, four sets of sensors were placed in two manufacturing
tasks — inspection and jig cleaning — which used TCE as a degreasing agent. We reviewed previous reports of
work environment measurements and conducted a new work environment measurement on one day during the
period. The PID sensor systems detected the chemical exposure levels in the workplace every second and
transmitted it to the platform. Daily average and maximum chemical exposure levels were also recorded.

Results: We compared the results from the real-time monitoring system and the work environment
measurement by traditional methods. Generally, the data from the real-time monitoring system showed a
higher level because the sensors were closer to the chemical source. We found that 28% of jig cleaning task
data exceeded the STEL. Peak exposure levels of sensor data were useful for understanding the
characteristics of the task’s chemical use. Limitations and implications were reviewed for the adoption of the
system for preventing poisoning caused by chemical substances.
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Conclusions: We found that the real-time chemical exposure monitoring system was an efficient tool for
preventing occupational diseases caused by chemical exposure, such as acute poisoning. Further research is
needed to improve the reliability and applicability of the system. We also believe that forming a social

consensus around the system is essential.

Key words: chemical poisoning, peak exposure level, PID, real-time chemical exposure monitoring, sensor
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AL AH AF S Wz s

AkEelel Y™ PCB 7182 -8 (gl ¢
4 g AYE] AsEHI7Il FUEL 717
oM &3 71de] As dHoR 2HEH. A
EEF70oA 2HE 7182 AdAE 78] 2HAdH
S EE sl EYA(flux) EF 59 olEdol
Ve B AdER] AFAE 2 Hotdie AA &
e AA SshEH. A AA 4’2 PCB 7@
2RsE7] SR A8AITLE AA A doll HobEd
O7F 12 1-2971F Bree] AlAdel dAd 2304
7] o] AAle] AARict. A AdS B4 1Y 8
A EH A A Fdole BdAe® 15-20
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AELEYIE % 2717 sl
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7h dxslo] k. AA 2] W AL AF A mE
595 ARAS A8 T A=A FHEL TCE
(100%)°1e}. ABF AH&FL 100 L2 A Zelol
L 5 L 7ol AgEE, UmAe F2 2854
218 $8T AT A2 AgEr A4 Age 4
Ueh 1 3l A ool gre At A

Zegsich, Aty Slof 9l34] 7} X Ho] 9
__L} Aol & =4 A7} 0.40-0.42 m/s%2 HE|hA)
Sl Rany] 4% 22 254 B T
£ % Ul gEoh 2eEo] otk A1 A4 34
of HXE 22N B 1tk HES} Aaw 9w
A AH7IGom Toie RAl 4ue FE7} AxEof
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A=,
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Table 1. Characteristics of the workplaces

Category Inspection Jig cleaning
No. of workers 2 1%
%)%
Volume WD) 15 0s00. 0030 24%4.0%2.5

(m)
Ventilation type

Local exhaust Local exhaust

Amount of use

(liter/month) 5 9

*Short-term task (Performed by one of the inspection
workers at a different place)

(@) Inspection

R

(b) Jig cleaning
Figure 1. Task procedure
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g ZA=0l et AR Y EH2 PR STl A
AFEAE B9 20204 WIE AUE AA NEE
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AHE Aol WAl 02 dE0] Qltk. & S {5t
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AALE A1 MA 7 2 Al 2704 F 4709 &
HtE AA A EZF @40 AX=ler, A77F HUH
B2 AT ALFFol 7hsstal Aol AFS A4 &
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(b) Jig cleaning
Figure 2. Smart sensor system in the workplace

siig A4 9] TCE & S flot] FRSAR)E
0.692 AXGHILE Wepa AAo] HE & Py
713HE &0l 10 ppmlE % BF TCE
LE35ES 6 ppmoE AL

TCE %4123 ppm) =
(A ZAZE3} * Response Factor(RF)) (4] 1)

AUE AlA AECA S4E dHlojde A8 ERFE
07 LTESAIYS 53l mixrit ASH=S A5t
o Ag EHES 390 Seed ke AR
A ERIE 4= 3o kE aEo] wEh AR TWAS
2WelE w2 wE, S FFE, 84 TWAS 1/2
FEU W2 FFoE FESIAH. w2 0l AA
2 A= AA AECIM a2 HI7} AEEIL AL
ol E2F0] 552 AR TR FHiEeE HA
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SARACIA A AsHAT
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&y 340 AAVASA Wy 2L EFR713
FBAL FEFoIN eHEY ARGUee] B o
HzA AT AL sl SYs, Bea A
A, olanzute Solglom AL 47 YBF

