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Evaluation of polycyclic aromatic hydrocarbons in Achyrocline
Satureioides (Marcela) and its infusion

This study evaluates the presence and levels of polycyclic aromatic hydrocarbons (PAHs) in Achyrocline Satureioides (inflorescences and infusions) using extraction
under ultrasound accompanied by clean up with solid phase extraction (SPE) and gas chromatography coupled to mass spectrometry. Sixteen priority PAHs were
listed as priority contaminants by the United States Environmental Protection Agency and PAHs (Benzo(a)Anthracene, Chrysene, Benzo(b)Fluoranthene,
Benzo(a)Pyrene) were chosen as indicators by the European Food Safety Agency for the presence of PAHs in food. The HPAs concentrations ranged from 48.1 pug
Kg-1+ 1.4% to 48.8 pug Kg-1 + 1.9% in Achyrocline Satureioides inflorescences. The total concentration in infusions of PAHs was 2.5 pg L-1 + 6.3%. The sum of the
priority PAHs in Achyrocline Satureioides samples ranged from 126.8 pg Kg-1 + 13.6% and 218.9 pg Kg-1 + 16.1% and infusion had a value of 10.0 pg L-1 + 8.1%.
The PAH concentrations in tea infusions are lower when compared with other food matrices, but the migration of these compounds for tea is high, resulting in
levels that may cause damage to health.
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Avaliagdo de hidrocarbonetos policiclicos aromaticos em Achyrocline
Satureioides (Marcela) e sua infusdo

Este estudo avalia a presenca e os niveis de hidrocarbonetos policiclicos aromaticos (HPAs) em Achyrocline Satureioides (inflorescéncias e infusdes) usando
extragdo sob ultrassom acompanhada de etapas de clean up com extragdo em fase sélida (SPE) e determinagdo por cromatografia gasosa acoplada a espectrometria
de massa. Dezesseis HPAs prioritarios foram listados como contaminantes prioritarios pela Agéncia de Protegdo Ambiental dos Estados Unidos e HPAs (Benzo (a)
Antraceno, Crisene, Benzo (b) Fluoranteno, Benzo (a) Pireno) foram escolhidos como indicadores pela Agéncia Europeia de Seguranga Alimentar para a presencga
de HPAs em alimentos. As concentragdes de HPAs variaram de 48,1 pg Kg-1 + 1,4% a 48,8 pg Kg-1 £ 1,9% nas inflorescéncias de Achyrocline Satureioides. A
concentragdo total de HPAS nas infusGes foi de 2,5 pg L-1 + 6,3%. A soma dos HPAs prioritarios nas amostras de Achyrocline Satureioides variou de 126,8 pg Kg-1
+13,6% e 218,9 pug Kg-1 + 16,1% e a infusdo teve um valor de 10,0 pg L-1 + 8,1%. As concentragdes de HPAs nas infusdes (chd) sdo menores quando comparadas
com outras matrizes alimentares, mas a migragdo desses compostos para o cha é elevada, resultando em niveis que podem causar danos a saude.
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INTRODUCTION

The Brazil and Latin America have one of the largest reservoirs of plants for herbal teas. These plants
can be used for various functions, such as the production of dyes, foods, spices and medicinal use. The leaves
and inflorescences of these plants are generally not consumed, but they are used in the form of infusions, as
tea being one of the most consumed beverages in the world. Among them is the Achyrocline Satureioides
(AS), of the family Asteraceae, also known as Marcela, Marcela-do-campo (PEREIRA et al., 2006). In addition
to this, Mairesse (2005) cites Macela and National Chamomile. It can contain branches up to height of 1.5 m,
measuring 12 cm long by 1.8 cm wide with golden yellow inflorescences, as represented in Figure 1.

It is originally from Argentina, Uruguay, Brazil and other countries of Latin America. In the South of
Brazil, it can be easily found because of its spontaneous growth in pastures, roadsides and vacant lots and its

harvesting period is between March and April (PEREIRA et al., 2006).

Figure 1: lllustration (A) Achyrocline Satureioides (B) inflorescences to Achyrocline Satureioides (C) photo of the
inflorescences of Achyrocline Satureioides. Source: IBODA (2014).

