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Abstract: A method for the simultaneous determination of 23 phthalate esters in food samples

by solid-phase extraction coupled with gas chromatography-mass spectrometry ( SPE-GC-MS)

was developed and evaluated. The samples were extracted with hexane or acetonitrile and
cleaned up with a glass ProElut PSA SPE column. The identification and quantification were
performed by GC-MS in selected ion monitoring ( SIM) mode. The extraction processes of dif-
ferent foods were investigated. The calibration curves of phthalate esters showed good linearity
in the range of 0.05 -5 mg/L (0.5 —5 mg/L for diisononyl phthalate ( DINP) diisodecyl-
phthalate ( DIDP)) with the correlation coefficients (r) between 0.984 8 and 0.999 6. The lim—
its of detection of phthalate esters in food samples ranged from 0. 005 to 0. 05 mg/kg ( S/N =3)

and the limits of quantification ranged from 0.02 to 0.2 mg/kg ( S/N =10) . The average recov—
eries of 23 analytes spiked in 10 kinds of food matrices ranged from 77% to 112% with the rela—
tive standard deviations ( RSDs n =6) of 4. 1% -12.5%. The method is suitable for the deter—
mination of 23 phthalate esters simultaneously in foodstuffs with easy operation high accuracy
and precision.

Key words: solid-phase extraction ( SPE); gas chromatography-mass spectrometry ( GC-MS) ;

phthalate esters ( PAEs) ; plasticizer; foods

* : . Tel: (0592) 3269935 E-mail: xudm@ xmeiq. gov. cn.
: (2011B341]) (2011XK005) .
:2011-0845

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



« 08 o 30
(PAEs) ( DIPP) . (4-
N 2- ) ( BMPP) . (2- )
N N N N N N ( DEEP) . ( DPP) .
b ( DHXP) . (BBP) .
> PAEs (2- ) ( DBEP) .
N N ( DCHP) . (2- )
( DEHP) . ( DHP) .
N o ( + DPhP) .
o ( DNOP) . ( DINP) .
N ( DIDP) . ( DNP)
Dr. Ehrensterfer : ProElut PSA
. 2011 5 (1g 6mL ) o
3 1h
200 C 2 h o
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13 14 710 81119 1 000 mg/L. 4
12 . 16 .
918 .
15 PAEs. 1.3
(2- ) N 1.3.1
N N . 5.0 g ( 0.01 ¢g) (
23 PAEs ) 25 mL
PAEs GC-MS 5.0 mL 1
N min 4 000 r/min 2 min
0 2.0 mL
1 o
1.1 N 5.0 g ( 0.01 g) (
Varian320 - ( Varian ) 25 mL 10
) (ET); ( mL 1 min 4000 r/min 2 min
); N N o 25 mL
23 ( 95% 1 min
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1 - - 23 *29 -
m L( ) 1 23
10.0 mL 1 min Table 1 Retention times and characteristic
. . . ions of 23 phthalate esters
20 min 4000 r/min 2 min No. PAE Retention time/min  Characteristic ion ( m /z)
o ° 1 DMP 11.07 163" 77 135 194
2.0 mL . 2 DEP 13.78 149 121 177 222
1.3.3 3 DIPrP 15.12 149" 167 209 105
4 DAP 17.37 149" 76 132 189
1.0 g ( 0.01 g) 5 DPP 17.99 149 76 191 209
25 mL 2 mL 6 DIBP 20.30 149" 167 205 223
10 mL 2 min 4000 r/min ) 7 DBP 22.74 149" 121 205 223
8 DMEP 23.75 59" 104 149 207
min o 10 mL 9 DIPP 25.73 85° 69 149 167
2.0 mL 10 BMPP 25.81 149" 85 104 167
11 DEEP 26.91 72 149 104 176
° 12 DPP 27.94 149" 104 219 237
1.4 13 DHXP 32.30 149" 76 104 251
PSA 5 mL 5 mL 14 BBP 32.56 149" 91 104 206
1 15 DBEP 34.80 149" 85 101 193
. 16 DCHP 35.91 149" 104 167 249
mL/min ; 5 mL ‘ 17 DEHP 36.10 167" 104 149 279
5 mL 4% - 18 DHP 36.16 265" 104 247 149
40 °C 19 DPhP 36.57 225" 77 104 153
20 DNOP 40.86 279" 149 167 261
lmL  GCMS ° 21 DINP 43.56 293" 127 149 167
1.5 GC-MS 22 DIDP 45.73 307" 141 149 167
1.5.1 GC 23 DNP 45.95 293" 149 167 85
* quantitative ion. DMP: dimethyl phthalate; DEP: dieth—
( 99. 99%) TGSMS yl ph(ihalate; DIPrP: diisopropyl yph[ihalate; DAP: diallyl
( 60 m x0.25 mm x0.25 p,m) ; phthalate; DPrP: dipropyl phthalate; DIBP: diisobutyl
280 C: 1.0 },LL : ‘1.5 phthalate; DBP: dibutyl phthalate; DMEP: bis( 2-methoxy-
ethyl) phthalate; DIPP: di-iso-amyl phthalate; BMPP: bis(4-
mL/min ; 60 C 1 methyl2-pentyl) phthalate; DEEP: bis ( 2-ethoxyethyl)
min 20 °C /min 220 °C 1 min 5 phthalate;  DPP:  dipentyl phthalate; DHXP:  dihexyl
phthalate; BBP: benzyl butyl phthalate; DBEP: bis(2-n-bu-
C/min 300 C 30 min, toxyethyl) phthalate; DCHP: dicyclohexyl phthalate; DEHP:
1.5.2 MS bis ( 2-ethylhexyl) phthalate; DHP: di-n-heptyl phthalate;
DPhP: diphenyl phthalate; DNOP: di-sn-octyl phthalate;
El 70 eV, 230 DINP: diisononyl phthalate; DIDP: diisodecyl phthalate;
C; 280 C; 10 min DNP: dinonyl phthalate.
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Fig. 1 SIM chromatogram of 23 phthalate esters
For peak identifications see Table 1.
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Fig. 2 Extracted ion chromatograms of DNOP DINP and DIDP
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Table 2 Linear ranges linear equations correlation coefficients () limits of detection ( LODs) and
limits of quantitation ( LOQs) of 23 PAEs
PAE Linear range/( mg/L) Linear equation r LOD/( mg/kg) LOQ/( mg/kg)

