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Introduction

DMAc (CAS NO. 127-19-5) is one of the important organic 
solvents in chemical industry (1). In China, it is mainly used 
in the wet process of acrylic fiber production, especially 
during spandex spinning (2). It could also be applied for 
extracting butadiene from ethylene pyrolysis gas as well as 
the production of polyimide film (3). Reportedly, DMAc 
could be inhaled or absorbed through the skin leading to 
occupational damage with liver as the mainly susceptible 
organ (4,5). Here, we report a case of hepatotoxicity due 
to DMAc exposure, who recovered after treatment but 
relapsed as soon as coming back to work.

Case presentation

The patient was a 42-year-old man who had been working 
as a shift leader and operator in a polyimide film factory. It 
was approximately 6 months exposing to DMAc before he 
visited the hospital. He complained of no specific medical 
history or familial or genetic problems, no smoking and 
rarely consumed alcohol. His pre-job medical examination 
showed a normal hepatic function.

Fifteen days prior to his admission to hospital, he 

developed vague abdominal pain in a paroxysmal manner, as 
well as xanthochromia. Physical examination results were as 
follows: clear mind, poor spirit, moderate to severe jaundice 
of sclera and skin, mild abdominal tenderness; the size of 
liver and spleen was normal.

His laboratory data on admission were as shown below: 
white blood cell count, 6,000/mm3; hemoglobin, 156 g/L;  
platelet count, 227,000/mm3, aspartate aminotransferase 
(AST), 415 IU/L; alanine aminotransferase (ALT), 474 IU/L;  
γ-glutamyl transpeptidase (γ-GT), 173 IU/L; albumin, 
43.1 g/L; total bilirubin (TBIL), 226.4 μmol/L; direct 
bilirubin (DBIL), 169.0 μmol/L; potassium, 1.61 mmol/L;  
sodium, 50.3 mmol/L; chloride, 33.1 mmol/L; total bile acid 
(TBA), 153.6 μmol/L; urinary leukocyte, 196.1/μL; alpha-
fetoprotein (AFP), 378.3 ng/mL. Serologic testings for 
hepatitis (A, B, C, D and E), cytomegalovirus, Epstein-Barr 
virus, herpes simplex, and varicella zoster were all negative. 
Tests for antinuclear antibodies and anti-smooth muscle 
antibodies were also negative. Ultrasound and CT inspection 
of the abdomen was unremarkable. In summary, this case was 
tentatively diagnosed as DMAc-induced acute toxic hepatitis.

After admittance, he was treated with stomachic and 
hepatoprotective agents along with conservative management. 
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His symptoms subsequently lessened, and AST/ALT 
level stabilized. On hospital day 4, AST/ALT declined 
to 59/112 IU/L; γ-GT, 90 IU/L; TBIL, 194.1 μmol/L; 
DBIL, 161.8 μmol/L; urinary leukocyte 108.7/μL. Seven days 
after hospitalization, there was no tenderness or discomfort 
in his right upper quadrant of the abdomen, no jaundice 
with nausea, vomiting, loss of appetite either. No notable 
findings were present upon examination of the other systems. 
The predominant laboratory findings were as below: AST,  
30 IU/L; ALT, 36 IU/L; γ-GT, 86 IU/L.

He was discharged to work after remission of liver 
function. However, during the next 3 days, the patient 
developed progressive scleral jaundice with anepithymia. His 
hepatic function worsened as the laboratory data revealed 
AST, 166.5 IU/L; ALT, 137.5 IU/L; TBIL, 106.7 μmol/L; 
DBIL, 83.8 μmol/L; AFP 711.4 ng/mL. Then he was taught 
to recuperate at home with medical advice. After stopping 
work, his liver enzymes gradually returned to normalcy. On 
Out Patient Department follow up, his AST/ALT value 
subsequently declined to 88/104 and 35/22.5 IU/L 6 days and 
2 months later, respectively. Complete laboratory examination 
was performed again 3 months afterward, indicating AST,  
29 IU/L; ALT, 29 IU/L; γ-GT, 86 IU/L; TBIL, 22.7 μmol/L; 
DBIL, 7.7 μmol/L; AFP, 15.2 ng/mL.

This study was approved by Ethics Committee of Jiangsu 
Provincial Center for Disease Prevention and Control. 
And the ID of the approval was SL2014-B019-02. Written 
informed consent was obtained and recorded. In the 
preparation of this article, all efforts were made to protect 
patient privacy and anonymity.

Workplace inspection

Production process
4,4-diaminodiphenyl and pyromellitic anhydride were 
employed as raw materials, with DMAc as the solvent. After 
combining them to synthetize polyamide acid, defoaming 
and stretching process were involved to generate the end-

products. The production equipments mainly included 
reactor, vacuum degassing vessel, filter, hopper, casting and 
winding machines, along with hot air systems.

Occupational history
Before moving to this factory, the patient was a 12-years’ 
professional fitter with no history of exposure to any 
chemicals. As a shift leader and operator of current plant 
who worked fixed 12-hours schedules in two shifts, his daily 
task consisted of routing inspection on equipments and 
production process, solvent extraction and recovery as well 
as reactor operation at resin synthesis area, during which 
time he could be directly exposed to DMAc. Though the 
workshop was equipped with a local ventilation system, the 
employees reflected it didn’t run smoothly all day long. A 
distinct pungent odor was found when we carried out the 
field investigation. Long-sleeved coveralls and gauze masks 
were normatively provided to the workers.

