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Abstract A method for the determination of polycyclic aromatic hydrocarbons PAHs and

phthalate esters PAEs in soil samples by gas chromatography-mass spectrometry GC-MS
was developed. After extracted by accelerated solvent extraction or ultrasonic extraction by di-
chloromethane-hexane 1:1 v/v and dichloromethane-acetone 1:1 v/v  respectively the
extracts were cleaned up by solid phase extraction and/or gel permeation chromatography.
Quality control and quality assurance procedures were carried out with the methods of whole
procedure blank blank spike recovery clean soil matrix spike recovry and the comparison
with reference materials. The method detection limits were 0. 13 - 2.2 pg/kg and 0. 19 - 0. 52
ng/kg and the average recoveries were 41.5% -116.9%  90.7% - 107. 1% for the PAHs and
the PAEs respectively. The results showed that the method can meet the technical require-
ments on the soil sample test and analysis in the national survey of soil pollution.

Key words gas chromatography-mass spectrometry GC-MS  polycyclic aromatic hydrocar-
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: 1.2
polycyclic aromatic hydrocarbons PAHs 2.0 g
phthalate esters PAEs
PAHs
! ’ 2.0 g
quality assurance/quality control QA/ - 1:1 PAEs
QC Tt 10 10 mL -
1:1 PAHs
" 12 mL 2% /
- GC-MS 1 mL
200 ng
1 GC-MS PAEs
1 mL 200 ng
1.1 GC-MS
ASE 300 Dionex
R210/v700/v850 Buchi 1.3
) QP2010 o Bio-Beads S-X3
AccuPrep MPS J2 Scientific i 1 w/y 4 7 mL/min
Florisil 1.0 g 6 mL Supelco . .
4 min 2 min
CVE3100 Eyala
16 Dr. Ehren-
1.4 GC-MS
storfer naphthalene acenaph-
GC-MS EPA 8270C
thylene acenaphthene fluorene
70 kPa
phenanthrene anthracene flu-
2 pL DB-5ms 30 m x0.25 mm x
oranthene pyrene a benzo a
0.25 pm 250 C PAHs
anthracene chrysene b benzo
. 10 C/min 8 T/min
b fluoranthene k benzo k flu- 60 C 1 min 160 C 260
oranthene a benzo a pyrene C 6 C/min 300 C 8 min PAEs
12 3-cd indeno 1 2 3-cd pyrene 60 C 20 C/min | € 10 C/min ) C 5 C/min
a h dibenzo a h anthracene g h 0 80 >0
i Jt benzo g h i perylene 7 300 T 5 min
Dr. Ehrenstorfer SIM
dimethyl phthalate DMP 260 T 230
diethyl phthalate DEP di-n-butyl 10.0 50.0 100 200 500 pg/L'5
phthalate DBP butyl benzyl
phthalate BBP dicyclohexyl L.5
phthalate DCHP diisooctyl
phthalate DIOP di-n-octyl
phthalate DOP DBP-d4
fluoranthene-d10
AccuStandard IRM-104A
IRM-104A Ultra Sci- 2
entific
2.1
J. T. Baker PAHs PAEs MDL
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Table 1 Method detection limits MDL of 16 PAHs E 200 [ —*—15—=—16 - A
No. Compound MDL/ pg/kg , / ‘/" e
1 naphthalene 2.2 100 [ J /‘\“‘\ \
[ / f WP
2 acenaphthylene 0.16 [ / A?i\@&
3 acenaphthene 0.19 ol =220 W LA,
4 a 0.19 5 10 15 20 25
uorene ’ Elution time / min
5 phenanthrene 1.6
6 anthracene 0.13 500
7 fluoranthene 0.87 [ —=— )
8 pyrene 0.71 400 )
[ —e—3
9 benzo a anthracene 0.22 [ 1
10 chrysene 0.72 = 300 A5 JR
&
11 benzo b fluoranthene 0.85 > [ 6
g p
12 benzo k fluoranthene 0.14 = 00
13 benzo a pyrene 0.19 [
14 indeno 1 2 3-cd pyrene 0.45 100 [
15 dibenzo a h anthracene 0.13 [
16 benzo g h i perylene 0.83 0L et o ,x, ——— =%
5 15 20 25
2 7 PAEs Elution time / min
Table 2 Method detection limits MDL of 7 PAEs
1 a PAHs b PAEs GPC
No. Compound MDL/ pg/kg Fig. 1 Outflow curves of a PAHs and b PAEs
1 DMP 0.20 Numbers of the curves in Fig. la and Fig. 1b are corre-
2 DEP 0.19 sponding to the numbers in Table 1 and Table 2 respectively.
3 DBP 0.36
4 BBP 0.52
5 DCHP 37
6 DIOP 0.51
7 DOP .37
12 13
2.2
6 PAHs
GPC 1 N.D. ~ 0.96 +0.39
PAHs PAEs ng/kg PAEs
- 121 v/v 4.7 ND. ~ 15+7.9 pg/kg 2
mL/min 6 ~ 15 min PAHs PAEs 2
10 ~25 min PAHs
2.3
PAEs
PAEs
PAEs

PAEs
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Fig. 2 Contents of PAHs and PAEs detected

during the whole procedure blank

The numbers of PAHs and PAEs are corresponding to the

numbers in Table 1 and Table 2 respectively.
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Fig. 3 Spiked recoveries of PAHs and

PAEs in clean soil matrix

The numbers of PAHs and PAEs are corresponding to the

numbers in Table 1 and Table 2 respectively.
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Table 3 Comparison between determined values and

reference values of PAHs on IRM-104A ng/kg
Reference Determined
No. Compound value value
mean = SD mean + SD
1 naphthalene 565 £132 542 £73.1
2 acenaphthylene - -
3 acenaphthene 544 +120 295 £5.5
4  fluorene 626 £ 117 502 £15.4
5 phenanthrene 4660 +794 5080 +123
6 anthracene 365 +96.6 64 +9.4
7 fluoranthene 9200 = 1590 9590 + 858
8 Dpyrene 7430 + 1470 6920 + 105
9 benzo a anthracene 5410 = 1040 4630 +280
10 chrysene 6590 £ 1210 7540 +489
11 benzo b fluoranthene 5220 951 6230 =274
12 benzo k fluoranthene 3490 +747 3900 +226
13 benzo a pyrene 396 £ 133 43.3+1.4
14 indeno 1 2 3-cd pyrene - -
15 dibenzo a h anthracene 1080 +222 1160 +17
16 benzo g h i perylene 378 £93.5 419 £9.2
4 PAEs IRM-104A *
Table 4 Comparison between determined values and reference
values of PAEs on IRM-104A ng/kg
No. Compound Reference value Determined value
mean + SD mean + SD
1 DMP - 16.2 £4.1
2 DEP 6250 + 1500 8380 + 188
3 DBP 465 £ 104 348 +12.9
4 BBP 491 +105 310 £55.7
5 DCHP - -
6 DIOP 1340 +273 1383 + 147
7 DOP 764 +183 791 +78.3
3
PAHs PAEs
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