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Background
Polyaromatic hydrocarbons (PAHs) are ubiquitous in the environment, 
resulting from both natural and manmade sources of combustion. 
Farm animals, such as cows, can become exposed to them through 
both consumption of contaminated feed and water, and inhalation of 
contaminated atmosphere.¹ Consequently, these compounds can be 
present in dairy products produced from cow’s milk such as cheese 
and butter. Analysis of these compounds in butter can pose a special 
challenge due to the high fat content and the lipophilic nature of PAHs. 
Recovery of the PAHs often results in coextraction of the fatty matrix. 
In this application, Supelclean™ EZ-POP NP SPE was used as part of an 
extraction and cleanup procedure for the analysis of PAHs in butter 
by GC/MS in selected ion mode (SIM). After EZ-POP NP extraction, a 
secondary cleanup was done using silica gel. This produced an extract 
with low GC/MS background that could be analyzed on a single 
quadrupole instrument. The method was compared with an alternative 
sample preparation approach using a large silica gel SPE cartridge, and 
was found to produce better recoveries and lower background.

Experimental
Butter was spiked at 20 ng/g with 28 different PAHs, containing  
2-6 rings in their structures. The butter was melted and 1 g was 
diluted to 1 mL in cyclohexane. After mixing, sediment was allowed 
to settle and the resulting supernatant was drawn off for extraction. 
Replicate samples were extracted in two separate sets using the 
procedures outlined in Tables 1 and 2. Analysis was performed by 
GC/MS-SIM using the conditions listed in Table 3. GC/MS conditions 
were optimized for response and peak shape of the PAHs, especially 
those with 5 and 6 rings. Quantitation was performed using 5-point 
calibration curves prepared in unspiked butter extract. Separate 
curves were prepared for each set of samples and internal standard 
correction was used in calculating response.

A Comparison of Two Solid Phase Extraction 
Methods for the Analysis of Polyaromatic 
Hydrocarbons in Butter

SPE Cartridge EZ-POP NP
Condition 10 mL acetone (gravity); dry at -10 to -15" Hg for 10 min
Load 0.5 mL melted butter in cyclohexane
Elute 20 mL acetonitrile, applied in 2 × 10 mL volumes 

Add 5 mL water to acetonitrile extract
Back Extraction 2 ×10 mL of hexane
Concentrate Approx. 1 mL at 40 °C, nitrogen purge
SPE Cartridge Silica gel, 500 mg/3 mL
Condition 3 mL acetone (gravity); dry at -10 to -15" Hg for 10 min., 

then 6 mL hexane
Load 1 mL concentrated extract from above
Elute 10 mL hexane
Concentrate Final volume, 1 mL at 40 °C, nitrogen purge

Table 1. Extraction Procedure Using Supelclean EZ-POP NP Cartridge

SPE Cartridge Silica Gel, 5 g/20 mL
Condition 20 mL acetone (gravity); dry at -10 to -15" Hg for 20 min.; 

then 20 mL hexane

Load 0.5 mL of melted butter in cyclohexane

Wash 8 mL of 70:30 hexane:methylene chloride

Elute 8 mL of 70:30 hexane:methylene chloride

Concentrate Final volume, 1 mL at 40 °C, nitrogen purge

Table 2. Extraction Procedure Using Large Silica Gel Cartridge*

*SPE procedure based on reference 2.

Table 3. GC/MS-SIM Analysis Conditions

 column: SLB®-35ms, 30 m × 0.25 mm I.D., 0.25 µm
 oven: 60 °C (1 min), 20 °C/min to 340 °C (10 min)
 inj. temp.: 300 °C
 carrier gas: helium, 1 mL/min constant
 detector: MSD, SIM
 MSD interface: 330 °C; source 250 °C; quads 200 °C
 injection:  0.5 µL, pulsed splitless (60 psi until 0.75 min, splitter 

