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Characteristics of Workers’Exposure Concentration and
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ABSTRACT

Objectives: This study was conducted to identify the characterization of organics solvent exposure among
painting workers in the shipbuilding painting process, especially for their daily variations(within worker
variance).

Methods: Charcoal passive dosimeters were worn throughout each work shift for 20 days for five painting
workers from October 19 to November 26, 2015. A total of 100 samples were collected, analyzed and
compared with statutory workplace environmental measurements.

Results: The geometric mean(GM) and geometric standard deviation(GSD) of mixed organic solvent(six
substances) exposure index(El) for the 100 samples were 0.42 and 4.42 respectively. The median and range of
GSD for within worker El representing five workers’ daily El variation is 3.72 and 2.63 ~ 5.20, respectively, which
is classified as a very large variation(GSD)3). We were able to divide the painting process into two similar exposure
groups(SEGs), Touch-up and Spray. Spray painting workers were much more exposed to organic solvent than
Touch-up painting workers(GM=0.71 vs. 0.19), but less variably (GSD=3.64 vs. 4.10). xylene is the substance to
which the workers were most exposed(GM=16.19 ppm, GSD=4.36), and the exposure characteristics of six
substances including xylene is similar to those of El.

Conclusions: The daily variation of organic solvent exposure in the shipbuilding painting process is so high that
statutory Assessment of Reliability of Work Environment Monitoring needs to be conducted with statistically
sufficient number of samples and evidence.

Key words: daily variation, organic solvent exposure, painting, shipbuilding, within worker variance
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oA olEoA AT FHS AEPL BF o]

A

g
&
W

(¢]

b | e S ;Hi% A 3
P E=xFo| dH T AgHL) QR o]
& £ 294 & AA9 FE

o] A2 o) ] Fof zlgst
S WSHHKOSHA, 2011). AY=A+
o] wh Axngo] EAI £ EFoR U 4 9l
o ARz HRIEE 3719 £3sto] EFok= HHle
2 A Y71y Yo 28 =A% of 2 ARSSic
5 AL Andgo]A(spray gun)°] BA Y= EAf H
3 F3o] A3 BES B A4 Hskes Zgolth
At = =eAES 292 & T (touch-up
painting), 3 B2 AXH0] =&Y (spray painting)
< F2 £33t o et F 79 =S wdot
Fohs FT AT AR AP AP =
W =45 Hol A ZHdo] o] ALt Al FeHo =
A2 AAEE0] £l TE & |0 T A
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acetone, methyl isobutyl ketone, iso-propyl

alcohol, n-butyl alcohol, isobutyl alcohol,

n-butyl acetate, ethyl acetate 5 117FA| At}

2. At 2
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2097 AEAF Y FARtsto] 2Rgo] HEg <l
= AEHQl 24 EZ7](Organic Vapor Monitor
# 3500, 3M, USA)E AREFITHNIOSH 1994; HSE,
1997). 5789 AP =2 =aAo] tiste] AL
717 T FEES ARt LY 20979 &2 S
st F 100709 Al=E AFHFH. S871 F 5
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AT AlEes vl= AP E A AL (National
Institute for Occupational Safety and Health,
NIOSH)9] IHA¥71=] NIOSH Manual of
Analytical Method(1994)& &#83lo] EA&JL. =
Shkg =710 g& 8wl olFEEA(Junsei
Chemical Co., Japan)E 2 mlE Fo 30&7 €25}
PR, Holdo] &4 "2 & EE 0|23 AEY|
(Flame Ionization Detector; FID)7} ZA&tH 7tA3
ZotE 72f31(GC-2010Plus, Shimazu, Japan)E ©°]
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o AFEEE YR9 EXMIHEAAE(MSDS)}F T+
o] A ZAAIAAZARTAE EYZ, AR&Fo] 71
22 xylene, ethyl benzene, toluene, styrene,
acetone, methyl isobutyl ketone §°]tt. ATt &
7184 BEE EEE A 52 18T 371
FoZ o] AR5 A|(Time Weighted Average:
TWAE 3t
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7] 57184 AEL &L E 18Ty |8
= 7HA AEA8B7RE A3 T

