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Introduction
Paprika is a spice made from dried sweet peppers, and 
is used for flavor and color in many types of cuisine. 
Contamination with polynuclear aromatic hydrocarbons 
(PAHs) can occur when pepper plants are exposed 
to these pollutants in the environment and/or during 
the drying process. The use of herbs in cooking and 
food production has become increasingly popular, thus 
exposure to PAHs, specifically those with carcinogenic 
properties, is of concern. The European Union (EU) 
has gone so far as to regulate the maximum allowable 
levels of several PAHs in dried herbs and spices. 
Specifically for paprika, the maximum allowable levels 
have been set to 10 ng/g for benzo[a]pyrene and  
50 ng/g total for the sum of benzo[a]pyrene, chrysene, 
benzo[a]anthracene and benzo[b]fluoranthene.1 

The sample preparation methods used in the testing 
of PAHs in herbs and spices require solvent extraction, 
followed by a cleanup step. The cleanup methods that 
have been used include gel permeation chromatography 
(GPC), and solid phase extraction (SPE) with silica 
gel. 2,3 In the last several years, a new approach for 
cleanup of high background samples to be analyzed for 
PAHs has utilized a dual layer SPE cartridge containing 
a Florisil® top layer and Z-Sep/C18 bottom layer. This 
cartridge, the Supelclean™ EZ-POP NP, has been used 
for direct extraction of PAHs from edible oils and for 
cleanup of extracts of biota samples.4,5 In this work, 
PAHs were analyzed from paprika samples using an 
optimized QuEChERS extraction followed by cleanup 
with the EZ-POP NP SPE cartridge. Compared to 
QuEChERS cleanup with loose sorbents, the EZ-POP 
NP yielded a much cleaner extract. Optimization of the 
extraction and EZ-POP NP cleanup procedures resulted 
in recoveries of >70% at a spiking level of 10 ng/g; 
calculated without internal standard correction. 

Experiment
Paprika samples were obtained at a local grocery 
store. Samples for evaluation of method accuracy and 
reproducibility were spiked at 10 ng/g with a mixture 
containing the PAHs listed in Table 1. After spiking, 
samples were allowed to equilibrate for 1 hour prior to 
extraction. Sample extracts were prepared using the 
procedure described in Figure 1. Extracts were then 
subjected to SPE cleanup using the EZ-POP NP cartridge, 
as detailed in Figure 2. Analysis was done by GC/MS/MS 
using the conditions shown in Table 2 and the transitions 
in Table 1. An internal standard mixture was added to 

the extracts just prior to the GC analysis, and was used 
only for monitoring instrument performance. Samples 
were quantitated against a matrix-matched calibration 
curve prepared in unspiked paprika extract. 

Results & Discussion
GC/MS/MS Conditions. The analysis conditions were 
optimized for PAHs. Higher injection port and MS 
temperatures, along with a pressure pulsed injection 
and a 2 mm ID inlet liner, were used to improve 
response and peak shape. The oven temperature 
program was based on that used by Anderson et al.,  
and was necessary to provide chromatographic 
resolution of isomers such as benzo[b], [k] and [j] 
fluoranthene, that cannot be distinguished by their MRM 
transitions6. This temperature program, in combination 
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Table 1. PAHs Analyzed and Transitions Used for GC/
MS/MS Analysis

Peak 
# Compound RT MRM 1 CE MRM 2 CE

1 Naphthalene-d8 (IS) 5.21 136/108 20 136/84 25
2 Naphthalene 5.25 128/102 20 128/78 20
3 Acenaphthylene 7.62 152/126 30 152/102 30
4 Acenaphthene 7.88 153/127 30 152/126 30
5 Fluorene 9.2 166/165 15 165/164 20
6 Phenanthrene 13.5 178/152 25 176/150 25
7 Anthracene 13.71 178/151 30 176/150 25
8 Fluoranthene-d10 (IS) 20.76 212/208 35 210/208 15

