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x0.25 pm MS/MS \ MM
10 ~ 1 000 ,Lg/L S 0.9973~0.9976 6
RSD \ 14 3% 2 Mg]kg 10 pg/kg - 72.9% ~106.2% 6
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Abstract A method based on gas chromatography-tandem mass spectrometry GC-MS/MS

was developed for the determination of phthalic acid esters PAEs in soil. The soil sample
was extracted by dichloromethane-acetone 1:1 v/v with an ultrasonic 1nstrument

extract was cleaned up with a Florisil column. The identification and quantificati \S%na-
lytes were carried out in the multiple reaction monitoring MRM mode aft &G separatron
on an HP-5MS column 30 m x0.25 mm x0.25 pm . The elght pomt «; raj\trer{ curves showed
a good linearity for all the congeners 0.9973 - 0.997 6 of detection LODs
ranged from 0.1 to 0.5 wg/kg. The relative stand devia were not more than
14.3% and the spiked recoveries were in the range 72.9% - 106 2%. The developed analyti-
cal method is rapid and accurate and suital d/ termination of PAEs in soil.
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- 15 mL 15 min
GC-MS/MS - GC- 40 C
MS/MS PAEs HEGe- 2.0 mL
MS/MS 1.2.2
Florisil 500 mg 6 mL
5 mL 5 mL
SPE 15 mL - 9:1 v/v
GC-MS/MS 6 40 C
1.0 mL
1.3
1 2000 mg/L 1 mL
1.1 100 mL
7000 Agilent 20 mg/L 0.025 0.05 0.125
Agilent 0.25 0.5 1.0 2.0 2.5 mL 50
RE-52A mL
KQ3200DB 10 20 50 100 200 400 800 1000 wg/L
DMP
DEP DBP 1.4
BBP DOP HP-5MS 30 m x 0.25 mm x 0.25
2- DEHP 6 pm 1.0 mL/min
1 pL 300 C
2000 mg/L 325 C 80 C 0.5 min 30 C/min
R T Corporation 160 C 15 C/min 320 C 5
min
450 C 4 h 1.5
1.2 EI 70 eV
1.2.1 230 C 150 C He 2.5
100 mL/min N, 2.0 -mL/min
10.0 g 30 mL MRM
- 1:1 v/v 15 mL m/z CE 1
1 MRM CE
Table 1 Retention times ¢, monitoring ions and collision energy CE of phthalic acid esters in the MRM mode
Compound ty/min Precursor ion m/z Product ion m/z CE/V
Dimethyl phthalate DMP 5.4 163 135 10 92 25
Diethyl phthalate DEP 6.2 149 121.1 15 93.2 15
Dibutyl phthalate DBP 8.6 149 121.2 15 93.1 15
Benzyl butyl phthalate “BBP 10.9 149 121.2 10 93.1 15
Bis 2-ethylhexyl .phthalate ~DEHP 11.9 149 121.2 15 93.1 20
Di-n-octyl phthalate DOP 12.8 149 121.2 15 93.1 20
450
2 T 4 h
2.1
2.2
C18 Florisil
50 ug/L  PAEs

450 C 4 h
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6 -
- 9:1 8:2 Vv/v 2.3
PAEs 9:1 v/v
PAEs Y x wng/L
72.9% ~106.2% 8:2 v/v 10 ~1 000 pg/L
0.9973 ~
- 9:1 v/v 0.9976 PAEs
- 9:1 v/v 3 LOD 10
C18 LOQ 6
0.1~0.5 pg/kg 0.2 ~
1.8 ng/kg 2
2 RSD n =6
Table 2 Recoveries precisions as RSD n =6 limits of detection LODs and quantification LOQs of phthalic acid esters
2 ng/k 10 ng/k
Compound e <8 we/x8 LOD/ ng/kg LOQ/ pg/kg
Recovery/% RSD/% Recovery/% RSD/%
DMP 79.1 9.0 77.5 8.4 0.5 1.8
DEP 72.9 9.9 73.5 8.9 0.2 0.5
DBP 106.2 14.3 104.1 13.2 0.1 0.2
BBP 92.8 7.0 91.2 6.3 0.4 1.4
DEHP 93.0 10.2 94.8 11.3 0.2 0.8
DOP 98.9 8.7 97.5 7.8 0.1 0.3
2.4 1200 -
20 pL 100 pL 1000 pg/L 6 1000 2
800 F
10.0 g - :
Z 600 [
2 ng/’kg 10 pg/kg 6 5 i
£ 400f
GC- i
200
MS/MS 1 ok
2 1 6 4
60000 + DBP
b
= 40000 r
2 6 z L
8 L
= L
72.9% ~ 106. 2% RSD SN20000 1
14.3% n =6 ol
L L L | L L L L L L | L L L | L L L
2.5 4 6 8 10 12 14
t/min
5 1 a b MRM
3 6 Fig. 1 Total ion current chromatograms in a a blank
5 DMP DBP DE- soil sample and b a blank sample spiked with
standards in the MRM mode
HP DOP
3 6
Table 3 Contents of six phthalic acid esters in soil samples ng/kg
Sample source DMP DEP DBP BBP DEHP DOP
Hunnan 47.2 24.2 2312.3 60. 1 720.5 N.D.
Shenbei 39.1 11.0 1759.6 65.8 635.1 N.D.
Sujiatun 16.0 N.D. 730.8 N.D. 240.0 N.D.
Huishan 10.6 N.D. 853.6 34.4 315.3 28.5
Zhangshi 41.8 N.D. 530.1 39.2 221.8 N.D.

N.D. not detected.
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DBP
ng/kg

DEP
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DEHP 530.1 ~2312.3
221.8 ~720.5 ng’kg DMP DEP BBP
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