C 1 7 87184 482 TWA
T : Z §718A4 AR 18k w2/|&
Xylene 100 ppm, ethyl benzene 100 ppm, toluene
50 ppm, styrene 20 ppm, acetone 500 ppm, MIBK
50 ppm
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Holo} AFH AR FF ARISHA] gh= BHrlo|E= g
A7} Ak 8= o] A+ AFA Bt w=4E
A E3](American Industrial Hygiene Association,
ATHA)9] &5+ T2 o83t gvtyos 2y
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= & sk 23t gy 2 AV ot
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o] AIHAE SAR-Z=15(Similar Exposure Group;
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controlled)’, 355 (0.5%XOEL < Xpos < OEL) ‘#=E
(controlled), 455 (Xpos » OFEL) ‘FAsHA Hed
(poorly controlled) & ©JtHMulhausen & Damiano,
1998; Bullock et al., 2006; Hewett et al., 2006).

=3} HEH=9] AR A8 (British Occupational
Hygiene Society/Nederlandse Vereniging voor
Arbeidshygiéne, BOHS/NVvA)2} FHESS] 93]
(Comite Europeen de Normalisation, CEN)°lA+=
P959] 70% Al&AIsE 34 X|(upper confidence limit,
UCL)7} OELE ¥ A8 FdsHA] gde= E532
2 Eold, AR $ 67 o). o] 7S = v A
2 Y499 A2 5%7F E7EE 24T 730l
30%7F et A Aot Ho|X|Q Ao oJgt
HOo=g ‘P95 ) OFL & Z3Fg(exceedance fraction)
o] 30% oAl AL ‘IteE(overexposure) = 1LY
H(high risk), 5~30% Afolel HL ZH(moderate
risk), 5% HlFHQl 3% AA(low risk) 2= 73ttt
(Derby, 2011; Lavoue et al., 2019). H|o| x|t A
7]1& Q1 WIE394 HIH(frequentist approach)
I &2 AHEEEE(prior probability distributin)
2 SEQ] Al Addsitt, mXTo] A3 RxE 7}
At gEof 7123 HHE o]85t] E3rES I
Z3IHKim et al., 2014). 8+ o] A4 AIHA,
BOHS/NVVA 59 =537} 7|%& &5 ol-&3to] 3
7138t

SEGY] W&H7to] 94 SEGZE AAl fAHES Ad
OFA S HESof gt $2= 1A S
A EAAY w54 572 sk SEGE £ o U<
A HEFH 94 205004 v 3389 5%
9] AA EAKTotal variance; GSDH)L 2L 542
HHESto] A% F9] B4Rl i ARy E4Kwithin-
worker variance; GSDwHI} A& T2 L5419
E5% APo|9] BARI s A i between-worker
variance; GSDb)9] Fojct. AHIAE EAREAY
(Analysis of Variance; ANOVA)S o]&3lo 5% &
oA & B Al sARE BAbo] e A £
Aol Hs §-oJstAl & - SEGE 2Pt HaL
otal QUokBullock, Ignacio, AIHA, 2006). BOHS/
NWAE AlEgolde & ANOVA HAES 1Has}st
o] GSDb?/ GSD* = GSDb?*/ (GSDb* + GSDw?) <
0.2 27& 3514 SEG 992 =E37P7} ehdoitt
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1 EcKDerby; CEN, 2018). SEG ZgA AA
pRoosE -8oh= WHE AT} pRoosT AR

9] P97.59} P2.59] H|E U5l gRoos = exp (3.92
GSDb) ©]t}. gRoos < 291 39 SEGE @HZ =&Y
Ve @ 4 3 IR gobd SEGE F719 ®ol7t
2 Ao 7138 4 At (Kromhout et al., 1993).

