
(N,N-Dimethylformamide

DMF)

153 25 3.7

mmHg

[1] DMF

(DMF) (toluene) (acetone)

(methyl ethyl ketone) [2]

( 1 9 9 6 P U

(polyurethane) 164

56% 34%

66%) [3-5] PU

DMF

[6,7]

[8-12]

[13]

[14]

(150 mg/75 mg)
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404 91

2002 11 26 2003 1 28

2003 1 30

( N , N -

Dimethylformamide DMF)

DMF

(Liquid Passive Sampler LiPS)

LiPS

LiPS DMF 21.3 16.6 ppm 21.7

37.5 ppm

DMF 7.3 6.7 ppm LiPS

t

(p > 0.05) LiPS 6.7% LiPS

LiPS LiPS
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PU

DMF

DMF

DMF

[15]

(100 mg/50 mg)

DMF

(Liquid Passive Sampler

LiPS) DMF

(Liquid

Passive Sampler LiPS) [16,17]

DMF

DMF

DMF

LiPS

(

1) 2 mL

Fick's First Law

0.498 mL/min

Shigeru [16]

LiPS DMF 0.50 mL/min

LiPS

=

=

LiPS DMF

(

)

(Lot.14901 SUPELCO USA)

(Lot.2000 SUPELCO USA)

(SKC Inc. personal air sampler Model 222-3)

2 mL LiPS

1 5 0

mL/min

9:00

15:00 6

LiPS

(Gilian P/N D800286)

5%

2 mL

vial 1 mL (HPLC/Spectro

TEDIA) (ACS grade TEDIA)

No.1204
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1  
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NMAM No.2004 GC/FID

(Shimadzu GC-17A Tokyo Japan)

LiPS

LiPS

GC/MS (Shimadzu QP 5050A

Tokyo Japan) Shimadzu

GC/MS-QP5050A

250 220 BP-20 25 m 

0.22 mm ID 0.25 µm (J&W USA)

70 2 15

120 0.5 1.0 mL/min

2.0 µL

(LOD)

DMF

3

DMF

0.2 ng

LiPS

(1.81 7.22 28.92 µg/mL)

(C.V.%)

LiPS 8% 5%

(QA/QC)

QC

15

QC

(C.V.%) 6%

r 0.995

89.9%

83.2%

126

(25 )

DMF

( )

1

DMF (Mean SD)

21.7 37.5 ppm

DMF 7.3 6.7 ppm

LiPS DMF

21.3 16.6 ppm LiPS

LiPS

DMF (Mean SD)

38.6 39.5 ppm

16.9 19.2 ppm LiPS

28 (S)

28 (C)

20 (L)

18 (S)

18 (C)

18 (L)

Mean (ppm)

21.7

7.3

21.3

38.7

16.9

24.6

SD

37.5

6.7

16.6

39.6

19.2

22.5

1  DMF

S = Silica gel C = Charcoal L = LiPS



DMF 24.6 22.5 ppm

2 4

2

DMF

50.2 ppm

DMF

( )

( 3)

LiPS ( 4)

5 t test

LiPS

LiPS

(p < 0.05)

( p > 0.05)

DMF vs

LiPS vs LiPS R

0.59 0.42 ( 2,3)

R 0.72 0.83 ( 4,5)

S60

n

14

2

5

3

4

11

3

4

(ppm)

2  DMF

31.7

33.6

16.8

2.2

1.1

21.7

55.4

15.4

10.0

38.7

50.2

0.3

11.3

1.4

0.9

37.5

42.4

16.1

3.9

39.6

n

14

2

3

3

2

9

3

4

(ppm)

4  LiPS DMF

26.5

44.0

18.9

10.9

14.0

21.3

28.0

25.6

7.6

24.6

15.4

34.8

9.0

5.1

4.7

16.6

15.1

18.6

2.7

22.5

n

14

3

4

3

4

11

3

4

(ppm)

3  DMF

7.8

14.7

8.4

0.8

3.5

7.3

20.6

27.0

3.5

16.9

5.6

12.4

5.6

1.0

4..2

6.7

20.0

23.7

2.3

19.2
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LiPS

LiPS

LiPS DMF

LiPS

Shigeru [16]

LiPS (10 ppm)

80%

10 LiPS

5%

LiPS

90˚

Shigeru [16]

LiPS

10% DMF

1 52 ppm 5 8

38

34

30

36

0.01**

0.001**

0.70

0.12

<

<

p

2.43

5.11

- 0.38

1.59

t *

LiPS vs

LiPS vs

LiPS vs

LiPS vs

5  

* t **p = 0.05

2  LiPS 3  LiPS

4  LiPS 5  LiPS



LiPS

LiPS

10 LiPS

19.2 1.3

ppm (C.V.%) 6.7% Shigeru

[16]

LiPS

LiPS

LiPS

LiPS

(ANOVA) ( 6)

LiPS ( )

( ) (F = 2.42

p < 0.05)

[18]

3M #3500

LiPS

3M #3500

LiPS

LiPS DMF

LiPS

LiPS

LiPS

LiPS

LiPS

5 t

LiPS

R 0.59 0.72

LiPS

t test

LiPS

LiPS

(CMC90-

EM-03)

1.
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SS

0.02

0.02

0.03

0.01

0.00

0.01

MS

9.1E- 04

3.7E- 04

3.8E-04

2.0E-04

F

2.42

1.89

p

0.01*

0.11

17

48

65

15

16

31

6  DMF

ANOVA-LiPS

ANOVA-LiPS

*p < 0.05
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OObbjjeeccttiivveess..  The objective of this study was to carry out assessment of sampling

efficiency of N,N-dimethylformamide (DMF) in polyurethane manufacturing plants by

liquid passive sampler (LiPS). The airborne concentration of DMF was monitored by

active and passive sampling methods. Finally, the sampling efficiency of the above

sampling methods was evaluated.   

MMeetthhooddss.. DMF was measured by the active and passive sampling methods at the same

time in polyurethane manufacturing plants. 

RReessuullttss.. The results showed that LiPS and silica gel tube methods provided similar DMF

concentration measurements (21.3 and 21.7 ppm, respectively). However, the variance by

LiPS was smaller than active sampling with the silica gel tube. The active sampling with

the charcoal tube recorded a lower DMF concentration (7.3 ppm) than the silica gel tube.

Because charcoal is a nonpolar substance, its sampling ability is somewhat limited.

Therefore, active sampling with the charcoal tube does not reflect the true

concentration in work field. Furthermore, there were no obvious statistical differences

in concentration between active and liquid passive sampling (p > 0.05). The coefficient

of variance was 6.7%, which indicates that the results of LiPS are reproducible in field

work sampling.   

CCoonncclluussiioonnss.. The sampling efficiency of LiPS is stable. In addition, LiPS has many

advantages over active sampling with the silica gel tube, such as being small in size, easy

to use, and recyclable. Therefore, LiPS is a good sampling method and is worth further

study.   ( Mid Taiwan J Med 2003;8 Supplment:S57-64 )

KKeeyy  wwoorrddss

exposure assessment, Liquid passive sampler, N,N-dimethylformamide, polyurethane

manufacturing plant


