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— Abstract —

Seasonal Variations of the Urinary N-M ethylformamide Concentration among
Workersat a Synthetic Leather Factory

Kwang-Y oung L ee, Joo-Hyun Byeon, Hae-Rhan Song, Jin-HaKim,
Kwang-Wook Kao?, Y ong-Hwan Lee”

Department of Occupational & Environmental Medicine, Kosin University Gospel Hospital
Department of Preventive Medicine, College of Medicine, Kosin University?

Objectives: This study was carried out to identify seasonal variations of urinary concentra
tions of N-methylformamide (NMF) among workers employed at a synthetic |eather factory.

Methods: Study subjects consisted of 16 male and 6 female workers who were involved in
the direct treatment of dimethylformamide (DMF) in a synthetic leather factory. By using health
examination data and the results of air measurements and biologic monitoring conducted in
February and July, 2001, we identified seasonal variations of the DMF concentrations in the air
and NMF concentrationsin urine.

Results: 1) In winter and summer, average temperatures at the working sites were 3.200 and
26.500, respectively and average humidities were 35.4% and 84.5%, respectively. 2) Airborne
DMF concentrations were not significantly different between summer (13.78 ppm) and winter
(11.55 ppm). 3) NMF concentrations in urine were found to be significantly higher in summer
(96.09 mg/g creatinine) than in winter (31.23 mg/g creatinine) (p<0.001).

Conclusions. The seasonal difference in the urinary excretion values of NMF may be due to
increased dermal absorption of DMF with the higher ambient temperature and humidity in sum-
mer and the increased area of exposed skin.

Key Words. Dimethylformamide (DMF), N-Methylformamide (NMF), Seasonal variations,
Dermal absorption
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Table 1. General characteristics of the subjects

Characteristics Meant SD / N(%)

Age(years) 40.8+ 8.0
20-29 1(45)
30-39 8(36.4)
40-49 9(40.9)
> 50 4(18.2)
Sex
Male 16 (72.7)
Female 6 (27.3)
Work sites
Coater 1 5(22.7)
Coater 2 5(22.7)
Coater 3 2(91)
Mixing 4(18.2)
Others 6 (27.3)
BMI* (kg/m?) 234+ 25
<25 17 (77.3)
=2 25 5(22.7)
Working duration(months) 80.6x 60.4
Alcohol drinking
No 8(36.4)
Yes 14 (63.6)
Skin problems
Summer No 15 (68.2)
Yes 7 (31.8)
Winter No 22 (100.0)
Protective equipments
Glove Cotton 19 (86.4)
No 3(13.6)
Vapor respirator 2(9.)
Mask Cotton 2(9.)
No 18(81.8)

BMI* (Body mass index) = weight(C )/height(m)?

(9.1%), 0 O 0000 183(81.8%) O0OO0O
0000 0O00.00 00000 0000 000
00 0000 000 000 000 000 0 00
0 000 000 0000 0000 00 00 OO0
000 00 000 00000.
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Table 2. Distributions of liver enzymesin winter and summer

) Winter(n=22) Summer(n=22) p-value
Liver enzymes
N (%) N (%) N (%)

AST(GOT) < 40 21 (95.5) 20 (90.9) NS
(Ture ) > 41 1(45) 2(9.2)

ALT(GPT) < 35 19 (86.4) 20(90.9) NS
(Ture ) > 36 3(13.6) 2(91)

y-GTP 11-63 (8-35*) 14 (63.6) 18 (81.8) NS
(Ture ) > 64 (36*) 8(36.4) 4(18.2)

* : female

NS : not significantly different at 0.05 probability.
" Fisher' s exact test

Table 3. Temperature and humidity in work sites

Winter (2001-02-01)

Summer (2001-07-03)

Meant SD Meant SD
Temperature (O ) 3.2+ 2.28 26.5+ 3.27
Humidity (%) 35.4+ 1.27 84.5+ 2.95

000000 00000, 000 130 (59.1%)
0000 90(40.9%) 0000 00 000 OO
0 0 000 CO 00 0000 00000 220
000 CO 00 0000 000 0000 000
0 000000 0000000 000 000.

