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Abstract: The possibility of acute hepatotoxicity caused by dimethylformamide (DMF) requires regular monitoring
of the workers who are using DMF to prevent the occupational disease. The authors performed ambient and
biological monitoring of workers involved in synthetic leather manufacturing processes using DMF to assess the
correlation between the markers of ambient and biological monitoring of DMF. The authors monitored 142 workers
occupationally exposed to DMF from 19 workshops in the synthetic leather and ink manufacturing industries located
in northern region of Gyeonggi-do. The subjects answered questionnaire on work procedure and use of personal
protective equipment to be classified by exposure type. DMF in air samples collected using personal air samplers,
diffusive and active sampler, was analysed using gas chromatograph-flame ionization detector (GC-FID) with DB-
FFAP column (length 30 m, id. 0.25 mm, film thickness 0.25 pm). Urinary N-methylformamide (NMF) was
analysed using gas chromatograph-mass selective detector (GC-MSD) at selected ion monitoring (SIM) mode with
DB-624 column (length 60 m, i.d. 0.25 mm, film thickness 1.40 um). Geometric mean (GM) and geometric standard
deviation (GSD) of the ambient DMF was 6.85=+3.43 ppm, and GM and GSD of urinary NMF was 42.3+2.7
mg/L. The ratio of subjects with DMF level over 10 ppm was 44%, and those with urinary NMF over 15 mg/
L was 87%. NMF in urine adjusted by DMF in air was 4.61+2.57 mg/L/ppm and 9.50+2.41 mg/L/ppm,
respectively, with or without respirator. There was seasonal differences of NMF in urine adjusted by DMF in air,
7.63+2.74 mg/L/ppm in summer and 4.53 +£2.29 mg/L/ppm in winter. The urinary NMF concentration which
corresponds to 10 ppm of ambient DMF was 52.7 mg/L (r=0.650, n=128). Considering the difference of the route
of exposure which resulted from the compliance of wearing personal protective equipment, the estimated
contribution of respiratory and dermal exposure route for DMF was 48.5% vs. 51.5%.

Key words: Dimethylformamide (DMF), N-Methylformamide (NMF), biological monitoring, occupational expo-
sure, dermal exposure, personal protective equipment
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Table 1. Concentration and excess ratio of DMF in air

DMF in air (ppm)

n? Excess ratio(n, %) p value’
GM® GSD® Range
>10 ppm >5 ppm
Total 142 62(44%) 87(61%) 6.85 3.43 0.14-172.1
Industry" 0.001
— Synthetic leather 124 54(44%) 73(59%) 6.19 3.56 0.14-172.1
— Ink manufacture 18 11(61%) 17(94%) 13.75 2.09 3.96-50.70
Process * 0.099
— Mixing 35 17(49%) 21(60%) 6.05 3.17 0.14-48.73
— Coating 52 22(42%) 29(56%) 6.74 3.53 0.45-172.1
— Lamination 20 7(35%) 13(65%) 6.53 3.17 0.39-40.39
— Desquamation & Packing 17 5(29%) 7(41%) 4.70 4.32 0.7-42.7
— Ink process 18 11(61%) 17(94%) 13.75 2.09 3.96-50.70
Mask" 0.859
— Wear 73 32(44%) 44(60%) 6.97 3.21 0.14-172.1
— Did not wear 69 30(44%) 43(62%) 6.72 3.68 0.39-76.48
Season' <0.001
— Summer(May-Oct) 96 31(32%) 49(51%) 4.78 3.04 0.14-37.15
— Winter(Nov-Mar) 46 31(67%) 38(83%) 14.48 3.12 0.83-172.1
Method® 0.059
— Active sampler 85 31(36%) 50(59%) 5.77 2.81 0.14-37.15
— Passive sampler 57 31(67%) 37(65%) 14.48 3.12 0.39-172.1

“n:number of subject, "GM:Geometric mean, °GSD: Geometric standard deviation

“p-value: p-value was calculated by unpaired t-test or ANOVA after log transformation of DMF concentration in air because the data of
DMEF showed log normal distribution..

