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Methyl Ethyl Ketone, Toluene

Urinary Metabolitee of Dimethvlformamide, Methyl Ethyl Ketone, and
Toluene exposed Workere in Syithetic Leather Factories

Ho-Chun Choi - Kang Yoon Kim - Sun-Hee An * Young-Ja Led" - Kyou-Chull Chung

Institute of Occupational Health, Korean Industrial Health Association, Seoul, Korea
Seoul Health College, Sung-Nam, Korea®

This study was performed to measure airborne dimethyl-
formamide(DMF), methyl ethyl ketone(MEK) and toluene and
their urinary metabolites concentrations and to determine the
relationship between airborne and urinary concentration. Air-
borne samples and their urinary metabolites were measured 98
male workers who work for 8 synthetic leather factories in a
portion of Kyoung-In area. Urine samples were collected at
end-of-shift to estimate the exposure levels.

1. The concentration of airborne DMF by process was 8.81
ppm for wet-mixing, 15.05 ppm for wet-coating, 6.03 ppm for
dry-mixing, 5.58 ppm for dry-coating, 5.37 ppm for printing, and
9.03 ppm for total. There was statistically significant difference
by process. Urinary NMF concentrations of wet-mixing, wet-
coating, dry-mixing, dry-coating and printing were 90.55 £ |,
7980 /¢, 3986 /¢, 25.23 /¢, and 38.15 /¢, respec-
tively, and total geometric mean was 56.24 /t . There was
statistically significant difference by process.

2. The concentration of airborne MEK by process was 1.89
ppm for wet-mixing, 1.96 ppm for wet-coating, 10.33 ppm for
dry-mixing, 29.24 ppm for dry-coating, 14.98 ppm for printing,
and 4.87 ppm for total. There was statistically significant
difference by process. Urinary MEK concentrations of wet-
mixing, wet-coating, dry-mixing, dry-coating and printing were
093 /t,070 /£, 329 /t,329 /t,and 1.06 /¢, res-
pectively, and total geometric mean was 1.25 /¢ . There was
statistically significant difference by process. Urinary MEK

3. The concentration of airborne toluene by process was

1999
20 10 31, 200 8 18
( 6050

0.35ppm for wet-mixing, 0.42ppm for wet-coating, 2.95ppm for
dry-mixing, 11.67ppm for dry-coating, 4.88ppm for printing,
1.24ppm for total. There was statistically significant difference
by process. Urinary hippuric acid concentrations of wet-mixing,
wet-coating, dry-mixing, dry-coating and printing were 0.24g/g
creatinine, 0.21g/g creatinine, 0.34g/g creatinine, 0.52g/g cre-
atinine, and 0.29g/g creatinine, respctively and total geometric
mean was 0.28g/g creatinine. There was statistically signifi-
cant difference by process.

4. No. of exceeded KPEL was 40 workers(40.8%) for DMF
(10ppm), 1 worker(1.0%) for MEK(200ppm), and no worker for
toluene(100ppm). No. of exceeded KBEI was 62 workers
(63.3%) for urinary NMF(40 /¢ ), 29 workers(29.6%) for uri-
nary MEK, 1 worker(1.0%) for urinary hippuric acid.

5. The regression equations were Log(NMF)=0.4094* Log
(DMF)+1.3587(r=0.4516) for DMF, Log(MEKU)=0.1859* Log
(MEK)-0.0324(r=0.3303) for MEK, Log(HA)=0.2106* Log
(Toluene)-0.5685 (r= 0.4497) for toluene.

Synthetic leather factory workers expose to 3 kinds of
organic solvents which are DMF, MEK and toluene. Their uri-
nary NMF and MEK levels were higher than their concentration
levels through respiratory. It seems that the urinary levels were
affected skin absorption for working habit and alcohol intake.
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NMF, MEK  hippuric acid ,
DMF

N-Hydroxymethy!formamide( HMMF),
( DMF) , DMF  N-methyl formamide( NMF), Formamide,
N-Acetyl-s-(N-methylcarbamoyl)cysteing(

