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Exposures of Organic Solvent Mixtures
to Rotogravure Printing Workers.

Ho-Chun Choi - Kangyoon Kim : Sun-Hee An - Kyou-Chull Chung

Institute of Occupational Health, Korean Industrial Health Association, Seoul, Korea

The purpose of this study was to evaluate concentrations of organic solvent mixwres in air of rotogravure
printing workplaces. Qualitative and quantitative analysis of organic solvents contained in the gravure inks
used at rotogravure factories had been done.

The results obtained were as follows:

1. The gravure inks mainly consist of toluene, methyl ethyl ketone(MEK), and ethyl acetate(EA), and
traces of isopropyl alcohol(IPA), xylene, 2-butanol, cyclohexane, cellosolve etc were also contained in them.

2. Thinner used as a diluent consist of toluene, MEK, and EA.

3. Geometric mean concentration of toluene in ambient air were 23.81 ppm at gravure printing of packing
material, 42.10 ppm at gravure printing of wallpaper, 16.95 ppm at gravure printing of plastic bottle for
beverage and 4.31 ppm at gravure printing of plywood printing or floor covering. Concentrations of toluene
in ambient air showed statistically significant difference between types of printing.

4. Concentrations of MEK in ambient air were 12.43 ppm at gravure printing of packing material, 5.47
ppm at gravure printing of wallpaper, 16.78 ppm at gravure printing of plastic bottle for beverage and 16.44
ppm at gravure printing of plywood printing or floor covering. MEK concnetrations in ambient air showed no
significant difference.

5. Conentrations of EA were 14.30 ppm at gravuare printing of packing material, 1.92 ppm at gravure
printing of wallpaper and 21.12 ppm at gravure printing of plywood printing or floor covering. EA
concentrations in ambient air shown significant difference.

6. Percentage of the workplaces where the ambient air concentration of organic solvent mixwres exceeded
the Korean Permissble Exposure Level(KPEL) amounted to 18.03%.

7. Toluene concentrations in ambient air of rotogravure printing workplaces ranged from 0.69 to 156.02
ppm and urinary hippuric acid excretion ranged from 0.10 to 1.32 g/ v
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Table 1. Analytical condition for qualitative analysis of
organic solvents by GC/MSD with head space

sampler

Parameters

Split ratio o { 4300

Column oven temp. 70 T

Detector temp. 20 ©

Injector temp. 330 U

Column HP-1(0.2 wn > 30 m)
Column head pressure 40 psi

Bath temperature 0 T
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Fig 2. Chromatogram of organic solvents in rotogravire factories(A:

n-Hexane, B: Acetone; C: Ethyl acetate; D: Methyl ethyl
ketone; E: Isopropyl alcohol; F: Methyl isobutyl ketone; G:
Toluene; H: Ethyl benzene; I m-Xylene; J: p-Xylene; K:
o-Xylene; L: Cellosolve).

Table 2. Analytical condition of hippuric acid in urine by HPLC

Parameters

Detector{UV-VIS)

Injection volume

254 nm
10 p¢

Pump Fow: 1.0 m#/min

Colurrn 0ODS-80 T™™

Mobile phase Distilled Water/Acetonitrile/Acetic acid(90/10/0.1)
mda I
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Table 3. Qualitative analysis of organic solvents in rotogravire inks

Product(% concentration)

Solvent

Packing L Wallpaper Beverage Plywood
OPP Ink” Nyl Ink” PP Ink” V-Ink” L-Ink" PAK” BL Ink”
Toluene 134 16.6 98.6 - 952 19.5 50.4
Methyl
ethyl 31.0 39.1 - - - 17.9
ketone
Bl 331 443 . : : 36.9 .
acetate
Isopropyl
alcohol - 1.4 - - 356 317
Jmethyl pentane(2.9) Yvlene 5 L
Others 2-methyl-|-pemtane(2.6) - - ‘ I;EI?}?: fng;.,?:g Cellosolve(8.0)
Cyclohexane(17.1) T

- Not detected.

1) OPP ink: used of oriented poly propylene film.

3) PP ink: used of poly propviene film.

5) L-nk: Inks for low quality wallpaper.

7) BL ink: Inks for floor coverings or plywood printing,

(100.0)

2) Nl ink: used of Nylon film,
4) V-Ink: Inks for high quality wallpaper.
6) PAK: Inks for polyethylene coated carton packs.