9 Fluoranthene 20.91 202/152 30 201/200 15
10 Pyrene 22.95 201/200 15 200/174 25
11 Benz[a]anthracene 29.42 228/226 30 114/101 10
12 Cyclopenta[cd]pyrene 29.72 226/225 30 226/224 40
13 Chrysene 29.81 228/226 30 113/112 10
14 5-Methyl chrysene (IS) 31.7 242/241 20 241/239 30

15 Benzo[b]fluoranthene 33.60 252/250 30 126/113 10
16 Benzo[k]fluoranthene 33.67 252/250 30 126/113 10
17 Benzo[j]fluoranthene 33.71 252/250 30 126/113 10
18 Benzo[a]pyrene 34.64 252/250 35 125/124 10
19 Perylene-d12 34.84 264/260 35 130/116 15
20 Dibenz[a,h]anthracene 37.13 278/276 35 125/124 10

21 Indeno[1,2,3-cd]
pyrene

37.2 138/137 10 137/136 15

22 Benzo[g,h,i]perylene 38.13 138/137 15 137/136 15
23 Dibenzo[a,l]pyrene 41.77 302/301 20 302/300 40
24 Dibenzo[a,e]pyrene 43.27 302/301 40 302/300 40
25 Coronene (IS) 43.76 300/299 35 300/298 50
26 Dibenzo[a,i]pyrene 44.29 302/301 40 302/300 40
27 Dibenzo[a,h]pyrene 44.68 302/301 20 302/300 40

(continued on next page)



12

Food & Beverage │ Determination of PAHs in Paprika Powder Using a Novel SPE Cartridge

Condition EZ-POP NP cartridge with 10 mL of acetone (gravity).  
Apply vaccum to cartridge for 10 minutes to dry.

Load 1 mL of paprika extract. 

Elute with 15 mL of 90:10 MeCN:MeCl2 and collect eluant in a glass tube.

Evaporate eluent under nitrogen at 40°C to a final volume of 0.2 mL

Proceed with GC/MS/MS analysis

with the GC capillary column (SLB-PAHms), provided 
adequate resolution of all isomeric sets. An example 
of this is shown in Figure 3 for the isomers benzo [b], 
[k] and [j] fluoranthene. These isomers cannot be 
separated on a 5% phenylmethylsilicone or “X-5” type 
phase. 

Optimization of Sample Preparation Procedure. 
Sample extraction was done based on a “QuEChERS-
like” approach. The composition of the extraction solvent 
was optimized from the 100% acetonitrile normally used 
for QuEChERS to increase recovery of the heavier PAHs. 
Figure 4 presents a comparison of absolute response 
for the heavier 5 & 6 ring PAHs obtained from paprika 
spiked at 10 ng/g, and extracted with 100% acetonitrile 
and a mixture of 90:10 acetonitrile:methylene chloride. 
The resulting extracts were analyzed before SPE cleanup 
to evaluate the effect of the extraction solvent only. 
The 5&6 ring PAHs showed better recovery using the 

90:10 mixture, as indicated by the higher responses. As 
expected, the extract produced using the 90:10 mixture 
showed more background, visible as oily residue. For this 
reason, higher percentages of methylene chloride in the 
extraction solvent were not evaluated. 

For cleanup, the EZ-POP NP SPE cartridge provided better 
cleanup than QuEChERS. The EZ-POP NP cartridge was 
originally developed for analysis of PAHs from edible 
oils, specifically olive oil. Acetonitrile is the elution 
solvent recommended for use with edible oil samples, 
as it provides a balance between analyte recovery and 
background retention. Previous work showed that the 
addition of methylene chloride increased PAH recovery; 
but it had the unwanted side effect of increasing the 
amount of background in the final extract.4 However, 
since the solvent extracts of the paprika contained 
substantially less oil, it was possible to modify the cleanup 
procedure to increase recoveries of the 5 and 6 ring 
PAHs without increasing background to an unacceptable 
level. Specifically, the composition of the elution solvent 
was changed to include methylene chloride. Figure 5 
shows a comparison of absolute response obtained for 
4-6 ring PAHs using different elution solvents during 
the EZ-POP NP cleanup. The samples processed were 
paprika (10 ng/g spiking level) extracted using 90:10 
acetonitrile:methylene chloride. The responses of all PAHs 
increased with the addition of methylene chloride to the 
elution solvent. The difference in responses between 10 
and 20% addition was minimal for some compounds; 
however, the background in the final extract did increase. 
Thus, 90:10 acetonitrile:methylene chloride was chosen as 
the elution solvent to be used in the EZ-POP NP cleanup. 