AMCC)
. Lawerys (1980
( , 2000). IARC  DMF NMF
(the International Agency for Research on , Kimmerle 0.25, 05, 10
Cancer) DMF  Group 2B Carcino- Eben(1975) DMF
gen . :
(ACGIH, 1999). NMF Qg (
(ACGIH) DMF . 1) DMF
(TLV-TWA) 10 ppm 1994-1995  ACGIH(1994) DMF NMF
: (TLV-TWA) 10 pom NMF
, Ad , NMF (BEI)
40 /g credtinine
, 2000 DMF
DMF 10 ppm NMF
( MEK)  toluene 5 R ,
, (ACGIH, 1999). BEl DMF
(TLV-TWA) (kinetic
besis)
40 NMF/g
100 %  credtinine
DMF . . NMF
, MEK, toluene DMF 40 NI 1
( , 1999).
toluene 8
(BEl)  ACGIH , 98
hippuric acid(1.6 g/g creatining) DMF, MEK,
. tolueng(0.05 /  toluene
L) ocrex0l(05 /)
, (ACGIH, 1999). , \ ,
DMF
(199%6 30000 ) (20 30037.33 300t2.98
) . ( 1:9
, 1970 MEK g ) 2B24415¢g
Jng (1993 DMF

: LB 79 (7959 %)

, DMF toluene,
MEK
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MEK
toluene
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(o0 /50 , SKC
#226-10, USA) (100 /50
SKC #226-01, USA))
0.05-0.10¢ /min
3 .
DMF  methanol 1
1
GC (NIOSH
#2004). 1 .
MEK, toluene  DMF
ICS(3/97) 1 30
GC (
, 1996). 2 .
20
NMF
10 ,
: 059

Table 1. Operating conditions of ose chrometooreph for airbome DMF and inary NP

Varience Conditions
Airborne DMF Urinary NMF

Detector FID FTD
Column AT-WAX(30 mx0.25 x025 )
Injector temperature( ) 230 250
Detector temperature( ) 250 250
Column temperature program( ) 150 120
Flow rate He(kPa) 1) 10

Ha(kPa) 63 65

Air(kPa) 60 60

Column flow(  /min) 0.6 10
Split ratio 50:1 50:1

Table 2. Operting cordlition of pas chrormatograph for airbome methyd sthyd ketone
(IMEK) and toluene

Variance Conditions of arborne MEK and toluene analysis
Detector FID
Column AT-WAX(30 mx025 x025 )
Injector temperature( ) 230
Detector temperature( ) 250
40 (2 min)-5 /min-80(0 min)

Column temperature program( ) 30 mind80 (0 min)
Flow rate He(kPa) 75

H,(kPa) 65

Air(kPa) 60

Column flow(  /min) 0.6
Split ratio 50:1

K Vortex mixing
(3000 rpm, 5 ) 1
FTD GC(Shimadzu, GC-
17A)

( , 1998).

1 .

MEK 1

20

NMF  GC

3
: MEK DB-
WAX(30 mx025 x025 ,J& W)
hippuric acid
20 HPLC/UVD
, Progtar 310, Varian, USA) 10
DW/

(254

Acetonitril/acetic acid (90/10/0.1)
(NMAM #8031, 4.

DMF, MEK, toluene
NMF, MEK,
hippuric acid

8
, 98
DMF, MEK, toluene
NMF, MEK,
hippuric acid

DMF
881 ppm(1.00-33.00 ppm), 15.05 ppm(1.00-
179.00 ppm), 6.03 ppm(1.89-14.00 ppm),
558 ppm(0.09-53.00 ppm), 5.37 ppm(1.00-
13.28 ppm) ,
9.03 ppm(0.09-179.00 ppm)
(P<0.02),

DMF

NMF
9055 /t (4.00-363.00
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Table 3. Operstion conditions of pas chrometonraphitess spectmenpy (00810437 1t), 376/t
detectorhead space for urinary MEK (0233771 ), 106/ (045
Parameter Conditions of urinary MEK andysis 295 ) , 125
Platen temp.( ) 80 /t (0.07-10437 1t ) MEK
Sample equil. time(min.) 15
5 Pressure(psi) 5
Het-p2C®  precgire time(min) 1 (P<0.001), MEK
Valve temp( ) 120
Line temp.( ) 120 (P<000L,  6).
Detector MSD
tol ,
column DB-WAX(30 mx025 x025 ) oene
GC column temperature '

column flow( /min)
Folit ratio

35(6 min)-25  /min-180(15 min)
08
20:1

035 ppm(0.03-6.97 ppm), 0.42
ppm(0.03-19.62 ppm), 2.95 ppm(0.04-26.94

Table 4. Opersting cordition of hioh performance igud chometcoraph for uinary

ppm), 1167 ppm(1.05-53.77 ppm), 4.88

hippuric scid ppm(0.04-32.59  ppm) ,
Variance Conditions toluene 124 ppm(0.03-53.77 ppm)
Detector uvD(24 ) '

