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Urinary Excretion of N-methylformamide and Liver Function
Abnormality in the Workers exposed to N,N-dimethylformamide

Sin Woo Kim, Kwang Wook Koh, Yong Hwan Lee

Deparcment of Preventive Medicine, Kosin University College of Medicine, Busan, Korea

—— Abstract

Background: NN-Dimethylformamide (DMF) has excellent solvent properties and is used intensively in the production
of synthetic leather and resins. It has known to induce hepatotoxicity in human and animal. Biological monitoring of
DMF has been evaluated by the excretion rate of urinary N-methylformamide (NMF). This study was conducted to
examine the excretion of NMF from the workers exposed to DMF in a synthetic leather factory and to evaluate the
prevalence of abnormal liver function associated with occupational exposure to DMF. Methods: The subjects were 35
workers exposed to DMF in a synthetic leather factory. Their urinary samples were collected and measured NMF
concentrations. Also, DMF concentrations in air were measured by personal air sampler during their work. Liver
function tests, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), v-glutamyltranspeptidase
(GGT), and alkaline phosphatase (ALP). and hepatitis B surface antigen and antibody and anti-HCV assays were
conducted. Results: The urinary NMF concentration was peak in 4 hours after workshift and it was not reduced to
zero in the workers who engaged in coating department. The ratio of NMF (mg/L)/DMF was 3.7. The prevalence rate
of abnormal liver function was 57.1%. And although the mean urinary excretion rate of NMF in the workers who were
abnormal in liver function was higher than normal, it was not statistically significant to abnormal liver function in
multiple logistic regression. Conclusion: It is necessary to seal the work processes and to examine the local exhaust
systems periodically to reduce the level of DMF in work environment. Health educations for the workers and managers
of the company should also be conducted. including the wear of personal protective equipment during works and

routine regular medical examinations under special health check-up regulations.
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Table 2. General characteristics of study subjects

Variables Numbers(%)
Sex
Male 27(78.4)
Female 8(21.6)
Age (years) 36.8
Exposed duration(months) 43.1
Drink
Yes 18(51.4)
No 17(48.6)
Work department
Mixing 9(25.7)
Coating 20(57.2)
Printing 6(17.1)
HBsAb
Positive 17(48.6)
Negative 18(51.49)
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Table 4. The results of liver function test by work department

Liver Function Test

Department

Total Abnormal(%)
Mixing 9 5(55.6)
Coating 20 13(65.0)
Printing 6 2(33.3)
Total 35 20(57.1)

4. &9 3 NMF Hjd £
AR 357t 2FAI HE F AH

gk 2ol glojr DMFe] tiARFES! NMFS) vl d3g
3

g AFRE 2FFA

N

M3sle] DMFY] Bjd&EE &
2 Yep) A ch(Figure 1).

A

ox

1=}

o

=z}
=

Concentration of urinary NMF
{mg/g creatinine)

29, W, 218 A

>

ol
-

BFol| 9lo}M DMF =& § 3
Holl= NMF ujad o] 0 gholl =28k 7
A S A
=2

-t

o
St} 53] 38 B4 ZRAEL U=

2 g7 E HE7IEARTE o B2
A& ARew, DMF] g =& F5 F 44]
A AR 2% 1A R A He s Hojo] v
g 2k Wi APA 2F ZEASAIMN = NMF
HAEE B oM FH A 2ERASHE =25
o7t ARAT thed ZF Aj7ke] B W7EA] NMF
e 34 Z4HA St

)=
=R=D
=
€]

MOt B Ho

(NIl

Z:

5.

o

7] = DMF$} 2% Z NMF ujAd 3o 34
B3 Fo) DMF =&l tisted 7 RAEE Cﬂﬁ
RE 2EA 208 S MAS 371 T DMF F

.

]
4



W Exgotrlolm & Z 23}

§ FA ¢ 4o} NMF sjd Zzhe] AAol thafja] Dot
B THTable 5).

AP 9 B DMF FEE 267 ppm o000,
2% F NMF vjA e 982 mg/LolA 3, 7] 5 DMF
ote] Tl 371 otk ZotEld BAT NMF
P v AL 103.4 mg/g creatinine ©]1.2.# DMF&}e]
FEHE 39 o)tk

Table 5. Concentration of N,N-dimethylformamide (DMF) in air and
urinary N-methylformamide (NMF) and the ratio of NMF to DMF

No. DMF NMF NMF NMF? NMFY
(pm)  (ngl) (g/goreatinine)  /DMF DMF
1 393 184 434 05 1.1
2 78 657 107.1 84 137
3 147 1400 1531 93 104
4 66.7 1198 1443 1.8 22
5 455 919 905 20 20
6 50 1318 2055 264 411
7 729 1326 770 1.8 1.1
8 126 140.5 897 112 71
9 204 423 637 21 32
10 158 166.] 1712 105 10.8
11 302 102.7 123.0 34 41
12 395 2497 3172 63 80
13 16.4 1337 934 82 57
14 613 4.9 633 09 1.0
13 10.9 590 544 sS4 50
16 298 68.0 65.6 29 22
17 4.0 403 424 10.0 105
18 48 353 359 74 7.5
19 234 62.9 573 27 25
20 137 108.8 68.7 80 08
mean 267 982 103.4 37 3.9
Yme/L. “me/g creatinine
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Table 6. Concentration of urinary N-methylformamide (NMF)
by sex, age, work duration, drink and liver function test

Variables NMF(mg/g creatinine)
Sex
Male (n=29) 80.3+63.7
Female (n=6) 741+422
Age (years)
<40 (n=21) 88.4+69.8
240 (n=14) 6544402
Work duration (vears)
<5 (r26) 7954653
25 (n=9) 784=448
Drink
Ym((nZZI) 78.0+50.1
No (n=14) N
LFT* 81.0+747
Nomal  (n=15) .
580+325
Abnormal (m=20) 95.1+71.2
* p<0.05
H = NMF wjd=ke HoF 78.0 me/g creatinin® 2
XM L&FE A ¥ 2279 81.0 my/g creatinine®
o3t zpol 7} gtk 2 7+ oY) A$ 951

mg/g creatinine 224 A2} 38.0 mg/g creatinine ¥ T}
EARCE FosAl ol =ItHp<0.03).
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Table 7. Variables related to liver function test

LFT
Variabes Normal Abnormal

Sex

Male (n=29) 9( 33.0) 20(67.0)

Female (n=6) 6(100.0) -
Age {(years)*

< 40 (n=21) 4(19.0) 17(81.0)

> 40 (n=14) 11(78.6) 3(21.4)
Work duration (vears)

< 5 (n=26) 9(34.6) 17(65.4)

> 5 (n=9) 6(66.7) 3(33.3)
Drink

Yes (n=21) 9(42.9) 12¢37.1)

No (n=14) 6(42.9) 8(57.1)
NMF" (mg/g creatinine)

< 40 (n=9) 6(66.7) 3(33.3)

> 40 (n=26) 9(34.6) 17(65.4)

Values represent number(%), *p<0.05

“N-methylformamide
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Table 8: Associations-of some factors with liver function
test by multiple logistic regression analysis

Independent B SE  PVaue Oddsratio 95%C

variables
Sex 22963 76093  0.763 0.000 0.000- 0.063
Age 0.597 0.339 0.078 1.817 0.935-3.529
Work duration 014 0.143 0.313 1.135 0.873-1.528
Drink 3925 3468 0.258 0.020 0.000-17.683
NME -5.930 4747 0212 0.003 0.000-29.176
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