4) 8H &M

< Ayt AJEARZ7HEC] S4lol Hof oy
LEH7IE &4 st] fIgE HolA gt SAE ol&-
Expostats toolkito]gk= @718t JPA4H7F =271
< 7R3tk Expostats Toolkit®] Tool 12 FAR=Z
IFoIA &78% HolH 2R Y 5A4 F2ES S 4+ A
E5 95051, Tool 2F ©ol-&5to] ot 7 AAX7}
fofilAtel] At =Ed SEETE ofuzt HoloA
SAeE ARt Hol9] 7] A=E BIFE 4= k.
Tool 3& 749 a3 H7Iske & 184t =5 ©
o|H & H|Wsl=t| ARFET & Utk o] AFoA= o
Toolkitg H5F o]&sto] & 374 a4 f7]-8A4
A 5= BEZ HESI Median, AM, SD,
GM, GSD & 7123 =& EA4& melg2 E& 9
Aol Tt =EB7FE B Tool 25 o|-&5to]
LA 9 =5AR 41t HolE B3t Lavoue,
Joseph, Knott, Davies, Labreche, Clerc, Mater,
Kirkham, 2019). H[o]A]Qt BAME ol&st A%
L33 ARt AR #E AlFsket A58 vl
o] FgHol wE Akt diRE AASHATE rho
(0), BRogs (Ry ratio)= °F7+2] 2to]7} QU=H], SEG &
A B9 FEI= 715H] flste] A ALk 4
ARESIR oM, pZH(GSDb2/(GSDb2+ GSDw2))e] 0.2
H|gkel A9 wEA Rttt §ol7t A wHoloA ZA|s)
= H|$o| Houg dF 152 SEGE Tttt

o ol ok
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Table 1. Summary of subjects’ characteristics

Subject Job title Main task Agelyr) Gender Nationality Career (yr)
Worker 1 Supervisor Touch-up 50 Male Korean 27.0
Worker 2 Foreman Touch-up 44 Male Korean 8.0
Worker 3 Laborer Spray 28 Male Vietnamese 46
Worker 4 Laborer Spray 28 Male Vietnamese 3.8
Worker 5 Laborer Spray 28 Male Vietnamese 3.8

LEAS v4Y REAL 2Folon FUTh w54 otk £ 3 =EAEY EF 97184 Bk 213
3-4-5% 49 A= FE2 7 20 &= = AREETES & 5 Utk

FAg0ln AL BE 2ol

Oﬂr‘ﬂ—_g_ h__E_x]_ 1, 2_1:_

1, 2 F2 & =32 93 =84 3, 4, 5

Azl A

F2 2TFo] =0l kEA}
3, 4, 5& FolA o] 5 EHxo|AR, A= a4}

— ——

0] EX]-.Q- UJ-O] /\’Sﬂﬁ‘ﬂ]:]- l:l-01 X1-04 “EQE!—E] ﬁ,]EX]—iﬂ _q]
FRo gl et F =2 YPeks B9 ok

= ando]} Bolsh] Qe A9 % EAL ST

-—|_____

3 B ARAE o] weh AxEo] =g .

2. 2% Q7I2H El
1) M =S} ElS) 22

Figure 1+ Expostats Tool 1& °]83to] =4 &

4 w550 £F 47

Ehdl Aol Figure 12 4 AAA59] £ 9718

-84 EI9] £EE o=

A Elo] 218 3 ghe] BEE BeS-Ro% 1Y

(Quantile-Quantile Plot :

1.

<’|‘

Quantiles (standardized obs)
0

Q-Q plon o2 Yepd A

2) LS S 28 R7IEA El #HO|

Table 2= 589 =54& SEGE & & U=AE
gIsl7] Y8l Expostats Tool 25 o|-&sto] =FAF
W, =5 AE £ 77184 El ®ioler ¥dd ¥SyE
AbE3SE Aot 58S 5] SEGE He B9 =
8 AYZ 71l E & =, Axdo] = 5 AlEstH
5o diste] SEGE] H3d = AJE Table 20|
1 SIS 4= Aok WA 578 54 AAE SEGE &
T U=AE AHE I gRoos7F 7.940]13 o=
0.230]E%2 SEGE #7370 =sAt #4to] A
wAoIA AR|Sh= HlSo] ZAth F8 AFE 7|EoR
SEGE AT BF o € 0.2°]% pRogs ( 20|22, 1=
ARt E4to] eEm Ay EAto] H]s| Ao} SEGE i
s}7)o] Askst Aoz JERt] Figure 28 5 L=
b 9 F8 FAF AFE £ 7718A B9 =25

