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Improved Throughput and Reproducibility for PAH Analysis
in Soil Using Automated Extraction

Abstract

Persistent organic pollutants (POPs), including polycyclic aromatic
hydrocarbons (PAHs), pose ongoing risks to human health, making
reliable environmental monitoring critical. Originating from both
natural and human sources, PAHs accumulate in the environment,
giving rise to the need for strict exposure and environmental
limits. Effective monitoring of PAHs in solid matrices, such as soil,
depends on robust and efficient sample preparation techniques
as well as analysis. In this study, the EDGE® automated

solvent extraction system was evaluated for the extraction of
contaminated soil samples, including both a spiked soil and a
certified reference material (CRM). The EDGE is a sequential
extraction system that employs pressurized fluid extraction as well
as dispersive solid phase extraction (dSPE). Good recovery and
reproducibly of the samples tested was achieved. Additionally, a
comprehensive washing study was conducted to evaluate wash
solvents and parameters to ensure minimal sample carryover.
The results demonstrate the suitability of the EDGE system for
accurate and reproducible PAH extraction from soil matrices.

Introduction

Persistent organic pollutants (POPs) are of constant concern

for human health and require environmental monitoring when
thought to be present. One class of POPs are polycyclic aromatic
hydrocarbons (PAHs). These compounds are generated though
the combustion of organic material and are thus formed by
human activity as well as natural causes.* These compounds can
accumulate in the environment in soil, water, and air where they
come into contact with humans. PAHs are attributed to adverse
health effects within the human body, which include respiratory
diseases, harm to the immune system, as well possible
contributions to cancer. Due to these health effects, government
and regulatory agencies, such as the U.S. Environmental
Protection Agency (US EPA) and the European Environment Agency
(EEA), set exposure and environmental limits to help mitigate the
harm to humans.?

For solid samples, such as soil, a robust and effective sample
preparation must be available to ensure a simple and efficient
workflow to monitor POPs. The EDGE automated solvent extraction
system utilizes pressurized fluid extraction to extract analytes
into solvent from matrices of interest. In this study, the EDGE was
used to prepare spiked PAH soil samples as well as a PAH CRM
for analysis by GC-MS. The EDGE is a sequential extractor, so it
is imperative to be able to provide adequate washing between
samples to ensure no carryover. In addition to a recovery and
precision study, a washing study was conducted to test the best
washing parameters and solvents.

Materials and Methods

Reagents and Samples

All reagents were purchased from commercial suppliers. The PAHs
in Soil CRM (CRM104), Polynuclear Aromatic Hydrocarbons Mix,
clean sandy loam and sand was purchased from Sigma Aldrich.
Florisil® was purchased from Acros Organics. ACS-grade solvents,
including hexane, acetone, and toluene were purchased from VWR
and Sigma Aldrich.

EDGE Sample Preparation

For the spiked soil and CRM, a 5 g sample was weighed into each
Q-Cup®, assembled with a S1 filter. The S1 filter is a 0.3 micron
glass fiber filter with cellulose support, positioned in the bottom
of the Q-cup, that facilitates the rapid and automated extraction
of samples. When using Florisil, 0.5 g was spread on top of the
sample to cover the entire surface of the sample. For spiked

PAH samples, clean sandy loam was spiked with 20 ppm of

PAH standard solution. Samples were extracted using the EDGE
method below. Post extraction, extracts were evaporated to 1 mL
following a standard nitrogen blowdown protocol prior to injection
into the GC-MS.

For the washing study, 5 g of sand was weighed into Q-Cups
assembled with S1 filters. Into each sand sample was spiked 200
ppm of the PAH standard solution. After each sample, a blank was
analyzed to gauge carryover. Each blank was evaporated to 1 mL
using the same nitrogen blowdown technique described above
prior to injection into the GC-MS.

EDGE Method for PAHs from Soil
Q-Disc®: S1 Q-Disc

Cycle 1

Extraction Solvent: Hexane
Top Add: 10 mL
Temperature: 60 °C

Hold Time: 00:30 (mm:ss)

Cycle 2

Extraction Solvent: Hexane
Top Add: 10 mL
Temperature: 60 °C

Hold Time: 00:30 (mm:ss)
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Cycle 3

Extraction Solvent: Hexane/Acetone (1:1)
Top Add: 10 mL

Temperature: 100 °C

Hold Time: 00:30 (mm:ss)

Cycle 4

Extraction Solvent: Hexane/Acetone (1:1)
Top Add: 10 mL

Temperature: 100 °C

Hold Time: 00:30 (mm:ss)

Wash 1

Wash Solvent: Toluene
Wash Volume: 20 mL
Temperature: 100 °C
Hold Time: 00:30

Wash 2

Wash Solvent: Toluene
Wash Volume: 20 mL
Temperature: --

Hold Time: --:--

Wash 3

Wash Solvent: Hexane
Wash Volume: 10 mL
Temperature: --

Hold Time: --:--

Analysis

The EDGE provided filtered extracts collected in 60 mL vials
that were concentrated to 1 mL. The concentrated extracts
were transferred to a GC vial for injection into the GC-MS using
the system and parameters described in Table 1.