DMP 0.05-5 y =213.8x -1.239 0.9950 0. 005 0.02
DEP 0.05 -5 y =15980x —3.491 0.9961 0.009 0.03
DIPrP 0.05 -5 y =2503x +1.965 0.9960 0.006 0.02
DAP 0.05 - y =100.4x -2.271 0.9968 0.017 0.06
DPrP 0.05 - y =2265x —-2.705 0.9973 0.007 0.03
DIBP 0.05 -5 y =2372x +3.765 0.9969 0.011 0.04
DBP 0.05 - y =237.6x - 1.185 0.9982 0.011 0.04
DMEP 0.05-5 y =328.6x —-2.789 0.9973 0.010 0.04
DIPP 0.05 - y =77.65x —1.765 0.9956 0.011 0.04
BMPP 0.05 -5 y =100.4x -5.112 0.9979 0.011 0.04
DEEP 0.05-5 y =98.89x -2.143 0.9996 0.007 0.03
DPP 0.05-5 y =200.8x —1.224 0.9992 0.012 0.04
DHXP 0.05 -5 y =1096x +5.324 0.9959 0.008 0.03
BBP 0.05 -5 y =1912x =5.100 0.9965 0.007 0.03
DBEP 0.05-5 y =84.54x +1.065 0.9938 0. 005 0.02
DCHP 0.05-5 y =2142x -8.373 0.9982 0.009 0.03
DEHP 0.05 -5 y =3001x +5.877 0.9973 0.010 0.04
DHP 0.05-5 y =1577x —-7.844 0.9977 0.011 0.04
DPhP 0.05-5 y =260.7x -2.724 0.9968 0.012 0.04
DNOP 0.05-5 y =2435x +9.032 0.9978 0.011 0.04
DINP 0.5-5 y =9.980x —5.366 0.9939 0.044 0.2
DIDP 0.5-5 y =1.425x -1.053 0.9848 0.050 0.
DNP 0.05-5 y =1928x -2.173 0.9987 0. 005 0.02

x: mass concentration of PAE mg/L; y: peak area of PAE. LOD: S/N =3; LOQ: S/N =10.

