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Abstract
Polycyclic aromatic hydrocarbons (PAHs) are toxic compounds found in some foods, especially those that are smoked, roasted,
grilled, or dried during preparation. Yerba mate (Ilex paraguariensis) tea is of particular interest because of relatively high PAH levels
and proposed links between yerba mate tea and health problems. While classic sample extraction methods yield excellent results for
PAHs in tea, these techniques are time consuming and costly. A much less resource-intensive modified QuEChERS extraction and
silica solid phase extraction (SPE) sample cleanup method was developed and yielded good quantitative recoveries for PAHs in yerba
mate tea. Chromatographic separation of EFSA PAH4 compounds and isobaric interferences was optimized on a high-phenyl stationary phase using both GC-TOFMS with hydrogen carrier gas and GC-MS/MS. Incurred values of PAHs determined via GC-TOFMS
and GC-MS/MS compared favorably. Total levels of EFSA PAH4 compounds were relatively high with respect to other foods and
ranged from approximately 200 to 800 ng/g in dry tea.

Introduction
Traditionally, mate tea is brewed from loose yerba mate (Ilex paraguariensis) leaves and stems in hot water and drunk from a gourd
through a metal straw called a bombilla. Yerba mate is especially popular in Argentina, Brazil, Paraguay, and Uruguay and has enjoyed
a long history in some cultures and is still often shared by passing the gourd among groups of people to show hospitality [1]. Mate’s
economic importance is growing as products manufactured from mate and the tea itself are introduced worldwide. Growing popularity is partially due to the reputation of providing numerous health benefits, including increased energy and weight loss, as well as for
treatment of many health problems from headaches to hypertension [2-7]. However, high incidence of esophageal cancer in populations with high mate tea consumption suggests a possible link between mate and cancer [8-20]. One important consideration is the
relatively high levels of toxic PAHs in mate tea, likely due to processing with wood fires or other drying processes [8].
Polycyclic aromatic hydrocarbons are formed during combustion processes and are of concern because some are toxic to humans. Food
is a common route of exposure for humans and some regulations exist for some foods and specific PAHs [21]. Historically, benzo[a]
pyrene was used as the sole toxicity marker; however, data showed foods contain toxic PAHs without the presence of benzo[a]pyrene.
The EFSA reevaluation suggested at least a subset of four PAHs, PAH4, as well as a subset of eight PAHs, PAH8, should be monitored
in foods [21]. The PAH4 compounds are benzo[a]pyrene, chrysene, benz[a]anthracene, and benzo[b]fluoranthene. The PAH8 subset
consists of the PAH4 plus benzo[k]fluoranthene, indeno[1,2,3-cd]pyrene, dibenz[ah]anthracene, and benzo[ghi]perylene. Development of analytical methods for PAHs should now focus on these subsets.
PAH analysis is challenging because there are isobaric PAHs that interfere with these PAHs of interest making accurate quantitation
difficult, if not impossible. For example, chrysene is a toxic PAH and part of PAH4, but analysis of chrysene is complicated by the
presence of triphenylene, which is an isobaric interference that completely or partially coelutes when using gas chromatography. This
causes biasing of chrysene concentration or forces the compounds to be reported together. This is problematic because chrysene is
toxic while triphenylene is not, often causing an overestimation of the toxicity in food items. Optimizing this separation and resolving
other isobaric compounds is critical to providing correct quantitative data for the PAH4 and PAH8 compounds that are used as toxicity markers.
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In addition, analysis of PAHs in foodstuffs is challenging because the compounds have to be determined at trace levels. Often, rigorous and time-consuming sample preparation is used to extract PAHs and clean up the sample before analysis. The complex nature of
mate tea has led researchers to employ exhaustive sample preparation, including supercritical fluid extraction [22], pressurized fluid
extraction [8], and gel permeation chromatography [23-25].
QuEChERS sample preparation methods are a desirable alternative because they are quick and easy, but still provide quality results.
These methods typically work because they are paired with mass spectrometry based techniques like tandem mass spectrometry.
Traditionally, QuEChERS involves a sample extraction followed by dispersive solid phase extraction cleanup [26, 27]. Although
QuEChERS was originally designed for pesticide residues in fruit and vegetables [26], many modifications have been explored to expand the approach beyond the original scope. Compounds other than pesticides, like PAHs, veterinary drugs, and persistent organic
pollutants, are now tested using QuEChERS approaches and difficult commodities like tea, spices, and tobacco have been tested using
QuEChERS type methods [28-40].
This work describes the development of an analytical method for PAHs in tea that allows analysts to more quickly and accurately characterize target PAHs. Sample preparation is based on a modified QuEChERS extraction and solid phase extraction sample cleanup.
Both GC-TOFMS and GC-MS/MS techniques were used and analyses were optimized for resolution of isobaric compounds, as well
as for maintaining a reasonable analysis time.

