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ABSTRACT

Objectives: With the evolution of direct reading sensors, it is possible to monitor several substances through
telecommunication. However, there are some limitations on the use of direct reading technologies in the
Occupational Safety and Health Act in South Korea, which only applies to detector tubes, noise, heat, and carbon
monoxides. The number of chemicals and their amount of use have been continuously increasing in South Korea.
The Ministry of Employment and Labor (MoEL) has concerns about worker’s health because exposure is only
covered for about 1.2% of all distributed chemicals. Using a direct reading monitor with photoionization detectors
(PID-DRMs), gases and vapors chemicals can be measured. Based on the data, business owners are able to create
corrective strategies, provide better working routines, and select correct respiratory equipment. PID-DRMs are
less expensive and easier to handle for an owner voluntarily controlling chemicals emitted in the workplace.
However, there are several limitations on using these PID-DRMs to the degree that the MoEL has not been able
to select a legal monitor. The aim of this study was to review previous studies related to PID-DRMs and identify
the characterization and limitation on PID-DRMs.

Methods: To search for related studies on PID-DRMs, key words were used including direct reading
monitors/instruments and/or photoionization detectors. Through that, four domestic and 15 international studies
were reviewed.

Results: Studies on PID-DRMs were conducted by chamber (enclosed, dynamic, walk=in) and in the field
(experimental environment, actual environment). The concentration of PID-DRMs and charcoal tubes were
compared for a single substance or mixture, or within the PID-DRMs. There was a high correlation between
the two concentrations, but it did not meet the accuracy criteria (95% confidence interval, within 25%) of the
NIOSH technical report (2012). In addition, differences in measured values occurred according to
environmental factors (temperature, humidity) and high concentration, and concentration values tended to be
underestimated due to contamination of the sensor. As a way to improve the accuracy of PID concentration, it
was proposed to use correction factors, charcoal tube—based correction factors, or to calibrate the PID-DRMs
in the same environment as the workplace.

Conclusions: PID-DRMs can likely be used by business owners for the purpose of voluntarily managing the
workplace environment, and it is expected that it will be possible to use them as legal equipment if a PID
sensor can be upgraded and the limitations of the sensor (temperature, humidity, high concentration
evaluation, sensor pollution) can be overcome in the near future.
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A &4] AlA 71Ee] W Q5] oA+ PMIO,
PM2.5, oJiteleta, FUAR7ISRIE(VOCs), 4,
2r 9 JFEE AxZte g BYESKL QtHHa et
al., 2020). = AFAJMHEAYA F =4 SHHoz
AR IS 8ot lom, oAH|RAL HAIHA]
Qo] o2 o] Qe A, WA= A B
Zo| GAdEHR FX(H, AR Sk AR
of gHg)llqt sHYsfiA AREstal QQlth EeH EElFRl
ARl AF(FEAS &3 347, dEFLSA B),
THETFETF2EAS, WBGT) Feqt 2
g8ot= SR oIATHMoEL, 2020).
HAZGoAE dAsletso] g AAstEdEy 1 B

H

AA Ee A7|sFsH] AAE Dgole B4
37| % SHTHKOSHA, 2021).

S AUTEQHHH AV &Y E AN 7|4 At
Abdel =Qlot7] fJaiiAl AllALb ARERIEH(0T) 7€
< ZEst FAGY fofl EE9 &5 A A4
(surveillance)ot] 2219 AFASNE sty 9
S HIQRS: RS 9tk 2020W ol HAFAF oA
F2 ARSSHE SEhEd 4390 FIAsEd
(TVOCs), BAHCL), AIFSRA(HCN), E3<=4(HF)
£ ST = UE A5AGHE Adoto], 1A =&
71%, 8AIZE keEV|E, TAIZR=EH7KSTEL), HA%
(Ceiling)& B7Foto] BAAIEINAN #HH s=3dS
RIT & Q= WA E8oto] YR FATFE HAA
F Az AgdEFo] AHHE stthHam et al,
2020: Kim et al., 2022b). o]0 HEY AUlE
Alx NEE 7idsto] IE 29 FHoRHE 22
A4S Hosh7] st =8 s5t9tHHan et al., 2021).
=2 AA 7|&o] iga S thfst ZofolA T
71&S &Eoto], GRS TEota 2R AGE
K557 918t g Eo] AL it

