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The assessment of health risk and subjective symptoms
of printing worker s exposed to mixed organic solvents

Yeong-MeeKim* - Hyunwook Kinr*

*Korea Occupational Safety and Health Agency
“Dept. of Preventive Medicine, College of Medicine, The Catholic University of Korea

In order to check a necessity of hedlth control for the
laborerswho arein use of mixed organic solventsin the printing
indugtries, this sudy evauated the use datus of mixed organic
solvents, hedlth subjective symptoms on the exposure of the
solvents, health hazard for each kind of printings for the
employeeswho work for the printing industrieslocated in Seoul
and Gyeonggi. The study anayzed 228 sites and 311 people
responded of the total 250 sites surveyed from March to
September 2007, and obtained the following results

1) Edimating the exposure of the mixed organic solvents, the
Sudy found thet estimation of mixturg(EM) wes different for
each kind of printingsat aleve of Sgnificance, excessvenessof
EM was 7.5%, the highest, for gravure printing, 5.6% for screen
printing, 4.7% for master printing, 2.9% for offset printing.

2) Asto the mean scores of hedth subjective symptoms for
each kind of printings, workers in screen printing showed high
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scores in every subjective symptom, of which symptom of
centra nervous system was 3.75, the highest, and the difference
wasdaigicaly a aleve of sgnificance(p<0.01).

3) Reaults of the hezard andys's for carcinogens and norn-
carcinogens contained in the mixed organic solvents exposad to
the workers showed thet cancer risk of offset printing workers
was 7.8x10° for benzene, the mean cancer risk was 2.02x 10°
from Monte-Carlo smulation, and both risks did not exceed the
US EPA permissible standard of 1x 10°. The total hazard
indiices of the non-carcinogens edimated was 3523, the highest,
for gravure printing, 2.381 for megter printing, 1.125 for screen
printing, respectively, and al exceeded 1.

KeyWords:  Printing worker, Mixed organic solvents,
Subjectivesymptoms, Risk assessmant
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Table 1. Summary of workplaces selected by the type of printing(N=228)(%)

Thenumber of theworkplace by thetypeof printing

Vaiale Totd
Offt Master Gravure Screen
Ste
Seoul 37(66.1) 33(67.3) 41(554) 31(633) 142(62.3)
Kyungki-Do 19339 16(32.7) 33(44.6) 18(36.7) 86(37.7)
No. of workers
<4 35(625) 24(50.0) 19(25.7) 25(51.0) 103(45.2)
549 15(26.9) 20(40.8) 37(50.0) 16(32.7) 88(38.6)
50-99 589) 482 16(21.6) 7(14.3) 32(14.0)
100-299 1(1.8) 120 2(2.7) 120 522
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Continuous Exposure Concentration(ug/mt')

_ 8-hr TWA X MW X 10° ¥ 10m’ X Sdays ¥ 25years
24.45 20m” 7days 70years

TWA: timeweighted average
MW: molecular weight
10m’: the defaullt human occupationd volume of inhded
(en 8-hour work shift)
20m': the defauit human ambient volume of inhaled(a 24-hour day)
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17FE A<= 2 19 = A7 365daylyear x 24hr/day

Table 2. Distribution of symptom survey questionnaires by type of printing and by size of
workplace(N=311)(%)

Thenumber of theworkplace by thetype of printing

Vaiable Totd
Offt Master Gravure Screen
No. of workers
<4 35(50.7) 24(375) 22(208) 21(375) 108(34.7)
549 18(26.1) 24(375) 45(42.5) 27(375) 114(36.7)
50-99 8(116) 8(125) 26(24.5) 9(125) 51(16.4)

100-299 8(116) 8(125) 13(123) o125) 33(122)
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Table 3. Concentration of solvents in the air by type of printing

