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Abstract

This study was conducted to investigate the composition, detection rate, and exposure
concentration of the airborme organic solvents from the working environmental measurements
of total 4181 different tvpe of workplace in 3280 workshops in which organic solvents are
used.

The results are as follows :

1. For all workplaces except washing, the detection rate of toluene and benzene were 8096

and 209, respectively.

2. The number of detection of aromatic hydrocarbon and ketone were ranged 1.41-2.39 and
(0.62-0.90 per a sample in all workplaces except that showed 1.01 in washing.

3. The mean of detection frequency was 33%25 in all workplaces and there was no
significant difference among that of each workplaces.

4. The airbome concentrations of methyl methacrylate, ethyl alcohol, methyl alcohol, and
ethvl ether were 435%47.0 ppm, 2253510, 1981576 ppm, 19.8+40.1 ppm, respectively.
And those of cellosolve, methyl cellosolve acetate, and N,N-dimethyl formamide were 4.1
+45 ppm, 4.0+185 ppm, and 5.6%E7.7 ppm, respectively and exceeded the occupational
exposure limits enforced by Ministry of Labor in Korea

As the above results, it is suggested that the components of organic solvents should be
identified to efficient management, of working environment and conducted the engineering
control for the workplaces using the hazardous materials.
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Table 1. Classification of workplace.

Classification Workplace

the first, the middle, under spray
Brushing painting, Dipping, Celoring

Spray painting
Brushing painting

Printing Auto & manual printing, Auto &
manual marking

Adhesing Auto & manual adhesing, Applying,
Spread, Combine, Coating, Raminating,
Sizing

Mixing Mixing, Synthesis, Reaction, Foaming

Auto washing
Manual washing

Ultrasonic washing
get dirty thing removel & manual
washing, plate making

Drying Drving

Wool processing Machine & Rotary printing of cloth,
Mold, Pressing

Testing & research | Exarmination

Painting insertion | Design painting, picture modification

Filling Filling
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Fig. 1. Detection frequency hy tvpe of organic
solvent and workplaces.

Others : workplace includes wool processing,
and research, painting insertion, filling

Tol : Toluene, Xyi: Xylene, MEK : Methyl cthyi ketone,

MIBK : Methyl isobuty] ketone, N-H: N-hexan,

Ac: Acetone, Be:Benzene, TCE : Trichloroethylene,

TCA : 1,1,1-Trichleroethane

testing
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Table 2. Detection frequency of organic solvent and workplace.

Waorkplace Spray  Brushing Printing  Adhesion Washing Mixing  Drying  Others Total