202349 Hrd = SHEE f5gRAN] =
= SFEA S 31,6005(20209) 02 ZAME O
H, 1 $= AEA 7ok FA°ItHMoE, 2023).
I o] vlEf AP EAYALS] AAstA=Y At
FolEEdS 192F02 I FE5HE FITEE +9
0.6%° E3tsltti & o= lom, 29| A7
S PoiAle M2 Aol Qs Agoltt. &
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AARESPAE N5 shA ArdPAEAA
THoA = 202087 33 AFHA R 2HA A
EE7 A= =9 I At ZdstyoH,
20219% A-HollA 47 idS A8 AS A
okl A%tKlee et al., 2020; Lee et al., 2021).
ESE FT AlA 71&9] HER QIS Aol A] AP
o] 8591A} & W7} 7FseiA L Yo, =AY
i 5 FoE9] AH|9] &-go] JI AoR Yot
3 JUtHHa et al., 2020).

A=A = 7] ol FRotal e 7, 371,
ool2F 4 HNHX] o8 Z4sto] AJY 9 L=
A E2eES 7t £ s 58 oy, &
oA FEH= FolEdS gRlskAY, fAlsks &
H2 % Z-8Ft) Yang et al.(2016) AToA= A
& EF AN A2 E E85te] A4
A IA¥ot= B4 S mietelolnt. oot Zo] Z
A= HlolHE AAIRIe R gRlstal AFT 4
U= Aol Q7] el 71E FATHSHANA &
A g7 9 HA7pR| 9] AR @A 4= 9ler, Al
Ao B4 sekEdo] Higt vke&Ert S2H40l7]
o] a4 FEol gt f7IHs H=E Al&St
A 5T & Aok 7129 Huup] AIRAFAoR
A S B7F B I eSsT B2l A H] 3L
ou, AEAE|R= AAZE HolHE B R oY
B7P7F 7hssiReh 18a SEARe) A &Y AA,
2] P 2 FIE ASAH|E S ZRIgE & A
AAE ol = U1, SFESF Ao T
% 4 tHLeBouf & Coffey, 2015).

A=A FEjo wEt oAl 7HAE ERstal QL
o AH7|s}sH](electrochemical monitors), ©]-25}

=

Figure 1. The basic principle of PID sensor
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HF](ionization), w335k |(spectrochemical monitors),
d35}stAl(thermochemical monitors), 7k~ 320}
EJ#I(gas chromatographs), ZAZEA7]|(mass
spectrometers)® &5l JAJTHNIOSH, 2012).
PID(photoionization detector)+x ©|-235}2] 2] =4
e F sholn, £ §lo] o|23E= HAleE o
F 7tA 9 F7149] E4o] o238t Y YE Fole
H AAREET H 2 oA o]dt FH = U= =
12 QFgE AejAof o) o]3}Eo] EAl= MRS
= 7 Q= SRS YA FAE ST o o]
= HoFQl 7S UshtKFigure 1).
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R+ Ar—=R' + ¢

7|4, RS i B4, = A, R+ ol2skd
=4S Ut

PID A=41H|= Agotal, AR8o] 7HHsHY, 9]
71kl et AdSHSE A AH|RAY
24 B QLPYE SRtk BH0 R ARREI U
I (LeBouf et al, 2013), WF=A AFA(Choi et al.,
2012; Yeo & Choi, 2016), =% 247 HrloA &
238 4 Qlttal HQFtHCoy et al., 2000; Poirot et
al., 2004). olf vts] YF FEFA= PID =414
Hlof tfgt eHAIEE A A5k, 7H 2 AR PID
AH|e] SAgko] FAR 8ARE, FH)o IF
A ¥=tt= Zo]i(Chelton et al., 1983; Amir et
al., 1985; LeBouf & Coffey, 2015), s}sF=49] &
L7t mobdas SAgko] AAIE Y A TEE A
FS BHHBarsky et al.,, 1986). Weha] & 19

242 A7 A7E PID AEAgule] BE B
B TN} PID ARYU] EHE werstuA

Il. o X EE

= £ RISS, KCI, KISS Afo|EoA e HA
o] “A=A]" “photoionization detector’Z 73t
%, PID A4S &8 E2H7HAE Mt
act. 1 23 XE7HA] PID &A1) 3 2y A
T= 4528 ARSI

=2 E32 PubMed, Google Scholar ARCIE
oA  “direct reading
“photoionization detector’& #HAote] IH £33
< 77 904, 23622 FAMEGIeH, o] F PID
A2 E 835 Y Ay = @ A4E F
Ho=z 3 A4 ES AMT 2 1559 It
AH = tK(Table 1).

monitor/instrument’.

