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— Abstract —

The Similar Exposure Group and Exposure Variation in Ship-Building

Painters: Focused on Xylene Exposure

Sang Baek Koh", Young Man Roh”, Hyeon Woo Yim”, Yong Chul Shin?,
Soo Keun Kim”, Hong Ryul Choi", Jai Young Kim”, Soung Hoon Chang”

Institute of Occupational Medicine, Koje Hospital’. Department of Preventive medicine,
Catholic Industrial Medical Center, College of Medicine, The Catholic University”,

Department of Occupational Health and Safety, Inje University”,
Department of Preventive medicine. College of Medicine, Dongguk University”
Department of Health Research, Korea Institute for Health and Social Affairs”,
Department of Preventive medicine, College of Medicine, Konkuk University”

Objectives : This study was conducted to assess the concentration of xylene exposure
and exposure variability of a similar exposure group(SEG) in accordance with job title and

confined space.

Method : The study subjects included 28 workers working in the painting process in
the ship-building industry. Measurement of subjects were repeated three times. Within
and between-worker exposure variance components were estimated from log-transformed
exposure concentrations employing a one-way nested random effects analysis of variance
model. A uniformly exposed group was defined as one where the between-worker vari-
ance(o;) was less than or equal to 0.031 or ,,Res <2, where ,,Ro; =exp(3.92 ,,,,S,), repre-
senting the ratio of the mean exposures of the 97.5th and 2.5th percentile groups of the

workers sampled.

Result @ The results indicated that, contrary to popular belief, similar exposed groups
based on job title were heterogeneous. The between-worker variance(s;) is large(=0.031)
and the ratios of the 97.5th and 2.5th percentile workers of the log normally distributed
exposures of each group of workers was more than 2. However dividing job title into con—
fined space(in-block, out-block. in/out-block) decreased the between-worker exposure

variability.

Conclusion : This study focused on the quantitative aspects of exposure in painters in
the ship-building industry. We cannot accept the assumption that SEG are uniformly
exposed, as a major component of variation in exposure relates to differences in tasks or
other factors. Therefore, the observational schemes can be improved by investigating job—

specific task and practice.

Key Words : Exposure variation, Xylene, Similar exposure group, Variability
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Table 1. The component of organic solvents

Paint* Binder” Thinner® Total
(N=307)" (N=34) (N=50) (N=391)
Aromatic hydrocarbons
Xylene 244 (79.5) 14 (41.2) 32 (64) 290 (74.2)
Toluene 29 ( 9.5) 4 (11.8) 11 (22) 44 (11.3)
Trimethyl benzene 16 ( 5.2) 1029 3(6) 20 ( 5.1)
Ethyl benzene 10 ( 3.3) - - 3(6) 13 ( 3.3)
Benzo(a)pyrene 3 (0.98) - - - - 3(0.8)
Hydrocabon mixture
Aromatic hydrocabons 28 (9.1 - - (4) 30 (7.7
Light aromatic solvent naphtha 14 ( 4.6) 2 (5.9 5 (10) 21 ( 5.4)
Alkyl benzene 8 (2.6) - - - - 8 (2.0
Mineral spirits 29 (9.4) - - 1(2) 30 (7.7
White sprits 13 ( 4.2) - - 2 (4 15 ( 3.8)
Petroleum distillate 9 (29 - - 1(2) 10 ( 2.6)
Kerosene 7 (2.3 - - - - 7 (1.8)
Stoddard solvent 6 (2.0 - - - - 6 ( 1.5)
Ketones
Methyl isobutyl ketone 38 (12.4) 1(2.9 13 (26) 52 (13.3)
Methyl ethyl ketone 21 (6.8) 5 (14.7) 3(6) 29 ((7.4)
Methyl iso amyl ketone 14 ( 4.6) - - - - 14 ( 3.6)
Cyclohexanone 3 (1.0 - - - - 3(0.8
5-Methylhexan-2-one 1(0.3) - - - - 1(0.3)
2-Butanone oxime 5(1.6) - - - - 5(1.3)
Di-iso butyl ketone 1(0.3) - - - - 1(0.3)
Alcohols
N-Butanol 63 (20.5) 10 (29.4) 4 (8) 77 (19.7)
Isopropyl alcohol 24 (1 7.8) 3 (8.8 7 (14) 34 (8.7
Isobutyl alcohol 13 ( 4.2) 7 (20.6) 1(2) 21 ( 5.4)
Ethyl alcohol 8 (2.6) 1029 - - 9(2.3)
2-Methyl propanol 5(1.6) - - 1(2) 6 (1.5
Methanol - - 1(2.9 - - 1(00.3
Ester
n-Butyl acetate 22 (7.2 - - 5 (10) 27 (6.9
Ethyl acetate 4 (1.3) 1029 1(D 6 (1.5
Ethyl hexyl acetate 1(0.3) - - - - 1(0.3)
Chlorinated hydrocarbons
Dichloromethane(methylene chloride) 1(0.3) - - - - 1(0.3