2.5 0.05.0.1.1.0 mg/kg. 1.3 1.4
. 6
. . . . . (RSD) .
. . 10 23 T7% ~112%
DINP DIDP 4.1% ~12. 5%
0.5.1.0.2.0 mg/kg PAEs 3.
3 23  PAEs (n=6)
Table 3 Spiked recoveries and relative standard deviations ( RSDs) of 23 PAEs in olive oil (7 =6)

Compound Spiked/ Found/ Recovery/ RSD/ Compound Spiked/ Found/ Recovery/ RSD/

(mg/kg) (mg/kg) % % (mg/kg) (mg/kg) % %

DMP 0.05 0.0421 84.2 6.5 DBP 0.05 0. 0559 111.8 9.4
0.1 0.0833 83.3 7.7 0.1 0.0926 92.6 8.8

1.0 0.953 95.3 8.5 1.0 0.977 97.7 10.2

DEP 0.05 0.0442 88.4 8.6 DIPP 0.05 0.0501 100. 2 8.5
0.1 0.0952 95.2 9.3 0.1 0.0898 89.8 10.1

1.0 0.864 86.4 9.4 1.0 1.012 101.2 8.1

DIPrP 0.05 0.0488 97.6 7.6 DMEP 0.05 0.0544 108.8 8.2
0.1 0. 0964 96.4 8.4 0.1 0. 0859 85.9 6.8

1.0 0.922 92.2 9.5 1.0 1.044 104.4 6.2

DAP 0.05 0.0509 101.8 9.5 BMPP 0.05 0.0527 105.4 8.6
0.1 0.0883 88.3 9.3 0.1 0.0987 98.7 7.1

1.0 0.922 92.2 8.8 1.0 1.055 105.5 9.2

DPrP 0.05 0.0413 82.6 8.1 DEEP 0.05 0.0468 93.6 8.4
0.1 0.0892 89.2 6.5 0.1 0.0897 89.7 6.6

1.0 0.965 96.5 6.4 1.0 1.014 101.4 6.5

DIBP 0.05 0.0533 106.6 9.2 DPP 0.05 0.0541 108.2 7.2
0.1 0.0983 98.3 9.5 0.1 0.0929 92.9 7.6

1.0 0.945 94.5 8.1 1.0 0.988 98.8 9.5
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3.0)
Table 3 ( Continued)
Compound Spiked/ Found/ Recovery/ RSD/ Compound Spiked/ Found/ Recovery/ RSD/
(mg/kg) (mg/kg) % % (mg/kg) (mg/kg) % %
DHXP 0.05 0.0458 91.6 9.1 DPhP 0.05 0.0421 84.2 7.3
0.1 0.0987 98.7 6.8 0.1 0.0999 99.9 7.7
1.0 0.911 91.1 8.4 1.0 0.919 91.9 8.9
BBP 0.05 0.0547 109.4 9.5 DNOP 0.05 0.0502 100. 4 9.8
0.1 0.1021 102.1 9.4 0.1 0.0958 95.8 7.5
1.0 1.011 101.1 8.7 1 0.991 99.1 6.8
DBEP 0.05 0.0448 89.6 8.1 DINP 0.5 0.524 104.8 7.6
0.1 0.0987 98.7 9.2 1.0 0.989 98.9 9.1
1.0 0.968 96.8 6.4 2.0 1.87 93.5 7.4
DCHP 0.05 0.0532 106.4 8.4 DIDP 0.5 0.427 85.4 8.9
0.1 0.0989 98.9 8.7 1.0 0.898 89.8 8.1
1.0 1.082 108.2 9.3 2.0 1.77 88.5 7.6
DHP 0.05 0.0453 90.6 8.4 DNP 0.05 0.0433 86.6 7.9
0.1 0.1012 101.2 8.3 0.1 0.0789 78.9 6.1
1.0 0.966 96.6 7.6 1.0 0.926 92.6 5.6
DEHP 0.05 0.0458 91.6 5.9
0.1 0.0889 88.9 9.5
1.0 0.927 92.7 9.1
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