>

o

category ® Worker-1 ® Worker-2 ® Worker-3 ® Worker-4 ® Worker-5

0
Quantiles (lognormal dist)

Figure 1. Quantile-Quantile Plot for logarithm of the workers’ mixed organic solvent exposure concentrations (EI’) in the
shipbuilding painting process drawn by Expostats Tool 1

"Els = Exposure Indices
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Table 2. Validation test for selecting SEG” of mixed organic solvent exposure (Exposure Index) in the shipbuilding painting

process

SEG All workers Touch-up Spray
Category (worker 1,2,3,4,5) (worker 1,2) (worker 3,4,5)
GSDw 3.80 4.00 3.67
GSDbf 2.07 1.32 1.19
I 0.23 0.11 0.10
8Rogs 7.94 1.36 1.12

"SEG : Similar Exposure Group, 'GSDw : Within-worker geometric standard deviation, TGSDb : Between-worker geometric
standard deviation, 3o = GSDb?/(GSDb?+ GSDw?), within worker correlation coefficient, If o > 0.2, there is need to reconstruct
a SEG or proceed to test individual compliance, not current SEG compliance. ! gRogs : the ratio of the 97.5th to 2.5th
percentiles of the distribution of worker specific AMs, if sgRogs = 2 there is need to readjust the SEG or proceed to test

individual compliance.

Worker 5 = - -+ & slem wus s
Worker 4 * — Spray L em messer @mes s e
Worker 3 * s e s e wees e g claniaeie - = ©
OEL
Worker 2 * e s sessme ao‘; . . . e
i
i
Touch-up
Worker 1 * * N B BEMBEH B e
0.01 0.1 1 10

Exposure Index

Figure 2. The box —and-whisker plot™ illustrating mixed organic solvent exposure concentration (EIS) by main task! and
worker in the shipbuilding painting process

"The box is defined by the 25th and 75th percentiles, TThe whiskers is defined by the 10th and 90 percentiles. TThe black

dots represent actual observations with the shaded points representing the idealized underlying distribution.SEl : Exposure

index, ! Spray and Touch-up are the main tasks of workers. TOEL of Exposure Index for solvent mixture is 1.

Hofsal 3l 0.42% Uehdth & =28 Fa ARg 533 299
LERE 27 BEnEy) AT 9ske ¥Wasky 919l
3)EIQ = EMH L & TJ} g Axngo] &3 =

2 9%R S EASEY g
1}
=

Table 32 =4 374 8 A% & &F §718 & EF 7184 =&5F°] 8 WItHGM : 0.19

Al E19] EAY w&97} 23S A5 #o ]"4— Table vs. 0.71). ¥Wo]A4(Coefficient of variation; CV),
4o M= 78 =B5Ae] 3t 5718A w2547 57t GSD= & T3] =UTHGSD : 4.10 vs. 3.64). &%

ANE ARFHoz B 4 ot AA| i%XPgA =3t
27184 EI9 Median, AM, GM< Z+z} 0.36, 1.07,

77184 EI9] 194487t 2= AR 2= AIHA
27} 272 =W 45F(poorly controlled)
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0|3 BOHS/NwA 7]&2 2= 1% (high risk)® Y
Efsth 2)olA =B ARt Hol7h s AR wo] Mt A
Al SEGE H7| ojgth= 23} gleng g AHEY
2 SEGE AlEstote] 84S B71st 23t & 1%
2 ATHAY] 7|0 W2 Xpos » OEL| sfigdote=
D% 45Fo] gt HWolx|Qt BA FFHo| 2
P95 ) OEL' &g 30%E 7|2 & Hi= BOHS/NVvA
of MEH, & A2 30% "TH11%)elnE FAUE
(moderate risk), AXdo] AL 11950 g JLHEEC]
M ea5dt HEE S B7IeE A3}, AIHAO
7120 2H =352 1% 353 (Controlled)o]al
HA] 4L B% 45Fo7 EEIct BOHS/NVVA
7120® BHH =54 12 AYdlow risk), =54}t 2
= 398, =84 3, 4, 5= 1R it
52 ¥E Hd X HEQ Median, AM, GM9] +9
£ B, =54 57F 7P w9 B4 30] HE o]
QI =B 10] 7P wored), Al BiA <98 1
= AME =52} 27} Mediand}t GM =54} 47} A}
A A4 =8 =5AEY SD, CV, GSD+= Z72t