Tlndustry, Mask, Season, Method assessed by unpaired t-test

*Process was assessed by ANOVA test
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Table 2. Concentration and excess ratio of urinary NMF

Y QAR Hit T2 8 w=9kow d4F b
Frolgt zpo] 2 B A H(p=0.001). FFHEEZE 713}
H#EE7t 4.70 pm—rE1 13.75 ppmH =, 4= A
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At 73-(n=46%)2] 71eE+ FE7F 14.48 ppm =
71 (5€~10¥€)°] =743 $-(n=96%)2] 4.78 ppm
of val 3 wir}EF Ekem EPAIER &
o1& HATHp<0.001).
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Urinary NMF (mg/L)

Adjusted NMF

Excess ratio (n, %) . (mg/L/ppm)’*
n? GM®(GSD®) Range  p value
>40 mg/LL. >15 mg/L n*  GM (GSD) p value
Total 135 72(53%) 117(87%) 42.3(2.7) 2.0-623.3 128 6.43(2.66)
Industry® 0.231 0.025
— Synthetic leather 117 63(54%) 103(88%) 40.7(2.7) 2.0-623.3 110 6.95(2.68)
— Ink manufacture 18 9(50%)  14(78%) 54.8(2.4) 12.0-219.0 18  3.98(2.28)
Process * 0.598 0.208
— Mixing 35 18(51%) 32(91%) 46.0(2.6) 10.0-400.2 33 7.77(2.44)
— Coating 48  23(48%) 39(81%) 38.0(2.7) 5.0-623.3 47 6.33(2.93)
— Lamination 21 12(57%)  17(81%) 44.42.9) 4.0-356.0 17 7.14(2.60)
— Desquamation & Packing 13 7(54%)  12(92%) 33.6(3.1) 2.0-167.0 13 7.12(2.71)
— Ink process 18  12(67%)  17(94%) 54.8(2.4) 12.0-219.0 18  3.98(2.28)
Mask" <0.001 <0.001
— Wear 70 26(37%)  57(81%) 30.7(2.4) 4.0-263.3 69 4.61(2.57)
— Did not wear 65  46(70%)  60(92%) 59.8(2.7)  6.0-400.2 59 9.50(2.41)
Season’ <0.001 0.004
— Summer 93 43(46%)  76(82%) 33.9(2.5) 2.0-356.0 86  7.63(2.74)
— Winter 42 29(69%) 41(98%) 69.1(2.6) 12.0-263.3 42 4.53(2.29)
Method® <0.001 0.648
— Active sampler 76  31(41%)  64(84%) 33.0(2.4) 4.0-356.0 75 6.22(2.69)
— Passive sampler 59 41(69%)  53(90%) 62.5(2.9) 2.0-623.3 53 6.74(2.64)

n: number of subject, 5GM: Geometric mean, °GSD: Geometric standard deviation
dAdjusted NMF (mg/L/ppm) is urinary NMF (mg/L) divided by DMF in air(ppm).
“p-value was calculated by unpaired t test or ANOVA after log transformation of NMF concentration in urinary.

"Industry, Mask, Season, Method assessed by unpaired t test
*Process was assessed by ANOVA test
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Table 3. The correlation between DMF concentration in air and NMF concentration in urine and NMF in urine corresponding

to 10 ppm DMF in air

Regression parameter Estimated NMF
Category ] ] . (mg/L) for
n Regression equation r p-value  pypp (10 ppm)
Total 128 Y?=0.506 x X°+2.800 0.650 <0.001 52.7
Method Active sampler 75 Y=0.387 x X+2.850 0.481 <0.001 421
G  _ pagsive sampler 53 Y=0.538x X+2.936  0.752 <0.001 65.0
Indust — Synthetic leather 110 Y=0.513 x X+2.807 0.665 <0.001 54.0
RO _ Ink manufacture 18 Y=0.560x X+2.536 0479 0.044 459
— Mixing 33 Y=0.545 x X+2.859 0.714 <0.001 61.2
— Coating 47 Y=0.427 x X+2.891 0.580 <0.001 48.1
Process — Lamination 17 Y=0.648 x X+2.618 0.693 0.002 61.0
— Desquamation & Packing 13 Y=0.560 x X+2.645 0.788 0.001 51.1
— Ink process 18 Y=0.560 x X+2.536 0.479 0.044 459
Mask — Wear 69 Y=0.443 x X+2.579 0.610 <0.001 36.6
* ~ Did not wear 59 Y=0.554x X+3.105  0.775 <0.001 79.9
S — Summer (May-Oct) 86 Y=0.440 x X+2.870 0.532 <0.001 48.6
a1 Winter (Nov-Mar) 42 Y=0.578 x X+2.660 0.713 <0.001 54.1
Method Active sampler 75 Y=0.387 x X+2.850 0.481 <0.001 42.1
etho — Passive sampler 53 Y=0.538 x X+2.936 0.752 <0.001 65.0
%Y : log transformation of NMF concentration in urinary (Ln(NMF)).
bX : log transformation of DMF concentration in air (Ln(DMF)).
°r : Pearson correlation coefficient
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classified by wearing safety mask or not.

Y (Fig. 2, Table 3).
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