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Abstract : A method for the analysis of most common phthalate acid esters (9 species) in biota
samples by gas chromatography-mass spectrometry-selected ion monitoring mode is described.
Phthalates in biota samples are extracted by organic solvent and purified by Florisil column. Phthalates
are easily contaminated during extraction procedure. Since the extraction and cleanup steps for biota
samples generally are more complicate than those for water or sediment samples, we compared with
contamination state of each sample work-up step. By applying this developed method, the overall
recoveries ranged between 79 - 117% in biota sample which was spiked with standards. For phthalates
used in this study, the quantitative accuracy, elution pattern on Florisil column, and detection limits
were also investigated.
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Table 1. Retention times(RT) and mass spectral characteristic ion of phthalates

Compound RT(min) Characteristic ion(m/z, %)
Diethyl(DEP) 14.14 29(11), 149(100), 177(M-OCHs, 35), 222(M", 3)
Dipropyl (DPP) 16.17 43(7), 149(100), 209(M-C:Hs, 9), 250(M", 0.3)
Di-iso-butyl (DiBP) 17.14 57(66), 149(100), 167(7), 223(M-CH;, 9)

Di-n-butyl (DBP) 18.08 57(9), 149(100), 167(1), 223(M-CH5, 10)

Di-n-pentyl (DPoP) 19.87 71(4), 149(100), 167(1), 237(M-CsHs, 6)

Di-n-hexyl (DHP) 21.53 85(17), 104(100), 149(96), 251(M-CsHy;, 11), 334M’, 1)
n-Butylbenzy! (BBP) 21.64 91(C:Hy, 71), 149(100), 206(M-C;H:O, 24), 312(M", 1)
Di-cyclohexyl (DCHP) 23.16 149(100), 167(28), 249(M-CeHo, 3)

Di-2-ethylhexy! (DEHP) 23.27 149(100), 167(44), 279(M-CsHis, 22), 390(M", 0.5)
Phenanthrene-d"° 16.39 188(M", 100), 186(M"-2, 6)
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Fig. 1. Total ion chromatogram of standard phthalates mixture.
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Fig. 2. Mass spectrum of di-2-ethylhexyl phthalate and formation of diagnostic ions.
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Table 2. Method detection limitsOMDL) and relative
response factors of phthalates

Compound Detection limit (uzg/kg) RRF
Diethyl(DEP) 4 0.22
Dipropyl (DPP) 2 0.71
Di-iso-butyl (DiBP) 2 0.67
Di-n-butyl (DBP) 12 1.18
Di-n-pentyl (DPnP) 2 1.12
Di-n-hexyl (DHP) 2 0.81
n-Butylbenzyl (BBP) 2 0.43
Di-cyclohexyl (DCHP) 11 0.50
Di-2-ethylhexyl (DEHP) 22 0.63

Method detection limits(MDL)

Relative response factors(RRF) = (area of each phthalates
x concentration of phenanthrene-d;;:500ng/ml) / (area of
phenanthrene-djo x concentration of phthalates ).
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Fig. 3. Elution behavior of phthalates on Florisil column eluted with hexanefacetonitrile (v/v, 100/0.5).
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Table 3. Recoveries of phthalates for biota sample
using GC/MS-SIM mode

Compound Mean recovery(%) RSD(%)
Diethyl(DEP) 79 6.1
Dipropyl (DPP) 104 89
Di-iso-butyl (DiBP) 108 8.8
Di-n-buty! (DBP) 111 129
Di-n-pentyl (DPnP) 110 8.9
Di-n-hexyl (DHP) 93 9.0
n-Butylbenzyl (BBP) 110 9.0
Di<cyclohexyl (DCHP) 117 6.6
Di-2-ethylhexyl (DEHP) 100 9.1

Table 4. Equations of calibration curves for phthalates

. Liner
Compound Equation coefficient(R)

Diethyl(DEP) y=0.6566x - 0.1959  0.9926
Dipropyl(DPP) y=2.0829x - 1.1281 0.9925
Di-iso-butyl(DiBP) y=1.8515x - 0.8758 0.9940
Di-n-butyl(DBP) y=2.9118x - 1.1200 0.9982
Di-n-pentyl(DPnP) y=2.8245x - 1.1523 0.9981
Di-n-hexyl(DHP) y=22592x - 11516  0.9946
n-Butylbenzyl(BBP) y=1.1439x - 0.5431 0.9960
Di-cyclohexyl(DCHP) ~ y=14636x - 0.7847 0.9930

Di-2-ethylhexyl(DEHP) y=1.6683x - 0.7916 0.9962
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Fig. 4. Typical SIM chromatograms of phthalates for spiked fish samples.
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