5 L 7o & motE it TCE= 20199+
AR7EA] Wi 5 LE FHFoks AoR mpotE Qi
202140l o2 AIFAIR wAZE AR UERIT
SH7SEESHS A AAAE 27800 diel 8AIZE
TWA 7HRIAERFHHOE S =0T

A 4d7H2018W-2021) 83+ &4 5 2019
SHEE7], 20209 AFEE7], 20219 SHEE 1S AlQshd &
A7 IFEEM) B Ak BF 002 H7EEGle
o 71T B n-qE 2AIZZHO TE ZXo

Table 2. Results of workplace chemical exposure monitoring (2018-2021)

t T §
Year Point EM’ I JEE EDE
(ppm) (ppm) (ppm)
P1 0 N.D. - -
1% half of 2018
P2 0 N.D. - -
g P1 0 N.D. - -
2" half of 2018
P2 0 N.D. - -
P1 0 N.D. N.D. -
1% half of 2019
P2 0 N.D. N.D. -
g P1 0.062 0.386 0.601 -
2" half of 2019
P2 0.052 0.296 0.506 -
. P1 0.266 4413 2.443 -
1% half of 2020
P2 0.121 4.579 0.985 -
5 P1 0 N.D. N.D. -
2" half of 2020
P2 0 N.D. N.D. -
. P1 0 N.D. - -
1% half of 2021
P2 0 N.D. - -
5 P1 0.039 7.305 - 0.543
2" half of 2021
P2 0.038 7.250 - 0.361
"EM: Exposure level for mixed volatile organic compounds
Tlsopropy! alcohol
Trichloroethylene
SEthylene dichloride (1.2-Dichloroethylene)
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 215-229 www.kiha.kr



220 1S - 2AR - HES 8IS - 27|Y - YRS - W|E
A AEEHA Lourr SFRUISRMES] Hd & rE
2 20209 AHE7lo] 0.266°0.%2 YERGTH

QA AFG%7Rs 20219 SRR ATH
AZGH7E A iR AAEo] thidEE Qhy
Apof| whel == QL oB|RAF A] TCE HeF o+
E A JRtet g ERlskla HEed, A%
9 Hg o] distoi helsholr.

Au|2AET} TCEE SAIE AAF Al Ao A
F2H 0 dS AASH: A A I HEXEE ol
AEE ATE Mok A AFH &G o ARSEHL
AU DAL Hah 100 Lojw R LAIFZAo
95%7F AF&EIL ISt AFsET ™7 2diolA HiEE]
£ AlFol gt AAF ZAFS 7171EE ZH2E 190] AA]
Ha glomz 21o] tish AIAZEYEHOZ 8A|
ZF TWASHEE ofach. AAGA 21 5 17380] &Y
7t A2 Hopdl A IE HIo| AFANA AsA
& o]&sto] MFEstaL qlo] A1 AF Z<fof thoto]
A E2HE R AAEH
3 Ay gd AAF ZAAda A A2 AE AES
AAJSE P2olA 8AI7F TWAZ} 12.029 ppml&E 7]
1.28] 23t o, X1 AlF 2ol oigt ThAlzt
A ZEZ(P3)o A% STELE-S 128.660 ppml 2 THA|
271225 ppm)S 5.18] 213 Ao 2 yeRgTt
P29} P39 HESE g A A BF 1S Z2I}oto]
58 7% 23 off Byt A3 23V E HrhE Q.

N
AU

ol

Y

prSe)
T =

Table 3. Results of working environment measurement by

KOSHA (2021)
2 +
Year Task Point TCE OEL
(ppm)  (ppm)
. | . P1 1.278 10
ond palf nspection
of 2021 P2 12.029 10
Jig cleaning p3t 128.660 25

“Trichloroethylene

TOccupational exposure limit

TShort term exposure measurement (performed by the
same worker as P2)

3. ADIE MM MEE 0|88 &A| ZLEY At
1) x| & Y

AULE MM NEOA AEH HolE+=
He TVOC =&5soz A8 ZYEHTFY
9 TCE k& +F& As ¥gkEo] 499 Hggh &
& 9 Hago] 7159t 24 AGdE 271 F 4719
AULE Al AE(1H-49)7F F 15397 A2 2 29
FQith AX 717 F EQY, 499 = WY 35Y
2 T 48YUo|AL 8UTHFY 4Y 2IHS HE AlA
NEZ} S2HEA] &), AlA NEYE A=A e
A= FHa 135%9041 Hd 14592 Aolgitt. &Y
H Z 5 B4 oA B4 7Fe g ERlsto
o @2 glojg &R} 753t Al AE SRS o
F A i AmE AGoHAt. AAF AL 135¢
7t A 7Fso] HUd 19 Al AERT 23 AlA Al
EZ} 9¥7t © @ol FAF 7FEESl, A AlF A
2 49 NEZF 14597 4 7hs =0l FdE dEAd

