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Preliminary Study on Effect of the Field Correlation Factor for Increasing of the
Accuracy in a Direct Reading Instruments on Photoionization Detector for Total
Volatile Organic Compounds

Sungho Kim * Gwangyong Yi * Sujin Kim * Hae Dong Park’
Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: Direct reading instruments (DRIs) are widely used by industrial hygienists and other experts for
preliminary survey and identifying source locations in many industrial fields. Photoionization detectors (PIDs),
which are a form of hand-held portable DRIs, have been used for a variety of airborne vaporized chemicals,
especially evaporated hydrocarbon solvents. The benefits of PIDs are high sensitivity between each chemical,
competitive price, and portability. With the goal of increasing the accuracy of logged PID concentrations,
previous studies have performed tests for the assessment of single chemical compounds, not mixtures. The
purpose of this preliminary study was to measure mixtures with a PID and charcoal tube at the same time and
compare the accuracy between them.

Methods: A chamber test was implemented with different mixtures of hydrocarbon chemicals (acetone,
isopropyl alcohol, toluene, m—xylene) and levels in the range of 14 to 864 ppm. Three PIDs and charcoal tubes
were connected to the chamber and measured the chemical mixtures simultaneously. A comparison of accuracy
and the PID group of concentrations with manufacture correction factor (M_CF) and field correction factor (F_CF)
applied was performed.

Results: The accuracy of the PID concentrations data—logged from the PID did not meet the accuracy criteria
except for the mixture level B and C logged from PID No. 2, which was 18% of all tests for meeting accuracy criteria.
The mean and standard deviation (SD) of concentration (ppm) of the charcoal tube followed by each mixtures’ level
were 10.37+0.26, 155.33+5.28, 300.80%11.65, and 774.93+22.65, respectively. When applying F_CF into the
PID concentrations, the accuracy increased by nearly 82%. However, in the case of M_CF, none met the accuracy
criterion. Between the PID there were differences of logged concentrations.

Conclusions: In this preliminary study, the concentration of a logged PID with F_CF applied was a better way to
increase accuracy compared to applying M_CF. We suggest that additional research is necessary to consider
environmental factors such as temperature and humidity.
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(PID) A=4] 24 AH|(Direct Reading Instruments,
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ot B E|tHIon Science, 2020). 254 &%
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= HIE mefe 4= 11, 13 =53 gRlIste] dehE
4 F=o] tigt 7] tgo| 7hsota, 394 ths 4
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Al ZEEI glow, guY BAZE 7PEal, ARgol ZF
Hol, &4 71 eEd v 50 o =2
A3 g Eeloy 18 skEdEE PID
AlA ] IFE7E =(Xu et al., 2021)5k0] AFFA
A F95E 242 H8s] AR 5HeE &8 2
T UE Aoz Hgsict

PID 7|&2 =2 AYZ ol8st] §dHE 7IAE o]
23fotHA Aot I A71H AsE AYAdsh,
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Figure 1. The picture of an evaluation chamber on a hydrocarbon chemical mixtures.

Table 1. The concentration of mixtures (ppm) according to the flow rate by syringe and compressor air

Condition (Concentration, ppm) Le(\ﬂ)A L((e1v gIZ)B L?%/%)C L?élglz)D
Syringe flow rate (mL/min) 0.001 0.015 0.030 0.080
Compressor flow rate (L/min) 20 25 25 25
Pump air volume (L)’ 6.0 6.0 3.0 1.2
Appropriate flow rate (L/min at 30 minutes)’ 0.20° 0.20 0.10 0.047

Temperature of hot plate (C) 150 150 150 150

“reference of NIOSH.(2003)
Tthe maximum flow rate without breakthrough
Tthe minimum flow rate without breakthrough

B o] BB SHLYK/IBRIBIVO0) S5 & ARe BF 30802 Sigich By 24 3
e &P $E0E WEYUT, 1 B% £FS 47 NIOSH 1501 e F83Ax, A oA
Level A(14 ppm), Level B(162 ppm), Level C323 @ T3t 99 B2 B33 451 meg 71E0E 4

ppm), Level D862 ppm)olH, ¥ W] &9} & 3 7S AXASIAHTable 1). AFE AlE= 1 mL

iE o
fo rlo

=77 26 €, 67%R9oH, 2 doAs 259 &
= BAISHA eStthFigure 1).

