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— Abstract —

The Association of Exposure to Organic Solvents with Liver Function

Chi Young Ann, Kyung Jong Lee”, Jae Bum Park’,
Jae Yeon Jang"”, Moon Jong Kim”

Department of Medical Sciences, The Graduate School of Ajou University
Department of Occupational and Environmental Medicine, Ajou University”
Department of Family Medicine, Pochon Joongmoon Medical University”

Objectives : This study was conducted to evaluate the association of cumulative expo-
sure to organic solvent with liver function.

Methods : We conducted a cross sectional study. 461 male workers who perform paint-
ing job at a shipyard and use organic solvents routinely and 125 workers of the same
shipyard who never have been exposed to organic solvents were studied. All subjects who
were confirmed not having HBsAg surveyed their age. BMI(body mass index), alcohol
drinking and smoking history, and examined liver function test (SGOT., SGPT. r-GTP,
Total protein, albumin, total bilirubin, direct bilirubin). The amount of cumulative expo-
sure (CE) to mixed organic solvents were measured by biological monitoring method using
their metabolites in urine.

Results : The CE was observed as a significant variable with logistic regression analy-
sis on abnormality of SGOT(>35IU/L), SGPT(>40IU/L) and »-GTP(>63IU/L). their odds
ratio were 1.10 (95 %CI, 1.02-1.20), 1.10 (95 %CI, 1.01-1.19), and 1.10 (95 %CI. 1.01-
1.19) each.

Conclusions @ Therefore we suggest that the cumulative exposure to mixed organic sol-
vents might be a significant variable on abnormal liver function indices (SGOT, SGPT,»-
GTP) in male shipyard workers

Key Words : Organic solvent, Liver function test, Cumulative exposure (CE)
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Fig. 1. Distribution of subjects according to CE.
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Table 1. Distribution of subjects according to
their work department and specific job

Department Job NO'_ of
subject
Exposure group
Painting [
Spray 28
Touch-up 4
Mixing 30
Pretreatment 32
Other 21
sum 115
Painting 1
Spray 12
Touch-up 3
Mixing 19
Pretreatment 23
Other 6
sum 63
Pre-painting
Spray 54
Touch-up 20
Mixing 16
Pretreatment 71
Other 51
sum 212
Others
Spray 12
Touch-up 8
Mixing 13
Pretreatment 8
Other 30
sum 71
Sub-total (exposed group) 461
Non-exposed group 125
Total 586
W, &3 169, [A= 7148 1E)a 71eRRk 517 el
A, 7e} FA F f718A =& 1 e 224
196H 2 2=xyo] 129, BXY 84, &3 139, A
A2 8%, 7Iete] 307 eltH(Table 1).
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Table 2. General characteristics of the subjects
(N=586)

Chracteristics Mean=+S.D.
Age(year) 40.0£7.3
Education(year) 9.9+2.1
Work period(year) 11.1£4.0
BMI 22.5+2.5
Smoking(pack-year™) 10.1£10.6
Alcohol (bottle") 5.8+£8.0

*pack year=daily smoking amount(pack) X total
smoking period(year)

"bottles of Soju containing 361 ml calculated from
all kinds of alcohol consumed a month

SGPT, r-GTP, T. protein‘ %— bilirubin, &4
bilirubin §& 7z w3t Apo]E& Holx| Stx
albumin®te] zt ;_7—7}01] frolgt atelE Btk
(p<0.05)(Table 5). %ﬁliﬁ o= Tr«] A= sk
o} SGOT, SGP %
SV S B
Aok vy Fer +
stal =29 7ES C
o 22X 2~Y IAEME Al tH(Table 6-9).
v SGOTO35IU/L)ol tigh 7+ s o
A28 IAEAG A3, {7184 BAFH
=ZH(CE) ¥]=M] (0odds ratio)E= 1.10 (95 %
CI, 1.02~1.20)°112™, vol= 1.05 (95 % CI,

¢

=} O
e+ 2

1.00~1.09)°19c}. o159 AAAS e 77t
0.0996, 0.0447°19 2 F FAAST T 0.1443
olgith. BMI, &5%, Zelm Fde] wxue
felg W47h ol ATk (Table 7).

%54 SGPTOAOIU/L)S that 2] 28] 317184

gt Azl CE2 ®¥A]= 1.10095 % CI, 1.01~
1.19)e1%lem BMIE 1.37(95 % CI, 1.24~1.52),
SFEe 1.03(95 % CI, 1.00~1.06)°]12ic}. CE,
BMI, &%l sAAS k2 22 0.0919, 0.3148,
0.0281% ©o]&¢] & (.4348°]131cHTable 8).
v -GTPO63IU/L) el tigt 2228 3]7&
A% Ay, CE9 H¥A®E 1.10(95 % CI,
1.01~1.19) 012, deol= 1.05(95 % CI,
1.01~1.10), BMI= 1.22(95 % CI, 1.10~1.35),
SFHE 1.07(95 % CI. 1.04~1.11) o1}, 7
WEsel 3| AAFY & CE 0.0927, vol
0.0496, BMI 0.1976, &% 0.0714°103L °|&

Table 3. Comparison of general characteristics among the exposure groups (N=586)

Non-exposured

Low-exposured

High-exposured

Variables (Control,N=125) (CE(2.64. N=248) (CE>2.64.N=213) p-value
Age 38.5+7.6 39.1+7.6 40.946.5 0.0048"*
BMI 22.9+2.7 92.4+2.4 92.542.3 0.1297
Alcohol' 6.4+7.5 6.6+9.4 4.6+5.9 0.0157*
Smoking' 9.6+10.0 10.0+10.3 10.3+11.2 0.8073
' bottle, ¥ pack year
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Table 4. TWAs* of organic solvents and EM' at the workplaces