1.42, 133%, 4.42% YeERdth =54 H& CV, GSD
ol WAt T 86~164%, 2.63~5.20 F=0|th.
GSD= A3 =54 27t 5.28 7P ZAL k54t 4
7F 2.6°0% 7P Aty E 718A El =571
12 " 49= GM 9 919t 2=dl, =54 57t
wZ7|& Z3M|E{(Proportion above Occupational
Exposure Limit; Proportion ) OEL, ZI}H|E)0]
60%9 Y A=A =5A 12 g A= fISith
Expostats Tool 22 &% 7|84 9% 492 &
A AS B9 5%7F w275 298 g2 23+
S(exceedance fraction)& Ho|X|QF BA 4= &
o AtEgity, AN =45y e AEY 2AEES
46%FIL ' A 5 (47%), = A 3 (41%), sAl 4
7%)9 =0l AF =T =54 27F 19%, #e
H=AR] 254} 10] 3.1%2 7 Ittt 7B S
T7F =2 =84 59 23 57184 EIE 100%2 &
3 A Resist =E2A A4 (Relative  index  of
exposure; RIE)Q] ZIEE9 &92 23Ut P95,
P95 UCLY <=9 AMSF 22 54 3, w54t 5, e

Table 3. Exposure characteristics and assessment of mixed organic solvent Exposure Index by main task in the shipbuilding

painting
Parameter Touch-up Spray Total
N* 40 60 100
Median (Range) 0.13 [0.02 - 4.77] 0.13 [0.02 - 6.59] 0.36 [0.02 - 6.59]
Proportion » OELT 12% 45% 32%
AMT 0.57 1.39 1.07
SDS 1.12 1.51 1.42
cv! 195% 108% 133%
e[Vl 0.19% 0.71 0.42
GSD” 4.10 3.64 4.42
RIE™ 26% 100% 58%
Percentile 95 1.8 59 474
Percentile 95 UCLTT 2.9 8.4 6.4
Exceedance fraction” 11% 46% 28%
Consequence of ™ Poorly controlled Poorly controlled Poorly controlled
exposure assessment (Moderate risk) (High risk) (High risk)

"N : Number of samples, TOEL : Occupational Exposure Limit, The OEL of exposure Index for solvent mixture is 1, TAM
© Arithmetic Mean, $SD : Standard Deviation, 'CV : Coefficient of variation, 'GM : Geometric Mean, “GSD : Geometric
Standard Deviation, "RIE : RIE stands for relative index of exposure. The category with the highest GM is considered
associated with 100% exposure, and the value for other categories are expressed relative to this reference category. ™7
UCL : Upper confidence limit, " Exceedance fraction : Estimated probability that point estimated P95 of worker's exposures
would be above the OEL. *** Criterion defining according to the AIHA exposure control rating categories(Poorly/Adequately
controlled) and the guideline of the British and Dutch occupational hygiene societies(Low/Moderate/High risk).
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Table 4. Exposure characteristics and assessment of mixed organic solvent Exposure Index by worker in the shipbuilding