Total No of samples 3463 249 1,932 1860 1,364 1123 119 746 11,561

Solvents N{%) N(%) N(%) N(%) NI%) N{%) N(%) N(%) N(%)
Aromatics hydrocarbons 8234 136 3221 2637 1962 1,760 240 1333 21,323
Benzene MR 144(152) 6323 14578 3178 1200107 (B2)  17B(235) 2427210}
Ethyl benzene 9066 150320 16786 13073 149009) 1200107 220185) 7103 17170149
Trimethyl benzene 3200 150210 WED 001D %21 5963 217 BB 6460
Monochlorobenzene 11(0.3 4(04) 2001 704 11008) 30.3) - 2003 40004)
Styrene N362 181181 4l121)  T2B9 W21 28D AL7 RO 71162)
Toluene 3243 TR 1622(840) 16768990 1048(768) 20(826) 11241) 633(849) 10022867
Xylene 2R 5INGE6)  BH(345) DROING)  454(333)  43(301)  TA605)  3%6(437) 5712(494)
Aleohols 927 0 &8 o2 601 597 2 25 4187
n-Buty] alcohol 2730 202 B3 B9 43632 2109 434 W00 B/eE2D)
Ethyl alcohol 6318 1819 4524) 146 6044 6265 6300 19026 37833
Isobutyl alcchol wen o Wl Ben Hle o 1Bl 7H29 - 18250  23(22)
Isopropy! alcohol 20162 168(1TD  BA(M4) 3206 HUB0 RWE 120001 1051460 25042L7)
Isoamyl alcohol - - - - - 8(0.8) - - 3(0.1)
Methyl alcohol B4 BB B0 1930103 133102 158041 542) 690820  T866)
Esters 2271 35 561 610 M2 439 8 226 4832
n-Butyl acetate 1442(416)  138(145) 115600 153(82) 131020 130(124)  34(286) 43(58) 2203(18.1)
Ethyl acetate TR 166(176)  A13214)  369(198) 190(139) 2733 4370 18212 238707
Ischuty] acetate 28(0.8) 20.2) 10(0.5) 40.2) 5(04) 5(05) - 709  61(05)
Tsoproyl acetate 13(0.5) - g04)  19(L0) 806) 404) - 507 62(05)
Methyl acetate - - - 4(0.2) - 2002) - 50.7) 11(0.1)
Vinyl acetate 20.1) - 15(0.3) 2301.2) - 200.2) - B(L1) SM0.4)
Methy] methacrylate - - - 7004} - 4(04) - - 1140.1)
Fthyl acrylate 30.1) - - 16(09) - 6(05) - - H02)
Buty! acrylate 3(0.1) - - 15(0.8) - 404) - 2202
Chlorinated hydrocarbons 593 213 322 533 1380 Pt B3} 221 3581
1 2-Dichlorosthane 1905 404) 603 216 205 110 867 100 W09
Dichloromethane 63(1.8) 23(2.2) 825 201(108) 120088 1330118 4(34) 4358  63((0)
Carbon tetrachioride - - - - 202 - 1(0.8) - 36D
Chloroform 401 - 503) 50.3) 8(06) 6(0:3) - (L5 380»
Perchloroethylene W29 04D 714 6032 1308 02D 434) 4166 4438
Trichlorcethylene 264 %0101 10665 166D MEBAT)  66(59) 7669 6391 147(128)
11,1 Trichloroethane ~ 188(54}  45(47) 13067 7239 0BT B43) 1102 5H76 W7
Fluorotrichloromethan - 505 - - 10.1) - - - 6(0.1)
Glycal ethers 549 52 25 104 3l 113 % Kl 1,180
Butyl cellosolve 17149 16007 62032 1800y 2720 3128 6600 1206 34330
Cellosolve 66(1.9) 7060 3317 1005 16012 %R 217 304) 16314
Methyl cellosolve 340.0) 10 320 503 200.2) 4(0.4) - 203 807
Methyl cellosolve acelale 2740790 2423) 2148 G702 546 18151 13017 57260
Ethyl ether 40.1) 404 - 2001 60.4) - - - 16(0.2)
14-Dioxane 10{0.3) 2020 14008 4(02) 7(05) f(0.5) - - 4304
Ketones 2942 683 1,192 1,636 883 1,008 104 624 9072
Acetone BAIRT)  23B(248)  3WITE)  5X280) 3B(238)  0ABS  BV(WH)  2B(B346) 2657(20)

A48 A58 3%(2000)