The inflorescences of AS placed in cushions and pillows can be used as a soothing, aromatic substance
and painkiller. Their infusions made in boiling water or milk are used extremely in south of Brazil to treat
gastrointestinal diseases, reduce the cholesterol level in the blood, act as a digestive and anti-inflammatory,
antimicrobial, antioxidant, antispasmodic and as an antipyretic drug (DESMARCHELIER et al., 1998;
FACHINETTO et al., 2007; RITTER et al., 2002).

Various collection sites of this plant may reveal the presence of polycyclic aromatic hydrocarbons
(PAHSs). The leaves and inflorescences of AS have a high surface area, and thus can absorb and accumulate
the PAHs that are present in the air (LIN et al., 2004). Being a form of diffuse contamination associated with
the particulate matter, it is capable of traversing long distances by focusing on the surface of various food
matrices (SINGH et al., 2011). Moreover, its presence in tea plants may be related with the drying process
(BERTINETTI et al., 2018; CIEMNIAK et al., 2019; ZIEGENHALS et al., 2018).

The polycyclic aromatic hydrocarbons are a family with more than 100 organic compounds with one
or more benzene rings condensed and can be divided into two classes: low molecular weight compounds

(Naphthalene, Acenaphthylene, Acenaphthene, Anthracene, Phenanthrene, and Fluorene) and high
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molecular mass compounds (Fluoranthene, Pyrene, Benzo(a)Anthracene, Chrysene, Benzo(b)Fluoranthene,
Benzo(k)Fluoranthene, Benzo(a)Pyrene, Dibenzo(a, h)Anthracene, Benzo(g, h, i)Perylene, Indene(1, 2, 3-
cd)Pyrene) (LONDONO et al., 2014). These 16 PAHs presented in Figure 2 are listed by the European Union
(EU) and the United States Environmental Protection Agency (USEPA) as priority contaminants. These
compounds are formed from the incomplete combustion of organic matter such as wood, coal and petroleum
derivatives (BERTINETTI et al., 2018; ZIEGENHALS et al., 2018). They have a low water solubility and high Kow
(octanol/water partition coefficient) (AZEVEDO et al., 2013).

Being a class with hundreds of compounds and to make a control of these, the Contaminants in the
Food Chain (CONTAM) along with the European Food Safety Authority (EFSA) attributed Chrysene,
Benzo(a)Anthracene, Benzo(b)Fluoranthene and Benzo(a)Pyrene as indicators of PAHs in foods, and are
defined as PAHs (EFSA, 2008).

As the environmental contamination by PAHs has aroused global concern, many studies have
examined these contaminants in different food matrices. Paris et al. (2018) assessed the level of PAHs in
fruits, Tfouni et al. (2014) in vegetable oil blends, and Serpe et al. (2010) in mussels. Studies also have been
developed in coffee (FALCON et al., 2005), Cocoa beans (CIECIERSKA, 2020) and in different teas, like black
tea, Indian tea, jasmine tea, among others (DABORAVA et al., 2012; ISHIZAKI et al., 2010; LONDONO et al.,
2015; TRAN-LAN et al., 2018) as well as of their infusions (GIRELLI et al., 2017; LIN et al., 2005; PINCEMAILLE
et al., 2014). These studies suggest that food intake is one of the main routes of human exposure to these
contaminants.

The PAH study on medicinal plants is justified by its carcinogenic, mutagenic and immune suppressive
properties. They are becoming not only an environmental issue but also as a public health problem
(RENGARAJAN et al., 2015).

There are just a few studies and analyzes on the contamination of PAHs. Considering the degree of
toxicity of these compounds and the larger presence in our daily life, the objective of this study is optimizing
a methodology, combining ultrasound extraction and solid phase extraction steps, to determine determine

the levels of PAHs in inflorescences of A. Satureioides and in its infusions.

MATERIALS AND METHODS
Samples

The samples used in this study were classified into two groups as presented in table 1.

Table 1: Groups of samples used for evaluation of PAH in AS and infusion.