painting
Parameter Worker—1 Worker-2 Worker-3 Worker-4 Worker-5
N’ 20 20 20 20 20
Median 0.13 0.13 0.65 0.52 1.39
(Range) [0.02-0.90] [0.02-4.77] [0.03 - 6.59] [0.11 - 2.79] [0.08 - 4.83]
Proportion » OELT 0% 25% 40% 35% 60%
AMT 0.24 0.91 1.71 0.85 1.61
SDé 0.25 1.50 2.00 0.81 1.39
cv! 109% 164% 17% 94% 86%
GMT 0.14+t 0.25 0.72 0.56 0.90
GSD” 2.90 5.20 472 2.63 3.72
RIE™ 15% 28% 79% 62% 100%
Percentile 95 0.79 35 8.6 2.8 7.6
Percentile 95 UCLTT 1.4 77 18.0 45 15.0
Exceedance fraction™ 3.1% 19% 41% 27% 47%
Consequence of ™ Controlled Poorly controlled | Poorly controlled | Poorly controlled | Poorly controlled
exposure assessment (Moderate risk) (High risk) (High risk) (High risk) (High risk)

N : Number of samples, TOEL : Occupational Exposure Limit, The OEL of exposure Index for solvent mixture is 1, TAM
: Arithmetic Mean, $SD : Standard Deviation, 'CV : Coefficient of variation, GM : Geometric Mean, “GSD : Geometric
Standard Deviation, "RIE : RIE stands for relative index of exposure. The category with the highest GM is considered
associated with 100% exposure, and the value for other categories are expressed relative to this reference category. 7T
UCL : Upper confidence limit,  Exceedance fraction : Estimated probability that point estimated P95 of worker's exposures
would be above the OEL. ™ Criterion defining according to the AIHA exposure control rating categories(Poorly/Adequately
controlled) and the guideline of the British and Dutch occupational hygiene societies(Low/Moderate/High risk).

o] Bxo|t}. Figure 3914 %3} 3, 4, 59 k%o
T 3(peak) S o|F L AL F2 AXdo] THZ0]
iRl A9qn deE AWe 4L Aee Axd

o] =o| JrjHoR AT T AEL # B 5

4 2, At 4, =EA 19] &oIH.

4) Bl Y7t Bojet L HGEI}
Q

= [
Figure 3, 4= ¥4 5% L&Are] &3 77184 El

7 Worker 3

Exposure Index

16 17 18 19 20 21 22 23

10 11 12 13 14 15

1 2 3 4 5 6 7 8 9
Day
Figure 3. Variation of each worker's daily EI"
"El : exposure index, broken lines represent workers' leave.
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Figure 4. Variation of each workers’ daily Els’

Exposure Index

"El : exposure index, the shaded points represent the idealized underlying distribution, and the bold points actual observations.
The box is defined by the 25th and 75th percentiles, and the whiskers by the 10th and 90 percentiles. OEL: Occupational
Exposure Limit, The OEL of Exposure Index for solvent mixture is 1.
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3. 77I8H 670 22 == &Y
1) 22YE Bt BETAL

Table 5= A 71 {71-8A1 et =4 =54t
& 559 AM, SD, GM, GSDo|t}. B &5k s
xylene ©] 7Fg &%til ethyl-benzene, toluene,
MIBK, styrene, Acetone &2 £°=& UERdL}
xylene, ethyl-benzene, toluene, MIBK & &%=7}
Hnd 22 =34 255529 AM, GM #9 &9
+ % /718A EI9 24T 2ot A7 EE 34
L84 AA =E5%2 GSD7F 7 =4 yEpd &3
2 toluene©|@lal ©]ojA ethyl-benzene, Xylene,
MIBK, styrene, acetone &< <4©°|%lt}. styrene,
acetone 5 B =&%T7l @2 EFL HA GSD
7} 28|90l Al Uz 2452 3& |tk

2) S AEEA

LE2557F %2 xylene, ethyl-benzene, toluene
Ato9] AHAG(R)= ZH2} xylene vs. ethyl-benzene
0.9493, xylene vs. toluene 0.4237, ethyl-benzene
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vs. toluene 04772 &, A=Y 659 7718A &
LE5T Abol9] A2 A 49 S Elth
=49 A Y Aol= o] FHolA= xyleneZt
ethyl-benzene©] &Alo] &3 AlFo] 714 ol ALE-
13 toluene 33 AF F< xyleneo] EFE|A] b=
AL USN7] ol

=k
=

[

V.