Table 4. Qualitative analysis of main organic solvents in rotogravure thinners

Product(% concentration)

Solvent Packing
» ()PP [hmn T - - Nyl thinner i
Toluene 492 317
Methy! ethyl ketone 24.1 18.3
Ethyl acetate 267 50.0

Isopropyl alcohol -
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Table 5. Distribution of organic solvents in rotogravure printings by product

Solvent Product No. of workplace No. of sample No. of detection(%)
Toluene Packing 22 111 109( 98.2)
Wallpaper 27 27(100.0)
Beverage 38 33( 86.8)
Plywood 3 57 55( 96.5)
Total 32 233 224( %6.1)
Methyl ethyl ketone Packing 22 111 5% 53.2)
Wallpaper 3 27 18( 66.7)
Beverage 4 38 15( 39.5)
Plywood 3 57 53( 93.0)
Total 32 233 145( 62.2)
Ethyl acetate Packing 2 111 55( 49.5)
Wallpaper 3 27 10( 37.0)
Beverage 4 38 23( 60.5)
Plywood 3 57 -
Total 2 33 88( 37.8)
Isopropy! alcohol Packing 22 111 20( 18.0)
Wallpaper 3 27 -
Beverage 4 38 15( 39.5)
Plywood 3 57
Total 32 233 35( 15.0)
Acetone Packing 22 111 26( 23.4)
Wallpaper 27
Beverage 38 11( 28.9)
Plywood 57 -
Tota 2 o ( 159)
n-Hexane Packing 22 111 22( 19.8)
Wallpaper 3 27 -
Beverage 4 38 6( 15.8)
Plywood 3 57 ,
Total 32 ) 233 28( 12.0)
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Table 6. Concentrations of organic solvents to exposed workers in rotogravure printings by product

Sl — . Concentration(ppm)
GM GSD Min. Max.
Toluene™ Packing 109 2381 531 0.67 31735
Wallpaper 27 42.10 339 233 23044
Beverage 33 16.95 5.00 0.15 119.10
Plywood 55 43] 6.69 0.03 107.77
Total 224 15.96 6.30 0.03 317.35
Methyl ethyl Packing 59 12.43 71_06 1.32 196.37
ketone Wallpaper 18 547 3.60 0.69 91.84
Beverage 15 16.78 4.57 111 141.18
Plywood 53 16.44 6.69 0.05 204.38
EF_ 145 12.81 505 0.05 204.38
Ethyl acetate”  Packing | 55 14.30 397 0.68 162.39
Wallpaper 10 1.92 406 0.22 12.55
Beverage 23 21.12 223 4.10 86.49
Plywood - - - - -
};a;_ | 88 12.68 4kl 8 022 162.39
Isopropyl Packing o 2() 14.01 220 1.99 5797
alcohol Wallpaper - - . 5 "
Beverage 15 13.46 232 3.46 55.70
Plywood
Total 7 35 . 13.74 2:23 1.99 5797
Acetone” Packing 26 16.28 485 051 333.62
Wallpaper
Beverage 11 3.25 1.82 1.55 11.47
Plywood - - - -
};f;d—_ - 37 16.07 ‘466 051 333.62
n-Hexane ™ Packing B 2 1.84 8.08 006 18.73
Wallpaper - - - - -
Beverage 6 0.14 1.95 0.07 038
Plywood - " =
‘T‘o‘t;l_ﬁ - 28M 1.06 8.67 0.06 18.73

**: P<0.01, ***: P<0,001
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Table 6. Comparison of known and exposed organic solvemis in rotogravure printing factories

Organic Solvents

Factory Product o =
Known Material Exposed Material
A Packing Ioluene Ethyl acetate, MEK IPA Toluene, Ethyl acetate, MEK
B Beverage Toluene, Acetone | Toluene, Acetone,
\/JEK, (\'cl()hexane ‘vIIBK
C Packing Toluene, Ethyl acetate  Toluene, Ethyl acetate
M]:K 1\celcme lPA
D Packing Toluene, MEK, " Toluene, MEK,
n- Butvl acetaie, h{hyl acetate,
E Packma Ioluem Dhyl acetate, lPAV loluem Ethyl acetate,

& MEK: methyl ethyl ketone
by IPA: isopropy! alcohol
¢. MIBK: methyl isobutyl ketone
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Table 8. Comparison ratio of exceeded KPEL evaluation method by single organic solvent and additive effect of organic

solvent mixtures

The No. of exceeded KPEL of single organic solvent

~ The No. of exceeded KPEL

Toluen Mﬂg:mihyl A}izg:e ]jzgo?z] Acetone  n-Hexane b adilsgl\:’;fﬁ‘;o;;:'f&organr
Packing sy - = , 290613 A'
Wallpaper 27 4(1481) ' i - 5(18.52)
everige 38 10260 - . i . : 3 7.89)
Plywood 57 ; : : . 5(877)
Total 33 294y - - - ] ; 201803
e )
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Table 9. Concentrations of toluene in air and hippuric acid in urine by group

Toluene in air{ppm) Hippuric acid in urine(g/ ¢ ) Mean
Group ; U-Value  Z-Value
n GM GSD Min Max n MeantSD Min Max  rank
Exposed 42 1028 521 069 15602 274 059+t024 010 132 24404 6701.5 -10.2068
Non-
131 030102 . . .
o 30 7 000 125 11716

* Significant difference of toluene exposed workers and non-exposed workers(P<0.001, Mann-Whitney test)
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ok RS AR R 27499 8.5 diAAbE
otuAt 228 SA3SCHR 9).

TEANA 2E2HT v B FEE 10.28
ppm(0.69-156.02 ppmielG ., ZE 48 85 vin
Ake] FEE 059 g/ ¢ Gk BFollel] 283 FHo| ¢l
E AAelel 8% vinAl 2= 030 g/v o2 BB
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