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ABSTRACT

In case of analyzing PAHs (EPA 16 compounds) in oil-contaminated soils, the lump of peaks may occur because of the
aliphatic and polar compounds in oil. This phenomenon is due to the lower accuracy of the analysis. To solve this
problem, evaluation of application of silicagel-alumina multi-layer fraction was performed using standard substances and
oil-contaminated soils. As a result of application of silicagel-alumina multi-layer fraction cleanup method using standard
substances, recovery rates of surrogate standards (5 compounds including Naphthalene-dg) were 83~100% and those of
target standards were 75~129%. These were to meet the target values (60~130%) in this study. When used 4% water-
silicagel column analyze PAHs in oil-contaminated soils, Some problems were generated for quantitative analysis of
PAHSs; concentration of PAHs was underestimated due to an upward baseline of internal standard (recovery rate: less than
60%) and overestimated by the lump of peaks which were not purified (the biggest recovery rate: more than 400%). On
the other hand, in case of silicagel-alumina multi-layer fraction cleanup method, recovery rate of surrogate standards were
61~101.6%. Therefore this cleanup method was considered a valid method to improve accuracy of analysis of PAHs in

oil-contaminated soils.
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Table 1. Analytical methods for PAHs in soil

KMLTM method" US EPA ISO 18287 UK EA method®
Alumina (3611B)?
Clean up Silica gel/Alumina Silica gel (3630C)” Silica gel Silica gel/alumina
Gel-permeation (3640)
Instrument GC-MS GC-MS GC-MS GC-MS
Soil type Sediment Soil/sediment Field Soil Dry Soil
Compounds EPA 16 comp. EPA 16 comp. EPA 16 comp. 19 comp. (EPA 16+3)

1) KMLTM, 2010, Marine official testing method in Korea

2) US EPA, 1996, Method 3611B, Alumina column cleanup and separation of petroleum wastes

3) US EPA, 1996, Method 3630, Silica gel cleanup

4) US EPA, 1994, Method 3640, Gel-permeation cleanup

5) International Organization for Standardization, 2006, ISO 18287, Soil quality-determination of polycyclic aromatic hydrocarbons
(PAH)-Gas chromatographic method with mass spectrometric detection (GC-MS)

6) UK Environment agency, 2003, The determination of polycyclic aromatic hydrocarbons in soil by dichloromethane extraction using gas
chromatography with mass spectrometric detection

Table 2. Monitoring ion and calibration levels of PAHs analysis

Monitoring ion Calibration levels (ng)
Target Compounds
Primary ion Secondary ion CS1 CS2 CS3 CS4 CSS5
Nap-ds Naphthalene (NaP) 128 129, 127 50 100 250 500 1000
Acenaphthylene (Acy) 152 151, 153 50 100 250 500 1000
Ace-dyg Acenaphthene (Ace) 154 153, 152 50 100 250 500 1000
Fldyg Fluorene (F1) 166 165, 167 50 100 250 500 1000
Phenanthrene (Phe) 178 179, 176 50 100 250 500 1000
Anthracene (Ant) 178 176, 179 50 100 250 500 1000
Phe-d;o Fluoranthene (Flu) 202 101, 203 50 100 250 500 1000
Pyrene (Pyr) 202 200, 203 50 100 250 500 1000
Benz(a)anthracene (BaA) 288 229, 226 50 100 250 500 1000
Chrysene (Chr) 228 226, 229 50 100 250 500 1000
Chr-d,y Benzo(b)fluoranthene (BbF) 252 253, 125 50 100 250 500 1000
Pyr-dig Benzo(k)fluoranthene (BkF) 252 253, 125 50 100 250 500 1000
Benzo(a)pyrene (BaP) 252 253, 125 50 100 250 500 1000
Indeno(1,2,3-c,d)pyrene (InP) 276 138, 277 50 100 250 500 1000
Pery-d, Dibenz(a,h)anthracene (DahA) 278 139, 279 50 100 250 500 1000
Benzo(g,h,i)perylene (BghiP) 276 138, 277 50 100 250 500 1000
Surrogate std.
Naphthalene-dg (Nap-ds) 136 68 50 100 250 500 1000
Acenaphthene-d; (Ace-d;) 164 162, 160 50 100 250 500 1000
Phenanthrene-d,o (Phe-d;) 188 94, 80 50 100 250 500 1000
Chrysene-d;, (Chr-d;») 240 120, 236 50 100 250 500 1000
Perylene-d,» (Pery-d;») 264 260, 265 50 100 250 500 1000
Internal std.
Fluorene-d;, (Fl-d;o) 176 250 250 250 250 250
Pyrene-d, (Pyr-d,o) 212 250 250 250 250 250