continuing
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Workplace Spray  Brushing Printing Adhesion Washing Mixing  Drying  Others Total
Total No of somples 3463 949 1932 155 1,314 1123 119 746 11,561
Solvents N(%) N(%) Ni%) N(%) N(%) N(%) N(%) N(%) Ni%)
Methyl ethyl ketone  994(287) Z257(27.1) 530(274) 8064550 380M279) 4R7(434) 4403700 262(%1) 38100330}
Methvl buthy] ketone 11(0.3) 20.1) 6(0.3) 4003) - - 3(0.4) 26(0.2)
Methyl isobutl ketone  1288(37.2)  191(20.1)  322(167) 252(135) 174(128) 218(195)  32(269) 101{133) 2579(223)
Aliphatic hydrocarhons 1,086 39 54 77l 434 w 48 0 3830
Cyclohexane B/ 4345 1809) 6736 /29 035 - 1317 27724
Cyclohexanone Br25) 4015 14274)  47(25) 324 4338 207 432 32034)
N-Hexane BIB(2Z36) 240253} 363(188) 62(335)  334(245)  279(248)  4(370)  HURT 254(2586)
N-Heptane 103(3.0) 202 2402 2000 4L 10D A7 001y 13306
N-Octane 2008 00D 04) 1206 14(LD) 5(0.9) - 04y TH06)
Others 281 8 194 32 135 21 1} 14 1442
Carbon disulfide - 200.2) - 3(04) - 3(0.3) - 13i0.1)
NN-Dimethylformamide ~ 12(03)  12(1.3) 260030 110669 306 088 13109 1723 20726)
Tetrahydrofuran 12(0.3) 706 A06e 23012 6(0.4) 4(04) - 10013 9308
Petroleum naphtha 20.1 6(0.6) 200 30.2) 403} - - 8L (02
Mineral spirits 501 80.0 200 12008 4(0.3) %09 - - 40(0.4)
Pentane 19456) 290Q1 10363 4779 9167 918D 22020 10601420  785(6.8)
Acrylonitmle 1{0.1} 200.2) 0.2 15(0.8) 5(0.3) 2522 - - 21004)
Epichlorchydrin 3009 - 10(0.5) 302 503) 6(0.5) - 3104 5705)
Cummene 15(0.4) - 302 704) 50.3) 8(08) - - 3803

* {Detection No. / No. of workplaces} > 100
Others
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Detection No,
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Chemical composition classification
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Detection No.
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Chemical composition classification

Fig 2. Detection number by type of the chemical composition classification of organic solvent

Ah : Aromatics hydrocarbons AL : Alcohols Es: Esters
Ch : Chlorinated hvdrocarbons Ge : Glycol ethers Ke ! Ketones
ALh : Aliphatic hydrocarbons Ot : Other
3. E5718A4 AR 14D A4 zZdFAY BT 7183 ARSFE 33+
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Table 3. Average number of organic solvents per
one sample by the type of workplace

Measurement sample

workplace N a | AMESD(Range)
Spray painting 1918 | 7493 | 40£35(2 ~18)
Brushing painting 57 | 1581 | 31%3.002 ~11)
Printing 1022 | 2906 | 29£24(2 ~ 8)
Adhesion 1194 | 3423 | 29%25(2 ~10)
Mixing 729 | 2091 | 293112 ~1D
Auto washing M5 | 1,338 | 3912002 ~ 6)
Manual washing 452 11539 | 34182 ~ T
Drying 73 266 | 37%292 ~ 9
Wool processing 25 614 | 27L312 ~11)
Testing & research | 113 02 | 27£302 ~10)
Painting insertion 5 12 | 24%142 ~ 6)
Filling 8 32 | 36LL0(3 ~ 6)
Total 6592 | 21597 | 33+25(2 ~18)

N : Number of workplace examined
a: Number of organic solvents examined
AMLSD : Arithmetic mean*standard deviation
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Table 4. Exposure concentration of organic solvent.