GROUP 1: Samples collected by the authors GROUP 2: Commercially available samples
5 specimens of AS1 sample was collected at the federal highway | 5sample presentations AS3 obtained from the informal trade
BR 392 (coordinates: 31240'57.70 ''S; 52926'42.32"W). of herbs (tea sellers).

5 specimens of AS2 sample was collected in the rural area of | The AS4 sample purchased from local commercial
Pelotas city/Brazil (coordinates: 31240'58.22 "'S; 52927'10.64"W), | establishments, in commercial packaging, consisting mainly of

about 500 m from the federal highway BR 392. inflorescences packed in sachets ready for infusion.

The specimens were collected for each point resulting in a | AS3 sample presentations were met, resulting in a composite
composite sample. sample.
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All samples were acquired in April 2016, after collection they were separated as inflorescences of
other components of AS (stems, leaves) and were placed in previously decontaminated glass jars and only
this part of the plant was used for the analysis. Analyses were performed in triplicate, for the determination
of moisture and levels of sixteen priority PAHs according to the USEPA. The AS1 samples were used to assess

the transfer of these analytes for infusion.

Solvents and reagents

To determine the PAH content, two standard mix (M1 and M2) were used. The M1 consists of 16
PAHs (Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, anthracene, fluoranthene,
Pyrene, Benzo(a)anthracene, chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene,
indeno( 1,2,3-c, d)pyrene, dibenzo(a, h)anthracene, benzo(g, h, i)Perylene) 2000 mg L purchased from
Supelco (Bellefonte, PA, USA). The M2 consists of standard deuterateds PAHs (Phenanthrene-D10, chrysene-
D12 and perylene - D12), 2000 mg L?, purchased from Supelco (Bellefonte, PA, USA). Standard C8-C20 and
C21-C40, 40 mg L purchased from Sigma-Aldrich were used to study n-alkanes. The solvents and reagents
used for extraction and clean-up by preparative liquid chromatography column were: hexane,
dichloromethane, methanol, acetone, anhydrous sodium sulfate and silica gel (70-230 mesh ASTM)
purchased from Merck Chemical Industries. The ultrapure water was obtained through a Milli-Q water

purification system (Millipore Co.).

Determination of moisture

The determination of the moisture of the samples was performed by the indirect method. 2.0 g of
inflorescences from each sample were placed in an oven at 100 — 105 °C until constant weight. Moisture was

calculated by weight difference, and expressed as a percentage (BORGES et al., 2005).

Extraction of (PAHs) in AchyroclineSatureioides

The PAHs extraction of the samples was based on three extraction techniques reported for other
vegetable matrices (BETTIN et al., 2005; LIN et al., 2005; PINCEMAILLE et al., 2014). The samples (+ 2.0 g)
were added to 15.0 mL of hexane/acetone solution (94:6, v/v) and sonicated (40 kHz frequency) in a
thermostated bath at 30 °C (USC 4800A Unique) for 15 minutes. Extract being separated by simple filtration
and the solvent being evaporated in an ice bath under gentle nitrogen flow.

To evaluate the performance of extraction, a mass of 2.0 g AS (AS1) was fortified with 20 ug Kg * of

the M2 mixture (Phenanthrene — D10, chrysene — D12 and perylene — D12).

Polycyclic aromatic hydrocarbons extraction (PAHSs) in infusion of Achyrocline Satureioides

For the preparation of infusion, 2.0 g of the sample was added to the 100 mL of ultrapure water at
temperature of 80 °C for 10 minutes. After preparation, the extract was vacuum filtered, so that there was

no interference from the suspended material from the inflorescences in solid phase extraction (SPE). This
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procedure was adapted from Pincemaille et al. (2014).

Preparative column chromatography (PLC) on silica gel

The extracts were fractionated in a glass column (21 x 1.1 cm i.d.) filled with 3.0 g silica gel 60 (70-
230 mesh ASTM), deactivated with 15% water, and 2.0 g anhydrous sodium sulfate. Extract was applied in
the column and was eluted by gravity with 5.0 mL of hexane to fraction F1 (aliphatic) and 25.0 mL of

dichloromethane/hexane (1:4, v/v) to the fraction F2 (PAHs).