WIS LA}

. Zap Y 0F

1. PID H=AjzH|0] 171 742

PID A=A17H]o] tigh A= FH(EHEY, f5
A, Y3 (walk-in)FH) ALt AHAES, AA
AR o]FojFon, R A AFLE 5P
Atk Aol ARRE A=AwE[e] A=+ PID
(photoionization detector), FID(flame ionization
detector), IR(infrared)Z #H|9] A& H|W5}H7]
Al B AR EFRI(train)oll & A&

Table 1. The number of papers on PID-DRMs found through research paper search sites

Research paper search sites (URL)

Related papers* Selected papers for PID

Research Information Sharing Service, RISS

(www.riss.kr)

Korea Citation Index (KCI) research paper search

DRMs: 14

Domestic (www.kci.go.kr) PID: 5 4
Koreanstudies Information Service System, KISS
(mkiss.kstudy.com)
PubMed
www.ncbi.nlm.nih.gov, :
Abroad ( gov) DRM.S' %4 15
Google Scholar PID: 236
(https://scholar.google.com)
* key world: direct reading monitor/instrument (DRMs), photoionization detector (PID)
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Table 2. The summary of PID-DRMs research papers from 1981 to 2022

DRMs Concentration

. . R . .
No. o~ Media Study type Chemical (S/M/S+M) Temp(T)  RH(%) (i) Reference
Acetic acid, acetone, chloroform,

1 OVA-108 (FID) _ Chamber  cyclohexane, benzene, methanol, _ _ _ DuBose et al.,

TLV Sniffer (PID) (dynamic) and methyl ethyl ketone plus 1981
one ternary combination (M)
TLV Sniffer (PID) B . _ ! _ Chelton et al.,

2 PI-101 (PID) Field (laboratory) ~ Hydrocarbon solvent (M) Various 1983

Benzene, toluene
OVA-128 (FID) . ’ ’
3 PI-101 (PID) B Chamber 11 dlchlpﬁethans,lchloroform, 0/90 0-2TLV Barsl;\éé%t al.,
AID-580 (PID) trichloroethylene,
perchloroethylene, hexane (M)
Field
OVA (FID) Tenax, . _ B _ Barsky et al.,

4 H-Nu (PID) charcoal (fgxﬁggf Aromatics (M) 1986

5  Sunnyvale (PID) Charcoal Chamber Benzene (S) - - - Dru;grg;)nd,
MiniRAE Plus (PID)

OVM (PID)

6  P-101 (PID) - Chamber + feild Chemical warfare 20 - - LO;‘FW;’ggget
TVA-1000B (FID) v
TVA-1000B (PID)

Professional PID . - _ B B Coy et al,,

7 PID) Charcoal  Field (painting) Hydrocarbons 2000

Chamber + field
8 2020 PE Photovac Charcoal (laboratory, n-hexane included more 20 _ _ _ Poirot et al.,
(PID) painting chemicals (M) 2004
workplace)
IAQRAE (PID)
PPbRAE (PID)
MultiRAE Plus (PID) Chamber Coffey et al.,

9 MIRAN (IR) Charcoal (walk-in) Hexane (S) 4/21/38  30/60/90 5/100 2008

TVA-1000B (FID)
TVA-1000B (PID)
10-20/
lon Science Chamber o 50-60/ Rismanchian
10 procheck PID) ~ “M%8l (ynamic) Xylene(o=, p=, m-) (§ 25 02080 405935/ et al, 2012
200-260
11 ppb RAE3000 (PID) Tedlar back (%Si;“nfg Toluene, ethyl acetate (5)  21.6-24.2 61.2-75.1 550//2150/0 Cho b 2
MIRAN (IR) Chamber Coffey et al.,