Table 4. Number of days of missing data for each smart sensor system

Cat Inspection Jig cleaning

atego
gory Sensor #1 Sensor #2 Sensor #3 Sensor #4
N1 135 144 144 145
N2t 18 9 9 8
N3* 11 4 4 4
N4S 7 5 5 4
N5/ 9 8 16 12

(6.67%) (5.56%) (11.11%) (8.28%)

“Total numbers of days of the sensor system working

TTotal numbers of days of the sensor system not working
TTotal numbers of days of the sensor system not working
$Total numbers of days of the sensor system not working

on work days
on off days

ITotal number of days that the minimum exposure level exceeded the threshold of the sensor

www.kiha.kr
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2¥7y AAste] k& 529 BASITE 47) AlA]
HE % d9 HEghe giRe i 734 52 o5
s IAERE 556-11.11%= 49 4
HAlHE T =4 Ykt

-

©

N
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2) WA 7|7te] LY (Gt ¥ Bt
Z|HAZH(peak exposure level)d Hotgk
(average level)2] W3}= Fig. 37} Fig. 49 #AI5I3]
ok AA &7 717 59t 4 AR "= HAF &
A2 1.2 ppm(dayl3, FY)-279.1 ppm(dayl44, H
dola, A1 A FHFLE 1.2 ppm(day20, F)-
2,769.3 ppm(day105, B)olqltt. Y HHake] |
A= AAF A 0.06 ppm(day77, F9)-20.2 ppm
(day126, B), A1 AlE &Y 0.04 ppm(day20, ¥
2)-109.8 ppm(dayl25, Fd)oz yebgdrt. Fdizk
o] wigkfo| Hatgtel vistgHY ¥ A YEwoH,
AL AIA ZA-Z Halgo] HAF AJETr IA Yet
ok A1 AA 2 Bgke] g2 FY(day125)
e oh2d(day126, BY)7HAE FARE A=
9] =2 %21 108.5 ppmlE KA =t

3t FA= oetstr] Ysto] 2k 3 A
]7} ’ﬁ d ¥ FAZ FEoto] I HAgA HAEk
o gt SAE Tt BY Y HHZY] 7lstEA
(geometric mean, GM)2 A} 2 44.9 ppm, A
IAIFZAY] 710 ppmO& A1 AIA ZFdo] 15.84)
A vebgor, 3Y Y B4 GM2 HAF &Y
0.795 ppm, AL A& A< 7.19 ppmlE A1 Al

Q]Q]
=232

2 325 FEHEE! MA|DLEZ AJAHIQ| XASXI M2 HDt 221

o= =

2 #9Jo] 9.0 7 btk HY 4L HAzhol
GMZ HA| 717tEh HAF 249 ¢ 1.94H, X1 Al
5(4 ;q_oq_g] 7;10 3. OHH 1.-__]—1 :‘_o—ro Eq._l; 71—71 SZHH
37.84 =A Uehgth BU9] Bt B3 AA 7%
o] HFgt oyl AAF AL 1.28), A2 AF ZFdLe
L4 A Uit 5 B Ao ME wEene
A

717k0ILt Fo] B3 A vehge.

3) A|§|A‘|]I17|. AN i)g A}

AAEET A7 SIS SHAERE 57
YxHday57)= HLeIUtt. iYL HAF 2Hdo] AutE
AA HE 574 2= o HgE 44.8 ppm, ¥ Bt
% 0.7 ppmo|glor A1 N& 2] 574 A= o
Z9gE 1,941.8 ppm, & BEE 13.9 ppmOI . £
e AN NESA 29 S4H S¢S W=
Fig. 5, Fig. 63 2t AAF #Fe] =&354F2 oA
09AIFE ZAA|=7] AlZFsfiA % 9AI7HA] WS} o]
ofXa et A el tigt WIAA= 9AF 14
ppm= 2ok oA AlAFSte] QF 1A[oA 24]
Aolle W B2 252 UEHTE @F SAEE o

8AIRE 5ol IAAE HolFal QUek. AL Al 2}i9
AWisk= HARMGEGT o A Ueiged H9Ete]
AT e27]29] 71 ol S| = Fth 2
A AR o] 8% HAtEE7|ES ZISIloH
8AH| B 8AIZF TWASQI 10 ppme] SHY o)/ Z3}e
Ack. 7HY o3 AIZE Z23bE AL 17A] 368 40z ©]
T TFE oM 18A] 048 52%7HA] & 28% 12x%t

¢
it

Table 5. Descriptive statistics of daily TCE exposure level by the smart sensor system