HE]7IA RYE =% AH](Photoacoustic multigas
monitor 1312, Innova, Denmark)E &-8&3slo] H
Ho] &3tE 5% o 35% {HEoE HUEYSI,
FEO M3t o iE IRl ¥ HjY B ¥ 23E9
7t B 2 S5eH 24" Al=m AFHY
PID-DRIs S§4& Aol Adgstalon, L4 A=
AH = A AZA(226-01, SKC, USA)9 A8
HI(pocket pump touch, SKC, USA)E 9243 &,
0.2 L/min?] o2 308 &<t ids=s 75t
A3, 7 5 eEEE 5719 A% AR WiAIE 23]
gkEsto] S5t o] o makE st sk 4
THE Jm {52 2dsialon, 8% A= A
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oJ&5FerA(99.9%, Sigma Chemical Company, Korea)
£ 28R ARgSto] ZtAd 2utE T u) B30l
SHHZE71(GC-FID 7890B, Agilent Technologies,
USA)Z E45tt. PID-DRIs(MultiRAE PRO, RAE
System, USA) 3= EF 10.6 eV HI7}F 2]
1, 4 7k 5% H9e 0.01-2,000 ppme] it
PID-DRIs HE 4% 0.25 L/minZ 47435}, d|o]
H #3L 17 74072 % 3087 AA5HT RE
PID-DRIs& o]4&F€d(isobutylene) 100 ppm EZF
7t2E ARgSte] PID-DRIsE EA3ch 7 5xd
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SR Wol A o
A F b B dE AR Rl &1 5

T 520 4¥e BF $UT A4S Hith

3. BEEA s & HEtE MDA

BAAS(correction factor, CF)E PID-DRIs9 =
T 25 B0t YL E FHA7|A} ok AT
oty ¥AATE SHEY AE vE&(%)S F&ol=
HHHA] DI @ AR B A 2) 2.2 okt

1

fa fb f(‘, fn
CFH+ c*F,,+ CFC'"+ CF,

n

M/ CF=

(1)

where, f: percentage of vapor phase mixture;

CF : each correction factor of chemicals

_ Concentrationof charcoal tube 2)
Concentrationof PID

[
Aoz AXlstyltt. PID-DRIs %4

ol A7) fIoiA HxKo)2t Bt
(S &8sto] JU%(precision, S)E WA 3tk
(4] 3).

S, =olu 3)

O TR A Bsh BAT ARgkel BRC)
Aolo] HRFE AR 4).

B:u/C’T—l (4)

Table 2. The characteristics of selected hydrocarbon chemicals

AAE(S)2 HHB)R BT ARk HRHC) 7
o FAE(S)E FITHA 5)

S.,=8 x(1+B) ©)

FFHo® 4] 62 A3t Aek(accuracy, A)
£ Foto], B ALE9 A8 oFo] oE Fge 2
olg H|WoYLh FA0E oA G 95% Al
ol A AL = ghol 25% oW ¥ WE =4
=749 Fgr 7|F0 2 SIYTHNIOSH, 2012).

S
1.96 % v/ B>+ 8%, i <
A(B.S,;) = e HBI< 7o (6
| B|4+1.645< 8., otherwise

4. H|0[H Xz2|

SPSS(ver 18.0, TBM Corp, USA)S AF83te] =%
7t vl E {54 Pearson AEEA 2 ANOVA
EAS AAEIHAL, SigmaPlot(ver 14.0, Systat Software,
USA)= ARgsto] BtAaEx 9 Axd= Zaghs U
BTt

n.z2 i

E AFE AlF] §7|8AR AREE T Q= EeleaA
SIHEE 4Z(OMME, olAaZ2IAdE, EF9, m-3A
) SES A YollA 471H4] B (14 ppm, 162
ppm, 323 ppm, 862 ppm)2.2 HHYAIA SR A=
AjF 2} PID-DRIs 3HE £7451302L, PID-DRIs &4 &
Lo EAAF(CHE F-8sto] FEde 52 F7kska
oh A= A Y9 S3kE vk SR SR A