Experimental
Materials
Development of this analytical method for PAHs in tea used six commercially available brands of dried yerba mate tea. All solvents
were LC-MS grade or higher. The reference standards and sources were: EPA Method 8310 PAH mixture which contains 18 PAHs
(cat.# 31874, Restek Corporation); 5-methylchrysene, benzo[c]phenanthrene, benzo[j]fluoranthene, cyclopenta[cd]pyrene, and
dibenzo[a,e]pyrene (Cerilliant); coronene, dibenz[a,c]anthracene, perylene, and triphenylene (Sigma-Aldrich); benzo[e]pyrene (Ultra Scientific); and benzo(ghi)fluoranthene and benzo[a]fluoranthene (Santa Cruz Biotechnology). Although 30 PAHs were tested,
special attention was paid to the PAH4* and PAH8 groups. The internal standard mix used was the SV internal standard mix (cat.#
31206, Restek Corporation). Original unbuffered QuEChERS extraction salts (cat.# 23992) and solid phase extraction cartridges with
PTFE frits containing 500 mg silica (cat.# 24036) were also obtained from Restek Corporation.
*Since the completion of this work, Restek has developed an EFSA PAH4 certified reference material (cat.# 32469) prepared at 1,000 µg/mL in toluene that is both convenient and
compatible with QuEChERS solvents.