Field test data
The regular monitor of occupational hazards was not 
normally put into effect. We carried on an on-site detection 
in order to meet the diagnosis criteria of corresponding 
occupational disease. As a result, the 8 hours time-weighted 
average (C-TWA) measurement of DMAc air concentration 
in his worksite was 12.8 mg/m3 lower than that of the 
national occupational health standard (PC-TWA: 20 mg/m3,  
China GBZ 2.1-2007). However, the 15 minutes short-
term exposure concentrations at the inspection site of film 
transition, solvent extraction area and the reactor were 45.0, 
<6.6 and 10.90 mg/m3, respectively, giving rise to a maximum 
excursion limits (EL) of 2.25 which was beyond the airborne 
standard of 2 (China GBZ 2.1-2007, Table 1).

Health condition of the workmates
Other six workers in similar worksite were arranged for a 
medical examination. It turned out that abnormal hepatic 
function was observed in 2 female workers without rational 

Table 1 Concentrations of airborne DMAc at workplace

Sampling area Exposure time (h) number of samples
Results (mg/m3)

Testing results C-TWA EL Conclusions

Film transition 2 3 45.02, 42.97, 41.92 12.80 2.25 Over proof

solvent extraction 0.25 3 <6.6, <6.6, <6.6

reactor 1.5 3 8.19, 10.88, 10.90

TWA, time-weighted average; EL, excursion limits.
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symptoms. They admitted no contacting with other 
chemicals before and the pre-employment medical reports 
showed nothing special about their physical status. One 
of them got in touch with DMAc for 6 months, revealing 
ALT 350.4 IU/L, ketone 2+, proteinuria +/−, and occult 
blood 1+; The other exposed to DMAc for 3 months got 
a laboratory index of ALT 115.6 IU/L. They followed the 
doctor’s advice to discontinue working and rest at home, 
resulting in a restored liver function after 1 month.

Diagnosis

Based on the occupational toxic liver disease diagnostic criteria 
(China GBZ 59-2010), the case was made a definite diagnosisas 
occupational acute toxic hepatitis induced by DMAc.

Discussion

DMAc and DMF (CAS NO. 68-12-2) are family members 
of acetamide and formamide methyl derivatives. Reportedly, 
DMF was tightly associated with abnormal liver function, 
even in workers exposed below the 10 ppm threshold 
(3,6). As a substitute for more toxic DMF, DMAc have 
been widely used in recent years. Despite occupational 
exposure limits (OELs) and industrial hygiene practices 
as restrictions, DMAc has been inevitably related to 
occupational illness, especially in Asia where new and 
expanded uses have led to overexposures (7,8). Significantly, 
it is worth noting that DMAc-induced hepatic injury (DIHI) 
may still occur below OEL if there are dermal exposures 
(9,10). Jung et al. identified 38 DIHI cases between 2001 
and 2004 in two spandex factories. The interval between 
first exposure and identification of DIHI was mostly less 

than two months and never exceeded 6 months. In addition, 
three repeat DIHI cases showed much shorter latent 
periods for recurrence than their initial latent periods of 
hepatic injury (11). This conclusion was in line with our 
observations elucidated above.

To confirm a diagnosis of chemical induced toxic 
hepatitis, other forms of hepatitis and other disorders with 
similar symptoms should be ruled out. The diagnostic 
criteria are as follows: occupational exposure preceding liver 
damage; liver enzymes at least double the upper limit of 
normal level; and other causes of liver disease excluded (12). 
In this case reported herein, workplace DMAc exposure 
preceded the patient’s recognition of symptoms. His liver 
function indexes increased far beyond the upper limit of 
the normal range (Figure 1). Other causes of hepatitis were 
ruled out during the clinical courses.

Notably, the tumor antigen AFP reached as high as 
711.4 ng/mL in the early stage of his recurrence, which was 
far beyond the normal value of 20 ng/mL. Subsequently, 
it declined to normal range under effective treatments 
that made the sufferer feel a palpable sense of relief. As is 
known to all, AFP is frequently measured for diagnosing 
hepatocellular carcinoma (13). Occasionally, small transient 
increases in serum AFP is associated with benign hepatic 
diseases such as acute and chronic viral hepatitis as well as 
toxic liver injury (14-16). Importantly, we are the first to 
report the elevation of AFP among DIHI cases.

Diagnostic criteria of occupational toxic hepatopathy 
(China GBZ 59-2010) has clarified DMAc as a common 
hepatotoxic agent. Despite many studies suggest that exposure 
to organic solvents can cause hepatotoxicity, occupational 
organic solvent exposure-induced hepatotoxicity is rarely 
diagnosed or even suspected (17-19). And it is virtually 

Figure 1 A time course of biochemistry results for liver enzymes and serum bilirubin. (A) Liver enzymes progression of the patient; (B) 
serum bilirubin progression of the patient. AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin; DBIL, 
direct bilirubin.
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impossible to completely control chronic liver damage 
among workers because of nonspecific symptoms and signs 
as well as the low sensitivity of conventional liver enzyme 
tests. Therefore, it is important to focus on individual cases. 
In particular, we can learn a lesson that DIHI might recur 
with a latent period much shorter than the initial stage. The 
workers for whom there is a significant suspicion of DIHI 
should be eliminated from further exposure. Furthermore, 
DIHI should be considered as a relative contraindication for 
the workers who have to contact with DMAc.
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