00 0002200 000000 00000 0
000 O AST(GOTY OO 0000 0O OO
0000 40 1lUA O OO0 000 0000 10
(4.5%), 0000 20(9.1%Y 00 ALT (GPT)
000000000000 0000 351U 0
00 000 0000 30(13.6%), 0000 20
(9.1%)yY 000 y-GTFD 000 0000 00 O
0 0000 63@QO00 OO0 35) 1U/A O 00 O
00 0000 80(36.4%), 0000 40(18.2%)
0000 OO0 000000 000 000 000
(p>0.05) (Table 2).
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84.5% 10 (Table 3).

000000 0o oDMFOOO OO OOO
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mg/g creatinined OO0 OO0 NMF OOOODO
00000 00000 0000 DO0O(p<o.001),
OO O DMF OO(ppm)! OO0 OO NMF OO
0 (mg/g creatinine)0 OO 0OO0O0O0O 13.78:
96.09(=1:6.97)00 0OOODO 11.55:31.23
(=1:2.70) 0 OOO OO UOO OO O 2.6
00 000Fig. 1).
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Table 4. The concentrations of DMF(ppm) and NMF(mg/g creatinine) by work sitesin winter and summer

DMF (ppm) NMF (mg/g creatinine)
Work sites N N Winter Summer  p-vaue*
Winter Summer  p-value*
GM GM
Coater 1 2 38.66 90.06 5 74.34 332.91 0.043
4.66 21.68
Coater 2 2 831 16.30 5 40.68 114.82 0.043
3.64 14.25
Coater 3 2 58.44 8.16 2 66.62 128.52 0.180
4.62 10.51
Mixing 2 16.96 4.98 4 21.35 98.76 0.068
12.73 6.70
Others 6 12.17 26.21 0.075
GM(GSD) 8 11.55(2.79) 13.78(2.46) 0.575 22 31.23(2.38) 96.09 (3.12) <0.001
GM : Geometric mean
GSD : Geometric standard deviation
* : Wilcoxon signed ranks test
e 00 NMF OOOO OO0 OO0 oo oood
o ﬂ‘-"_""" O000(p<0.001) OO0O0O OOOOO bODODO OO
A fan 05 0 OO0 000(p=0.080). BMIO OO 000 O
L i O0(BMI<25, BMIz 25000 00 NMHI OO0
' 0000 oooooobbooo oooo oo
£ oooo ooo oo NVA] 0000 ooo o
0 D000 000(@O, p<0.001, p=0.080). O
N i 000 ooooboooboboobooooo o
E’?E o0 oo 700 OO NMFOOOO OO0 od
! ; 000 1500 000 0 oo gboo oog
fireaflie el (p>0.05) (Table 5).
B i b W e 0 e

Fig. 1. Ratios of the concentrations of DMF (ppm) and
NMF (mg/g creatinine) in winter and summer.
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300 00 NMF OOOO 0000 000000
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0000 0000 000 000 0000 000
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1999).

167



gooooooo 0150 0 20 20030

Table 5. The concentrations of NMF(mg/g creatinine) by other factors in winter and summer

NMF (mg/g creatinine)

n=22 Winter Summer p value'
GM(GSD) GM(GSD)
no (n=3) 28.59 (1.35) 80.76 (1.36) 0.109
Glove cotton (n=19) 31.67 (2.53) 98.76 (3.40) <0.001
p-value' 0.473 0.271
no (n=18) 38.60 (2.07) 103.80 (2.98) <0.001
Mask yes (n=4) 12.03 (2.37) 67.88 (4.32) 0.068
p-value’ 0.033 0.733
< 25 (n=17) 35.26 (2.25) 120.28 (2.59) <0.001
BMI* group > 25(n=5) 20.66 (2.73) 44.78 (4.49) 0.080
p-valuet 0.290 0.225
no (n=15) 129.94 (2.28)
Skin symptoms yes (n=7) 50.32 (4.47)
p-value* 0.217

GM(GSD) : Geometric mean(Geometric standard deviation)

BMI* (Body massindex) = weight(O )/height(m)?
" Wilcoxon signed rankstest *: Mann-Whitney U Test
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