Sample Preparation and Modified QuEChERS Extraction
Dried tea was powdered using a hand-held blender. QuEChERS extraction requires a sample with high water content (>80%). To
prepare the dried tea material for a QuEChERS extraction, 1 g of powdered tea was combined with 10 mL of water in a FEP tube. After
shaking to mix well, PAHs and internal standards were added. PAHs were fortified at 50 and 500 ng/g dry tea and internal standards
were added at 100 ng/g. The sample was allowed to soak for 10 minutes and then 10 mL of hexane:acetone (1:1, v/v) were added.
Samples were then vortexed for 30 minutes. The prepackaged unbuffered QuEChERS salts (4 g MgSO4 and 1 g NaCl) were added
slowly. The samples were shaken by hand for 1 minute and then centrifuged for 5 minutes at 3,000 x g.
An investigation of extraction solvents was performed to determine whether using acetonitrile or hexane:acetone (1:1, v/v) produced
better recoveries. The previously described procedure was used with some modifications. Two grams of powdered tea were fortified
with 18 PAHs at 50 µg/g (in dry tea) using the EPA method 8310 PAH mixture (cat.# 31874). The PAH-fortified tea samples were
soaked overnight at approximately 4 °C to maximize introduction of PAHs into the tea itself prior to their attempted extraction. The
samples were then processed with the QuEChERS extraction and cleanup described in this work. The final optimized extraction
procedure is summarized in Table I.
Solid Phase Extraction Cleanup
Two milliliters of extract was exchanged to hexane
by evaporating to less than 1 mL using a gentle
stream of nitrogen gas in a heating block at 50 °C,
and then adding hexane for a total volume of 2 mL.
This process was performed twice. The silica cartridge was conditioned with 3 mL of methanol followed by 3 mL of acetone under high vacuum,
then with 3 mL of hexane:methylene chloride (1:1,
v/v) and 6 mL of hexane at a rate of approximately
1 drop per second. One milliliter of extract was
loaded onto the cartridge and eluted with 5 mL of
various percentages of methylene chloride in hexane. Elution solvents tested were 0, 15, 25, 50, and
75 percent volume methylene chloride in hexane.
Eluted samples were concentrated to 1 mL final
volume with a gentle stream of nitrogen gas at
50 °C. The final cleanup procedure is summarized
in Table I.
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Table I: Final Extraction and Cleanup Procedure
Modified QuEChERS Extraction
1. Homogenize dry tea into a powder.
2. Soak 1 g tea powder in 10 mL water for 10 min in an FEP centrifuge tube.
3. Add 10 mL hexane:acetone (1:1) and vortex 30 min.
4. Add Q-sep® QuEChERS unbuffered salts (cat.# 23991), shake 1 min, and then spin for 5 min in a Q-sep® 3000
centrifuge.
5. Evaporate 2 mL of extract down to 1 mL, then adjust final volume to 2 mL with hexane. Perform this step twice.
Silica SPE Cleanup
1. Rinse Resprep® SPE cartridges (3 mL, 0.5 g silica; cat.#24036) with 3 mL methanol followed by 3 mL acetone.
2. Condition cartridges with 3 mL hexane:methylene chloride (1:1), followed by 6 mL hexane.
3. Load 1 mL of extract onto cartridge and elute with 5 mL hexane:methylene chloride (7:3).
4. Evaporate to 1 mL.
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Gas Chromatography Methods
Optimized chromatographic methods were used on three formats: GC-FID, GC-TOFMS, and GC-MS/MS. GC-FID was only used
for extraction solvent evaluations. GC-TOFMS and GC-MS/MS platforms were used for spike recovery and quantitative analysis of
incurred PAHs.
Gas Chromatograph-Flame Ionization Detection
GC-FID (GCxGC-FID instrument, LECO Corporation) was used to evaluate extraction solvents. A 30 m x 0.25 mm x 0.25 µm Rxi®5Sil MS column (cat.# 13623, Restek Corporation) was installed and operated with a constant flow of helium at 2 mL/min and an oven
program of 80 °C, hold 0.1 min, then ramp at 8.5 °C/min to 330 °C and hold for 0.49 min. The inlet was held at 300 °C and outfitted
with a Restek Premium 4.0 mm ID Precision® inlet liner with wool (cat.# 23305, Restek Corporation). One microliter was injected
using a split ratio of 10:1. The FID was held at 350 °C.
Gas Chromatography-Time of Flight Mass Spectrometry
A LECO® Pegasus III GC-TOFMS instrument (LECO Corporation) was used for separation and quantification. Gas chromatography
was performed using a high phenyl content Rxi®-PAH GC column in a 60 m x 0.25 mm x 0.10 µm configuration (cat.# 49317, Restek
Corporation). A splitless injection of 2.5 µL was performed using a Restek Premium 4 mm single taper inlet liner with wool (cat.#
23303, Restek Corporation). The inlet temperature was 275 °C. The splitless purge valve time was set to 1 min. A constant flow of
hydrogen at 2.4 mL/min and oven temperature program of 80 °C (hold 1 min) ramping at 40 °C/min to 210 °C, then 3 °C/min to 260
°C, then 11.5 °C/min to 350 °C (hold 6.26 min) was used. The LECO® Pegasus III TOFMS had a source temperature of 300 °C, used
electron ionization at 70 eV, and stored a mass range of 45 to 550 u with an acquisition rate of 5 spectra/sec.
Gas Chromatography-Tandem Mass Spectrometry
GC-MS/MS analysis was performed using a Thermo TSQ™ 8000. (Thermo Fisher Scientific) equipped with a 40 m x 0.18 mm x 0.07
µm Rxi®-PAH column (cat.# 49316, Restek Corporation), constant flow helium at 1.4 mL/min and a 2 mm single taper with wool inlet
liner (cat.# 23316, Restek Corporation). The inlet was held at 275 °C and the oven program was 80 °C (hold 1 min), then 37 °C/min to
210 °C, then 3 °C/min to 260 °C, then 11 °C/min to 350 °C (hold 5.0 min). A splitless injection of 0.5 μL with a splitless time of 0.58
min and surge duration of 0.6 min was used. The transfer line was held at 330 °C. Three SRM transitions for each compound were
collected. The SRM mode was not used in the typical manner where fragments are monitored. Instead, the SRM mode was used for
the benefit of reduced background interferences. PAHs have a strong molecular ion, so transitions between the molecular ion, [M]+•,
in Q1 and ions [M]+•, [M-H]+•, and [M-2H] +• in Q3 are used. Quantitation was based on one transition. The emission energy was 90
µA and the collision energy was set to 10.
Percent Recovery and Incurred PAH Determination
Fortified samples at 500 ng/g (ppb) were prepared with the optimized sample
preparation procedure described in Table I. Acenaphthene-d10, chrysene-d12,
naphthalene-d8, perylene-d12, and phenanthrene-d10 were used as internal standards. Internal standards were assigned to analytes by closest retention time to
target analytes. Quantitation of fortified and unfortified samples was performed
using a solvent calibration curve with levels of 50, 150, 500, 1,000 and 2,000 ppb.

