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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(EI) for the 100 samples were 0.42 and 4.42 respectively. The median and range of
GSD for within worker EI representing five workers’ daily EI 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 EI.

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.
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Table 1. Summary of subjects’ characteristics

Subject Job title Main task Agel(yr) 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 4.6
Worker 4 Laborer Spray 28 Male Vietnamese 3.8
Worker 5 Laborer Spray 28 Male Vietnamese 3.8

5AE vsd keAte 2FolRta Aot kst otk B 34 kE5AEY £ £718A Ele 2114
3-4-5% °F 49 A= FE2 71 200 &= TEEIS & 5 Utk

ZH.O
e

ExEo0|H HE Zgolth AdEzo] Al
AL =57 1, 2& FE Audo] Ao e
3, 4, 5& oA &0l 5 EXo|AR, AR =FA
1,28 F2 5 2Ag 183 w54 3, 4, 58 And
=4S wol 3t 3 29 dgE w =AY
S7e Il et £ =S Wtk A9

[e]

—_

Z 2mdo|7t golatA] g AS & =4 FYRL
B A AAAE o wep Axgo] EAS

=8 R7I1EX EI

Figure 1+ Expostats Tool 1< °©]-83dto =4 &
A =AY =% §718A EIY £2E J7eg U
bl Zolt}, Figure 12 =4 AAxE9 &3t 718
Al Bl 235 g ¢ EXE EHe-E95 19
(Quantile-Quantile Plot : Q-Q plot)2.& YeRH A

category

0 1

..1‘

Quantiles (standardized obs)

0
Quantiles (lognormal dist)

2) SN ESA 27 271X EI O]
Table 2+ 589 =84S SEGE & &
ZI5l7] Y38l Expostats Tool 25 ©|-&3lo] =5A}
W, =5 At 29 /7184 El Holet IH Hes
423t datolth. 59 sk SEGE Fe 4% +
8 AUS 7R & A, Ango] &} 5 AlEgt
| distod SEGS] 3t & A EE Table 29
SIS 4= QU WA 34 =54 AAE SEGE &
T UEAE ATE ZAd gRoos7t 7.94°]3L p=
0.230]2=% SEG=® &F5t7]°] =aAt #4to] AA
FAIA R[5l H|Fo] At £8 ARE Vel
SEGE AT % p (0.20]9 gRoos 20|22, =
AR BAto] gAY Ao BIs o} SEGE &
st7lof] Aget A o2 Yyttt Figure 22 5% k%
28 9 F8 FAF AR &3 /57184 ElY E2E

PeAS

' Worker-1 ® Worker-2 ® Worker-3 ® Worker-4 @ Worker-5

1 2

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
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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
GSDb* 2.07 1.32 1.19
P 0.23 0.11 0.10
sRogs' 7.94 1.36 1.12

"SEG : Similar Exposure Group, TGSDw : Within—worker geometric standard deviation, TGSDb : Between—-worker geometric
standard deviation, $o = GSDb?/(GSDb?+ GSDw?), within worker correlation coefficient, If » > 0.2, there is need to reconstruct

a SEG or proceed to test individual compliance, not current SEG compliance. !

8Rogs :

the ratio of the 97.5th to 2.5th

percentiles of the distribution of worker specific AMs, if sRogs = 2 there is need to readjust the SEG or proceed to test

individual compliance.

Worker 5 =

Worker 4 *

Worker 3 =

Worker 2 *

Worker 1 *

— Spray

" 2o e W e »
e e e e s 8 BeE s -
—
|
e se  mssme 00‘:‘ . .
i
Touch-up

0.01

*8 -+ -+ &

- "N BN+

-

Exposure In

10
dex

Figure 2. The box -and-whisker' plot™ illustrating mixed organic solvent exposure concentration (EI) 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.
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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
SD8 1.12 1.51 1.42
cv! 195% 108% 133%
eVl 0.191 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, 5SD : Standard Deviation, 'CV : Coefficient of variation, '1GM : 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. T7
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
SDS 0.25 1.50 2.00 0.81 1.39
cv! 109% 164% 17% 94% 86%
GMT 0.14¢ 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 UCL™T 14 7.7 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, 5SD : 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).