Chemical VP MW BP TW/I/LS\%U PID CF' (G'K/)
Acetone 245.3 58.1 56.5 500/750 1.10 10.6
Isopropy! alcohol 43 60.1 82.6 200/400 6.00 10.6
Toluene 30.9 92.1 11 50/150 0.50 10.6
m-Xylene 13.78 106.2 138 100/150 0.44 10.6

*abbreviation: VP(hPa), vapor pressure; MW, molecular weight; BP(C), boiling point; TLV(ppm), threshold limit value;
TWA, time weighted average; STEL, short—term exposure limit; PID, photoionization detector; CF, correction factor; IP,

ionization potential.
Treference of MoEL.(2020)
Treference of RAE.(2005)
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£ St TSI THNIOSH, 2012). Table 291
A= 71 B4l 719 A, B4 = s
BAA S, o|23t AY, 7 sehade] EAYAF(CHE
et &350 ®AAS(manufacture correction
factor, M_CF)= (4] 1)9] 341& ARgsto] AAkeld L,

ToA AHS SR AEE BEF EREE UEHTH

HAst7] A PID-DRIsY] &% skt tii-2o] J<
T 7|&S WSS E5FH oY Level. B, Level. CollA]
PID#29] &74gko] AYL 7|&S W&otk M_CFE
283t Y HE SHo] BEE 7|ES WES5HA] Kot
FRom, 0 whefl F_CF &-& Al, A% F(Level. A)

o 1=
1 32 0.75%9
Table 3914+ &% ARE GC-FIDE 43 4
INE 5 29 g, F2EA, S5, 1S UE

= AlQlPlL B sk oM e 7|ES WSS

HTable 5).

Won] o2 FE Brh 7h $29) ST B WA BAE AR SE9 Bgs] A9 PID-DRIsY 2
BT F_CPE 2 $E 4% 92 BT AR5 4 HES e 23, Level. A9l that PID#2] 2

T PID-DRIs &4 S22 WA 73t grolH 3t9] A =T AlQJskal YA PID-DRIs %3 5% 4>

Table 3. The each concentration of mixtures (ppm) sampled by a charcoal tube

Condition N Concentrations Mean+SD" Median Range

Level A 77 14 10.37£0.26 10.22 10.11-10.73
Level B 10 162 155.3315.28 1565.30 148.65-162.38
Level C 10 323 300.80£11.65 304.94 284.66-314.88
Level D 10 862 774.93422.65 777.99 736.24-811.04

“abbreviation: SD, standard deviation
3 charcoal tubes were disconnected during sampling
*predicted value based on the syringe flow rate and compressor flow rate (L/min)

Table 4. The calculation of field correction factors based on the concentration of charcoal tube

Accuracy of hydrocarbon solvents’ mixture

DRls

Level A Level B Level C Level D MeanzSD Range
PID#1 1.83 2.19 2.13 2.29 2.11£0.20 1.83-2.29
PID#2 0.94 1.20 1.22 1.63 1.25+0.29 0.94-1.63
PID#3 -1 1.96 1.87 2.13 1.99£0.13 1.87-2.13

“abbreviation: DRIs, direct reading instruments; PID, photoionization detector; Lv, level; SD, standard deviation
Tmissing data

Table 5. The comparison of accuracy correlated by a correction factor for mixtures between manufacture and field one

Solvent mixtures

DRIs Level A Level B Level C Level D

Plo MCF FCF Pl MCF FCF Pl MCF FCF Pl MCF FCF
PID#1 056 116 0377 054 066 0057 053 065 003t 057 068 0107
PID#2 033 045 058 017F 033 002" 018" 039 002t 039 054 026"
PID#3 -1 050 062 002F 047 060 007f 053 053 0.08"

“abbreviation: CF, correction factor; DRIs, direct reading instruments; PID, photoionization detector; P/o, accuracy without
correlation factor; M_CF, accuracy with manufacture correlation factor; F_CF, accuracy with field correlation factor
Tmissing data

Tbold: meet the accuracy criteria (less than 25%), it increase the accuracy rather than that without correlation factor
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I= Ho|3l 9t} Choi D et al.(2012)9] AFoA=
gd E4Q EF3 oHotAHolE F FFe EF

