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Abstract : Di-(2-ethylhexyl)phthalate (DEHP) may be released from plasticized poly(vinyl chloride) (PVC)
articles. In the cases of various methods for the quantitative analysis of migrating DEHP, there are much
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differences in migrating quantity according to the experimental methods. It is therefore important to make
the comparison and analysis between these two results. A study of DEHP migration from blood and
infusion bags has been carried out in different methods to evaluate the amount of DEHP migration using
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gas chromatograph and UV-vis spectrophotometry. Five PVC bags were cut into plane sheets in size of

40x10%0.4mm, then were immersed in extraction solvent for an hour to release DEHP. It was
determined by a gas chromatograph that 23.2~70.9ug/mL of DEHP was extracted. While extraction

solvent was injected into PVC bags which were then placed for an hour to leach DEHP out. It was

checked by a UV-vis spectrophotometer that the concentration of DEHP in extraction solvent was 24.

8~413ng/mL. Two results show different values according to the extraction conditions and

experimental methods and the gas chromatographic results were converted into UV-vis spectroscopic

results on condition that DEHP would be extracted equally per unit time and unit contact area. It was

concluded that DEHP migrating amounts are approximately equal in two analytical methods.

Key words : poly(vinylchloride), di-(2-ethylhexyl)phthalate, plasticizer migration, gas chromatograph,

UV-vis spectrophotometry
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Fig. 1. The chemical structure of di-(2-ethylhexyl) phthalate.
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Blood bag in size of Infusion bag in size of
40 X 10 X 0.4 mm 40 X 10 X 0.4 mm
LXW XH LXW XH

Immersing the sample

Immersing the sample tandard extracti
in standard extraction in stanaara extraction

solvent, room
solvent, 37°C, 1hr temperature, 1hr

| 1st extraction | || 1st extraction |

DEHP re-extraction DEHP re-extraction
by n—hexane by n-hexane

| 2nd extraction | || 2nd extraction |
After solvent After solvent
evaporation, dissolving evaporation, dissolving
DEHP in a minimum DEHP in a minimum
volume of n-hexane volume of n-hexane
Preparation of Preparation of
sample in 2mL sample in 2mL
Addition of Addition of
internal standard internal standard
Detection by Detection by
gas chromatography gas chromatography

Fig. 2. Flow chart of experimental method for DEHP
migration and detection using GC.

Table 1. Operating parameters and information for the
determination of DEHP

Temperature parameters

Initial temp. 230, C
Retention time 2 min
Heating rate 5. C/min
Middle temp. 250, C
Retention time 2 min
Heating rate 1, C/min
Final temp. 255, C
Retention time 5 min
Oven temp. 200, C
Injection temp. 230, C
Detection temp. 260, C

Operating information
HP-5 (30m x 0.2mm,

column Film thickness 0.25um,
Crosslinked 5% phenyl
methyl siloxane)

Carrier gas N

Carrier gas flow rate  28.6 mL/min

H, flow rate 25.0 mL/min

Air flow rate 300 mlL/min

Split ratio 100:1

Detector FID (flame ionization

detector)
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Fig. 4. Gas chromatographic results of DEHP migration
in PVC sheets.
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Fig. 6. UV-vis spectroscopic results of DEHP migration
in PVC bags.
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Table 2. Various parameters and analyzed results for conversion of DEHP migration

Sample No. Coenp Wieet Ve Ac2 W1,DERP WZ,DEH%’ Mbrrp sp_ectrosco—
(ug/mL) ( (mL) (cm’) (ng) (1ng/em’) (ug/mL) phic results

A 48.1 0.382 160 299 144 18.0 33.7 29.7

B 232 0.322 200 553 69 8.7 24.0 24.8

C 48.8 0.389 200 311 146 18.3 28.4 29.4

D 58.1 0.369 250 402 174 21.8 35.0 41.3

E 70.9 0.394 500 608 213 26.6 323 40.2

Vol.15, No.1, 2002



~
o]

= Bs} €9 A% A Anel fEsold A} 4
98 QA AL & 5 vk

of7]ell A Qake] Rl
AUk WA PVCH A B9 TE AlFo| HlE Ay
Ao §iFo| Z7] wjid =N Ry} et
< 7l of5td 7bsAdel itk & &%¥ DEHP/}
&Y Yol S8 FAEA Rt &Eduef
DEHP?| =% 7} A/43=317] WjZ] DEHPY &
o 4Fs I AeR ANT F Utk E AF
Ex A3 10X Fawo] Fox F2 A
AE 1Edld H2g §F 2=E Q% whd
29 A 37, CAA &EIFeEE AP 19]
3 20 3] FfHez A& o] DEHP/} &&F]
S5 & & gtk aya PVC e W 3E Ao
o] a7t AYPEAS 7HAE wiAE F ok o]

o 714 AZwlEITHZe UV-vis B3 FEAY

Z SHAE A7t & F AT AP 14M EF

o x%=9] 9= DEHPE 5
1A 100%2] Sl4&S HolA] E3le AT

2 A8YE 7hsde] Aok oEg &

o)

o2l FU'W'
1=

e
=

i MV 1o Koo o JZ Y0 3@ px mx ffr O e
o

i)