12 TVA-1000B (FID)  Charcoal (walk=in) Cyclohexane (S) 4/21/38  30/60/90 5/100 2012

TVA-1000B (PID)
MIRAN (IR)
Chamber 30/150/ Ryan &

13 TVA-1000B (FID)  Charcoal = Cyclohexane (S) - -

TVA-10008 (PID) (walk=in) 300/475 LeBouf, 2013
MIRAN (IR)
Chamber 30/150/ LeBouf &

14 TVA-1000B (FID)  Charcoal = Cyclohexane (S) 21 90
TVA-10008 (PID) (walk=in) 300/475 Coffey, 2015

Chamber Yeo & Choi,

15 ppb RAE3000 (PID)  Charcoal (enclosed) Acetone, ethanol (S) 24-26 40~46 0,01- 0.2TLV 2016

_ Solid Acetone, ethylbenzene,
16 Frog-4000 sorbent Cham_ber methy isobutyl ketone, 25/30/35  25/50/75 1-8TLV Soo et al,
(GC/PID) (walk=in) Isobuty! & 2018
tubes toluene, m-, p—, o-xylene (M)
. _ Chamber _ B 0/30/50/ Han et al,

17 MinPID sensor (dynamic) Isobutyelene (S) 100/300 (ppb) 2019

18 MultiRAE Lite (PID) Charcoal (%Ci'a“rgg) TOluene 21/30/40 30/ 50/80 58(/)}2(% Amp ot

19 MUIiRAE Plus (PID) Charcoal (ici?rglecr) Acetg‘_ex'y:gfé t(f\’}lt;e”e' 26 67 o1-ziy KPS 2l

* S: single chemical, M: mixed chemical, S+M: single & mixed chemical
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£ 4ot 5L F1tolA A S7gste] FrlskA
t}. Coffey et al.(2008) AF-ollA= A=A4144H] 71 4
A5 AA FF Y ®¥olg Ak Skeith
Barsky et al.(1985) ¥dollA= PID AlAQ] A<t
(10.2 eV, 11.8 eV)Y] Aolo] @& &4 k4t ®
olof tisfiA] A= = Y e T
EARE oME, ogkE, AERFAL FA EFAS
Frtella, EEEdRE ©@ileaA B4 2%, 3
T, 402 Ssto] AstAY, HIRIE ZholA I
Aote ®'skead Aol EER B7FsHItHCoy
et al., 2000). PID AlAfo] thgt 430 JFs A+
st7] QoA ot 2%, S oA dE Y
olFl, v 52 PID AlA9 &4 7Fs s=H9
oA A2 Jgstaen, fiFE A s=HY=
L2719 0.1400lA 28 2 ESHAT

A9] HFE PID AAHIE AdFolA &8
7Fs7d0] A, BYE 22 518 7hstt RUA,
A= E T & = 2 flsAlol g A+
7} A&E ot} PID A= A7]1H o0& o]238} oy
A& AAkele] A714 ASE w2 HIoR= Hh4o]
ok 11%7] wjZol 2o FEof vz kol gl
ofg] AARE0| 2kt FEo| wE PID A=5A174H]
9] L9 ATt of2A FRESk=Alo] oAl At
o grh. dF AR 94 RElgE S5i4] PID
A8 5k 2 BASH YL E ol A=
S, HAAASE E8dk= WHE A 18E
At &2 PID A=A4H|9] 27| BAs= WS 7
Aste] Je=E =o|7] fgt A+ SISl o|AH
PID A5AAHoA Fgr= $83%F FEZ AHA|st
Ao, 44 QARE, % ) ZrIAoA AR
st= gfeEd 7He) 7 9 ZF =4 719] o3} oY
2]19] zpo] 5ol wet PID Av|e] Fero] IS &
UL Aoz wsT

2. PID MSA|EH| 9 SHYEH SEot0| AR Hlw
PID A=AAu|et &g uixle dZs g A&
AET] AHBAS wuwg A HESIA.
Yeo & Choi(2016) ¥ dit= od
Er2)S PID ]S54 52} 7|E FE < &4
iAol =g vlsILh v £ LEFV|ES
0.01-0.28c]H, 15%, GO%, 360E-°& HA zZkzt
ZA51c} o] ATl HAL PID Hxet &4t uiA]