open at 0.75 min)
 liner:  2 mm I.D., split/splitless type, single taper wool 

packed FocusLiner™ design

Results and Discussion

Method Optimization

EZ-POP NP was developed for the analysis of PAHs in edible oils, 
which are primarily sourced from plants and contain a significant 
amount of unsaturated fats. Method modifications were necessary 
for use with butter, which is a semi-solid derived mainly from cow’s 
milk and contains >50% saturated fats.³ Loading the sample onto 
the cartridge had to be done in solvent to prevent the butter from 
solidifying. In previous approaches using direct application of melted 
butter to the EZ-POP NP cartridge, flow issues occurred when the 
sample solidified after being deposited on the frit above the sorbent 
beds. This resulted in poor reproducibility. A minimal volume of 
cyclohexane was used in dissolving and loading the butter sample. 
This reduced the chance of the sample being carried unretained 
through the sorbent beds by the nonpolar loading solvent prior  
to application of the more polar acetonitrile elution solvent.  
The composition of the fats in butter made a secondary cleanup 
using silica gel necessary, in order to produce an extract that could 
be analyzed on a single quadrupole GC/MS system. Since silica 
gel is a normal phase sorbent, it was necessary for the acetonitrile 
eluent resulting from the EZ-POP NP extraction to be back-extracted 
into hexane. Water was added to the acetonitrile eluent to increase 
partitioning of the PAHs into the hexane solvent.

(continued on next page)
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Product Avg.% Recovery %RSD
Naphthalene 77% 2%

2-Methyl naphthalene 98% 1%

1-Methyl naphthalene 117% 3%

Biphenyl 97% 1%

2,6-Dimethylnaphthalene 121% 6%

Acenaphthylene 105% 4%

Acenaphthene 120% 3%

2,3,5-Trimethylnaphthalene 115% 3%

Fluorene 111% 5%

Dibenzothiophene 100% 3%

Phenanthrene 108% 7%

Anthracene 100% 4%

1-Methylphenanthrene 112% 5%

Fluoranthene 121% 7%

Table 4. Average PAH Recoveries From 20 ng/g Spiked Butter Using Supelclean EZ-POP NP Method (n=3)

Recovery and Reproducibility

Using the EZ-POP NP method, the average recoveries and 
reproducibilities for spiked replicates are reported in Table 4 after 
blank subtraction. Recoveries were between 80-120% for most  
PAHs.The lower naphthalene recovery was most likely due to 
evaporative losses during sample preparation. The benzo[b] and 

Figure 1. GC/MS-SIM Analysis of Butter Spiked at 20 ng/g, Extracted Using Supelclean EZ-POP NP Method
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  1. Naphthalene-d8 (I.S.)
  2. Naphthalene
  3. 2-Methylnaphthalene
  4. 1-Methylnaphthalene
  5. Biphenyl
  6. 2,6-Dimethylnaphthalene
  7. Acenaphthylene
  8. Acenaphthene-d10 (I.S.)
  9. Acenaphthene
10. 2,3,5-Trimethylnaphthalene
11. Fluorene

12. Dibenzothiophene
13. Phenanthrene
14. Anthracene
15. 1-Methylphenanthrene
16. Fluoranthene-d10 (I.S.)
17. Fluoranthene
18. Retene
19. Pyrene
20. Benzo[a]anthracene
21. Triphenylene
22. Chrysene

23. Benzo[b]fluoranthene
24. Benzo[j]fluoranthene
25. Benzo[k]fluoranthene
26. Benzo[a]pyrene
27. Benzo[e]pyrene
28. Perylene-d12 (I.S.)
29. Perylene
30. Indeno[1,2,3-cd]pyrene
31. Dibenzo[a,h]anthracene
32. Benzo[g,h,i]perylene