(Table 12 v}Ro T HEFH ¢FuAzj7Md g4 o] Naphthalene-dy 5 WAIEFZEZ 55 (Supelco)yS &
fraction FAPPHS 2831t ol A EF=Z2 US |3l 22 480l tig HE=E =034} s
EPA 2 ISO methodS BIEOE Table 200 A|A)3+ ufe}

J. Soil & Groundwater Env. Vol. 17(5), p. 20~30, 2012



72 PEY F tshlekEesl A7 (PAHs) B4

Table 3. Analytical condition of GC/MS for PAHs

A7 - US EPA 16% PAHSE 402 23

Instrument

(GC)Agilent 6890N

(MS)Agilent 5975B inert XL MSD

Separation column

Oven temperature

HP5-MS 5% Phenyl methyl siloxane (30 m x 250 um % 0.25 um)
70°C (4 min) = 10°C/min 300°C (15 min)

Injection temperature 250°C

Ms source temperature 230°C

Splitless injection 1uL

Carrier gas flow 1.2 mL/min(He)
lonization EI (70 eV)
Data Aquisition SIM mode
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Table 4. Results of silica-alumina multi-layer column fraction cleanup
i Recovery (%)
500 Bohip Compounds (n=3)
450 DaA
BinP
200 | Naphthalene-dg 83.0+2.58
& BaP
350 | E BkF
% 300 | Z s:f Acenaphthene-d, 95.9+0.60
g 250 | £ BaA
@ B Pyr
T 200 IO Flu Phenanthrene-d, 98.9+2.96
= [0 ANt
150 -
E Phe
100 - Fl Chrysene-d,, 90.9+2.52
o @A Ace
50 ¥ e 1
SHZEER B Acy
o B B B W I o ® Nap Perylene-d,» 100.0 +5.09
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Table 5. Quality assurance/Quality control(QA/QC)
MDL (ug/kg) LOQ (ug/kg) Precision (%) Accuracy (%)
Nap 1.54 4.90 12 83
Acy 0.57 1.83 5 70
Ace 1.17 3.73 10 74
Fl 0.90 2.87 7 88
Phe 1.65 5.25 9 117
Ant 0.51 1.62 4 77
Flu 0.74 2.37 5 99
Pyr 1.09 3.46 7 94
BaA 1.03 3.28 9 74
Chr 0.48 1.53 5 67
BbF 0.66 2.10 7 60
BKF 0.99 3.15 10 61
BaP 0.79 2.51 8 60
InP 0.74 2.35 8 61
DaA 0.93 2.95 10 60
BghiP 0.66 2.09 7 61
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TPH ) Soil texture
Sample pH Organic matter (%)

(mg/kg) Sand (%)  Silt (%) Clay (%) Texture
A 383 6.1 0.5 70.3 22.0 7.7 Sandy loam
B 1,531 4.0 2.0 22.2 53.2 24.6 Silt loam
C 2,163 6.8 0.3 75.1 11.7 13.2 Sandy loam
D 2,670 5.8 1.4 78.9 19.8 1.2 Loamy sand
E 2,146 8.5 0.7 72.0 18.0 10.0 Sandy loam

Table 7. Comparison of recovery between 4% water silicagel clean-up and silica-alumina multi-layer column fraction cleanup

Recovery (%)

Sample Naphthalene-dg Acenaphthene-d, Phenanthrene-d;, Chrysene-d;, Perylene-d,,
Silicagel ~ Fraction  Silicagel ~ Fraction  Silicagel  Fraction  Silicagel  Fraction  Silicagel  Fraction
A 774 - 84.8 - 86.8 - 88.2 - 752 -
B 314 73.0 73.9 71.2 83.6 95.2 38.2 70.4 16.7 77.8
C 333 69.6 74.6 80.8 914 83.6 67.5 76.0 18.1 85.9
D 459 66.9 411.1 69.5 107.7 79.5 1294 69.5 96.2 75.9
E 108.7 64.0 104.7 75.4 166.1 101.6 163.4 61.7 160.7 61.0
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Fig. 1. Chromatograms of PAHs analyzed by 4% water-silicagel cleanup method in oil contaminated soils.
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Fig. 2. Problems from analysis of PAHs using 4% water-silicagel cleanup method in oil contaminated soils.
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