2AA =AY s AY] 77184 ed AHHCIE
Ao LEEAE Tefolal fedS Wreh] el
B VI e TR AAsH 589 sAs
= ez 2093t & /7184 (xylene 5 670 4
&, N=100)9] EIE &4t A4 & 77184 El=
21 FFEIE 5F9A GM=0.42, GSD=4.42= Y
t}. 5789 &3t /7184 EI9] QI d7tHo] &, =
AW GSDY median 3.72 (2.63~5.2002 T
E2 Hol(GSD) 3)E HIAH. 5% k=TAE s
SEGZ H7]dl FAMol AU F2 AF 5 =4,
£sngo] =Fos FEF 3¢ ARt Wl H|F
o] 71 RHe<0.2)°] siFstR R At AL

. ofy
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Table 5. Mean and Standard Deviation of workers’ solvent exposure in the shipbuilding painting process

Solvent exposure concentration (ppm)

Worker Parameter " EI
Xylene Ethyl-Benzene Toluene Styrene Acetone MIBK

AM 9.68 4.71 1.90 0.42 0.56 0.58 0.24

Worker SD 13.06 7.04 4.06 0.34 0.98 0.99 0.25

1 GM 5.34 2.28 1.04 0.58 0.87 1.00 0.14

GSD 2.80 3.19 247 1.36 1.94 2.02 2.90

AM 35.64 19.98 9.19 0.80 0.45 4.58 0.91

Worker SD 56.40 31.43 20.57 0.76 0.47 9.12 1.50

2 GM 10.20 5.03 1.52 0.74 0.78 2.28 0.25

GSD 4.97 5.66 5.31 1.92 1.39 4.75 5.20

AM 70.03 42.03 12.43 1.71 0.71 8.17 1.71

Worker SD 75.57 46.80 23.82 1.43 0.42 12.42 2.00

3 GM 29.43 15.98 2.24 1.33 0.78 4.26 0.72

GSD 4.97 5.67 6.20 2.26 1.46 490 472

AM 36.18 23.74 2.92 1.18 0.57 4.25 0.85

Worker SD 37.72 26.12 3.93 0.99 0.40 4.62 0.81

4 GM 21.67 13.43 1.83 0.95 0.73 2.58 0.56

GSD 291 3.09 2.48 1.86 1.33 3.11 2.63

AM 59.08 38.77 15.00 1.42 0.75 8.63 1.61

Worker SD 55.96 34.86 16.87 0.88 0.63 7.93 1.39

5 GM 32.20 19.86 6.40 1.17 0.99 7.28 0.90

GSD 3.61 4.24 492 1.93 1.49 2.54 3.72

AM 42.12 25.85 8.37 1.11 0.62 5.24 1.07

Total SD 55.29 34.18 16.73 1.04 0.61 8.41 1.42

GM 16.19 8.66 2.13 0.94 0.82 3.17 0.42

GSD 4.36 5.22 4.64 2.00 1.51 3.89 4.42

"MIBK : Methyl Isobutyl Ketone, TEl : exposure index

fo] &S F2 F3Y% LA £ EALS AR
At =eAEo] Hle B =EFFEUF E9kou
(GM=0.71 vs. 0.19) WHol= © ZJTHGSD = 3.64
vs. 4.10). £ f718A4 Lol 2 IS A
o] = A A= 19, & B kA= 9
do= Wyt AFthY ke 17184 AE
Zol= xylenedl 74 ©o] ERTHGM=16.19 ppm,
GSD=4.36). S71-8A Zr &) it =54 =& &
2 B9 AT AR

AT Y ABET ZdolA esA=e] §718A
&9 Y7HHol= F7 £ 2910] R ©E Ao

2 Rt} =5} 2= 53t §7|-8A E19] UzkHo|7}
M =9=HI(GSD=5.20), = f7|8Al k&40l
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Tog EOM olof H|s} A} M 54 49] ¥o]
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Table 6. Comparison of xylene exposure and El between previous study(Koh et al, 2001) and this study.