Extraction in solid phase SPE C18

The volume of infusion was fixed at 50.0 mL for each sample. Then the infusion was pre-concentrated
by SPE in a C18 cartridges (Chromabond® C18 EC 6 mL/1000 mg), previously activated with 2.0 mL of
methanol and 1.0 mL of distilled water. The analytes were eluted with 5.0 mL of acetone and 5.0 mL of DCM.
After evaporation, this extract was fractionated using a silica gel column, the same components, reagents
and solvents used for fractionation of AS samples.

To evaluate the performance of extraction, 50.0 mL of aqueous extracts (AS1) were spiked with 2.0

ug L of each deuterated standard (mixture M2).

Chromatographic analysis GC/MS

The volume of the fractions F1 and F2 was adjusted to 1 mL with dichloromethane, under a gentle
stream of nitrogen for analysis by gas chromatography coupled to mass spectrometer.

An aliquot of 1 pL of each extract (in triplicate) was automatically injected in splitless mode in gas
chromatograph coupled to the mass spectrometer (GC/MS-QP2010 Ultra Shimadzu), being equipped with
auto-sampler AOC-20i Shimadzu. The chromatographic conditions are shown in Table 2. Quantification of
PAHs was acquired in a SIM mode (single ion monitoring). The identification of the compounds was based on
the retention time of each analyte in comparison with those of the standard mixture (M1) and m/z
corresponding to each compound.

In order to verify the performance of the chromatographic method and quantify PAHs, the calibration
curve was constructed within a range of 20 — 200 pug L*?, using standard solutions containing 16 PAHs (EPA
priority Pollutants). The accuracy of the chromatographic method was developed by repeating 11 times the
standard analysis of 50 ug L.

All the procedures were followed with blank analysis to evaluate potential interference of
environmental contaminants as well as laboratory reagents.

The limit of detection (LOD) was calculated using the sum of the average blank signal over three times
its standard deviation. The limit of quantification (LOQ) was calculated as the sum of the white signal with
ten times the standard deviation. For the calculation of the LOD and LOQ method, a mass of 2.0 g of
inflorescences and 50.0 mL was considered for the infusions with a recovery of 100% for each analyte.

Recoveries were calculated by ratio between the amount of deuterated PAHs found and the amount of
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deuterated PAHs added, multiplying by 100.

Table 2: Chromatographic conditions for GC/MS analysis.

Parameter
Column

Injection mode

Injector temperature
Interface Temperature
ionization

Carrier gas / flow

Oven temperature (F2)
Oven temperature (F1 SCAN
mode)

lons Monitored (SIM mode)
PAHs

lons Monitored (SIM mode)
Deuterated PAHs

Specification

RTX-5ms column (30 m x 0.25 mm id x 0.25 pum film thickness) (J & W Scientific, Folsom, CA,

USA)
Splitless
280 °C
200 °C

Electron impact (El) at 70 eV

Helium (1.0 mL min -2
Initial temperature 80 °C (5 min) 8 °C min-1, 160 °C (0 min) 3 °C 280 °C1 min (15 min).
Initial temperature 60 °C (5 min) 8 °C min'1, 160 °C (0 min) 3 °C 280 °C1 min (15 min).

m/z: 128, 152, 154, 166, 178, 202, 228, 252, 276, 278

m/z: 188, 240, 264

RESULTS AND DISCUSSION

Validation

Table 3 shows the Calibration parameters for the proposed method of PAH analysis in AS and and its

infusion. It can be observed that the working range we studied (20 a 200 pg L) presented a linear response

equipment through the correlation coefficient ranging from 0.980 — 0.999. The accuracy of the

chromatographic method expressed through relative standard deviation (0.4 to 0.9%) were considered

equivalent to that found by other authors in PAH analysis for plant samples as Pincemaille et al. (2014) and

suitable for chromatographic methods according to the literature (MEDEIROS et al., 2007).

Tabela 3: Calibration parameters of quantitative method.