Concentrations(ppm)
Chemicd names Offst Masgter Gravure Screen Totd !
N GWGD* N OMGD) N  OGMGD) N GMGD) N GMGY) p’
Benzene 17 009460 16 0122) - - B 00933 080 1
MEK 17 087197 8 90523 18 35/504) 51 017322 94 132780 001 20
Toluene 51 1033233 54 283503 72 269657 51 3666148 228 721242 000 50
Xylene 17 035708 24 0276l) 72 131627 - - 113 109227 000 100
Ethylbenzene 3B 0163189 3R 039772 51 0163 19 065766 135 03633 000 100
Syrene 3B 038638 16 006246) 72 02943) 19 057(444) 140 042233 000 50
n-Hexane 51 026363 25 074423 1 016 24 112849 101 08114 000 50
Ethylacetate 15 026(191) 9 0533%) 51 155(67) 16 01295 91 036(135) 000 400
IPA 51 526(455) 48 592(506) 51 243(366) 42 085583 164 5435680 000 200
Methanal 2 09741 - 5 36442 3 3971%) 9 25118 072 20
|soamylalcohol 25 0250300 17 067(34) - 17 299314 59 095103 026 100
Cydohexannadl 31 013265 14 023345 - - 45 022%9 10 50
Cydohexane 47 019269 19 046292 19 076981) 3 02132 8 03246 000 300
Cumene 13 008204) 4 0071 - - 17 007189 10 50
Chlorobenzene 12 008148 5 0061L21) 9 017197 26 0145 52 004218 000 10
2-Butoxyethanol 9 029129 6 063121) 46 50328) 8 25123) 69 18719) 000 25
MIBK 9 00817) - - 3 002484 12 00688) 10 50
|sobutyl acetate 7 00(19) 19 23419 - - 26 13729 10 150
|sobutyl dlcohol 48 07500 17 067134 2 1100 - - 67 076215 070 50
2MA | 3 0139 4 046153 - - 8 0271039 15 025213 000 5
2-Ethoxyethanol 7 206158 2 1102 15 605733 21 269502 45 269421) 000 5
nHeptane 24 01638 5 01818) 1 013 5 0524) 3B 0323%) 000 40
|sobutyl acetate 2 0232 - - 2 005178 4 03629 10 150
2MEA ¢ 5 107(151) - - - - 5 10715) 10 5

"N: Number of samples, *GM: Geometric mean, **GSD: Geometric standard deviation
’p: By Kruskal-Wallis Test, *TLV: Korea Exposure Limit(ppm),’ 2-MEA: Methyl cellosolve acetate,

'2-MA: Cellosolve acetate

Table 4. Results of estimation of mixture exceeding "1" by the type of printing

Typedf printing Estimation of mixture EM excessratio)
Nt GM* (GS:))* *
Offst 6% 0.33(1.05) § 2/69(2.9)
Magter o4 0.33(1.64) 3/64(4.7)
Gravure 106® 0.69(1.55) 8/106(7.5)
Screen s 0.33(1.39) 4/72(56)
Totd 17/311(55)

"N: Number of samples, *CM: Geometric mean, *+GSD: Geometric standard deviation

A, B: Different By duncan test(F=3.59, p=0.014), h-value<0.01
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Table 5. Average score of subjective symptoms by type of printing

- Typeof printingMean=+ SD)
Subjective
Offst Master Gravure Screen pvaue
symptoms
N=69 N=64 N=106 N=72
CNS 316+ 063 243+ 062 307+ 086 375073 0001
Mouth 237+ 04 268+ 078 240+ 062 288+ 091 0001
Nose 223+ 074 233+ 077 227089 292+ 0.88 0.001
Eye 283+ 080 263075 278082 323£0.79 0001
in 197+ 072 208* 059 195+ 072 266+ 0.64 0001
Respiratory 220+ 1.09 250+ 071 214+ 109 275+ 084 0.001
Other 197+ 062 250+ 0.74 194+ 064 239+ 064 0001

