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Abstract
Objectives: The aim of this study has been to investigate serum activities of liver enzymes in workers exposed to sub-TLV 
levels of dimethylformamide (DMF). Material and Methods: Seventy-two workers and 72 healthy controls participated in 
the study. All subjects underwent complete physical examinations and abdominal ultrasound examination. Serum aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT), and c-glutamyl transpeptidase (c-GT) were determined by 
an auto-chemistry analyzer. The data of airborne concentrations of DMF was obtained from the local Center of Disease 
Control and Prevention. The level of urine N-acetyl-S-(N-methylcarbamoyl)cysteine (AMCC) was measured by means of 
high-performance liquid chromatography. Results: Time weighted average (TWA) concentration of the DMF in work-
place was 18.6 (range: 9.8–36.2) mg/m3. The concentration of the AMCC in workers’ urine was 28.32 (range: 1.8–58.6) mg/l 
and 9 workers’ AMCC exceeded the biological exposure index (40 mg/l). Thirty-one workers reported gastrointestinal 
symptoms (abdominal pain, nausea, anorexia) and 10 workers reported headache, dizziness and/or palpitation in the ex-
posed group. Serum analysis revealed that both the mean of serum activities of liver enzymes (ALT, AST and c-GT) and 
the percentage of workers with abnormal liver function were significantly higher in the exposed group as compared to the 
controls. Conclusions: Dimethylformamide can cause liver damage even if air concentration is in the sub-threshold limit 
value (sub-TLV) level. The protection of skin contact against the exposure to the DMF might be a critical issue as far as the 
occupational health is concerned.
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INTRODUCTION 
The dimethylformamide (DMF) is miscible with water 
and most organic solvents and is widely used in indus-
try, especially in factories handling polyurethane materi-
als and acrylic fibers [1]. It is a well-recognized fact that 

overexposure to the DMF could result in hepatotoxicity. 
China is the largest producer and consumer of the DMF 
in the world. The environmental airborne DMF is a good 
index to evaluate the general situation in the workplaces. 
Regular air monitoring of the DMF is required by the 

Nofer Institute of Occupational Medicine, Łódź, Poland

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://dx.doi.org/10.13075/ijomeh.1896.00086


S H O R T  C O M M U N I C A T I O N         J. HE ET AL.

IJOMEH 2015;28(2)396

The data of airborne concentrations of DMF was obtained 
from the local Center of Disease Control and Prevention 
(CDC) which monitors the workplace 4 times per year. 
The level of urine N-acetyl-S-(N-methylcarbamoyl)cyste-
ine (AMCC) was measured by high-performance liquid 
chromatography (HPLC) with a photodiode array (PDA) 
detector (Waters 2695, MA, USA). In brief, urine samples 
were filtered by solid phase extraction and the separation 
was carried out on a C18 reserved-phase column. The 
coefficients of variation were below 3%. The limit of de-
tection was 0.4 mg/l. The calibration curve was linear up 
to 50 mg/l.
Data was analyzed using the Student’s t-test and Chi2 by 
the SPSS statistical package (v. 11.0). Results were ex-
pressed in terms of means ± standard error of the mean 
(M±SEM).

RESULTS
The data from the local CDC indicated the TWA concen-
tration of the DMF in workplaces to stand at 18.6 mg/m3 
(range: 9.8–36.2 mg/m3), which was below TLV. How-
ever, the wide fluctuation of concentrations indicated 
the possibility of occasional overexposure. The concen-
tration of the AMCC in workers’ urine was 28.32 mg/l 
(range: 1.8–58.6 mg/l) and 9 workers’ AMCC exceeded 
the biological exposure index (Table 1).

government. The current threshold limit value (TLV) 
for the DMF in the workplace is 20 mg/m3 (8 h-TWA (time-
weighted average)) in China. Multi-intervention measures 
have contributed to the substantial decrease in the con-
centration of the DMF in the workplaces [2]. However, 
frequently reported cases have indicated that hepato-
toxicity caused by the DMF exposure is still a concern in 
China [3,4]. Biological monitoring is a precise approach 
for the occupational exposure assessment and prevention 
of adverse effects. The N-acetyl-S-(N-methylcarbamoyl)
cysteine (AMCC), a metabolite of the DMF, has long 
half-life of 23–34 h and accumulates in the human body 
and has been used to evaluate the DMF exposure [5]. In 
this study, a cross-sectional study has been undertaken to 
study serum activities of liver enzymes in workers exposed 
to sub-TLV levels of the DMF.