B
oot
=2
b

=
Kl

9 aue + ATt 98e

gl

=
1>
jale
=2

ot
5
B

:
S opop ?
> 4o
3
X

oo of

e T )
(¢
EﬁrlrL

WS Ags ﬂﬂi é}a} %ﬂr Oﬂ"&%i T4

T §&dd @7t A 37, CoA, F
o Ao 1A B FtAAIE 247 2
3 A8l wel 232~709 pg/mLe] DEHP7} §&
& = AT GeY JE 2He we =
5301011 B o7t B, o8 WY
HPo| AZl 714 A3 Geof 7}

= 2
(o]

tio

J%O}ﬂmgﬁn\ﬂLJ%jﬂ
ot

tlo

N

2

=}

m

S

Fol §EAS Yol 37, CAAA 1AZE T

7VeAE %%*]21 A3 248 ~ 413 pgmLe]
ZHAT He] AlF 2F 8% AU

lo
R

10 mg/100 mL& 97 &< FXE BAFUrh
3, 7%%%]2 ﬁ%ﬁ% g Ade] e wA= AAR

=z
Aol HE WA 5L uHsld GCE olg3to
%743 DEHPS] &35 gt Ax Ao dA|st
T A%E RAFE S 4 STk

1. M. S. Jacobson, S. V. Kevy, R. Parkman and J. S.
Wesolowski, Transfusion, 20(4), 443-447 (1980).
2. 9359, 1YY, 18X A8 V)%, 44), 263277
(1993).
3. A. Jayakrishnan and M. C. Sunny, Polymer, 37(23),
5213-5218 (1996).
4. L. Ljunggren, Artif Organs 8(1) 99-102 (1984).
5. D. R. Mattison, D. R. Plowchalk, M. J. Meadows,
A. Z. Al-Juburi, J. Gandy and A. Malek, Med. Clin.
N. Am., 74(2), 391-441 (1990).
6. M. Sharman, W. A. Read, L. Castle and J. Gilbert
Food Addit. Contam., 11(3), 375-385 (1994).
7. 1. Tomita, Y. Nakamura, Y. Yagi and K. Tutikawa,
Environ. Health. Persp., 45, 71-75 (1982).
8 L. H Li, W. F. Jester and J. M. Orth, Toxicol.
Appl. Pharm., 153(2) 258-265 (1998).
9. L. J. Guillette, D. B. Pickford, D. A. Crain, A. A.
Rooney and H. F. Percival, Gen. Comp. Endocr.,
101(1), 32-42 (1996).
10. S. Lakshmi and A. Jayakrishnan, Polymer, 39(1),
151-157 (1998).

11. I. Steiner, L. Scharf, F. Fiala and J, Washuttl,
Food Addit. Contam., 15(7), 812-817 (1998).

12. R. S. Labow, M. Tocchi and G. Rock, Transfusion,
26(4), 351-357, (1986).

13. C. D. Papaspyrides and S. G. Tingas, Food Addit.
Contam., 15(6), 681-689 (1998).

14. S. C. Rastogi, Chromatographia, 47, 724-726 (1998).

15. T. Dine, M. Luyckx, M. Cazin, CI. Brunet, J. C.
Cazin and F. Goudaliez., Biomed. Chromatogr,, 5
94-97 (1991).

Analytical Science & Technology



16.S. Fayz, R. Herbert and A. A. Martin J. Pharm.
Pharmac., 29, 407-410 (1977).

17. 1SO 3826, "Plastics Collapsible Containers for Human
Blood and Blood Components”, , 1993

18. D. Messadi and J. M. Vergnaud J. Appl. Polym.
Sci. 26, 2314-2324 (1981)

Vol.15, No.1, 2002

79

19. C. D. Papaspyrides, Polymer 27, 1967-1970 (1986)

20. C. D. Papaspyrides, Polymer 31, 1085-1091 (1990)

21. J. Novak, "Quantitative Analysis by Gas Chromato-
graphy”, 75, Marcel Dekker, U.S.A, 1975

22. P. W. Atkins “Physical Chemistry”, 6th Ed., 753,
Oxford University Press, U.S.A. 1998.