"N: Number of samples
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Table 6. Concentration of solvent in the air and the subjective symptoms of human body in relation to the

chemicals handled by the printing jobs

TS Subjective symptomgMean+ SD)
CNS Mouth Nose Eye Sin Respiratory Other

EM* 1< 294 311£08 25+073 242£087 28+081 215073 236+237 216£069
<1 17 3172097 269+ 089 246-103 289+093 212081 237099 215110

p-vaue 0.77 045 084 0.88 087 099 093
Toluene
<50% 204 305093 237062 21809 281+091 14077 208+12 191£071
50%< 24 314085 264t078 250£05 290+082 225E072 249092 228+ 069
p-vadue 045 001 001 037 000 000 000
Xylene
<50% 3] 3072051 220+08 217051 260062 200041  217-08 178046
50%=< 15 3412096 279t076 273086 30561092 249080 282+092 238f056

p-vaue 014 000 000 005 001 000 000

*EM: Estimation of mixture

Table 7. Average daily concentrations of chemicals estimated from the workplace measurement data

Chamicd reme Concentration(mg/kg-day)

Offst Madter Gravure Screen

Benzene 0.508 0 0 -
MEK 0.048 0164 3385 0031
Toluene 0.152 1342 2.069 5122

Xylene 0.021 0.030 0195 -
2-Butoxyethanol 0.005 0.006 0.025 0.147
2-Ethoxyethanol 0.021 0.356 0.0% 0.017
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Table 8. Hazard quotient and hazard index for non-carcinogenic organic solvents

. Hazard quotient
Chemicd name
Offsgt Madter Gravure Screen
MEK 001 0033 0677 0.006
Toluene 0030 0.268 0414 1024
Xylene 0215 0297 1951 -
2-Butoxyethanol 0 0 0.002 0011
2-Ethoxyethanol 0104 1782 0479 0.083
Hazard Index 0359 2381 3523 1125
Table 9. Hazard index for non-carcinogenic organic solvents in the printing jobs
Fixed . .
) Monte-carlo mulations
. point
dasdficaion -
, Percentiles
Mean Mean Max Min
25% 50% 5% 9%5% 100%
Offs MEK 001 3.26E-02 181 971E-07 490E-04 226E-03 107E-02 9.83E02 181
Toluene 003 308602 910E-02 -141E-02 143E02 292E02 462802 6.87E-02 9.10E-02
Xylene 0.26 64001 10864 45IE-06 17902 6.70E-02 251E-01 178 10864
2-Butoxyethanol - 414E-04 100E-03 -282E-04 274E-04 426E-04 562604 7.39E04 109E-03
2-Ethoxyethandl 010 112601 121 19OE-03 369E-02 715602 138E-01 348E-01 121
Hazard Index 0.36 6.40E-01 124 83BE-03 143F-01 24901 502E-01 208 124
Maser MEK 003 6.39E-02 4.79 81E06 334E-03 11802 402602 244E01 4.79
Toluene 027 3.30E-01 6.99 465E-04 281E-02 865E-02 258E-01 129 6.99
Xylene 0.30 3.50E-01 3.06 25F-06  110e-02 422602 171E01 118 306
2-Butoxyethanol - - - - - - - - -
2-Ethoxyethendl 178 5.82E-02 365 505E-05 593E-03 17502 492E02 234E01 365
Hazard Index 238 7.89E-01 485 952E-03 156601 321E01 7.04E-01 256 485
Gravure MEK 068 9.6E-01 172 328606 127E-02 85302 573E01 101 172
Toluene 041 6.57E-01 2.36 50ME-06 21302 853E02 355E-01 265 2.36
Xylene 195 8.7E-01 488 222F-06 487E-02 249E-01 101 131 488
2-Butoxyethanol  20E-03 204E-03 192F-2 591F-08 59E-04 140E-03 282E03 6.14E-03 192E-(02
2-Ethoxyethandl 048 134 134 381E-05 234E-02 112E-01 5.35E01 469 134
Hazard Index 352 367 867 1L67/E-02 747E01 19 361 592 867
Soreen MEK 60E-03 643E03 67302 200E-07 186E03 448E-03 898E-03 19202 6.73E-02
Toluene 103 130 220 -306E-02 6.82E-01 946E-01 128 135 220
Xylene - - - - - - - - -
2-Butoxyethanol  11E-02  120E-02 435E01 648E-05 310E-03 664E-03 138502 402502 435E01
2-Ethoxyethenol  83E-02 833E-02 326E01 -157E01 591E02 832E02 107E-01 148E-01 326E01
Hazard Index 113 113 531 719602 7.83E-01 104 138 206 531
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