1
e
i)

o
=,
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i)
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AQIBII0| RS PID NSAZHOl S4 1Y 97
X Y A A B4 23t 158 BUF SR
=2 ATBACHME: r=0.984, oek2: r=0.919)=
BA, YR Az v ATEAE HolX| ookt
o] A9 AL U H(enclosed chamber)l
Al A7 A=) "WiZol f5 AH(dynamic
chamber)ol| H|5l| #Y3t 5% 52 AL = ¢l=
@do] glow, HQRNRE, $)E BAIHA] A%k
7] diZol o2 E a1 wxe HolE AT 4
AUt Amir et al.(2021) ¥ AFoA= EF4
PID A=A4u|eF 4%t WA E &-8-5te] 7153
o, & 5o e BARCE Fogt AT
(r’=0.93)2 HEJt}. Poirot et al.(2004) AFNA=
oofet SdA&eA, 54, HEAgAE, g,
SR+ goEAEoE AL 11 &E, 9%
g HRIE, o&EA] HRIE)S H7lellal, =2 A
A?= 0.97~1.0002 HAYth. Rismanchian et al.
(2012) Aollx= 359 AL# =40 HisiA PID
AHjet e = veh Ay =2 AT
(r*=0.98)2 H T}, Soo et al.(2018)AToA= H|Ql
B Alxo] AMRE= 759 k4l SES Bt
A, EFA(?=0.97)S A9t YA BHL =2 A
TEAG? ) 0.99)F EATk Coffey et al.(2012)9]
TolA= AEEFAR=0] tsfiA] PID A=A4H|= 3
7Rt A3 90% S% o2 AlYshl =2 ATA
(r*=0.94)= 29t} Barsky et al.(1985)9] ATLojA]
= 4 5 8FY EHo Uit & F=4AH|(FID,
PIDWA)9] &2 ATIA (- 0.903~0.999)5 HAO
H, Han et al.(2019) AolA= olar ol ojsh
PID AIAE A¥ A3 17=0.98 oFo= w2 A
TAZE EAth Yang et al.(2016) AF ZAHoJA=
PID &9 =74 =9t JAdAE Blast 23t
=2 AFIA(: 0.98~0.99)5 H Atk sHAEE o] A
7HA] At S w8t H|wekR] k9kr] wiEol A
o= O 5 %tk o]AE PID =414 9] FEet
710| He 4% A 5o} Hwidt A3 £ 574
719 =2 AETAE Kol St

[o o

=

3. PID X=A1HH| 9| Mett:(accuracy) St 21t H|W

DuBose et al.(1981) @+l W2H GAEHCHE
Ak oMNIE, EEERE, AIEETE WA, HgkE, HE
NEAE)S 2T E= 35S S3oto] &3HEC] tigt PID
A=A4H|9] AL Fristlal, AYgLE FIAIE
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1
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Figure 2. Accuracy (A) as function of bias (B) and precision

(S (citation: NIOSH, 2012)

5 = 5y nddy 7|HE F8otgen, 1 F23
Fr $£F2 30% UHtoR 8 7sdt £FEoR HY
AT}, SHAEE, NIOSH 7]& H11A(2012)04+= H&-
T 7188 95% A FRIolA 25% olWZ AASEAL 91O
o, tiRES] HI: I A7 o] 7|EF} H|wstkal
A} B e D= (precision)® H3K (bias)s 54
o2 AXRE & A g 1 & QckFigure 2). AU
TS 33l gt BxeE Yehfis 202 S35
9] watel Ho g AXFETK1). 4714, Sr2 FUk,
o 7SR BEEA, p= E7G%e] B onlgith

S, =olu (1)

teoE HHBE S 71%g Aol HHB)
ook 31, ZHgke] W 7|EMHC)S BE3H
of AR % JTH2).

BZ;J,/CT*l (2)

FUES)E e WHez 2 & glet, o o

www.kiha.kr

AYEE Precision (Sir) =t ob, S 14
A5 71899 o E U & @2 JHIEtHR).

Sp=0/Cp BE 8 ,=5 xX(1+DB) (3)

Heh g1o] 4 (1), (2), ()9 FLos HEHoz 4
(NS AT 5 THA).