AS AS Infusion
Y=aX+b ug Kg! ug L
PAHs a b r2 LOD/LOQ %RSD LOD/LOQ
Naphthalene 715.6 -17206.5 0.993 0.4/0.9 0.5 0.03/0.08
Acenaphthylene 429.8 -9966.5 0.999 0.2/0.4 0.5 0.01/0.03
Acenaphthene 271.3 -5692.5 0.998 0.6/1.6 0.4 0.05/0.13
Fluorene 270.1 -8224.0 0.996 0.5/1.2 0.4 0.04/0.10
Phenanthrene 333.0 -14116.0 0.989 0.8/2.3 0.4 0.07/0.18
Anthracene 389.1 -19700.0 0.987 0.6/1.5 0.4 0.16/0.44
Fluoranthene 364.9 -11160.0 0.997 0.3/1.0 0.4 0.03/0.08
Pyrene 392.1 -11668.5 0.998 0.3/0.9 0.4 0.03/0.08
Benzo (a) anthracene 154.0 -5873.5 0.999 0.8/2.3 0.5 0.17/0.43
Chrysene 245.4 -11339.0 0.991 0.9/2.5 0.5 0.20/0.52
Benzo (k) fluoranthene 137.0 -5324.0 0.999 0.9/2.4 0.6 0.17/0.44
Benzo (b) fluoranthene 205.1 -8717.5 0.999 0.8/2.1 0.5 0.16/0.40
Benzo (a) pyrene 116.1 -2631.5 0.993 1.1/2.9 0.6 0.15/0.39
Benzo (g, h, i) Perylene 55.7 -1674.0 0.989 1.1/2.9 0.8 0.24/0.63
Dibenzo (a, h) anthracene 40.7 -923.0 0.980 1.3/3.3 0.7 0.10/0.27
Indeno (1,2,3-c, d) pyrene 96.0 -2657.5 0,999 1.2/3.2 0.9 0.23/0.60

Y = aX + b (a-angular coefficient; b-linear coefficient); r?: linear correlation coefficient; LOD: Limit of detection; LOQ:

Limit of quantification; %RSD: relative standard deviations in %.

The LOD and LOQ for AS ranged from 0.2 — 1.3 ug Kg*and 0.4 — 3.3 pg Kg'?, respectively. It is observed

that the highest values relate to compounds that have lower response factor. The values are similar to those

described by Londofio et al. (2015) in his work with tea (Camellia sinensis). The LOD and LOQ for infusion
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were found in the range 0.01 to 0.24 pg L™ and 0.03 to 0.63 pg L, values equivalents to the determined by
Lin et al. (2005) for different types of infusion. It is observed that the LOD and LOQ for the SPE process are
lower when using a larger sample volume.

Table 4 presents the results of studies of recovery for both solid samples as to the method of

extraction by SPE for the infusion.

Table 4: The recovery study for AS samples (ug Kg ) and AS infusion (ug L) * relative standard deviations (+ RSD%).

AS ug Kg1 Infusion pg L!

Value Value
PAHs Fortified Value Found Recovery (%) Fortified Value Found Recovery (%)
Phenanthrene D10 20.0 15.9+8.5 79.4 2.0 1.6+13.4 82.5
Chrysene D12 20.0 18.4+7.8 92.0 2.0 2.149.2 105.0
Perylene D12 20.0 18.719.0 93.5 2.0 1.848.7 91.0

The amounts described in Table 4 are equivalent to those published by other authors who have
worked with this type of matrix. Daborava et al. (2012) found values for recoveries in the range of 80 — 103%
and Ziegenhals et al. (2018) of 75 — 117%.

Moreover, these values also meet the requirements for this type of determination, as the recovery

of 50 — 120% by the EU regulation 835/2011 and the opinion of EFSA along with the CONTAM.

Results in Achyrocline Satureioides

On preliminary characterization, the humidity of the four samples was determined. We found the
following results for the sample AS1 9.7 + 2.0%, AS2 of 13.0 £ 2.4%, AS3 of 11.0 + 1.5% and AS4 of 11.5 +
1.7%. These values are considered adequate for this plant according to Brandao (2007).