Table 1. GC-MS Parameters

Agilent 8860 GC
Instrument Agilent 5977C MSD

Agilent 7693A Autosampler
Carrier Gas He
Carrier Flow 1.2 mL/min
Split/Splitless Splitless
Injector Temperature 275 °C

70°C
Oven Ramp 10 °C/min ramp to 200 °C

7 °C/min ramp to 320 °C hold for 3 min
Column Agilent HP-5MS

30 mx0.25 mm x 0.25 pm
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Results and Discussion

In the study, multiple schemes for sample preparation and
system cleaning were explored. US EPA allows the usage of
different solvents for the extraction, but to ensure universal
compatibility, hexane/acetone (1:1) was chosen for its ability to
extract from both the polar and nonpolar portions of a sample.
Initial recoveries with a spiked sample (Table 2 on page 3)
showed acceptable recoveries with an average of 90% with
majority of percent RSDs under 3%, which served as proof of
method applicability for the extraction of PAHs from soil. The
CRM was analyzed using the same method (Table 3 on page 3)
and generally showed strong recoveries for all compounds, with
some more volatile PAHs experiencing slightly diminished values.
As an example, Acenaphthylene was recovered at 61% with 10%
RSD. Florisil is known to absorb these volatile PAHs; for this
reason a layer of Florisil on top of the sample can help minimize
the loss of these compounds due to volatility. The addition

of Florisil as a retaining layer on top of the sample helped

the recovery of the more volatile analytes of the CRM sample
(Table 4 on page 3). Notably, Acenaphthylene was recovered at
72% with 3.6% RSD. All certified compounds in the CRM were
recovered in a range of 72%-107% and all RSDs were under 9%.

Multiple washing parameters and solvents were tested to
ensure minimal carryover. Tests were conducted with hexane,
cyclohexane, isooctane, and toluene. To mimic a sample

with high contamination levels, sand was spiked at high
concentrations of PAHs to determine if carryover could be
eliminated in severe cases. All solvents performed well, with
toluene proving the best at reducing carryover. Even at a high
spiking concentration of 200 ppm, no carryover was observed
above the limit of quantification.
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Table 2. Recovery and Reproducibility Data for PAH Soil Spiked at 20 ppm
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Compound Avg Recovery (ppm) % Recovered % RSD
Naphthalene 16.45 82 10.
Acenaphthylene 12.39 62 2.0
Acenaphthene 18.73 94 6.6
Fluorene 17.68 88 42
Phenanthrene 20.03 100 24
Anthracene 16.62 83 1.6
Fluoranthene 19.48 97 0.72
Pyrene 19.32 97 1.0
Benz[a]anthracene 18.12 91 0.99
Chrysene 15.36 77 1.4
Benzo[b]fluoranthene 20.38 102 0.38
Benzo[k]fluoranthene 18.73 94 0.76
Benzo[j]fluoranthene 18.73 94 0.76
Benzo[a]pyrene 15.74 79 0.98
Indeno[1,2,3-cd]pyrene 20.30 101 0.25
Dibenz[a,h]anthracene 16.23 81 0.41
Benzo[g,h,i]perylene 2211 111 0.64

Table 3. Recovery and Reproducibility Data for CRM Soil

(CRM104)
Compound Average Theoretical % Recovered | % RSD
Recovery Recovery
(ppm) (ppm)
Naphthalene 23.02 26.95 85 14
Acenaphthylene | 18.12 29.80 61 10.
Acenaphthene | 19.24 21.85 88 9.6
Fluorene 8.47 10.60 80 11
Phenanthrene | 13.92 14.45 96 9.3
Anthracene 26.92 34.00 79 7.8
Fluoranthene 30.10 33.75 89 1.7
Pyrene 30.88 31.20 99 74
Benz[a] 8.38 9.90 85 8.1
anthracene
Chrysene 12.25 13.05 94 8.5
Benzolk] 8.96 10.20 88 8.4
fluoranthene
Benzo[a]pyrene | 19.94 28.65 70 71
Indeno[1,2,3- | 12.89 13.45 96 5.7
cd]pyrene
Dibenz[a,h] 26.02 25.45 102 7.5
anthracene
Benzo[g,h,i] 23.36 21.10 111 6.6
perylene

Table 4. Recovery and Reproducibility Data for CRM Soil

(CRM2104) with a Top Layer of Florisil

Compound Average Theoretical % Recovered | % RSD
Recovery Recovery
(ppm) (ppm)
Naphthalene 26.10 26.95 97 1.4
Acenaphthylene | 21.49 29.80 72 3.6
Acenaphthene | 20.69 21.85 95 3.8
Fluorene 9.09 10.60 86 5.7
Phenanthrene | 15.09 14.45 104 5.0
Anthracene 21.75 34.00 82 41
Fluoranthene 33.03 33.75 98 37
Pyrene 33.67 31.20 108 4.0
Benz[a] 9.55 9.90 96 6.6
anthracene
Chrysene 13.28 13.05 102 6.9
Benzolk] 10.30 10.20 101 8.1
fluoranthene
Benzo[a]pyrene | 20.37 28.65 71 5.8
Indeno[1,2,3- | 12.90 13.45 96 6.2
cd]pyrene
Dibenz[a,h] 22.15 25.45 87 14
anthracene
Benzo[g,h,i] 19.36 21.10 92 7.5
perylene
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