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This technical note provides examples and an application of
preparative GPC (Gel Permeation Chromatography) columns
for the automated purification of environmental samples in
concordance to the 3640A EPA method. Results shown are the
analysis and purification of PAHs by Phenogel™ GPC columns and
the removal of biomaterial matrix interferences that are known to
complicate the analysis of PAHSs in biological tissues.

Introduction

Polycyclic aromatic hydrocarbons (PAHs) are contaminants re-
sulting from incomplete combustion of organic materials. The En-
vironmental Protection Agency has labeled 32 PAHs as priority
pollutants because of their mutagenic and carcinogenic nature’.
As such, PAHs are monitored in sediments, soils, wildlife, water,
and air samples?.

Since GC is used for PAH analysis and determination, a general
cleanup step is recommended to remove biomaterial matrix inter-
ferences, such as lipids, proteins, and steroids®. GPC is the pri-
mary method since Krahn and colleagues implemented the meth-
odology, showing it’s superior over gravity flow*. This technique is
known to be robust, efficient, and enables lower maintenance of
GC instrumentation.

The Phenogel 100 A preparative GPC column and guard were
used to remove lipids and macromolecules efficiently from mus-
sels and salmon samples prior to PAH analysis®. Those matrices
were selected due to their difficulty for PAH analysis and for suf-
ficient purification to provide quality results at low levels (pg/g
and ng/g).

Materials and Methods

A mixture of 49 native PAHs, °C labeled and deuterated internal
standards were purchased from Accustandard (New Haven, CT).
Reference standard solution for GPC performance containing
corn oil (250mg/mL), bis(2-ethylhexyl)phthalate (5mg/mL), me-
thoxychlor (1 mg/mL), perylene (0.2mg/mL), and sulfur (0.8 mg/
mL) was purchased from Restek (Bellefonte, PA). The solution
was diluted 50:1 in methylene chloride.

Fish and mussel tissue were prepared by homogenization in a
blender and extracted by QUEChERS extraction with ethyl acetate
to measure the efficiency of the matrix by the GPC preparative
column.
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Table 1 and Table 2 list the internal standards and the 49 natural
PAHSs that were added in a blank to measure the recovery of the
PAHSs for the collected fraction.

Table 1.
Internal standards

D,,-2-Methylnaphthalene D,,-Chrysene
D,,-Acenaphthene 3C,-Benzo[a]pyrene
'3C,-Anthracene D,,-Dibenz[a,h]anthracene
D,,-Pyrene
Table 2.
Forty-nine natural PAHs
Naphthalene Fluoranthene Bl il Rbepzll
thene anthracene
2-Methylnaphthalene Pyrene Benzo[K]fluoran- | 7H-Dibenzo|c,g]
thene carbazole
1-Methylnaphthalene 2-Methylfluoranthene Sajiler: Benzo[g,h,]
thene perylene
Benzo[c] 7,12
2-Chloronaphthalene Dimethylbenz[a] Anthanthrene
phenanthrene anthracene
1-Chloronaphthalene Benzolc]acridine Benzo[e]pyrene DllsEslE
fluoranthene
1,3-Dimethylnaphthalene Benz[a]anthracene Benzo[a]pyrene | Dibenzo[a,l]pyrene
Acenaphthylene Chrysene Perylene Coronene
Acenaphthene 3-Methylchrysene S-Mettﬁry;ﬁzman- Dibenzo[a,e]pyrene
. Dibenzo[a,h] . .
2,3,5-Trimethylnaphthalene 2-Methylchrysene o Dibenzo[a,i]pyrene
Fluorene 6-Methylchrysene Dibenzofa] Dibenzo[a,h]pyrene
acridine ?
g Dibenz][a,j]
Phenanthrene 5-Methylchrysene TR
Anthracene 4-Methylchrysene Indenc({,2,3-cd]
pyrene
Carbazole 1-Nitropyrene Rlenziz
anthracene
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HPLC analysis was performed using an Agilent® 1100 LC system
(Agilent Technologies, Palo Alto, CA, USA) with an upper pres-
sure limit of 400 bar, equipped with a binary pump, autosampler,
UV-Vis detector and fraction collector. Phenogel™ 5um 100 A 300
X 21.2mm preparative column and 50 x 21.2mm guard column
(Phenomenex, USA) was used. The flow rate was 5mL/min and
the solvent used was methylene chloride. For both reference
standards and samples, 1 mL was injected for each. Run times
were 30 min per injection. Injections were monitored at 254 nm.

The eluate was then concentrated to 0.5mL in isooctane and in-
ternal injection (D,-Naphthalene, D,-Acenaphthylene, D, -Phenan-
threne, D, -Fluoranthene, D,,-Benz[a]anthracene, D,,-Benzole]
pyrene, D,,-Benzo|g,h,i]perylene) standards were added prior to
injection in GC-HRMS.