2 Azt 5UT wd 302 Boiskch 1 23

[¢]
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Table 6. The information of date of purchase, calibration, sensor change, user calibration, and check of zero calibration and

any usage before the study for each PID-DRls

Date of

User Cal.” No. of usage

No. S/N I?J?}:?wazfe sensor  KOLAS Cal. Zcearlo before
P change Before After : experiment

PID#1  MCA30004Q03  May 13 Mar 20 June 21  June 22 Aug 22 each 0
experiment

PID#  MOTF001816  June 20 - June 21 June 22 Aug 22 each 0
experiment

PID#3  MOTF001821  June 20 - June 22 Aug 22 each 17
experiment

“abbreviation: No, Number; Cal, Calibration

Tchecked the sensor and calibrated them with 100 ppm isobutylene at the agency
TUsed for measuring of HCN gas in July 2020 (excluded cases used for training purpose)

A= 7129 25% olHf Ve WiRE IR,
ZU3st #d Yo% PID-DRIs 24 5% 9] o]
£ Bt 2 doA EFES FUKRE FES Ao
7} AFATE FYgE 2Elo] PID-DRIs 7H9] &% Zfo]
E HY AL E Aot fARE 23S BE9E Yang
et al.(2016)9] A7olA TIELRQ EFME 2019
PID-DRIsZ B7}3t 23, AsZoA Bt 5k 5=
& B9AN, IEEE SHESE S B 4 1
9] xo]& Rt} LeBouf et al.(2013) AtoA=
PID-DRIs &4 5X9 HAG=E FA717] HoliA=
SAot1A} of= X9 2kt F7t FARE SgolA
PID-DRIsE EAY AS AFotoith & AtolA A
45 PID#1 ¥l 20139%0] Y4siaial, 20209
Lo AINE WASFAL, PID#2, PID#3 A4 2020
o] 19519, o] 3 AlA WA= YTt PID#1,
PID#2= 2021¥%9] KOLAS(Korea Laboratory
Accreditation Scheme) AWAEEL AASFHAE,
PID#32 20209 % &1 FAlo] AASE HuAgo] FHF
AN A7|1¥AL, G Ao B vl 13] ARSEA
HTable 6). & 43 A= X4 PID#1, PID#3%
H|£3t =5 Z3le Hol1 9lu, PID#29] A= th
£ Amle] Ay B} 3Ag7E FHiEd, ek 1
olfE H%¥Y &+ QIglh. Tht PID-DRIs 49| 3
$, Alx9] TE7E FashH, F712Q1 Al T, Al
A9 0 5 ERIxt FA, Avle] Hug E Vet &
v 7} of9- F83 9ot

A1 AtHL AW Ay 24 Fof 29t 55
AlojstA] AUt Barsky et al.(1985) @AtollAl=
PID A4 10.2 eVe} 11.8 eVol| thsiA A5t
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% 522 5 2= ARS HAESHA
ot I8 8F9] 9 EHo| gt AY F
TE £ ol et APgS Bola, v
s $F0F8 AFE 250 19| JF
o] JAYTIEE FFS BTk Coffey
et al.(2009, 2012) A-olA% PID-DRIs $% 5%
Lo} Fkof wet folE Hlal, '] 77 B
o A8 o Fo7F "dgsittar Agstar Utk
Drummond(2010) dolAs 557 =2 E400A
PID A4 9] ¥tkg 52lo] "ojzxttal ¥ skl Qitt. 11
7] 2o S5t A5 YFHE Al HAlste] 5t
H-gAl=& PID-DRIsE Hgohs WS Bt 9
o} o|AL FHEAAS /Nd} sLstth LeBouf et
al.(2013), Khoshakhlagh et al.(2021) 94 &&
259t &% ZAoA PID-DRI &% & Afo|7} g
Atts ALAL} Lee et al.(1987) AFtolAdE 0%
9} 90% &= XA PID-DRIsZ &% 3t¥E
90% HE 7oA AlAQ FIETE Yol S
AT Aol W Yo 2% W &% AL 24519
Z1gysfor g =g /do] Qltt.

2 AolA = 471 SF9 e e s A
< FHoFAL, FFEFASE E8ot FIER7I
SRIE9] AYgEE 7= 2= EHolth 9
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PID-DRIs &% AH| 7tz Zjo]E Holi QI3itt.
PID-DRIsZ7 AH|T @502 AR t= S4%kol
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