Results and Discussion
Sample Extraction Solvent Investigation
QuEChERS is a desirable method for processing samples because it is quick, easy,
and inexpensive. The initial QuEChERS approach used for this work started by
hydrating the dry tea then extracting with acetonitrile followed by partitioning
via the addition of salts. The hydration step is important for QuEChERS extractions because it is required for the proper partitioning to occur [41, 42]. Acetonitrile typically is used for QuEChERS extractions because it is an effective solvent
for pesticides and can result in lower coextracted material for some matrices [41,
43]. However, solubility and recovery of PAHs with acetonitrile as the extraction
solvent proved to be problematic. Based on the results of the extraction solvent
investigation, hexane:acetone (1:1, v/v) is a stronger extraction solvent for PAHs
and, thus, it was used instead of acetonitrile for the remaining experiments.
Table II shows recovery values for PAHs in mate tea samples fortified at 50
µg/g and processed with acetonitrile and hexane:acetone. There is a general
trend of lower PAH recovery with acetonitrile compared to recovery using
hexane:acetone (1:1, v/v). This is not unexpected as there is a polarity mismatch between PAHs, nonpolar compounds, and acetonitrile which is a polar solvent. Recovery values produced using acetonitrile also show a trend of
progressively lower recovery for higher molecular weight PAHs. This can be
attributed to the lower solubility of high molecular weight PAHs compared to
lower molecular analogs. Recovery values of target PAHs with hexane:acetone
(1:1, v/v) as the extraction solvent are in the acceptable range and no bias for
high molecular weight PAHs is observed. Hexane:acetone (1:1, v/v) was used
as the extraction solvent in all subsequent experiments.
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Table II: Percent recovery values for PAHs
fortified at 50 µg/g in one yerba mate tea.
Values shown compare acetonitrile and
hexane:acetone (1:1, v/v) as the extraction
solvents used during the initial sample
extraction of wetted mate tea.
Acetonitrile
(% Recovery)

Hexane:Acetone
(1:1, v/v)
% Recovery

Naphthalene

73

91

2-Methylnaphthalene

74

91

1-Methylnaphthalene

73

99

PAH

Acenaphthylene

56

25

Acenaphthene

96

96

Fluorene

65

140

Phenanthrene

64

93

Anthracene

79

98

Fluoranthene

58

83

Pyrene

130

220

Benz[a]anthracene

55

89

Chrysene

55

80

Benzo[b]fluoranthene

53

110

Benzo[k]fluoranthene

55

140

Benzo[a]pyrene

51

83

Indeno[1,2,3-cd]pyrene

53

90

Dibenz[a,h]anthracene

56

98

Benzo[ghi]perylene

52

94
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Evaluation of Methylene Chloride Percentage in Hexane Solvent for Sample Cleanup
Commodities like tea and spices can be particularly challenging because these matrices are very complex. Sample cleanup is needed
to remove coextracted material to prepare samples for analysis. Extensive clean up techniques can greatly reduce the number and
amount of coextracted compounds [44, 45]. However, these methods are often laborious, time-intensive processes.
The strategy for this work was to develop a simple cleanup process that removes enough coextracted material to allow for successful
analysis, but also minimizes the resources needed to perform the cleanup. Gas chromatographic systems can be quickly fouled by
introducing samples with a significant amount of nonvolatile material. This material resides in the GC inlet, dirtying the inlet liner
and seals. The head of the column can also become contaminated with nonvolatile material that cannot be eluted from the column.
This scenario necessitates instrument and column maintenance.
The silica SPE cleanup was optimized with respect to the elution solvent and volume. PAHs can be eluted with a combination of hexane and methylene chloride. Fortified tea samples at 50 µg/g were tested using different elution solvents with low to high methylene
chloride percentages. Figure 1 displays the percent recovery values with respect to percent methylene chloride in hexane for low, mid,
and high molecular weight PAHs. Acenaphthene is low molecular weight and was easily eluted with hexane; however, larger molecular weight compounds required a stronger solvent to elute from the silica. The plots of individual PAHs show increased recovery as the
ratio of methylene chloride increases. At 15% methylene chloride in hexane, mid-sized PAHs, like the PAH4 shown in Figure 1, are
recovered well with values around 100%. However, large PAHs like coronene are only recovered to approximately 60%. Based on the
recovery values, a compromise of 30% methylene chloride in hexane was chosen for subsequent work. This elution solvent composition yielded acceptable recovery of all target PAHs. A higher ratio of methylene chloride would improve recovery of large PAHs, but
would also increase the amount of coextracted material.