Column ODS-80 TM(4.6x150 , 4 ) (P<0.002).
Pump flowrate( /min) 10
Mohile phase D.W./Acetonitril/acetic acid (90/10/0.1)
Injection volume( ) 10 toluene
hippuric acid

"), 7980 /0 (10.84-328.24
1), 3086 / (6.00-13142
), 2523 [t (253-8300
1), 3815 /¢ (17.00-7200 |

vy 5624 |

0 (25336300 1)

(P<0.001). NMF
(5.
MEK

1.89 ppm(0.03-43.55

ppm), 196 ppm(0.03-75.42 ppm), 10.33
ppm(0.03-104.05 ppm), 29.24 ppm(0.03-
245.99 ppm), 14.98 ppm(0.03-136.99 ppm)

: 4.87 ppm
(0.03- 245.99 ppm)
(P<0.001),
MEK
MEK 093 R
(015510 f2), 070 R
(007-1292 &), 329 R

024 glg credtinine
(0.05-0.93 glg crestinine), 021
g/g creatining(0.00-1.21 g/g credtining),
0.34 g¢/g creatinineg(0.05-1.16 g/g
credtinine), 052 g/g credinine
(0.20-347 g/g credtinine), 029 g/g
creatining(0.08-1.41 g¢/g creatinine) ,
hippuric acid
028 glg credining(0.00-347 g/g
creatining)
(P<0.05),

Table 5. Corcentration of DMF in air and MM in Uine by process in Synthetic lesther industry workers

DMF in air(ppm)

NMF in uring( 1 )

i GM GSD Range GM GD Range
Wet mixing (n=22) 8.81 2,51 1.00- 33.00 90.55 2.56 4.00-363.00
Wet coating (n=37) 15.05 297 1.00-179.00 79.80 2.39 10.84-328.24
Dry mixing (n=9) 6.03 178 1.89- 14.00 30.86 2.50 6.00-131.42
Dry coating (n=21) 5.58 322 0.09- 53.00 2523 243 2.53- 83.00
Printing (n=9) 5.37 2.25 100- 13.28 3815 153 17.00- 72.00
Totd 9.03 2.9 0.09-179.00 56.24 2.69 2.53-363.00
ANOVA table
Source DF Fvaue DF F-value
Process 4 447 4 12.97
** P<O0L

PO 00L
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Tahle & Coreertration of MEK in air and MEK in ine by process in syrthetic leather industry workers

Processes

MEK in air(ppm)

MEK in uring{ /2 )

GM GSD Range GM GSD Range
Wet mixing (n=22) 1.89 6.49 0.03- 4355 093 2.50 015 510
Wet coating (n=37) 1.96 6.82 0.03- 75.42 0.70 2.86 0.07- 12.92
Dry mixing (n=9) 10.33 29.28 0.03-104.05 329 9.96 0.08-104.37
Dry coating (n=21) 29.24 7.61 0.03-245.99 329 3.76 0.23- 37.71
Printing (n=9) 14.98 13.42 0.03-136.99 1.06 173 045 295
Totd 487 11.24 0.03-245.99 125 3.90 0.07-104.37
ANOVA table
Source DF F-value DF F-value
Process 4 7.20 4 721
=S 0l00i]

Table 7. Corcentration of toluene in air and hippuris scid in orine By process in syrthetic lesther industry workers

Toluene in air(ppm)

Hippuric acid in uring(g/g creatining)

i GM GD Range GM GSD Range
Wet mixing (n=22) 0.35 6.73 0.03- 6.97 0.24 2.25 0.05-0.93
Wet coating (n=37) 042 568 0.03-19.62 021 351 0.00-1.21
Dry mixing (n=9) 2.95 1227 0.04-26.94 034 2.58 0.05-1.16
Dry coating (n=21) 1167 2.89 1.05-53.77 052 2.14 0.20-3.47
Printing (n=9) 488 7.77 0.04-32.59 0.29 2.82 0.08-1.41
Totdl 124 9.65 0.03-53.77 0.28 291 0.00-3.47
ANOVA table
Source DF Fvaue DF F-vaue
Process 4 16.52 4 2.98
=500
" poo0L
, , 20 (204 %), 29 (296 %), 5
(7. , (51%),5 (51%),3 (31%
10 (102%), 2 (235 %), 2 (2.0 %), 2
2, DMF, MEK, toluene (20%), 3 (31 %)
NMF, MEK, , MEK } MEK
hippuric acid 1 (1.0 %) , toluene 6 (61%),3 (31%),6 (6.1%)
NMF 13 (133%),1 (1%