A 2, B AL 4, =sA 19 &0l
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Figure 3. Variation of each worker’s daily EI"
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“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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Table 5= A 714 |§718Al0] gt &= =54
& 559 AM, SD, GM, GSDot}. Bt &5k s
xylene ©| 7F% =%t3l ethyl-benzene, toluene,
MIBK, styrene, Acetone &9 <& UERIT
xylene, ethyl-benzene, toluene, MIBK & &7}
H A 22 LE5AE kE5Eo AM, GM g9l <9
% =3 57184 E19 AT 23t AR E=E 34
A AA & 5E9 GSD7F 7Y =4 YErd 24
—8— tolueneolS’,i_l_ o]ojA] ethyl-benzene, Xylene,
MIBK, styrene, acetone 52 <©|3lt}. styrene,
acetone & B XEsLrt W2 =42 AA GSD
7} 289kl Al YA 2452 32 dllth

2) SR SHEA

LE557F 52 xylene, ethyl-benzene, toluene
Atol9] AIASR)= 22} xylene vs. ethyl-benzene
0.9493, xylene vs. toluene 0.4237, ethyl-benzene
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< R 2097 &3 §718A (xylene 5 671 4
£, N=100)9] EIE &S43ct. A4 &3 57184 El=
21 AR 3193 GM=0.42, GSD=4.428 et
o} 5989 &3 §718A B9 7iQlE d7idHo] F, =
SAY GSD9 median 3.72 (2.63~5.20)2 W%
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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 2.47 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 4.90 4.72
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 2.91 3.09 2.48 1.86 1.33 3.1 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 4.92 1.93 1.49 2.54 3.72
AM 4212 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
go] TS F2 £ L5AE0] & 2HS TR WE & 2AS sYcsiHt £9S 275ks 3 =gA
AAet EEAE Bls) B =EsE7F #HoY A B Ango] =AZ Ay st *J“JW_E
(GM=0.71 vs. 0.19) ¥lo]= © ZUTHGSD = 3.64 ES %Eoﬂ 29t w547 33 =51} 57 =2

vs. 4.10). TF {7184 &0l 2 AT 22
o] T& 2 L= 195 B A LR 20
soz Byt ARl 2SS 97|84 AR
Zoll= xylenedll 7P @ol =EHTHGM=16.19 ppm,
GSD=4.360). §718A Zt 4&°l Higt =54 =& &
AL Elo] AT} |ARICE.
AT o A oﬂEﬂ XP%* oA LEAES] 97|LA
=20] d7tHol= A9 FF] e A2
= 2 =54t e 25 471870 E19] Q7o }
7H E=9=dI(GSD=5.20), F& 9718A &5F0]
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Table 6. Comparison of xylene exposure and El between previous study(Koh et al, 2001) and this study.

. Xylene (ppm =
Category Main task NT i ﬁpp ) —
GMS 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 3.94 227 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 : Exposure index, "*Standard deviation

AFH 24L =EAS OE 2097 &0
2 FAAE 24 A7 F - 9 BEo] A9 ¢
9}, o] A BoluTh 24 AYEY B9 97]
84 =BEAS M AAEA FEAHE 297t 9

ot S AL BT /57184 =& B4 At
AT wj - S=EojA 208 Moz ALY ok vt
g 5= ook w52 A EAEA WA 23
A& Ay F T2 ZAA}F 2899 33 wiE =94y}
£ BA59tHKoh et al, 2001). E& FHA & =
7, Axdo] A 2] 152 WA E%71HE A%
=, Table 62 -89 Ao}t Al A+ Aol H]

woltt, Axgo] £ v AEY] &9 {7184 EI ¥
xylene =& Sk ol AFZAI7F dE5HA =34
£ 22 AME v 2] A7 GME o RSk
th. GSD& $8 A2 & 22 1, Ando] &
A2 0.73 =0t W 59 APAs AFET
ofyz} 2tdAe] We A=(EZ R vs. EF 9 vs
DE 7ML 5719 TIFoE ERote] SEGE F=
UEAE 22 AES =, & &, Aol =%
FE EFI tFE sRoos7t 6.16~18.71 HARE
SEGZ W7o ofele Aoz thedh olof wlg
92] ATOIAE MR SEG YL Eige Ao 1
Bty

ALSE S(Kim et al, 1999)2 = Adt =42A
LA A A & i =7 ol xylene kE&&
== Btk Avl =& =519 ethylene glycol
monoethyl ether acetate ==& QI%t sty A
BT A Aded Had =8 ks s GM=
28.23 ppm (1.07~249.81 ppm, N=18), 32 =%
=52 GM=8.50 ppm (1.19~74.04 ppm, N=12)°]
747 e EH A0® YEth 8 A9 xylene &
Z5 =9} H|$5ka(27 .4 vs. 28.23 ppm), GSDE dF

A ol
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7] QAT = ¥ Q|(1.5~226 ppm vs. 1.07~249.81
ppm)7t FARRE HOo g mRo] AA] H=F Zow F
e 99 F A% Aot 929 AF-E BluS o,
204 9 AL EAFHY /7184 e JHAE
A Qkokal Wol: T F7HE A

At A9 AT 9 fuEtdls =AY =
2GS Zololo] AEH E= A FaQIA =&
T2 =& BG4S AT dlolgHolATt glolA A
9 o9& ¥ kEsh]= ot tvt 242 =X
o 3t G271 ShEd &S A4 whE &% ARIVH
Qo - = o] AAIe} HolE H|wE thottt. T =
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Aol FAFSE 279 LEAE YR o & o4t
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