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Investigation of toxic organic solvent exposure in work places

Jo, Young Min* - Kang, Sang Wan** - Oh, Jong Min*
Kyunghee University, Dept. of Environmental Sci. Inst. of Environmental Research*
Ansan Joongang Hospital, Institute for Industrial Medical Science**

Abstract

The purpose of this work was to document the conditions regarding organic solvent

exposure to the workers in paint industry. Air concentrations of organic solvents were
measured by passive personal samplers and analyzed by a gas chromatography. Urine samples
for hippuric test were also taken from 330 workers who have worked at seven domestic

factories for more than two years. Amongst 25 organic elements detected in the indoor

environment of working places, toluene was the most common element, and methanol showed
the highest mean concentration(18.2ppm). A few elements including methylethyl ketone and
toluene partially exceeded the Korean Permissible Exposure Limit. A lack of environmental
facilities such as exhaust ventilation, automatic cleaning system, and personal safety devices at

present work plaus brings about various occupational diseases.

Keyword: Organic solvent, Paint factory, Hippuric acid, Indoor environment
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Table 1. Number of companies and workplaces in this study

Period of measurements N i
.
1997 1998 HRet ¢
. first half year 7 7
Companies
second half year 7 7
. first half year 14 9 23 45
Mixing
second half year 13 9 22 (13.6%)
L first half year 45 39 84 167
Thinning
second half year 44 39 83 (50.6%)
Workplaces
- first half year 28 35 63 118
Filling
second half year 29 26 55 (35.8%)
Total first half year 87 (26.4%) 83 (252%) 130
second half year 86 (26.0%) 74 (22.4%)
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Table 2. Monthly consumption of organic solvents

(unit: ton/month)

year first half second half first half second half Total

solvent year of 97 year of 97 year of 98 year of 98

Acetone 62 62 72 72 26.8(0.4%)

Toluene 284.1 284.1 264.1 209.1 1,041.4(17 4%)

Methyl ethyl ketone 1744 1744 1434 1184 610.6(10.2%)

Xylene 4482 4482 4202 256.0 1,572.6(26.2%)

Methyl isobutyl ketone 58.8 58.8 56.8 26.8 201.2(3.4%)

Ethyl acetate 559 559 549 497 209.4(3.5%)

Isobuthanol 8.0 8.0 8.0 50 29.0(0.5%)

Butyl cellosolve 82.7 82.7 839 569 306.2(5.1%)

Cyclohexane 410 410 450 250 152.0(2.5%)

Isophoron 155 155 155 9.5 56.0(0.9%)

Cellosove acetate 832 832 624 412 270.0(4.5%)

Dimethylformamide 378.8 376.9 259.3 1583 1,173.3(19.6%)

Butyl acetate 43 43 84 8.7 25.7(0.4%)

Isopropyl alcohol 82 82 122 10.2 38.8(0.6%)

n-Hexane 15.7 157 15.7 142 61.3(1.0%)

Methanol 0.1 0.1 0.1 0.1 0.4(0.01%)

Cresol 10.7 10.7 107 10.7 42.83(0.7%)

n-Buthanol 1.6 1.6 1.6 16 6.4(0.1%)

Thinner - - 750 750 150.0(2.5%)

Isobuty] acetate 45 45 45 45 18.0(0.3%)

Total 59919
Wl %/ (benzonic acid, SF4134H T2 dARHE S THEE TRt dESEH v dM=
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2 adEn ol wMEHe vhnits AEFEY 2 HAFUL, SO R oA E(5093£10.736
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A uetelM e A3 HA 2% vhast o ok Tl fevee] kFRIE IAE
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A
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Table 3. Exposure concentration of organic solvent at different workplaces