Figure 1: Percent recovery values of low, mid, and high molecular weight PAHs with respect to percent of methylene
chloride in hexane used for silica SPE elution are plotted. PAHs were fortified at 50 µg/g.
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Chromatographic Method
Optimizing the chromatographic separation is critical for PAH analysis due to the isobaric compounds that commonly coelute making quantitation difficult. An optimized GC method was developed using a high phenyl content Rxi®-PAH column that is selective
for the highly aromatic PAHs. Due to the selectivity of the column stationary phase and the column formats, analysis of the 30 PAHs
used in the study, including the dibenzopyrenes, was accomplished in 35 minutes which is a relatively fast analysis time. Figure 2A
shows an extracted ion chromatogram of m/z 226 and 228 for commercial tea 1, which was produced using the GC-TOFMS method
described above. The separation of triphenylene and chrysene shows distinct peaks. This allowed for reliable peak integration for
both compounds, which are isobaric congeners that usually elute at or near the same retention time. Similarly, benzo[b]fluoranthene,
benzo[j]fluoranthene, and benzo[k]fluoranthene are notoriously challenging to separate, but these compounds also are well resolved
as shown in Figure 2B. In total, the optimized method used for this work separated critical pairs and allowed accurate, independent
quantitation of important toxicity markers including chrysene and benzo[b]fluoranthene which are EFSA PAH4 compounds and
dibenz[a,h]anthracene which is a PAH8 compound.
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Figure 2: A) GC-TOFMS extracted ion chromatogram of m/z 226 and 228 showing the separation of incurred PAHs,
including triphenylene and chrysene, from commercial tea 1. B) GC-TOFMS extracted ion chromatogram of m/z 252
showing the separation of incurred benzofluoranthenes from commercial tea 1.
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TOFMS
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LECO Pegasus® 4D GCxGC-TOFMS
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Incurred PAHs in Teas
Quantitative analysis was easily accomplished using this optimized chromatographic method. Incurred values of isobaric compounds
were evaluated in six commercial mate teas and results are displayed in Table III. Quantitative bias is demonstrated by comparing
the concentrations of compounds in each isobaric pair, which are grouped between grey rows. Based on values in Table III, chrysene
would be biased about 20%, benzo[b]fluoranthene by approximately 50%, and dibenzo[a,h]anthracene by as much as 60% if the
combined area of the pairs had to be reported. The ability to separate these compounds is critical to determining the presence and
concentration of toxicity marker PAHs.
Recovery of PAHs in Fortified Teas
The optimized method used a modified QuEChERS
extraction with hexane:acetone (1:1, v/v), silica SPE
cleanup, and a selective Rxi®-PAH GC column. Both
GC-MS/MS and GC-TOFMS were able to perform
the method and yielded satisfactory recovery values, but GC-MS/MS offered better sensitivity. Recovery values are shown in Table IV. The recovery
values for all PAHs in this study range between 72
and 130% with only four compounds in the 70 to
80% range. Recoveries for the EFSA PAH4 compounds were 81-100% and recoveries for the EFSA
PAH8 compounds were 81-110%. The recovery values indicate that this analytical method for PAHs in
tea is suitable for PAHs with a wide range of volatility and molecular weight.
Comparison of GC-TOFMS and GC-MS/MS for EFSA
PAH4 Compounds
Samples of six yerba mate teas were processed with
the optimized sample preparation method and two
GC-MS based methods. The GC-TOFMS method
used a selective Rxi®-PAH GC column in a 60 m
x 0.25 mm x 0.10 µm configuration (cat.# 49317)
format that increases the separation of isobaric
compounds as well as sample loading capacity.
Peak resolution was enhanced by use of hydrogen
carrier gas. PAHs are ideal for analysis by hydrogen
carrier GC-MS because they form strong molecular ions and do not suffer from hydrogen reactivity, thus mitigating potential sensitivity loss when
using hydrogen in GC-MS. The GC-MS/MS also
used the selective Rxi®-PAH GC column, but in a
40 m x 0.18 mm x 0.07 µm format (cat.# 49316)
that balances separation with analysis time. In addition, sample loading is smaller because the stationary phase film thickness is relatively thin. Thus,
it was important to minimize the sample injection
volume for this method. Mate tea samples had relatively high incurred PAHs concentrations, so using
a 0.5 µL injection was not detrimental to overall
detectability. However, for other commodities
with trace levels of PAHs, using a highly sensitive
tandem MS can compensate for lower injection
volumes.
The concentrations of incurred PAH4 compounds
were determined by both GC-TOFMS and GCMS/MS and are shown in Table V. The combined
levels for the PAH4 are shown in the last row. The
values determined by both techniques agree well
with each other. This indicates that both the sample
preparation and analysis methods are suitable for
PAH analysis in mate tea.
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Table III: Values of incurred PAHs in six different mate teas determined
using the final extraction/cleanup method and GC-TOFMS. Isobaric
pairs are grouped and separated by a grey-colored row in the table.
Tea 1
(ng/g)