MATERIAL AND METHODS
The study subjects worked in a factory that manufactures 
synthetic leather by mixing the DMF, resin and other chemi-
cals. Seventy-two subjects who were occupationally exposed 
to the DMF with minimum of 1 year were recruited for 
this study. They were sex and age matched with 72 con-
trol subjects who had no exposure to the DMF. Pregnant 
workers, and workers with continuous medication during 
the last 2 months, hepatic-related diseases, hepatitis B vi-
rus (HBV) and alcohol consumption exceeding 25 g/day 
were excluded from this study. Characteristics of workers are 
shown in the Table 1. Each subject gave a written informed 
consent and the local ethics committee approved the study.
Each subject was interviewed by a physician. All subjects 
underwent complete physical examinations and abdomi-
nal ultrasound examination. Serum aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and 
c-glutamyl transpeptidase (c-GT) were determined by 
an auto-chemistry analyzer (Olympus AU640, PA, USA). 
The surface antigen of the hepatitis B virus (HBsAg) was 
measured by ELISA to confirm the lack of HBV carriers.

Table 1. Characteristics of study groups

Variable
Group

exposed
(N = 72)

control
(N = 72)

Age (years) (M±SD) 32.00±5.2 32.00±5.8
Male (n) 53 53
Body mass index (M±SD) 21.60±1.50 22.30±1.40
Smoking (n) 8 10
Exposure (years) (M±SD) 5.00±2.80 0
Urinary AMCC (mg/l) (M±SD) 28.32±8.07 2.21±0.47

M – mean; SD – standard deviation; AMCC – N-acetyl-S-(N-methyl-
carbamoyl)cysteine.
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who have found that the DMF can cause liver function 
alternations even if air concentration of the DMF is kept 
below the permissible concentration-time weighed aver-
age (PC-TWA) [6]. Luo et al. also reported 27% of ab-
normal liver function tests among workers with the DFM 
exposure kept below 10 ppm [7]. Therefore, liver func-
tions of workers exposed to sub-TLV levels of the DMF 
deserve further study, especially in Chinese population.
Nine workers’ urine AMCC concentrations exceed 
the limits (40 mg/l) notwithstanding the exposure 
to the DMF air concentrations as kept below TLVs, 
which indicates skin absorption that might occur in the 
workers. The DMF dermal exposure plays a great role 
in the DMF absorption or accidental skin contamination 
because workers may be exposed to the DMF repeated-
ly. It has been reported that the DMF exposure through 
skin contact is related to a great degree to the DMF-
induced total body burden [8–10]. In addition, genetic 
polymorphism of the DMF metabolizing enzymes might 
cause elevated urine AMCC.

CONCLUSIONS
In conclusion, we have found significantly abnormal serum 
activities of liver enzymes in workers with sub-TLV level 
of the DMF exposure. The protection of skin against the 

In the exposed group, 31 workers (43.1%) reported 
gastrointestinal symptoms (abdominal pain, nausea, an-
orexia) and 10 workers (13.8%) reported headache, diz-
ziness and/or palpitation. Three workers with steatohepa-
titis, 1 worker with hepatic schistosomiasis and 5 workers 
with hepatic cyst were found by ultrasound in the exposed 
group. Four workers with steatohepatitis and 3 workers 
with hepatic cyst were found in the control group.
The serum analysis revealed that both the mean of serum 
activities of liver enzymes (ALT, AST and c-GT) and the 
percentage of workers with abnormal liver function (none 
of ALT, AST and c-GT exceed the normal range) were sig-
nificantly higher in the exposed group as compared to the 
controls (Table 2).

DISCUSSION
High prevalence of liver function abnormalities was found 
in workers exposed to sub-TLV level of the DMF. Since 
those knowing non-occupational factors were excluded 
from this study, it is supposed that higher liver enzyme 
levels in the workers in this study are related to the DMF 
exposure. The DMF is a well-known hepatotoxic chemi-
cal. However, whether a lower level of the DMF exposure 
induces liver damage is still a controversy. Our findings 
are in agreement with the observations of Qian et al., 

Table 2. Liver function in study groups*

Group

Liver function
(M±SD)

(U/l)
AST

(normal range:
0–40 U/l)

ALT
(normal range:

0–40 U/l)

c-GT
(normal range:

7–32 U/l)

abnormal 
(%)

Exposed (N = 72) 33.6±11.7 35.6±14.8 27.5±10.3 29.20
Control (N = 72) 21.3±6.3 23.1±7.6 20.1±5.9 4.20
p < 0.01 < 0.01 < 0.01 < 0.01

* Both the mean of serum activities of liver enzymes and the percentage of workers with abnormal liver function were significantly higher in the 
exposed group as compared to the controls.
AST – aspartate aminotransferase; ALT – alanine aminotransferase; c-GT – c-glutamyl transpeptidase.
Other abbreviations as in the Table 1.
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exposure to the DMF might be a critical issue as far as the 
occupational health is concerned.
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