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Abstract: A new method was established for the simultaneous determination of the migration amounts of bi—
sphenol A ( BPA) and phenol from polycarbonate ( PC) bottles based on subcritical water extraction
(SWE) and high performance liquid chromatography. The optimum extraction conditions included an ex—
traction temperature of 120 °C  a pressure of 6. 89 MPa (1 000 psi) a static extraction time of 1 h and one
cycle. Under the conditions the migration amounts of the BPA ranged from 6. 81 to 11. 16 pg/g in 11 sam—
ples. Phenol was not detectable in 5 samples and in other ones the migration amounts of phenol varied in
the range of 3.25 —6. 08 wg/g. The traditional soaking extraction experiments showed that PC was subjec—
ted to weak hydrolysis after long-time leaching. The BPA and phenol were separated in 8 min. Good linear—
ities were obtained in the range of 0. 05 =20 mg/L for BPA and 0. 02 —20 mg/L for phenol (r>0.9997) .

The limits of detection were 7.6 pg/L for BPA and 2.0 wg/L for phenol. Intra-day and inter-day repeat—
abilities ( expressed as RSD) were less than 5.21% and 11.63% respectively. Compared with traditional
water soaking extraction the extraction efficiencies increased 49 — 106 times using this developed SWE
method. The procedure is simple rapid and environment friendly and can be utilized to determine the mi—
gration amounts of BPA and phenol in PC bottles.

Key words: subcritical water extraction ( SWE) ; high performance liquid chromatography ( HPLC) ; bi-
sphenol A; phenol; polycarbonate ( PC) bottles
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Table 1 Amounts ( E) of BPA and phenol in PC samples extracted at different temperatures and
the correlation coefficients () of the In E vs 1/T

Extracted amounts/( pg/g)

Sample 100 C 120 C 130 C 150 °C

BPA Phenol BPA Phenol BPA Phenol BPA Phenol BPA Phenol
Al 1.68 2.21 8.14 5.49 21.10 12.45 52.93 54.67 0.9928 0.9845
A2 2.12 2.73 8.41 4.84 16.75 9.66 48.71 39.19 0.9992 0.9832
A3 1.77 1.49 8.71 5.04 17.57 11.36 41.80 37.30 0.9930 0.9974
A4 1.21 1.95 8.52 5.42 18.30 8.97 58.68 43.19 0.9954 0.9859
A5 1.04 2.98 5.13 4.77 9.22 8.58 62.01 45.88 0.9988 0.9846
A6 0.63 ND” 5.03 ND” 11.29 ND* 39.07 3.24 0.9953 -
A7 0.79 2.95 5.82 6.47 14.36 13.07 47.51 48.61 0.9953 0.9834
A8 0.62 1.81 6.38 5.78 11.61 8.98 45.61 38.23 0.9927 0.9931
A9 1.07 0.43 4.22 0.82 7.19 1.74 26.27 7.64 0.9994 1.0000

* ND: not detected.
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Table 2 Amounts of BPA and phenol in PC samples
extracted at high temperatures

Extracted amounts/( pg/g) PC A
Sample 160 C 180 C ; PC
BPA Phenol BPA Phenol
A3 78.12 52.72 120.24 85.71
o PC
A8 68.97 58.47 102.43 94.33
2.1.2 o
PC A
PC o
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tion and (¢) the subcritical water extraction
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Table 3 Effects of pressure and washing volume on the extracted amounts of BPA and phenol in PC samples
Extracted amounts/( pg/g)
Sample 3.45 MPa (500 psi) 6.89 MPa ( 1000 psi) 10.34 MPa ( 1500 psi) 30% Washing volume 100% Washing volume
BPA Phenol BPA Phenol BPA Phenol BPA Phenol BPA Phenol
A3 8.48 5.34 8.83 4.89 8.66 4.79 6.81 4.57 8.75 4.96
A8 6.34 5.29 6.81 6.04 6.11 5.23 5.79 5.13 7.17 5.64
4 PC A
Table 4 Comparison of the two extraction methods for the determination of BPA and phenol in PC samples
Samol Sample amounts/g Extracted amounts of BPA Extracted amounts of phenol
Sampre SWE TSE SWE/( pg/e) TSE/( pglg) RSD/% SWE/(pg/g) TSE/( pglg) RSD/%
B1 1.00 7.80 9.15 9.42 2.04 ND ND -
B2 1.00 11.79 8.32 8.12 1.73 ND ND -
B3 1.00 6.21 7.19 6.97 2.15 ND ND -
B4 1.00 7.65 6.81 4.64 26.83 ND ND -
B5 1.00 8.65 9.07 10.63 11.18 ND ND -
B6 1.00 7.18 11.16 16.15 25.84 6.08 6.27 2.16
B7 1.00 7.34 7.00 5.67 14.90 3.29 3.28 0.22
B8 1.00 6.77 10.55 12.73 13.25 4.41 5.24 12.16
B9 1.00 9.03 8.41 8.20 1.80 3.25 3.30 1.11
B10 1.00 7.30 8.05 7.56 4.43 4.27 4.85 8.96
B11 1.00 5.78 9.76 8.75 7.74 5.66 7.83 22.75

SWE: subcritical water extraction at 120 °C; TSE: traditional soaking extraction for 3 days; ND: not detected.



* 258 ¢

31

A ; 14 d

14 PC A
B6 A

(9.58 mg/L) B4 A (1.40

Extracted amount of BPA / (mg/L)

Time /d

3 PC (a)

mg/l) 6.8 . Bl ~ B5

o o o
iS W o

i
w

Extracted amount of phenol / (mg/L)

Time /d

A (b)

Fig. 3 Effect of soaking time on the extracted amounts of (a) BPA and (b) phenol
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Table 5 Recoveries and precisions of BPA and phenol spiked in three samples (n =3)
Sample Background/( wg/g) Spiked/( wg/g) Recovery /%
BPA Phenol BPA Phenol BPA Phenol
B7 7.00 (4.13%) " 3.29 (3.98%) 2.0 2.0 95.3 (3.21%) 96.6 (4.13%)
4.0 4.0 97.8 (2.74%) 98.4 (5.28%)
B8 10.55 (2.15%) 4.41 (1.78%) 2.0 2.0 96.2 (4.31%) 96.7 (3.62%)
4.0 4.0 99.5 (1.93%) 98.1 (2.39%)
B11 9.76 (3.56%) 5.66 (3.27%) 2.0 2.0 98.8 (2.56%) 102.3 (3.94%)
4.0 4.0 101.6 (3.82%) 99.6 (4.21%)
* The data in the brackets are the RSD.
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