Cat Inspection Jig cleaning
atego 5
o N AMTSDT  GMS (GSD) N AM£SD GM (GSD)
All 144 45.4+47 .8 24.0 (3.68) 145 736729 236 (8.17)
Peak level ~ Working day 101 60.5+49.0 44.9 (2.29) 101 1030691 710 (3.07)
Off day 43 9.8t14.5 5.5 (2.70) 44 69.81£139 18.8 (4.77)
All 144 1.74£3.72 0.7 (3.38) 145 12.1£19.1 5.0 (4.44)
Average level Working day 101 1.3+2.23 0.8 (2.28) 101 10.1£12.6 7.0 2.17)
Off day 43 2.915.77 0.5 (6.09) 44 16.8128.7 2.2 (9.39)
"Number of samples
T Arithmetic mean
T Arithmetic standard deviation
SGeometric mean
|Geometric standard deviation
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 215-229 www.kiha.kr
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Figure 3. Daily variation in TCE exposure levels for the inspection task (Red solid line indicates the OEL-TWA for TCE)
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Figure 4. Daily variation of TCE exposure levels for the jig cleaning task (Red solid line indicates the OEL-STEL for TCE)

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 215-229



224 US - REN - BES -4 - WY - ZNF - WIS - S

Table 6. Descriptive statistics of TCE exposure level by the smart sensor system(day57)

Catedo Inspection Jig cleaning
Ly N' AMT+SDT GM® (GSD') N AM£SD GM (GSD)
24Hr 63,427 0.831£2.01 0.346 (3.03) 60,448 18+85.8 0.885 (7.24)
Sampling time 17,383 0.42740.57 0.295 (2.17) 871 13.4+18.5 3.33 (6.6)
Other time 42,672 1.04+2.4 0.38.0 (3.43) 59,577 18+86.4 0.868 (7.2)
"Number of samples
T Arithmetic mean
T Arithmetic standard deviation
$Geometric mean
IGeometric standard deviation
40 39.4ppm
35.9ppm
35
32.5ppm

(=]
=

26.6ppm

TCE (ppm)
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Figure 5. TCE exposure level variation over 24 hours on the reliability assessment day during the inspection task (Red solid line
indicates the OEL-TWA for TCE)
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Figure 6. TCE exposure level variation over 24 hours on the reliability assessment day during the jig cleaning task (Red solid
line indicates the OEL-STEL for TCE)
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SAe S| 20 2o 2HHolh Al BAZF TWAL: 12029 ppm. BAUSEEI:
128.660 ppmo = =&7]&S Hd| 5.14 23d A

4, BASAEY, M YYI ADE MM MESH 2 o=z vepgrh
ool Hjw AOHE AIA] AEC] ofdt 242 AdeES7gol 4l
AATEEA Ao] W2 TCE kFsle 0506  BAB7RET Z7I7H A AT 2447 402 &7

ppm 2.443 ppmO & I L=E5FL2 20204 ARHE o] YUt MutH o7 & uf XH7Hpeak exposure

o] =A%t AFABE AL AAF Zdut 55 1eve1)o] Hatik(average level)oll Bls| A, L5 &
ot ZEA= 1.278 ppmOE AJSF S Aot & SOl o5t &7t ¥ A YEhgal LRLy §he
o7k gllout A7 AlF A ol AARt = XPOI% AL AA ZARdolA o =ZA UEREH
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Figure 7. Box and whisker plot of TCE exposure level for the inspection task for day 57 (Red solid line indicates the OEL-TWA
for TCE)

| & . > S = ° * l ¢ =
o 8o o

' it e

, oy |

! | o |

Data

10.0

Concentration
Concentration

1.0
Concentration

1.0

0.1
0.1

1e+03
100.0
[ ]
(ad
1e+03

1e+02
1e+02

10.0
Concentration

1e+01

Concentration
1e+01

Concentration

1.0

1e+00
1e+00

1e-01
01
1e-01

Data Data
(@) (b) (©
(@) 24 hours (Set OEL for STEL (25 ppm), (b) Sampling time, (c) Other time

Figure 8. Box and whisker plot of TCE exposure level for the jig cleaning task for day 57 (Red solid line indicates the OEL-STEL
for TCE)
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AES =24E S 74, AdSH] &= ol
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= vEhd & 3 8AE e 158719 HAutE
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STEL 411.7 ppmO & L&7|&S 235t AFY%
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time detection system, RTDS)E Zt
Bot= Wt Al s B AR HA3] 59 E
ZHRQbo] AA =7 = FtHHam et al., 2019; Yeo &
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Choi, 2016; OSHRI, 2020). Z o= o]&2] 7o
ojo] A7l ZA@A o] A4 AAE A
TVOC =2 & ¥k #4% ddA+T X134 Bt
It Park et al., 2022).
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