Results and Discussion

The system suitability was determined using the EPA standard
solution. Figure 1 shows 5 major compounds as the expected
chromatogram by the US EPA Method 3640A, but with less sol-
vent consumption and faster chromatography than previously
reported methods. Compound retention times showed good re-
peatability (Table 3), with less than 0.2 % of RSD for the reten-
tion time for the calculated area that corresponds to the injected
volume.

Figure 1.

Representative chromatogram for EPA 3640A test mix
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Table 3.
Retention times for EPA 3640A test mix
e | Sardard | nso
Corn Oil 11.779 0.019 0.16
Bis(2-ethylhexyl) phthalate 13.466 0.022 0.16
Methoxychlor 14.55 0.048 0.33
Perylene 19.362 0.083 0.43
Sulphur compounds 21.022 0.031 0.15

The lipid removal efficiency for fish and mussel samples was eval-
uated by a 2.25mL injection of extracts in the GPC system and
the recording of the UV absorbance at 254 nm. Fraction collection
analysis was performed to selectively separate lipids from PAHs
and the optimal fraction collection range was determined to be
15.5 to 20 minutes. Specificity was determined by the % recovery
of deuterated standards by GC/MS (Table 4).
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-l!-{ae?:lc?vg;'y of *C-labeled and deuterated internal standards
Compounds % Recovery

D,,-Methylnaphthalene 106.56
D,,-Acenaphthene 105.76
C,-Anthracene 106.54
D,,-Pyrene 99.15
D,,-Chrysene 94.02
'3C,-Benzo[a]pyrene 106.23
D,,-Dibenz[a,h]anthracene 120.40

Figure 2 and Figure 3 show representative chromatograms from
mussel and salmon, respectively. The major peaks observed be-
tween 10 and 15 min are attributed to lipids and high matrix con-
tent of the fish liver extracts. All the native PAHs were adequately
recovered.

Figure 2.
Representative chromatogram for 5 g mussel extract
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Figure 3.
Representative chromatogram for 2.5 g fish liver extract
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Conclusion

This method showed that Phenogel™ 5um 100 A preparative
GPC columns efficiently removed lipids from salmon and mussel
samples with high recovery of the targeted 49 PAHs. The meth-
od showed good repeatability and could easily be automated for
overnight injection.

Future studies will include an integrated method for the complete
extraction and purification of different complex biological matri-
ces. Additionally, PCBs, PBDEs, PCDD/Fs, and polychlorinated
naphthalene have also shown interesting preliminary results and
further development will be performed to analyze all persistent
organic pollutants and PAHs simultaneously. Sediments and soils
have also shown intriguing results and further validation will be
performed for the chemical contaminants enumerated before.
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Ordering Information
Phenogel SEC/GPC Columns

SecurityGuard™

5 pm Analytical Columns (mm) Cartridges (mm)

300x7.8 4x3.0*
Pore Size MW Range
50 A 100-3K 00H-0441-K0 AJ0-9292
100 A 500-6 K 00H-0442-K0 AJ0-9292
500 A 1K-15K 00H-0443-K0 AJ0-9292
10°A 1K-75K 00H-0444-K0 AJ0-9292
10¢A 5K-500 K 00H-0445-K0 AJ0-9292
105A 10 K-1,000 K 00H-0446-K0 AJ0-9292
100 A 60 K-10,000 K 00H-0447-K0 AJ0-9292
Mixed Beds
Linear(2) 100-10,000 K 00H-3259-K0 AJ0-9292

for 3.2-8.0mm ID
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SecurityGuard™

5 um Narrow Bore (NB) Columns (mm) Cartridges (mm)

300 x 4.6 4x3.0*
Pore Size MW Range
50 A 100-3K 00H-0441-E0 AJ0-9292
100 A 500-6 K 00H-0442-E0 AJ0-9292
500 A 1K-15K 00H-0443-E0 AJ0-9292
10°A 1K-75K 00H-0444-E0 AJ0-9292
10¢A 5K-500 K 00H-0445-E0 AJ0-9292
105A 10 K-1,000 K 00H-0446-E0 AJ0-9292
108 A 60 K-10,000 K 00H-0447-E0 AJ0-9292
Mixed Beds
Linear(2) 100-10,000 K 00H-3259-E0 AJ0-9292

for 3.2-8.0mm ID

SecurityGuard™
10 pm Analytical Columns (mm) Cartridges (mm)
300x7.8 4x3.0*
Pore Size MW Range
50 A 100-3K 00H-0641-K0 AJ0-9292
100 A 500-6 K 00H-0642-K0 AJ0-9292
500 A 1K-15K 00H-0643-K0 AJ0-9292
10°A 1K-75K 00H-0644-K0 AJ0-9292
10¢A 5K-500 K 00H-0645-K0 AJ0-9292
105A 10 K-1,000 K 00H-0646-K0 AJ0-9292
108 A 60 K-10,000 K 00H-0647-K0 AJ0-9292
Mixed Beds
Linear(2) 100-10,000 K 00H-3260-K0 AJ0-9292
for 3.2-8.0mm ID
5 pm Preparative Columns (mm) Guards
300 x 21.2 50 x 21.2
Pore Size MW Rasnge
100A 500-6 K 00H-0442-P0 03B-0642-P0
10 pm Preparative Columns (mm) Guards
300 x 21.2 50 x 21.2
Pore Size MW Range
100A 500-6 K 00H-0642-P0 03B-0642-P0