*Number of paint products containing the organic solvent
"Number of binder products containing the organic solvent
“Number of thinner products containing the organic solvent
"N=Number of products investigated

Requote: Shin et al (1999).

415



tigtardelstslx] A 13 # AN 4 & 20014

Table 2. Gas chromatography conditions for
detection of organic solvent

Table 3. The distribution and number of job title:

focused on study subjects  unit: person

Descriptions Conditions Job number
Injection port 120 € performance of unique job
temperature Spray 10
Oven temperature 32 (1.6 C/min) Touch up 18
Detector temperature 160 ) . .
. . . performance of mixed job
N, carrier gas, ml/min 1 ml/min

Column DB-624 (60 mX0.2 mm)
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Table 4. The concentration of xylene exposure by

Table 5. Between-worker exposure variability of

Job title unit: ppm xylene exposure by job title
Job title Xylene EI Job title N oSy R a?
AM_ GM GSD  AM  SD Spray 30 0.8 2911  0.357
Spray 21.74 12.81 3.03  0.67 0.79 Touch up 54 0.81 2353 0.384
Touch up 18.54 11.82 2.94 0.50 0.47 N, number of measurement: S, estimated geo-
EI. exposure indices(C1/T1+C2/T2+ - - - - +Cn/Tn) metric standard deviation of between-worker dis-

AM, arithmetic mean: GM, geometric mean:
GSD, geometric standard deviation: SD, standard
deviation
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Table 6. The concentration of xylene exposure by confined characteristics unit: ppm
. . Xylene Jol
Job title Confined N
AM GM GSD AM SD
Spray In-block 6 50.11 41.68 2.03 1.53 1.40
Out-block 3 8.09 5.16 3.06 0.23 0.31
In-block/out-block 21 15.59 10.38 2.64 0.49 0.44
Touch up  In-block 21 20.47 15.49 2.29 0.54 0.45
Out-block 9 3.67 2.77 2.14 0.09 0.08
In-block/out-block 18 23.08 16.78 2.69 0.66 0.53
EI, exposure indices(C,/T+Cy/Tot - - - - +C./T,)

AM, arithmetic mean: GM, geometric mean: GSD, geometric standard deviation:
SD., standard deviation

Table 7. Between-worker exposure variability of xylene exposure by confined characteristic

Job title Confined N Sy . oy

Spray In-block 6 0.747 18.71 1.106
In-block/out-block 21 0.602 10.60 0.061

Touch up In-block 27 0.464 6.16 0.024
Out-block 9 0.490 6.83 0.063
In-block/out-block 18 0.513 7.54 0.142

N. number of measurement: bwSy, estimated geometric standard deviation of between-
worker distribution of exposure: ,,Rg;. ratio of the 97.5th and 2.5th percentiles of between—
worker distribution: i, variance components
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