Table 5 present the level of PAHs determined in this study to AS samples and in the infusion. The
PAHs were found in all samples tested, predominantly in the compounds of lower molecular weight (2 to 4
rings). The total ZPAHs in samples AS ranged were from 126.8 ug Kg'+ 13.6% to 218.9 ug Kg'+ 16.1%. These
concentrations are below to those found by Lin et al. (2005) and Londofio et al. (2015), which showed ZPAHs
between 323 pg Kg* to 8800 pg Kg and 509.7 pg Kg! to 2746.5 ug Kgl, respectively, indicating that the
levels of PAHs found in this work are not high. The major compound in all samples was the Phenanthrene,
followed by Chrysene. PAHs of 3 to 4 rings may be related to resulting from vehicular combustion of gasoline
and diesel (AZEVEDO et al., 2013).

This situation suggests this source as the main reason for the contamination of AS. It is observed that
both sample of AS1 and AS2 have very close values of these two PAHs 44.2 ug Kgt+ 13.3% and 53.3 ug Kg*
+14.2% for Phenanthrene and 27.1 ug Kg*+ 1.0% and 26.4 pug Kg't+ 2.9% for the chrysene respectively. Both
samples show a very similar chromatographic profile suggesting the same source of PAHs and demonstrating
its spread from the highway, since the AS2 sample was taken 500 m from federal highway BR 392.

The Naphthalene, Acenaphthene, phenanthrene, anthracene, fluoranthene, pyrene were detected
and quantified in all AS samples. The chrysene and Benzo(a)anthracene were not detected only in AS3

sample.
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Table 5: PAH concentrations in pug Kg/ug L™ + RSD% (relative standard deviation expressed in %) on a dry basis and an
infusion, determined in AS samples.

PAHSs AS( ug Kg'l) H’gﬂfl'on Established limit

AS1 AS2 AS3 AS4 IAS1 AS 3 INF }
pgKg' pgl?

Naphthalene 14.1+3.4 14.0+0.3 13.7+4.2 14.0+0.4 0.4+27.5

Acenaphthylene Nd Nd Nd Nd Nd

Acenaphthene 13.9+13.5 12.1+1.0 13.2+3.8 15.8+16.5 0.9+7.7

Fluorene 18.7+12.2  23.8#0.1 18.2+3.3 24.0+0.5 1.2424.2

Phenanthrene 44.2+13.3 53.3%14.2 34.1+1.4 70.7+19.3 1.7£12.3

Anthracene 2.9+3.0 5.2+18.9 2.8315.1 3.11+8.3 0.2+27.1

Fluoranthene 19.0+5.1 19.7+0.1 17.6+4.9 20.7£14.4 0.5+11.2

Pyrene 20.0£11.7 20.6+1.2 17.5¢5.3 22.3+24.9  0.5%13.2

Benzo (a) anthracene 21.7+0.4 21.5%2.0 Nd 21.7+0.9 0.716.4

Chrysene 27.1+1.0 26.412.9 Nd 26.713.9 0.949.2

Benzo (k) fluoranthene Nd Nd Nd Nd 0.846.6

Benzo (b) fluoranthene IT IT IT IT 0.743.5

Benzo (a) pyrene IT IT IT IT IT

Benzo (g, h, i) perylene Nd Nd Nd Nd 0.7+18.6

Dibenzo (a, h) anthracene Nd Nd Nd Nd 0.4+35.5

Indeno (1,2,3-c, d) pyrene IT IT IT IT IT

Total 182.2+3.3  196.861#5.0 126.8+13.6 218.9+16.1 10.0#8.1 25.0*

Cri+B(a)A+B(b)Fluo+B(a)P 48.810.6  48.1+1.4 Nc 48.4+1.9 2.5¢6.3  35.0%*

B(b)Fluo+B(k)Fluo+B(g,h,i)P+I(1,2,3-c,d)P Nc Nc Nc Nc 2.3+8.8  5.0%* 0.10***

*Established limit for the total sum of PAHs by the German Society for Fat Science; **Regulation
835/2011/EC; ***Regulation 98/83/EC; Nd: not detected; Nc: not calculed; IT: under interference; AS1: AS collected
the margins of BR; AS2: AS commercial presentation; AS3: AS acquired in informal trade; AS2: AS collected in the rural
area; IAS1: Infusion of sample AS AS1.Cri = chrysene; B (a) A=Benzo(a)anthracene; B (b) Fluo=Benzo(b)fluoranthene; B
(a) P=Benzo(a)pyrene; B (k) Fluo=Benzo(k)fluoranthene; B (g, h, i) P=Benzo(g, h, i)Perylene; I (1,2,3-c, d) P=Indeno (1,2,3-
c, d) pyrene.