DMF

: hippuric acid

1 (1% (9

Teble 2 Bdeeded rates of Koreen Criteris of 2iborre CWE, MEK 2nd tolene and irend NV, MBR 2rd hippunc 20k by processes

No. of exceeded KPELY%)

No. of exceeded KBEIS(%)

Processes n DMF MEK Toluene NMF MEK Hippuric acid
Wet mixing 2 10(102) 20(204) 6( 62) }
Wet coating 37 23235 29(296) 3( 31)
Dry mixing 9 2( 20) - 5( 5.J) 6( 6.1) -
Dry coating 21 2( 20 1(1.0) 5(51) 13(133) 1(1.0)
Printing 9 3( 31) i 3(31) 1( 10) i
Totd 98 40(408) 1(L0) 62(633) 29(296) 1(L0)
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3. DMF, MEK, toluene
1.0

0.25, 0.5,

98 DMF
10 ppm 40
(40.8 %), 5.0 ppm 68 (694 %),

2.5 ppm 90 (91.8 %)

. MEK 200 ppm 1
(1.0 %) , 05
0.25 100 ppm, 50 ppm

6 (6.1 %), 20 (204
%) . toluene
100 pom  ( , 1998)
, ACGIH(1999) TLV 50
ppm 1 (1.0 %), 25 ppm
9 (92 %)
9
MEK  toluene
DMF
DMF
NMF
( ,
2000) 0 R
62 63.3 % , 40

R 05 ,025 20 k,10 /
£ 86 (87.8 %),
93 (949% . ACGIH(19%)

5 a9
929 % . MEK
2 I 29
(296 %), 05 , 0.25 10 & ,05
1t % (55.1 %),

& (837 %) hippuric acid
(
, 2000) 2.5
g/lg credtinine 1
(10 %) , ACGIH(1999)
1.6 g/g credinine 2
(20 %)
DMF(BEI , 633 %)
, MEK BEI
(29.6 %)
(9.
4. DMF
NMF
: (n=60),
1 (09 (n=20), 1
(90 g) (n=12)
( 10).

Log(NMF)=0.4119*Log(DMF)
+1.2802(r=0.4649, P<0.001) :
0 g

DMF NMF
Log(NMF)=0.5260* Log(DMF)+1.3622(r=0.
5967, P<0.01)

09
Log(NMF)=0.2286* Log(DMF)+1.6896(r=0.
2592, P>0.05)

Log(NMF)=0.4094* Log(DMF)+

1.3587(r=04516, P<0.001) |, 10
ppm  DMF
NMF 5862 R .
MEK Log(MEKU)=
0.1859* Log(MEK)-0.0324(r=0.3303,P<0.001
) , hippuric
acid  Log(HA)=0.2106* Log(Toluene)-0.568
5(r=0.4497, P<0.001)

DMF
DMF :
, (buccdl
cavity cancer) (pharynx cancer)
(Bardodgg  Malono-
va, 1987, Redlich , 1990, Wdrath

1989, Wang
(2979)

, 1991). Kouddla Spazier

DMF 10

ppm 50-60 pom  DMF

DMF
Lauwerys

Kommineni(1980)

BEI
, mercapturates  DMF

(1980)

DMF 1020 % NMF

Table 9. Bvceeded rates(®8) of Koran Perrrissible Bxposure Limis(KPELS) and Korean Biclooical Bxposure Indies(KEES)

of airborne OME by industies

No. of exceeded sample(rate, %)

Materals Criteria " 0.25 criteria 05 criteria 10 criteria
DMF 10 ppm 98 90(91.8) 68(69.4) 40(40.8)
Air MEK 200 ppm 98 20(20.4) 6( 6.1) 1( 1.0)
Toluene 100 ppm(Korea) 98 992 1( 1.0) 0( 0.0)
50 ppm(ACGIH) 16(16.3) 9 9.2 1( 1.0)
NMF 40 /& (Korea) 98 93(94.9) 86(87.8) 62(63.3)
15 /8 (ACGIH) 97(99.0) 93(94.9) 91(92.9)
Urine MEK 2 [t (Korea & ACGIH) 98 82(83.7) 54(55.1) 29(29.6)
Hippuric acid 2.5 glg creatining(Koreq) 98 19(19.9) 4 41) 1( 1.0)
16 g/g creatinine(ACGIH) 42(42.9) 14(14.3) 2( 20)
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Table 10 Regression equstions of Urinan NME and sirbome OME soncertestion by categon of akeohol intake