X Xylene (ppm =
Category Main task NT Y ﬁpp ) "
GM# GSD AMT AM SD
) . Touch-up 54 11.82 2.94 18.54 0.5 0.47
Previous study
Spray 30 12.81 3.03 21.74 0.67 0.79
. Touch-up 40 7.37 3.94 22.7 0.57 1.12
This study
Spray 60 27.4 3.76 55.10 1.39 1.51

"Study result of Koh et al, in reference. TSEG or grouping by researcher, TN : Number of sample, SGM : Geometric

Mean, "GSD : Geometric Standard Deviation, TAM : Arithmetic Mean, “El :

x]lﬁ}x] ZAA 2E5AE iAo R 2097 d&0
SRS 28T AL T - 9 FE0] A9 gl
2% o e Foliect 24l 19 399 #7)
¥ A5 s SIo) )
. 7187 w2 B4 Bt
o 1% D8 200 Ao Ae SeAer B
d A 52 2AA 2T WA AdS
324 2% 5 e 494 2899 32 w2 Z4an
£ B389 HKoh et al, 2001) T IAHOAN B &
A, Axao] £ 2Hg] 1FS A 22WIIE Al
F=Hl, Table 6= 29| A} A A+ A9 H]
wolet. Axgo] £ k3AEY] &5 17184 El1 ¢
xylene =% ke of¥l A2}t ES5H UL
% EAL AME HIERT 99 477 GME o Rt
o GSD= 8] A28t & =2 1, AZEo] &
A2 073 =S 1 59 A= AFET
o} ZiRto] W AR (BEYE vs BE ¥ s &
D= 7HA1 5719 IFCo g BERFSte] SEGE £ 4
AT A AEYET, B &, Aol =4 &
FE =oboto] tiRE pRoos7t 0.16~18.71 W=
SEGE H7|ol= olz#l& ZCo&E Ueitt o]of H|s]
-2 AollAE A5 SEG A Efget Ao v
Bt
AYE 5(Kim et al, 1999)> = Adt =2
LA A g Bal =7 Fol xylene kEE
TE R Avr =& =529 ethylene glycol
monoethyl ether acetate &= QI A A
9F Al AFe=d FAY = s ks GM=
28.23 ppm (1.07~249.81 ppm, N=18), "2 =%
=52 GM=8.50 ppm (1.19~74.04 ppm, N=12)
217 wEH Z0E YERth 28 A1 xylene
ES5 59} H]|$91a1(27.4 vs. 28.23 ppm), GSD= AF

www. kiha.kr

Exposure index, "Standard deviation

ER] LA 5= HY(1.5~226 ppm vs. 1.07~249.81
ppm)7t FARRE HOo=E wRo] A] BT ZoR S
FE 99 F A% Aot 29 AFE Bla S b,
209 B9 2AL BT /7184 &2 HAE
A ety WHol= o 71U

ARFE A9 ATt 9 Ul 24U =
A2 2ot ASE B AGE {odA =&
T3 =5 E4S FE3t dlolEHolA7t glojA A
T9 99 & ¢ EE&5h7]= oyt ot 42 tEA
ok gt 97t ShEd ke A W &S At
UO B = o] AFAIe} Ho|E H|wT gheit). T
FAA A EEZ2 2D (trichloroethylene) Al
Aol SARE 299 BARE WY E g T ol
A&0 2 HhEsto] 4% Ao W2, GSD+ 242t
2.29, 2.1995KKim & Park, 2016). 2] 9] &
o 77184l EI9] GSD+= H+t 442 o|HE 244 &
2ol AHiF o g TCE A&z Hg] #ol7F =2
ol & 4= 3ok

L34 39] &3 37184 Bl H9e g2 &
bt Qll=dl B3 20€U9] 71z 59 i 0.03
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2 5AE B3 St g ojujo]l A3t ol FERtA

£ 72 42 sE2HE 2789 6HE 2ot &
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4H7F A= o] A2 AU B7PE Holof gt &,
GO A A, - EAE Hgl S3b ke do] Holv}
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