Product Avg.% Recovery %RSD
Pyrene 132% 5%

Retene 123% 7%

Benzo[a]anthracene 102% 5%

Triphenylene 130% 7%

Chrysene 122% 7%

Benzo[b] & [j]fluoranthene 120% 2%

Benzo[k]fluoranthene 126% 4%

Benzo[a]pyrene 122% 0.2%

Benzo[e]pyrene 121% 3%

Perylene 122% 6%

Indeno[1,2,3-cd]pyrene 106% 6%

Dibenzo[a,h]anthracene 104% 5%

Benzo[g,h,i]perylene 117% 9%

benzo[j]fluoranthene isomers coeluted during GC separation and 
were quantitated together. Reproducibilities were very good, with 
RSD values <10%. It was also noted that the final extracts were fairly 
clean of background, as seen in the GC/MS-SIM analysis of a spiked 
butter sample (Figure 1).
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Figure 2. GC/MS-SIM Analysis of Spiked Butter Extracts Prepared Using (a) Large Silica SPE (b) Supelclean EZ-POP NP Methods
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Comparison with Alternate Method
There are other approaches for the extraction of PAHs from butter, 
including liquid/liquid extraction (LLE) followed by SPE, saponification/LLE 
and SPE, LLE followed by gel permeation chromatography (GPC), and 
direct SPE using large cartridges or columns. The EZ-POP NP method 
was compared to the simplest of these alternate approaches: direct 
SPE using a large silica gel cartridge. This direct SPE method had fewer 
steps, as can be seen in Table 2. However, the extract contained more 
background, some of which interfered with the integration of several 
PAH peaks (Figure 2). GC/MS scan data (Figure 3) showed higher levels 
of heavier, later eluting background in the silica gel sample, including a 

large squalene peak, tentatively identified by MS spectral library match. 
Average recoveries obtained from replicates of 20 ng/g spiked butter 
prepared using large silica gel cartridge SPE were compared directly to 
those obtained using the EZ-POP NP method (Figure 4). Recovery was 
better for lighter PAHs using the EZ-POP NP method. In the extracts 
prepared using the large silica gel cartridge, naphthalene and methyl 
naphthalene responses were too low to be quantitated. In addition,  
other early eluting PAHs exhibited distorted peak shapes due to coeluting 
matrix. For the heavier PAHs (with the exception of pyrene), recoveries 
were similar between the two methods. Reproducibilities, represented  
by the error bars in Figure 4, were better for the EZ-POP NP method.

(continued on next page)
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Figure 3. GC/MS-Scan Analysis of Spiked Butter Extracts Prepared Using (a) Large Silica SPE (b) Supelclean EZ-POP NP Methods
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Figure 4. Comparison of Average PAH Recoveries From 20 ng/g SpikedButter Using Supelclean EZ-POP NP and Large Silica Gel  
SPE Methods
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Conclusion
Supelclean EZ-POP NP can be used in combination with a second 
cleanup on a small silica gel cartridge for the analysis of PAHs in 
butter. Following the method described, good recoveries and 
excellent reproducibilities can be expected. Compared to extraction 
using a large silica gel SPE cartridge, the EZ-POP NP method yields 
a cleaner extract and better recoveries for lighter PAHs. The final 
extract, which is in hexane, is clean enough for GC/MS analysis on a 
single quadrupole instrument.

Description Cat. No.
Supelclean SPE Products
EZ-POP NP, 12 mL, pack of 20 54341-U
LC-Si, 3 mL, pack of 54 505048
Columns
SLB-35ms Capillary GC Column, 30 m × 0.25 mm I.D., 0.25 µm 29804-U
Solvents
Acetonitrile 34967
Acetone 650501
Cyclohexane 650455
Hexane 650552
Water 34877
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For more information about Food & Beverage Analysis, visit 
sigma-aldrich.com/food

Did you know . . .

Supelco®/Sigma-Aldrich has a whole line of QuEChERS products for 
cleanup of fatty matrices.

For more information, visit sigma-aldrich.com/quechers 

References
1. Ciganek, M.; Ulrich, R.; Neča, J.; Raszyk, J. Exposure of pig fatteners and dairy 

cows to polycyclic aromatic hydrocarbons. Vet. Med. - Czech.  2002, 47, 137-142.

2. Moret, S.; Conte, L; J. Sep. Sci., 2002, 25, 96-100.

3. Cyperlipid. Cyberlipid.org (accessed Oct. 2014) 

http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/54341-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/505048
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SUPELCO/29804-U
http://www.sigma-aldrich.com/catalog/search/ProductDetail/FLUKA/34967
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/650501
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/650455
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/650552
http://www.sigma-aldrich.com/catalog/search/ProductDetail/SIAL/34877
http://sigma-aldrich.com/food
http://sigma-aldrich.com/quechers