S
1.96 % B>+ 8%, if|Bl< —
A(B.S, ;) = rr 11Bl< s 4)
| Bl+1.645% S, otherwise

NIOSH 71& E14(2012)°14 A Agte 71&
(95% AlZFollA 25% ool thafiA F3 (=
T, $5)d U= PID 559 7|E (@A) 719
vwst A7t AJcHLeBouf & Coffey(2015). A+
oire GAEARe|ZFZEILNE Hrlok] HdiA 9
FRA(walk-in) FHE AR, H% 2A90%)=
xzo g HHsto] A+E APttt 1 A w2
FEXRANAPID &40 5o A7} yot
A= AFE B} Barsky et al.(1985) AFo|AE=
WA, E2d, 2294, 1,1-tZE20E S22
, EFEE R g HEzgodd, dioln, S%
AL Ax 371, 90% &HolA PID(10.2 eV, 11.0
eV), FID AA7t Z2td 2 =54740818 Hrlsilct. 1
A}, & AEAHE 52 AAIAE B9, 2
5% TH00%)1A 10% F= Bk 50| FAsh=
AFE Bt &3 o] AolAE 2 B gt B
YALE H83 sgo] EPASE H8okA g2
segkol vls] YL o] FA] ATt o] ATE
BollA PID A=A H|9] HEe g FFA1717] SleliA
ARl EAPAS7E Basttal Ajtsta Qlolt.
Coffey et al.(2008) dFoAE GIAEZA(FAHY &
L5295 ppm, 100 ppmE H7I5FAL, LeBouf
& Coffey(2015) A9} LT HHE ARSI L,
o] thest TR ARE4 €, 21 T, 38 T,
T 30%, 60%, 90%)°1A 570 ArS] A=A H|E BT
St AFtel= Aol AT A3, 57 ARe] FEw
T2 EEY AN FFoHA Eoila, eEasl
(%, 5o PID A=4AH9 Fre dA4 IFS
okt E3t 5% AR AEAAEeE ] 7k
HAPF dAots AdE Eot) o] AyE Hige=R

BN

0, N, N, oy
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PID A54734E HA Au= S&ak=t] 2A7F 3l
O HARE edY A BHoE2= &8 & 5
U= ALoE ARSIl 181 AFe & A
EE517] YsliAe 7142 Ago] Basttal Ajt
Skl ATt Coffey et al.(2012) AFolA= AERE

A= "H”—i H2E A5 stel=Tl, o &
ToNE 2 FEO0%C] et YTz A
(r*=0.58)7} o}ty B35k, Barsky et al.

(1980) Aol= 90% ol HEHFolA sEgkol
AAEE %S 2Yuy Hustgoh 2559 PID
A=A gt ®eledA SRtEE &g At
Lo 9L B $ okl 5Pt Chelton et al.,
1983). Amir et al.(2021)9] ¥ A= GAEZ(E
Fa)9] 5==E(20 ppm, 100 ppm, 200 ppm,
400 ppm)E 2E(21T, 30T, 400)9 HE=(30%,
50%, 80%)% 0] T2 SEE BRI ARAHE
3020 = FYsHA sttt At Ayt =% &
L7t 3HEEE, sl 37 EE BEE(95%
A7 A 25% oW o] YEA = HdE B
T} Soo et al.(2018) AToNAE GC-PID HH]E 1
7}6} q- GC-PID 7(1-3]_,] ;<1—7<40 qopgﬂo qué*g_]_-
F A= A™o| SlojA, PID A=A1gE|et ZAvteho]
PIDS] &&E =0]7] s A=A EIF 7|EY
GC-PID FA 7M1= E7 ol Z9tetA] AT
AT A AR8S GC-PID(Frog-4000)= 714 7
?lh:g’ﬁﬂoﬂ Adbsiotal avfistal QIQleh o] At
A 759 IFEACHIE, ogdid, HEolakd
AL, 590, m-ALH, p-AL, o-ALAE =3I
B A|zARdo] d¥tAHog AMgsh= Edolot Rt
IFRA(RE: 25T,30T, 35T, F& 25%, 50%,
75%)1% A AeolA GC-PID FH]9] As-S B}
5199t o] AFolAls 14 S2EH (Anasorb 747)§
AFt 7124 GC-PIDS] =gt H|wskel=d],
2 WAE Heolal glou, NIOSH 7|&RilA
(2012)0l14 AQtoh= FEk 7|Eoll= WESHA] Z5k3
t}. Choi et al.(2012) ¥ A= PID AH|9] A5t
TE ARAL 5Y 2] tisiA g 24 Sl
JEolAEIo|EE =45 ppm, 25 ppm, 50
ppm, 100 ppm) H7}ol¥=t NIOSH(2012) HS:e
71&E 2l AYE Hth
WhH Coy et al.(2000) ¥+= &% d-told, PID
A=A oF HEA(Ege wiA) ABHHE -S4l
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AIBI0| BEEI= PID NSAH|S| S8 1 99
AT 26329 HRIE AollA EH3lea
(hydrocarbons) TIEZS ¥ ]—3]- o 10¥ B9
ALE AFsiut. A+ 2, =3¢ F ]Q-Zﬂe 7}tst