Background Reduction. In the case of dry samples such 
as paprika, QuEChERS cleanup using loose sorbents does 
not provide enough capacity for reducing background 

Weigh 1 gm of sample into 50 mL tube. Add 10 mL of water and allow 
sample to hydrate for 1 hr. 

Add 10 mL of 90:10 MeCN:MeCl2 and shake 
at 2500 rpm on shaker for 30 min.

Add contents of Supel Que non-buffered salt 
tube #1 (55294-U) and shake for 1 min.

Centrifuge at 5000 rpm for 5 min. Draw off supernatant.

100% MeCN 90:10 MeCN:MeCl2
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Figure 1. Sample Extraction Procedure Used for PAHs from Paprika

Figure 4. Effect of Extraction Solvent on Recovery of 5 & 6 Ring PAHs 
from Spiked Paprika (10 ng/g)

Figure 3. GC/MS/MS Analysis of Benzo [b], [k], and [j] Fluoranthenes 
on the SLB®-PAH MS Columns; 10 ppb in Paprika Extract

Figure 2. Cleanup Procedure Using EZ-POP NP SPE  
for Paprika Extract

Table 2. GC Analysis Conditions

column SLB®-PAHms, 30 m x 0.25 mm I.D., 0.25 µm 
(28340-U)

oven 60 °C (1 min), 40 °C/min to 180 °C, 3 °C/min 
to 230 °C, 1.5 °C/min to 235 °C (10 min), 15 
°C/min to 280 °C (3 min), 15 °C/min to 350 °C 
(15 min)

inj. temp 300 °C

carrier gas helium, 0.8 mL/min, constant

detector MRM, per Table 1

MS source temp. 250 °C

Quadrupole temps 200 °C (Q1 & Q2)

injection 1 µL, pulsed splitless (60 psi until 0.75 min, 
splitter on at 0.75 min)

liner 2 mm I.D. FocusLiner™ with taper
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In addition to the paprika used for spike recovery, 
two more brands were analyzed unspiked. One was 
labeled as “smoked paprika” and thus was expected 
to contain substantially higher PAH levels. Both 
brands were analyzed in duplicate, and the results are 
summarized in Table 4. Several PAHs were detected in 

to an acceptable level. If analysis is for pesticides, dual 
layer SPE cartridges containing carbon and primary 
secondary amine (PSA) or aminopropyl functionalized 
silica can be used for cleanup. However, for PAHs, 
carbon cannot be used as it will strongly retain these 
compounds, resulting in poor recovery. EZ-POP NP does 
not contain carbon, and thus is suitable for PAHs. Its 
cleanup capacity was compared directly to QuEChERS 
using blends containing similar sorbents to those in 
the EZ-POP NP cartridge. Extracts of paprika generated 
using 90:10 acetonitrile:methylene chloride and cleaned 
using EZ-POP NP and QuEChERS are shown in Figure 6. 
Compared to no cleanup, both approaches reduced color, 
with the EZ-POP NP having the lightest color. The sample 
cleaned with Z-Sep showed some oily residue, as seen on 
the inside of the vial. Using GC/MS-scan for comparison 
(Figure 7), the EZ-POP NP cleanup produced the lowest 
background, especially with regard to removal of C16 and 
C18 fatty acids. Only Z-Sep+ data is shown here, as it had 
the lowest background of the three QuEChERS sorbents 
included in the comparison. Using the final, optimized 
cleanup method with EZ-POP NP, all PAHs were detected 
free of background as shown in Figure 8.