Dependent variable Independent variable  Category n Regression equation F ngf;ﬁiii%r;)
=0 66 Y=0.4119*X+1.2892 17.64 04649
) 2 90 g 2 Y=05260* X +1.3622 9.96 0.5967
Log(NMF) Log(DMF) >0g D Y=0.2286* X +1.6896 072 02502
Total % Y=0.4094* X +1.3587 2459 0.4516
Log(MEKU?) Log(MEK?) Total % Y=0.1859*X-0.0324 1176 03303
Log(HA®) Log(Toluene) Total B Y=0.2106*X-0.5685 24.32 0.4497

1) NMF N-mghyiformamice in uing, 2) DMFE dmeathylformamide in ar,  3) MEKU: methyl ethyl ketore in uine 4) MEK: methyl ethyl ketore in ar
5) HA: hippuric add inuine ~ P00l T R<000L

510 %  mercapturates
, 24
NMF
(Mraz, 1987,
Mraz, 1988, Mraz , 1989; Laeo ,
1995g; Sekai  , 1995). DMF
(Mraz , 1989; Mraz  Nohova,
1992).
DMF
, MEK, toluene
DMF
MEK  toluene
Yang (2000
, DMF
MEK
toluene

B

DMF MEK, toluene

NMF,
MEK, hippuric acid

025, 05, 10

NMF
DMF
DMF

1505 pom
DMF
5624 [t
(253-363.00
9055 /i
( 9. :

vy

. Yang
(2000) DMF
2.62 ppm(
NMF 1450 /¢
, Seka (1995
DMF 25104 ppm , 24754
/ . Lareo Perbdlini
(19950) DMF 10-20
/ NMF 493 K

5.30),

DMF

(Mraz  Nohova, 1992, Yang , 2000).
DMF
. MEK  toluene
MEK  toluene
, MEK
toluene 29.24 ppm, 11.67 ppm
( 6 7.
toluene DMF
MEK
toluene
(
, 1997)
MEK 329
s , 996 376
. MEK
hippuric acid NMF
MEK :
DMF
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10 (102%), 23 (235%), 2 (20 %), 2
(20 %), 3 (31 %)

MEK 1 (10 %)
, toluene
NMF , , ,
20 (204

%), 2 (296%),5 (51%),5 (51%)
3 (31%)

MEK 6 (6.1%)3
(31%),6 (61%), 13 (133%),1 (1
%) , hippuric acid
1 (1%

025 ,05 ,10

( 9.
MEK, toluene 0.25, 0.5, 1.0

DMF,

, DMF 40.8 %

, MEK 025
204 %, toluene  16.3 %
(4.87 ppm, 1.24 ppm)
20 %

NMF, MEK, hippuric acid

633 %,
296 %, 1 %
. NMF 15 &
ACGIH 929 %
, MEK 05 551 %, 0.25

83.7 %

DMF MEK

MEK

(conjugated metabolites)
MEK
Monger, 1938).
MEK BEI

(Kezic
ACGIH(1999)
MEK
DMF

MEK toluene ,

025 ,05

MEK toluene

DMF MEK
NMF

DMF NMF
09

DMF NMF

04649, 1 0.5%67

0.2592

NMF
. Lyle
DMF 2 mmal/
45 ,

(1979)

29g

. DMF

DMF
NMF
, NMF

NMF

. ACGIH(1999) TLV

NMF
DMF

. Kawa  (1992)
DMF

toluene

DMF  NMF
(r=0.723)
(r=0.443)

DMF

DMF NMF
Log(NMF)=04094* log(DMF)
DMF 10 ppm
NMF 5863 Nt
, Bardoje  Madonova(1987)
DMF 10 ppm NMF
10 /g credtinine

+1.3587

. Kawa
DMF 10-20 ppm
15.8-29.6 /g cregtinine
Malonova(1987)

(1992)
NMF
Bardoje

. Yang (2600)

317 It (242 [g credtining)

80 %
Mraz

Nohova(1992)  DMF 10
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AAAE 9 AARAE LogNMF=
04094*  LogDMF)+1.3587  (=04516,
P<0.001), MEKY:  Log(MEKU)=0.1859*
Log(MEK)-0.0324(=03303,  P<0.001),
toluene<  Log(HA)=0.2106*Log(Toluene)
-0.5685(r=0.4497, P<0.001)%1t}.
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