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Abstract A method for the determination of seventeen phthalate esters in sediment by acceler-

ated solvent extraction ASE  gel-permeation chromatography GPC and gas chromatogra-
phy-triple quadrupole mass spectrometry GC-MS/MS has been developed. The target com-
pounds were extracted at 100 C and 103.4 MPa 1500 psi by ASE using the mixtures of
dichloromethane and acetone 1:1 v/v as solvent. In order to eliminate the interferences
from larger molecular sizes the extract was purified at a flow rate of 5. 0 mL/min by GPC. Fol-
lowing that the extract was concentrated to a final volume of 1 mL exactly. The GC-MS/MS
was applied to quantitative and qualitative analysis. Internal standard calibration approach was
adopted and the detection limits of seventeen phthalate esters ranging from 0. 05 to 0. 40 ng/kg
were obtained. The correlation coefficients were beyond 0.996 the recoveries were from
50.5% to 107.9% and the relative standard deviations were from 3. 5% to 13.9%. Besides the
surrogate compounds spiked were used to monitor the performance of the method and the
recoveries were from 65.3% to 95.8% for the three surrogate compounds. The method is fast
sensitive and exact for analyzing seventeen phthalate esters simultaneously.
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Supelco
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min 1 mL
- - 10. 0 mL GPC 15
ASE GPC 5.0 mL/min 10
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ASE mL 10 pL 10 mg/L
1.0 pL
GPC 1.3
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GC-MS/MS 0.25 pm 250 C
60 C 4 min 9 C/min
300 C 2 min
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EI 70 eV
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ASE GPC 6 min
17
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ASE300
Uniop™-1122 LC tech 10 15 20 25 30 35 40V
EYEL4 MG-2200
Quattro Micro™ -
EI Waters 17 3
1000 mg/L 17 1 1.3
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TEDIA 4 000 mg/L 3 MRM
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Table 1 Retention times collision energies and characteristic ions of seventeen phthalate esters IS and three surrogates
Characteristic ion m/z
Compound Ft.etenti(?n Parent Daughter Parent Daughter Collision Collision
time/min energy 1/V energy 2/V
ion 1 ion 1 ion 2 ion 2
1 1-Biphenyl 2-fluoro surr 14.72 171 151 172 151 20 20
Phthalic acid bis-methyl ester 15.91 163 77 163 133 15 10
Phthalic acid bis-ethyl ester 17.85 149 93 177 149 15 10
Phenol 2 4 6-tribromo- surr 18. 60 330 222 330 141 28 28
Benzoic acid-benzyl ester 20.26 105 77 212 165 15 30
Phenanthrene-d10 IS 20.45 188 158 - - 35 -
Phthalic acid bis-iso-butyl ester 21.26 149 93 149 121 15 10
Phthalic acid bis-butyl ester 22.33 149 93 149 121 15 10
Phthalic acid bis-methylglycol ester 22.72 149 93 176 149 15 10
Phthalic acid bis-4-methyl-2-pentyl ester 23.52 149 93 167 149 15 10
Phthalic acid bis-hexyl ester 23.53 149 93 251 149 15 10
Phthalic acid bis-2-ethoxyethyl ester 23.96 149 93 193 149 15 10
Phthalic acid bis-n-pentyl ester 24.36 149 93 237 149 15 10
p-Terphenyl-d14 surr 24.88 244 160 - - 35 -
Phthalic acid bis-nonyl ester 26.26 149 93 238 104 15 15
Phthalic acid benzylbutyl ester 26.36 149 93 238 104 15 15
Phthalic acid hexyl-2-ethylhexyl ester 27.17 149 93 251 149 15 10
Phthalic acid bis-2-n-butoxyethyl ester 27.42 149 93 176 149 15 10
Phthalic acid bis-cyclohexyl ester 27.92 149 93 167 149 15 10
Phthalic acid bis-2-ethylhexyl ester 28.01 149 93 167 149 15 10
Phthalic acid bis-n-octyl ester 29.68 149 93 279 149 15 10
100 2.2
" 0.01 0.02 0.05 0.1
ER. 0.2 0.5 1.0 mg/L
§ eof
_‘% 40
g 1 mL 10 wL
R L d 10 mg/L GC-MS/MS
f i
0"‘\"‘\“‘\J"'IJ"'IJ“‘\“‘\“‘
14 16 18 20 22 24 26 28 30 0.996 ~ 0.999
{/min
1 17 3 30 g
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Fig. 1 MRM total ion current chromatogram of seven- 3. 143
teen phthalate ester standards internal stand-
ard IS and three surrogates surr 2
2 17 3 n=6
Table 2 Limits of detection LOD correlation coefficients recoveries and precisions RSDs
for seventeen phthalate esters and three surrogate compounds n =6
Compound Correlation coefficient LOD/ pg/kg Recovery/% RSD/%
1 1-Biphenyl 2-fluoro surr 0.997 0.03 95.8 2.4
Phthalic acid bis-methyl ester 0.998 0.17 67.2 12.7
Phthalic acid bis-ethyl ester 0.998 0.26 64.3 9.6
Phenol 2 4 6-tribromo- surr 0.999 0.18 65.3 11.3
Benzoic acid-benzyl ester 0.998 0.43 68.4 13.2
Phthalic acid bis-iso-butyl ester 0.998 0.22 63.9 10.5
Phthalic acid bis-butyl ester 0.999 0.40 70.3 13.5
Phthalic acid bis-methylglycol ester 0.998 0.11 72.5 6.5
Phthalic acid bis-4-methyl-2-pentyl ester 0.999 0.13 50.5 11.6
Phthalic acid bis-hexyl ester 0.997 0.08 52.4 6.5
Phthalic acid bis-2-ethoxyethyl ester 0.998 0.06 96.7 12.9




490- 28
Table 2 Continued
Compound Correlation coefficient LOD/ pg/kg Recovery/% RSD/%
Phthalic acid bis-n-pentyl ester 0.996 0.05 93.6 3.5
p-Terphenyl-d14 surr 0.999 0.72 87.7 2.5
Phthalic acid bis-nonyl ester 0.999 0.04 86.2 5.4
Phthalic acid benzylbutyl ester 0.999 0.05 96.5 4.
Phthalic acid hexyl-2-ethylhexyl ester 0.999 0.07 74.6 6.3
Phthalic acid bis-2-n-butoxyethyl ester 0.997 0.21 87.9 13.9
Phthalic acid bis-cyclohexyl ester 0.996 0.06 75.2 4.9
Phthalic acid bis-2-ethylhexyl ester 0.998 0.37 102.6 7.3
Phthalic acid bis-n-octyl ester 0.996 0.09 106.7 8.5
2.3
30 g
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