PAH

Tea 2
(ng/g)

Tea 3
(ng/g)

Tea 4
(ng/g)

Tea 5
(ng/g)

Tea 6
(ng/g)

Triphenylene

82

14

18

54

34

14

Chrysene

320

81

85

260

140

130

Benzo[b]fluoranthene

150

67

35

150

49

52

Benzo[j]fluoranthene

65

39

20

75

27

31

Dibenz[a,c]anthracene

11

9.3

10

12

10

6.9

Dibenz[a,h]anthracene

18

15

10

21

12

12

Table IV: Percent recovery values for PAHs in a commercially available
tea. PAHs were fortified at 500 µg/g dry tea.
Tea 1
% Recovery

PAH
Naphthalene

90

Acenaphthylene

110

Acenaphthene

99

Fluorene

110

Phenanthrene

81

Anthracene

130

Fluoranthene

72

Pyrene

74

Benzo[c]phenanthrene

75

Benz[a]anthracene

81

Triphenylene

80

Chrysene

82

5-Methylchrysene

76

Benzo[b]fluoranthene

92

Benzo[k]fluoranthene

96

Benzo[j]fluoranthene

89

Benzo[a]fluoranthene

97

Benzo[e]pyrene

89

Benzo[a]pyrene

100

Perylene

94

Dibenz[a,c]anthracene

100

Indeno[1,2,3-cd]pyrene

110

Dibenz[a,h]anthracene

98

Benzo[ghi]perylene

88

Dibenzo[a,e]pyrene

93

Coronene

86

6

Table V: Incurred concentrations, ng/g dry tea, for the PAH4 compounds in six brands of yerba mate tea. For each tea,
values are reported for the GC-MS/MS and GC-TOFMS methods. The combined concentrations of the PAH4 are reported
in the last row.
Tea 1
(ng/g)

PAH

Tea 2
(ng/g)

Tea 3
(ng/g)
MS/MS

Tea 4
(ng/g)

MS/MS

TOF

TOF

MS/MS

190

33

45

43

52

150

320

46

81

70

85

250

Tea 5
(ng/g)

MS/MS

TOF

TOF

Benz[a]anthracene

190

Chrysene

320

Benzo[b]fluoranthene

150

150

78

67

57

35

140

Benzo[a]pyrene

120

140

66

82

24

36

160

Combined EFSA PAH4

780

800

220

270

190

210

700

740

Tea 6
(ng/g)

MS/MS

TOF

MS/MS

TOF

170

94

100

52

62

260

140

140

110

130

150

70

49

79

52

160

42

42

80

81

350

340

320

320

Conclusion
The mate teas tested have high levels of PAHs when compared to typical residue limits of between 1 and 10 ng/g. The EFSA PAH4
sums are shown in the last row of Table V and range from 190-800 ng/g in dry tea. The streamlined sample preparation method for
PAHs in yerba mate tea provided satisfactory recovery of all PAHs tested. The selective chromatographic methods were paired with
MS-based detection. Sufficient separation of isobaric PAHs was accomplished using Rxi®-PAH columns with a PAH selective stationary phase making quantitation of individual PAHs straightforward. Overall, this analytical method for PAHs in tea required less
resources and time than typically needed for analysis of a difficult matrix like mate tea while providing improved data quality.
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