(unit: ppm)
Mixing Thinning
N* Min. Max. Mean SD N* Min. Max. Mean SD
Aromatice hydrocarbons
Benzene 3 0313 2.176 0933 0932 15 0.035 2070 0.245 0.587
Ethyl benzene 24 0.147 | 14396 1.322 2.828 82 0.068 | 28.875 0973 5.109
Styrene 9 0.116 8.322 0.954 3.627 37 0.038 | 11462 0.585 2.541
Toluene 44 0.037 | 57359 2295 | 12504 160 0.018 | 108.341 2.147 | 13520
p-Xylene 23 0295 | 14.261 1.670 3.079 87 0.104 | 35.758 0974 4.826
m-Xylene 33 0.041 | 31304 1.389 5975 112 0.021 | 64.656 0.824 7928
o-Xylene 23 0.126 | 10.884 1.307 2416 75 0.110 | 35212 0.947 4.681
Alcohols
Isopropyl alcohol 21 0276 | 38.724 1.793 8.184 70 0.182 | 19.872 3431 3431
Methanol 5 2957 | 46279 | 10586 | 17.726 24 0407 | 174508 | 38413 | 38413
Acetates or ethers
Butyl acetate 8 0512 3.380 1.111 1.106 48 0.041 | 20317 4026 4026
Isobutyl acetate 1 1.202 1.202 1.202 - 5 0.061 6429 3.075 3075
Ethyl acetate 16 0386 | 36313 2.190 8.800 58 0233 | 34086 8.284 8.284
Butyl cellosolve 4 0.113 1.522 0.257 0.689 24 0.048 2.176 0.508 0.508
Chlorinated hydrocarbons
Dichloromethane 11 0204 | 11.632 0.788 3.381 29 0228 6.242 1.551 1.551
Perchloroethylene 3 0.602 0.736 0.670 0.067 4 0226 0.787 0.256 0.256
Trichloroethylene 6 0377 | 13.161 1.615 4932 32 0.149 6.823 1242 1.242
1,1,1-Trichloroethane 6 0.582 3.320 1.821 1.021 17 0.631 | 142339 | 33.805 | 33.805
Ketones
Acetone 13 1499 | 39255 5093 | 10.736 44 0.041 | 88.137 | 17927 | 17927
Methyl ethyl ketone 20 0.078 | 59.081 2213 | 13480 72 0.103 | 84.758 | 14.526 | 14526
Methyl isobutyl ketone 23 0246 | 33.089 1.174 6.790 104 0.061 | 14.149 2450 2450
Others
n-Hexane 4 0.173 1.538 0.737 0.641 26 0.046 | 27248 6414 6414
Pentane - - - - - 2 1.142 1.142 1.142 0.000
Dimethylformamide 4 0.238 1.135 0472 0.395 14 0.058 2.171 0.671 0.671
Tetrahydrofurn 4 0.090 5421 1.146 2287 8 0.081 2.646 0.992 0.992
Cresol - - - - - 1 1.127 1.127 1.127 -
Filling Total
N* Min. Max. Mean SD N* Min. Max. Mean SD
Aromatice hydrocarbons
Benzene 9 0.064 0.628 0.200 0.186 27 0.035 2.176 0485 0.588
Ethyl benzene 57 0016 | 51.716 0.837 6.848 163 0016 | 51.716 2.378 5518
Styrene 22 0.021 7.504 0402 1.670 68 0021 | 11462 1.551 2516
Toluene 116 0.045 | 76450 1936 | 10.048 320 0.018 | 108.341 6.540 | 12223
p-Xylene 62 0.021 | 45089 0.845 5.692 172 0.021 | 45089 2224 4955
m-Xylene 80 0.025 | 97982 0970 | 10914 225 0.021 | 97982 2992 8.853
o-Xylene 54 0.099 | 43490 0.812 5.824 152 0.099 | 43490 1.958 4851




TR - o - 2T/ HPPAMA S04 JIIGH ZEO| T A7 81

(continued) .
(unit: ppm)
Filling Total
N* Min. Max. Mean SD N* Min. Max. Mean SD
Alcohols
Isopropyl alcohol 55 0301 | 34934 2.000 5.737 146 0.182 | 38.724 3.193 5227
Methanol 14 0341 | 97450 3.162 | 27986 43 0341 | 174508 | 18236 | 32957
Acetates or ethers
Butyl acetate 33 0.149 | 10366 1074 1.786 89 0.041 | 20.137 2405 3.262
Isobutyl acetate 4 0.384 2421 1.113 0.938 10 0.061 6429 2.181 2292
Ethyl acetate 34 0.141 | 108.877 3695 | 22559 108 0.141 | 108.877 8.179 | 14519
Butyl cellosolve 18 0.086 1.728 0453 0470 46 0.048 2.176 0.585 0499
Chlorinated hydrocarbons
Dichloromethane 16 0.206 8.244 0.717 1.925 56 0204 | 11.632 1.545 2.095
Perchloroethylene 6 0.134 3427 0.859 1.261 13 0.134 3427 0.909 0.938
Trichloroethylene 24 0.186 | 14.781 0.625 2973 62 0.149 | 14781 1461 2.590
1,1,1-Trichloroethane 12 0473 | 13372 2055 3.774 35 0473 | 142339 8952 | 24113
Ketones
Acetone 23 0.179 | 26340 2.873 5.571 80 0041 | 88.137 7483 | 14281
Methyl ethyl ketone 69 0.140 | 244.168 2952 | 36.124 161 0.078 | 244.168 | 10565 | 26.193
Methyl isobutyl ketone 70 0.041 | 22575 0.849 3.391 197 0.041 | 33.089 1.894 3.544
Others
n-Hexane 14 0054 | 15.102 0.513 3911 44 0.046 | 27248 2227 5.380
Pentane 1 0.095 0.095 0.095 - 3 0.095 1.142 0.793 0.604
Dimethylformamide 7 0.144 2463 0.615 0.843 25 0.058 2463 0.754 0.676
Tetrahydrofurn 4 0.956 5.251 1.766 2017 16 0.081 5421 1.751 1.632
Cresol - - - - - 1 1.127 1.127 1.127 -
* Number of detected organic solvents Mean: Arithmetic mean SD: Standard deviation
4 B BEgS BolFQth WEew "ol ppm, 0788+3381 ppmol AL, HA TN
AEelES] FE® H|WE E2 Holglow, v 0245+0587 ppm, 1.002+1.551 ppm, X A3 ol A
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AE NEFE AU IFER s s 4F F3A]7} 2176 ppme] Y. TFZ 2 eke] HIA|
7o AS W9ed ol aTRIAFo] PEHY £ 1162 ppmlE FEIFNNTY e FES
o AERE AQPIIA FY FEHE QS = 2L BTk Teu WA B FEAA 3]
AN TF AR AL dojd 5 glon, P Z2HY 4 44T ARERY Y, 2
53] WEse] A% FEA ANA 95 24 $E3E WET 2 5o A0 Hyf uy
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Table 4. Detection frequency according to the organic solvents