% LEsT 8l

(ppm)
Chermical
Composition of Solvents TLV' N A Median AM=ESD Range
classification
Mixed organic solvents 1 11561 6983 0.1 03105  0001~150
Benzene 10(A2) 2427 7 05 1.1£23 0001 ~26.2
Ethyl benzene 100 1717 0 05 35142 0.01~544
) Trimethyl benzene 25 694 0 0.2 06*1h 001~138
Aromatic
Monochlorobenzene 75 0 5 06 22741 (0.1-233
Hydrocarbon . rene 50 711 20 19 95T234  0.01~4999
Toluene 100 10022 139 24 108+250 0015950
Xvlene 100 5712 40 L3 55159 001--3322
n-butvl alechot 50 28 3 0.7 33+93 001--1199
Ethyl alechol 1000 38 0 24 225%510 001~5288
Alcohols Isobutyl alcohol 50 23 1 05 1544 0.04~832
Isopropyl alcohol 400 2504 1 13 85278  001~12078
[soamyl alcohol 100 g2 0 L3 16204 0.2~-109
Methy!] alcohol 200 ™8 8 47 1981576  0.02~900.3
n-Butvl acetate 150 2203 0 1.0 2961  001--108.0
Ethyl acetate 400 2387 0 16 6.7EX169  0.01~3149
Isobutyl acetate 150 61 O 05 1.2+22 01~-159
Isoproyl acetate 250 62 0 09 441114 0.1-582
Esters Methvl acetate 200 IR 53 67142 15207
Vinyl acetate 10 5 0 086 08106 0.04~26
Methyl methacrylate 100 I 0 413 435470 (0.04~9%68
Ethvl acrylate 5 % 0 03 0709 0.01--47
Butyl acrvlate 10 2 0 01 05L08 0.01~43
1,2-Dichloroethane 10 9% 3 19 29%37 0.01~21.8
Dichloromethane 50(Aa) 635 34 32 131+306 0014356
) Carbon tetrachloride 5 3 ¢ 16 19%+13 06~27
Chlorinated
hydrocarbons Chloroform 10{A2) 39 2 05 3244 0001~132
Perchloroethylene 50 424 9 18 59122 001828
Trichloroethylene 50 1475 59 29 1072268  001--5005
1.1.1-Trichloroethane 350 901 3 1.8 1781498 (.02--545.9
Fluoratrichloromethan C1000 1 0 20.3 203£0 203
Butvl cellosolve 23 343 1 0.5 13+26 0.01~37.1
Cellosolve(2-Ethoxyethanol) 5 163 23 2.2 4145  (0.0M~-263
Giycol Methyl cellosolve 5 8w 2 0.8 40%185 01-1400
ethers Methyl cellosolve acetate 5 572 26 05 15x32 0.01~429
Ethyl ether 400 i6 0 86 19.8 i40.1_ 1.3~140.2
1.4-Dioxane 25 43 0 05 10113 Q.1~90
Continuing
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Chemical
Composition of Solvents TLV" N A  Median AM=ESD Range
classification
Acetone 750 2667 2 26 173563 0.01~8%9
et Methyl ethyl ketone 200 3810 12 2.0 13.1+296 0.01~462.4
eto!
"5 Methyl buthyl ketone 5 % 0 06 05402  00M~17
Methv] isobutyl ketone 50 2579 27 0.7 36*112 0.1~2788
Cyclohexane 300 i 0 1.1 29886 0.01~126.0
. Cyclohexanone 25 392 0 0.8 19x30 001182
Aliphatic
N-Hexane 50 2951 46 0.8 49%+171 0.01~5146
hydrocarbons
N-Heptane 400 185 0 1.0 73%£210 01~2249
N-Octane 300 71 0 11 6.8+t144 01~721
Carbon disulfide 10 13 0 1.8 20+24 0.06~64
N.N-Dimethylformamide 10 297 5l 29 56177 0.004~506
Tetrahydrofuran 200 93 0 05 3663 0.1~31.2
Petroleum naphtha 400 50 47 75x71 20~439
Others Mineral spirits 300 40 0 04 17133 . 004~138
Pentane 600 80 04 26166 0.01~73.0
Acrylonitrile A bl 2 0.2 06+03 0.01~
Epichlorohydrin 2 5 0 0.4 05%0.2 02~13
Cumene 100 3B 0 01 0.1x0 0.01~-03

N Number of organic solvent detected.
AM=ESD : Arithmetic mean T standard deviation.

A Number of exceeded TLV.

TLV" : Threshold Limit Value, Ministry of Labour, 1998,
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Fig. 3. Number exceed the TLV type of the
chemical composition.
Mixed : Mixed organic solvents,

Ah ! Aromatics hydrocarbons, Al : Alcohels

Es: Esters, Ch : Chlorinated hydrocarbons,
Ge : Glycol ethers, Ke : Ketones
Al h: Aliphatic hydrocarbons, Ot : Other
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