7] fsiA= PID A=43H7 Jisiote 80 =
gollal, FF AHe vgew o9t {7 ]*q-xﬂe AR
Sh= 2R gt 7H°]i€”ﬂ7}§ %@ T 9= A
o2 gosigith. £ Ay 3 A dlojA] PID
7‘15’5]1}31—4 Lot Gt miA| l"—E 7] SAA
o7 oIt AHTAE Holil Ao, PID A=A
Bl ©elead] B4 tiet =S H7HTWA, STEL,
peak exposure)g & ¢ S F2 =T AU
t}. Poirot et al.(2004) A= AL, 2
DolH, AgAoA= 2714 AFA(p-ALH, m-#
dzll, A= JJr ogdld) E4 ¥go] BAE %
oA A¥stala, 7 E A EF9] =Y A=
B7¥ekodrt. uﬂo]E 2He] 7} Alofl= AT
g 52 HPASLE AEsidlet, 1 2% F s
9] £ T Ao|E HolA| 7| tiE
B7HAl PID A =A14H| 9 %}*Q-O] 7]&—@ Zo&
1, T =47171(PID AH|, ¥
Aot SA S HUke & —}F— U= ﬁﬁi E%\H’—}.
J8]al d¥bEo g STEL 7[&o] gl &39] 29
ACGIHA= @71t AR (excursion  limiE
3TLV(LT S 30% ol TLV-TWA9| 3uiE Z3st
H Qe v 5 A8t oy, & AoA=
1.5TLVE YAteES WY A2 AFSHt. PID
A=A E A8 = Q= 2ok HUY FA(Coy
et al., 2000; Poirot et al., 2004), ¥I=A| A% &Y
T FAESRAY 22 H-Y ZAA(Yeo & Choi,
2016), AAAFA(Kim et al., 2022b) 5o &8 & 4
QAT —_H\} S}kEA| =% (Longworth et al.,
1999) sk W& (Barsky et al., 1986)2 & 59 o]
= PID z’“«] Atdo] Q& AR AlmHTh

rl'

4. PID Z=A1HH|9| %i i S
PID AEAH]|9] HEwo] g +£& Fol]

oA TRt B
O] 7*1] AL EX”#]—’F 25
- o AllAol gt ;34‘%1“3 =
°ﬂ7ﬂ Algstal Aot HE o]ai
< AQtstar glom, o] wf Zkzke]l 4o Tttt B
74] = Al&sta Ql\‘J{RAE, 2005; Alphasense, 2017).
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E ST A9 LS LT Ak B9
Lo 2z A ¥ 4E ot £UE Wk 4
A gste] TR0 o BAASE 7 4 9O
W, o] W 7 THBAY EYLT WAYASE ol &
se] oful, dips oz BaY FARel A B

= —’,\—é]gi oﬂéﬁ 2= 9tk Coy et al.(2000) G7Lo]]
Ao thsfiA] AZANA Algoks BAGAS
ér*—% }Oﬂi A0 Eo7k= 9%0%@4 Hl