PAH Spike Recoveries and Analysis of Unknown 
Samples. Recovery and reproducibility data for analyses 
of paprika samples spiked at 10 ng/g is presented in Table 
3. All recovery values were determined without internal 
standard correction and thus are absolute. Overall, 
recoveries were very good (>70%) with RSD values of 
<15%. The exceptions were fluorene and dibenzo[a,h]
pyrene. There was some matrix interference eluting with 
the fluorene peak (present in both MRMs monitored), and 
for dibenzo[a,h]pyrene, response was erratic from the 
spikes, which resulted in poor reproducibility. 
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Figure 5. Effect of Elution Solvent Composition Used During EZ-POP NP 
Cleanup on Recovery of 4-6 Ring PAHs from Spiked Paprika (10 ng/g)

Figure 7. GC/MS Scan Comparison of Paprika Extracts; EZ-POP 
NP, QuEChERS with Z-Sep+, and No Cleanup. 

Figure 8. GC/MS/MS Analysis of PAHs in Paprika, Spiked at 10 ng/g, 
After Cleanup Using EZ-POP NP. Peak IDs are as indicated in Table 1.

Figure 6. Paprika Extracts Cleaned Using EZ-POP NP SPE and 
QuEChERS with Similar Sorbents. Z-Sep, Z-Sep/C18 and Z-Sep+ are 
QuEChERS cleanups

Table 3. Recovery and Reproducibility for PAHs from 
Paprika, Spiking Level of 10 ng/g (n = 3)

n=3 avg. % Recovery % RSD 
Naphthalene 124% 11%
Acenaphthene 78% 13%
Acenaphthylene 76% 15%
Fluorene 52% 27%
Phenanthrene 102% 4%
Anthracene 78% 12%
Fluoranthene 95% 7%
Pyrene 100% 3%
Benz[a]anthracene 99% 9%
Cyclopenta[c,d]pyrene 70% 12%
Chrysene 99% 6%
5-Methyl chrysene 91% 10%
Benzo[b]fluoranthene 89% 6%
Benzo[k]fluoranthene 82% 6%
Benzo[j]fluoranthene 97% 8%
Benzo[a]pyrene 91% 12%
Dibenz[a,h]anthracene 84% 6%
Indeno[1,2,3-cd]pyrene 86% 12%
Benzo[g,h,i]perylene 80% 5%
Dibenzo[a,l]pyrene 108% 12%
Dibenzo[a,e]pyrene 82% 5%
Dibenzo[a,i]pyrene 108% 15%
Dibenzo[a,h]pyrene 147% 36%

(continued on next page)
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Table 4. Analysis of Paprika in Unspiked Samples 
(% RPD = % reproducibility)

Brand A Brand B*

n=2
Conc. 
(ng/g) %RPD

Conc. 
(ng/g) %RPD

Naphthalene 69.8 5% 302 3%
Acenaphthene 3.0 10% 211.6 1%
Acenaphthylene ND 27.7 4%
Fluorene ND 272.2 6%
Phenanthrene 25.1 2% 2833 56%
Anthracene ND 677 4%
Fluoranthene ND 995 8%
Pyrene ND 884 7%
Benz[a]anthracene ND 177.6 7%
Cyclopenta[c,d]pyrene 7.1 1% 99 7%
Chrysene ND 103.1 8%
5-Methyl chrysene ND 0.6 25%
Benzo[b]fluoranthene ND 10.8 5%
Benzo[k]fluoranthene ND ND
Benzo[j]fluoranthene ND 6.4 5%
Benzo[a]pyrene ND 8.3 6%
Dibenz[a,h]anthracene ND ND
Indeno[1,2,3-cd]pyrene ND 2.3 2%
Benzo[g,h,i]perylene ND 2.6 5%
Dibenzo[a,l]pyrene ND ND
Dibenzo[a,e]pyrene ND ND 
Dibenzo[a,i]pyrene ND ND
Dibenzo[a,h]pyrene ND ND