* SecurityGuard Analytical Cartridges require holder, Part No.: KJ0-4282

Guard Cartridge Holder
Part No. Description
KJ0-4282  Reusable Holder (SecurityGuard Kit)

Note: SecurityGuard cartridges for Non-Aqueous Polymer GPC columns are not compatible with HFIP solvent.

Column Union
Part No. Description
AQ0-8507  Zero Dead Volume Union, SS, with 10-32 fittings

Note: Additional union (AQ0-8507) may be necessary for SecurityGuard to fit in column oven with less than
30 cm length capacity.

Phenogel columns are routinely shipped in THF. Please contact your Phenomenex
representative for information about other shipping solvents.
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Australia

+61 (0)2-9428-6444

: +61 (0)2-9428-6445
auinfo@phenomenex.com

- o

Austria
: +43 (0)1-319-1301
+43 (0)1-319-1300
anfrage@phenomenex.com

oot

Belgium
: +32 (0)2 503 4015 (French)
: +32 (0)2 511 8666 (Dutch)
+31 (0)30-2383749
beinfo@phenomenex.com

ot

Canada

: +1 (800) 543-3681

: +1 (310) 328-7768
info@phenomenex.com

.

China
: +86 (0)20 2282-6668
+86 (0)20 2809-8130
chinainfo@phenomenex.com

oot

Denmark

: +45 4824 8048

: +45 4810 6265
nordicinfo@phenomenex.com

-

Finland

: +358 (0)9 4789 0063

: +45 4810 6265
nordicinfo@phenomenex.com

e

France

: +33 (0)1 30 09 21 10

1 +33 (0)1 30 09 21 11
franceinfo@phenomenex.com

P

Germany

+49 (0)6021-58830-0

+49 (0)6021-58830-11
anfrage@phenomenex.com

oo

India

+91 (0)40-3012 2400

1 +91 (0)40-3012 2411
indiainfo@phenomenex.com

-

Ireland

+353 (0)1 247 5405

1 +44 1625-501796
eireinfo@phenomenex.com

- oo

Italy

: +39 051 6327511

: +39 051 6327555
italiainfo@phenomenex.com

- o

www.phenomenex.com
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Luxembourg

: +31 (0)30-2418700

+31 (0)30-2383749
nlinfo@phenomenex.com

Mexico

: 001-800-844-5226
: 001-310-328-7768

tecnicomx@phenomenex.com

The Netherlands

: +31 (0)30-2418700

+31 (0)30-2383749
nlinfo@phenomenex.com

New Zealand
+64 (0)9-4780951

- +64 (0)9-4780952

nzinfo@phenomenex.com

Norway
+47 810 02 005

: +45 4810 6265

nordicinfo@phenomenex.com

Puerto Rico

: +1 (800) 541-HPLC
- +1 (310) 328-7768

info@phenomenex.com

Spain

: +34 91-413-8613

+34 91-413-2290
espinfo@phenomenex.com

Sweden

- +46 (0)8 611 6950
- +45 4810 6265

nordicinfo@phenomenex.com

United Kingdom

+44 (0)1625-501367

+44 (0)1625-501796
ukinfo@phenomenex.com

USA

- +1 (310) 212-0555
- +1 (310) 328-7768

info@phenomenex.com

All other countries
Corporate Office USA [@]

- +1(310) 212-0555

+1(310) 328-7768
info@phenomenex.com

Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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If Phenomenex products in this technical note do not provide at
least an equivalent separation as compared to other products of
the same phase and dimensions, return the product with compar-
ative data within 45 days for a FULL REFUND.

Terms and Conditions

Subject to Phenomenex Standard Terms and Conditions which may be viewed at
www.phenomenex.com/TermsAndConditions.

Trademarks

Phenogel and SecurityGuard are trademarks of Phenomenex. ChemStation is a trademark and
Agilent is a registered trademark of Agilent Technologies, Inc.

SecurityGuard is patented by Phenomenex. U.S. Patent No. 6,162, 362

Caution: this patent applies to the analytical-sized guard cartridge holder, and does not apply to
SemiPrep,PREP, or ULTRA holders, or to any cartridges.

© 2015 Phenomenex, Inc. All rights reserved.
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