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Abstract: The author assessed the availability of urine reference material for proficiency test provided for
laboratories in occupational health. N-methylacetamide is the biomarker of exposure to N,N-dimethyl acetamide,
which was used as the substitute for hepatotoxic N,N-dimethylformamide (DMF). N-methylacetamide (NMAC)
urine samples of 3 different levels covering the 0.2~2 times of the exposure limit were tested. Stability test
up to 180 days (0, 7, 30, 60, 180 days) at 4 different temperatures (-60, -20, 5, 25 °C) and homogeneity test
were performed for these samples. New analytical condition by GC/MSD using SIM mode (m/z 58, 59) and
DB-624 column was investigated for better selectivity, sensitivity and resolution. Urinary NMAC samples
showed good homogeneity for 3 levels. These samples also showed good stability up to 180 days. The data
of stability and homogeneity of urinary DMAC confirmed the basis of including this item into Korean proficiency
test for occupational health laboratories since 2008.
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Table 1. History of reference material development for biological monitoring by OSHRI

Year Organic item Inorganic item
1995 Hippuric acid in urine Lead in blood

1996 Mandelic acid in urine Methylhippuric acid in urine Cadmium in blood
1997 Phenylglyoxylic acid in urine Manganese in blood
1999 N-methylformamide in urine Mercury in urine
2000 Trichloroacetic acid and trichloroethanol in urine -

2003 Muconic acid in urine -

2004 2,5-hexanedione in urine Cadmium in urine
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Table 2. Planning of new reference sample

Chemical Biological marker

Biological exposure index Target concentration

N-methylacetamide
in urine

N-methylacetamide
in urine

5 mg/LL
30 mg/g 20 mgé/L
creatinine 50 mg/L

*The unit of practical guide for workers' health examination is described as mg/g creatinine. Target concentration is based on the assumption

that creatinine concentration is 1 g/L.
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Fig. 1. Mass spectrum of NMAC and NMF.
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Fig. 3. Mass chromatogram of urine sample. (A) m/z 58, 59,
(B) m/z 58, (C) m/z 59
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Fig. 4. Mass chromatogram of NMAC and NMF separated
in HP-INNOWAX column.
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Table 3. Homogeneity test of NMAC in urine

Item_level Average (mg/L) F

NMAC-1 4.99 1.906
NMAC-2 18.9 2.749
NMAC-3 48.8 1.553

*As F < F-crit 95%, the sample was homogeneous at 95% confi-
dence level(F-crit 95% : 3.02)
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Fig. 5. Homogeneous test of NMAC reference sample 1
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Fig. 8. Stability test of NMAC reference sample 1 (No. of
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Table 4. Stability test for NMAC in urine

Level 1 Level 2 Level 3
Test
condition Range Range Range

(R=Ugr) (Ry=Ugr) (Ry=Ugr)
25 °C, 7 days 0.84-1.28 0.89-1.04 0.88-1.08
25 °C, 30 days 091 -1.33 0.92-1.04 0.90-1.11
25 °C, 90 days  0.91-1.46 0.96-1.01 0.89-1.10
25 °C, 180 days 0.85-1.20 0.94-1.05 0.84-1.08
5°C, 7 days 0.82-1.22 0.94-1.01 0.88-1.09
5 °C, 30 days 0.78-1.15 0.97-1.02 0.88-1.10
5 °C, 90 days 0.82-1.16 0.97-1.04 0.90-1.10
5°C, 180 days  0.82-1.14 0.93-1.04 0.89-1.12
-20 °C, 7 days 0.82-1.20 0.99-1.09 0.92-1.13
-20 °C, 30 days  0.68-1.12 1.00-1.04 0.89-1.10
-20 °C, 90 days  0.78-1.10 0.87-1.05 0.92-1.12
-20 °C, 180 days 0.88-1.24 0.95-1.00 0.89-1.09
-60 °C, 7 days 0.81-1.30 0.98-1.05 0.88-1.08
-60 °C, 30 days 0.85-1.19 0.96-1.07 0.88-1.09
-60 °C, 90 days  0.93-1.30 0.91-1.06 0.90-1.10
-60 °C, 180 days 0.81-1.14 0.92-1.04 0.92-1.13
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