*smoked paprika

elution solvent. This modification resulted in absolute 
recoveries of the 4-6 ring PAHs of >80% with RSD 
values < 15% for most. The SPE cleanup reduced 
background in the extract, especially for C16 and 
C18 fatty acids, significantly compared to QuEChERS 
cleanup using loose sorbents. Analysis of the PAHs on 
an application specific GC column (the SLB®-PAHms) 
was necessary to chromatographically resolve isomeric 
sets which cannot be discerned based on MRMs. 
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Featured Products

Description  Cat.No.
Supelclean™ EZ-POP NP SPE Cartridge 54341-U
SLB®-PAHms, 30 m x 0.25 mm I.D., 0.25 µm 28340-U

For the complete range of our PAH standards,  
please visit SigmaAldrich.com/pahstandards

Related Products

Sample Preparation
Empty extraction tubes, 50 mL 55248-U
QuEChERS Shaker and Rack Starter Kit,  
USA compatible plug

55278-U

QuEChERS Shaker and Rack Starter Kit,  
EU Schuko plug

55438-U

Visiprep™ DL SPE Vacuum Manifold, 12 port 57044
Visiprep™ DL SPE Vacuum Manifold, 24 port      57265
Disposable Valve Liners, PTFE, Pk.100 57059
Solvents & Reagents
Acetonitrile, SupraSolv® for GCMS 1.00665
Methylene chloride, puriss ACS reagent grade 32222
GC Accessories
Inlet Liner, Split/Splitless TypeSingle Taper 
FocusLiner™ Design (wool packed)

2879901-U

Molded Thermogreen® LB-2 Septa, solid discs 28676-U
Thermo-O-Ring™ Inlet Liner O-Ring 21003-U
Gold-Plated Inlet Seal (Straight Design) 23318-U
Capillary Column Nut for Agilent® MS 28034-U
Vials
Certified Vial Kit, Low Adsorption (LA), 2 mL, amber w 
PTFE-silicone septa, pk of 100

29652-U

For more information on food analysis, visit us at 
SigmaAldrich.com/food

brand A; but none were at levels above the EU limits 
for herbs and spices. The smoked sample, on the other 
hand, contained detectable levels of all four of the 
PAHs listed in the EU regulation. Benzo[a]pyrene was 
present below the maximum allowable level of 10 ng/g; 
however, the combined levels of this PAH plus benzo[a]
anthracene, chrysene and benzo[b]fluoranthene 
were well above the 50 ng/g maximum. This is to be 
expected, since the smoking process produces PAHs 
which subsequently end up in the paprika. However, 
the EU regulation specifically states that since smoked 
herbs are generally consumed in such small quantities, 
they are exempt from these regulatory limits. 

Heavier PAHs can be difficult to analyze at low levels 
by GC/MS due to issues with response and peak shape. 
Instrument performance can rapidly decline with the 
injection of dirty samples. To determine if this was 
occurring with analysis of the paprika extracts, internal 
standards of non-target PAHs from 4-6 rings were added 
to the extracts prior to analysis. Response of these 
compounds was then monitored throughout the run. No 
decline in response was observed for any of the internal 
standards, and the variation in area counts throughout the 
run was <15% for each. This indicates that the cleanup 
was adequate to produce a rugged GC method.

Conclusions
A sample preparation method was developed for the 
low level analysis of PAHs in paprika powder. The 
extraction protocol utilized a “modified QuEChERS” 
approach in which methylene chloride was added to the 
extraction solvent to increase recoveries. Cleanup was 
achieved using SPE with the EZ-POP NP cartridge with 
the addition of methylene chloride to the acetonitrile 

http://SigmaAldrich.com/food