Classification Organic solvent N* %
Trichloroethylene 62 18.8
Dimethylformamide 25 7.6
Butyl cellosolve 46 139
Dichloromethane 56 170
n-Hexane 44 133

Class 1 Mertyl isobutyl ketone 197 | 59.7
Perchloroethylene 13 39
Styrene 68 20.6
p-Xylene 172 | 521
m-Xylene 225 68.2
o0-Xylene 152 | 46.1
Toluene 320 970
Butyl acetate 89 | 270
Isobutyl acetate 10 30
Methyl ethyl ketone 161 488
Methanol 43 130
Class 2 Tetrahydrofurn 16 48
1,1,1-Trichloroethane 35 10.6
Ethyl acetate 108 | 327
Isopropyl alcohol 146 | 442
Acetone 80 242
Cresol 1 03
Benzene** 27 82
Others Ethyl benzene 163 | 494
Pentane 3 09

% : {Detection No. / No. of workplace(330)} x 100
* Number of detected organic solvents
** Benzene is classified with class 2 of special chemical
substance.
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FOoR2 A oA wiet AN (682%), L2 w2 NEEZ HAEHITL 7]E obAHHOE
WPol R EAR(597%), HepAANG21%). W o 2R, dFF wAY NER A2H
Yl UARMUBS%) S HE AEHATL EF o o A AR 9 W shekg
He71FFEst W RUARSH(TWA: 25 2 ALSFs 79 dA )
ppm) = 139%% HW A 2 AEWEE HolX
gt SABSEA A2fol S3UM L B 4 SHARY 7|28 MES Hm
A2 FH== WA(TWA: 10 ppm) 82%9]
U AEES HYOY, o AMAY A= 163 AAFZAY ZAHNE G A2 7+ 47184
MM AEEHE 545 B A AR =2 % 6o FAEIT A AU
i 55 54Y f718AE ATAATHEE Aol ZRAANFE D HF §7184 ARFE
ERele] sk dENe Axolt) wig, 34, 68557007 FEHAE 32202 H4 ) AR
EAFHAA EFos} I 5o ek s} o] §718AA A 187174A) AZHY. 34
T2 ASWEr} 159, 568, 40071 2 w-¢- =k I A o] 6886+3316(1~17)=, wiEEA o] 6844+
T, 53] EFAE wietEA oAl 97.8%. 3|4l A 3275(1~18)%, TA33o] 6814+3197(2~16)F
95.8%, A B3%] FE AIVNES B oz FAW Fol= A gtk F RE 2F
I o E HYdEAE, ddelatgAE o] theksl R &7)847F ExFol 9o
o AEF7E AT ZH TFTHAA A oF 2= 9Jolt} whabd 7129 9eiA =& 449
Table 5. Detection frequency of organic solvent at workplace
Workplace Mixing Thinning Filling Total
Total No of samples 45 167 118 330
Solvents N* N N N
Aromatics hydrocarbons 159 568 400 1,127
Alcohols 26 94 69 189
Acetates or ethers 29 135 89 253
Chlorinated hydrocarbons 26 82 58 166
Ketones 56 220 162 438
Others 12 51 26 89

* Number of detected organic solvents

Table 6. Average number of organic solvents per one sample at different places

(unit: ea)
Measurement sample
el N* n¥* Median Min. Max’ Ll Star}dgrd Variance
mean deviation

Mixing 45 308 6 1 18 6.844 3275 10.725
Thinning 167 1,150 6 1 17 6.886 3.361 11.294
Filling 118 804 6 2 16 6.814 3.197 10.221
Total 330 2262 6 1 18 6.855 3282 10.769

* Number of workplace ** Number of detected organic solvents
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Hippuric acid concentration(g/1)

Fig. 1. Concentrations of hippuric acid of non-exposed group

Hippuric acid concentration(g/1)
Fig. 2. Concentrations of hippuric acid of exposed group

Table 7. Concentration of hippuric acid in urine by group

(unit: g/1)
Hippuric acid
Group N -
Min Max AM.+£SD* GM.£SD**
Exposed 116 0.005 3248 048410472 0.303+1.098
Non-Exposed 30 0.069 0.634 0225+0.145 0.188+0.602

* Arithmetic mean =+ standard deviation

** Geometric mean + standard deviation
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