Oragnic solvents Mean S.D. Min. Max. TLV'
Acetone 1.19 10.83 0.00 156.85 750
Butyl acetate 0.35 1.21 0.00 9.97 150
Benzene 0.08 0.49 0.00 4.98 10
1-Butanol 1.44 6.10 0.00 61.00 50C
2-Butanol 0.08 0.62 0.00 7.51 100
2-Ethoxy ethyl acetate 0.21 1.11 0.00 14.09 5
Ethyl acetate 0.32 1.44 0.00 12.64 400
Ethyl benzene 4.04 11.91 0.00 110.10 100
2-Ethoxy ethanol 0.14 0.40 0.00 4.57 5
Ethyl toluene 2.69 8.46 0.00 108.01 -
Hexane 0.04 0.79 0.00 15.71 50
Isobutyl alcohol 0.05 0.24 0.00 1.61 50
Isopropyl alcohol 0.03 0.20 0.00 2.06 400
Methyl butyl ketone 0.08 1.07 0.00 18.87 5
2-Methoxy ethanol 0.09 0.35 0.00 4.60 5
Methyl ethyl ketone 0.08 0.72 0.00 12.91 200
Methylisobutylketone 0.50 2.02 0.00 21.84 50
Propyl benzene 1.19 3.81 0.00 12.57 -
Styrene 0.10 0.50 0.00 5.62 50
Trichloroethylene 0.06 0.77 0.00 14.25 50
Triethylbenzene 1.99 5.41 0.00 54.40 25
Toluene 1.74 7.24 0.00 102.62 100(50")
Xylene 16.58 56.48 0.00 480.48 100
EM(ACGIH)' 0.46 1.09 0.00 11.23 1
EM(Ministry of Labor)** 0.44 1.05 0.00 10.20 1

N(number of specimen)=398

*TWA ; time weighted average

" EM : Exposure to mixture of organic solvents=3Xn/TLVn(Xn: TWA of each organic solvent, TLVn:
Limit value of TWA of each organic solvent)

' TLV : threshold limit value

' Ceiling Value(ppm)

' Limit value of ACGIH (American Conference of Governmental Industrial Hygienists)

" by limit value of ACGIH

** by limit value of Ministry of Labor, Korea

Table 5. Comparison of liver function values among the study groups (N=586)

Non-exposure Low-exposure High-exposure

Liver fuction values (Control, N=125)  (CE(2.64.N=248)  (CE>2.64,N=213) p value
SGOT (IU/L) 27.1+10.1 97 6+10.8 30.6+31.4 0.2082
SGPT (TU/L) 27.6+14.3 927.9+16.7 32.0-47.9 0.3017
»-GTP (TU/L) 40.3+47.4 38.2442.1 42.2+58.4 0.6827
Total protein (g/dL) 7.43+0.34 7.44+0.35 7.39+0.35 0.3194
Albumin (g/dL) 4.85+0.24 4.95+0.32 4.92+0.39 0.0216*
Total bilirubin (mg/dL) 0.54+0.21 0.56+0.22 0.56+0.29 0.8676
Direct bilirubin (mg/dL) 0.23+0.07 0.23+0.07 0.23+0.10 0.7585
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Table 6. Comparison of liver function values among the study groups (N=586)

Liver
fu:t/ie;n Non-exposure Low-exposure High-exposure '
(N=125) (CE*(2.64,N=248) (CE=2.64,N=213) P
values
1
(;g?;r?é/m 113(90.4 %) 224(90.3 %) 185(86.9 %)
12(9.6 ¢ 24(9.7 % 28(13.1 %
(>35 TU/L) (9.6 %) (9.7 %) 8(13.1 %)
1
(<njér?sm 111(88.8 %) 216(87.1 %) 182(85.4 %)
(>40 TU/L) 14(11.2 %) 32(12.9 %) 31(14.6 %)
1
(SS;TS/L) 108(86.4 %) 222(89.5 %) 182(85.4 %)
0, 0, 0,
(>63 TU/L) 17(13.6 %) 26(10.5 %) 31(14.6 %)
* Cumulative exposure, ' Chi-Square test(2-tailed)
Table 7. Logistic regression analysis of variables on abnormal SGOT (>35 IU/L)
Variable B* Odds ratio 95 % CI' p value
Age 0.0447 1.05 1.00-1.09 0.0361
BMI 0.0882 1.09 0.98-1.21 0.1020
Alcohol 0.0208 1.02 0.99-1.05 0.1700
Smoking -0.0027 1.00 0.97-1.02 0.8302
CE! 0.0996 1.10 1.02-1.20 0.0147
* regression coefficient, ' confidence interval, ' cumulative exposure
Table 8. Logistic regression analysis of variables on abnormal SGPT(>40 IU/L)
Variable B Odds ratio 95 % CI p value
Age -0.0010 1.00 0.96 -1.04 0.9617
BMI 0.3148 1.37 1.24-1.52 0.0000
Alcohol 0.0281 1.03 1.00 - 1.06 0.0451
Smoking 0.0079 1.01 0.98-1.03 0.5179
CE 0.0919 1.10 1.01-1.19 0.0262
Table 9. Logistic regression analysis of variables on abnormal »-GTP (>63 IU/L)
Variable B Odds ratio 95 % CI p value
Age 0.0496 1.05 1.01-1.10 0.0213
BMI 0.1976 1.22 1.10-1.35 0.0002
Alcohol 0.0714 1.07 1.04-1.11 0.0000
Smoking 0.0075 1.01 0.98-1.03 0.5399
CE 0.0927 1.10 1.01-1.19 0.0279
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methy butyl ketone, mehtyl ethyl ketone,
methylisobutylketone ¢ ketone®, 183
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