PID 78 H| 2] l"—Eﬂ' e CIlSy) 21'—4 %ﬁ]@gﬁ ol
oISt IAE R Y} Rismanchian et al.(2012) A+
Aol A= ARAY] B Ag=e} 2to]7} UATHAIR
A} 0.39-0.44, A7 1.21~1.42). Kim et al.(2022a)
Ao M=, SIEA 4FTEF, oHE, m-AL
#l, oAz dAF)o] it Y AHS AAISI=H,
A2A HAZASE QT Ay, HAPs] A B @
SI21 BEE ol UOBICE ST 24
}_-_E_E_-'_ 7]2 o7 o]— E?ﬁzﬂ X—LQ_O]- 7-‘]_]:{- X{Q]—E T
=2 A FEU Drummond (1997) A-tollA
T 33 R718A B71 Alofl= PID 3=417H|9F &4
g miAE AsHAH o= AT AL ARt &
At WAHE &8st BHY A EIE ARtk
Amir et al.(2021)AFA %= PID =9 AZEE TF
IAZ17] SleiA= dulol it "HuAgo] Easirar
AF5HTE LeBouf et al.(2013) 9= tloFst HRA]
(IR, FID, PID)9] Z=21gH9] s FIAI717]
et Awy el it A7t H=(walk-in)
AHoflA AIFE2ARS] 47H4] 530 ppm, 150
ppm, 300 ppm, 475 ppm)<& B7FSIAAL, 27149
ANA WS v wslyer, A HA HPHL Zd] A
WZ AA AYots ST Y FAHRE: 5T &
HE:30% vs 2% 38C & 52 90%)oflA AASH &
11;17]-0]—M_]__ = tﬂﬂﬁ HH:HO ZH:I] 7-1’77(—1.9_ 011:1]— ‘i_]Jg
(R 21C ¥ &k SO‘V)OHH AW T F71s5hed
tt. 1 23} PID 55« 2% 5C & &% 30% &40
A 7 AT =2 7314’5 By AxA 1)=|
SHFoA sk AR AA 24T 3 2412
P 3%, Aot woxe 23E B9tk PID
1 HH 5 Bt FgstA Brtstr] sk 1%
A9 HErkAl o] AlRAFHE SAlO] AAIsH=
] Agts] Holw, Aw|o gt AnAHL F7 ]x%_lzl_
A RS Ajbetal, AAE W= 3}%}78*&} FARRE
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5. PID &l=A|%H[9| oFAIH™
A HAZ PID AlA = 8ol FHet A7 e,
=2 F5 004 PID AH|9] 5k $Eo0] BT}
He A%E BEIYa AFsHltHBarsky et al,
1985; Drummond, 1997; Coffey & Pearce, 2010;
LeBouf et al.,, 2013; LeBouf & Coffey, 2015;
Amir et al., 2021). & HAZ 15k F7} A| ST
7} RolR|= AEFE Ho|i U=Hl, PID A=5A4173H] 9]
A2 5% FE AATA 1769 vs )7 E

= ZOIAHE A2 A4S AAo| o Zlol=
AFS HYckBarsky et al., 1985; RAE, 2013). Al
HA 2= 57@ % PID AlA9] o] QUth= Aolth
PID 574 & fx SRl 9], BF 5°f 25 295
M,T’_(Longworth et al., 1999), Ils: B7l & H
FHo| A, £&ol= ztojFo] 4o Q= HE AU
i LeBouf & Coffey, 2015). FZoll= &H] A ZRAF
oA HZ AHES 93t 7|EE wuf @ wSskal 99
o uRgeg  IekEd 7h9
sensitivity)°] Stk A7|s}shA] g3 i 'WH %
-, GF TIARO|FI A, ASkpa, AQESREA
SE HEY & gk At 15k v7]9}°pj
5, AET, oER oA A sHo @

E g Uehdoh AREEeA AAY B9 &
40 FLE HFrleks A0S ETh wEbA

Xo 57 A, AAE AEE g AE7H] £<910]
Oo]tHRAE, 2015; Siegel et al., 2019). AIHA
(American Industrial Hygiene Association)olAl&=
tA - BV EES SHcke A543 @ H80]
+= BoK(Body of Knowledge)S AA5IAIL, AR
o] SH(YRE AMEAL, S5 ARSAN, g AREAE &=
3 ARHADE E55to] ﬂﬂ«l oﬂ%}(ﬁgﬂ%‘ﬂ]g 7]
olgl, H&gt ARl Av, v BA/LH HS
AR, 1A=, AH| e, H] A, Hlojg si4)
FESEA AJTHAIHA, 2019).
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