Acenaphthylene, Benzo(g, h, i)perylene, Dibenzo(a, h)anthracene were not detected.
Benzo(b)fluoranthene, Benzo(a)pyrene and indene(1,2,3-c, d)pyrene showed co-elution with n-alkanes C26,
C27 and C31, which caused interference. Therefore, it prevented their detection and quantification. Figure 2
illustrates this situation and shows the need for optimization in the fractionation method used. By analyzing
the F1 and F2 fraction in scan mode, we can check the presence of n-alkanes profile between C23 to C33 that
were not fully eliminated in F1 fraction.

Sample AS3 presented the lowest levels of PAHs, probably because these specimens were collected
in regions less impacted, while the AS4 samples showed higher levels, which may be related not only to the
origin of the plant but also to the processing involved. The values found in this study are equivalent with
those made by Ziegenhals et al. (2018) of 18.1 pg Kg* for Chrysene; Pincemaille et al. (2014) with values close
to 45.4 pg Kg for Chrysene and 11.3 pg Kg* to 125.0 pg Kg* for Benzo(a)Antraceno. Concentrations for
Chrysene and Benzo(a)anthracene presented in the current study is around the same levels of these two
works.

In the IPAHs, values presented in the Table 5 were calculated without benzo(a)pyrene and
Benzo(b)fluoranthene, as the interferences were already being indicated. The sum (48.1 ug Kg*+ 1.4% to
48.8 ng Kg'+0.6%) showed no differences for AS1 samples AS2 and AS4. The concentration values are in the
range of other similar studies made by Daborava et al. (2012) with results from 6.4 ug Kg* to 700 pg Kg* and
Ishizaki et al. (2010), where the levels varied from 21.6 pug Kg? to 65.8 pg Kg*. Thus, even without the

concentrations of Benzo(a)pyrene and Benzo(b)fluoranthene, the found concentrations exceed the limits
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considered safe for 3PAHs defined in Regulation 835/2011/EC which presents the value of 35 pg Kg* (EC,
2011).
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Figure 2: (A) Chromatogram of F2 fraction mode SIM and scan mode, (B) comparison of the chromatogram scan mode
and the standard of n-alkanes, (C) F1 fraction (aliphatic) sample AS1.

The German Society for Fat Science also considers the amount of PAHs of higher molecular weight
(Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(g, h, i)perylene, Indeno(1,2,3 ¢, d)pyrene) as a
parameter and sets a limit of 5 pug Kg. But higher molecular weight PAHs were not detected because they
were below the LD or due to interference caused by the n-alkanes as described above. This situation was

already indicated by others authors.

Results for Achyrocline Satureioides infusion

The table 5 also shows the PAHs levels of inflorescences transferred to the infusion with the
exception of Acenaphthylene compounds, which showed values below the LOD and Benzo(a)pyrene and
Indene(1,2,3-c, d)pyrene, which suffered interference of n-alkanes C27 and C31. All other PAHs were
detected and quantified in the samples AS infusion.

Figure 3 shows the comparison between the chromatogram of F2 fraction from the infusion and the
chromatogram of the standard 16 PAHs mixture. The figure illustrates the absence of Acenaphthylene (peak
2) and interference in the Benzo(a)Pyrene (peak 13) caused by compounds C27 and in Indeno(1,2,3-
cd)Pyrene (peak 16) by C31.

The compounds having 3 to 4 rings in their molecular structure have been found at higher
concentrations, such as phenanthrene, fluoranthene and chrysene. These results were reported by other
authors such as Lin et al. (2005) 0.07 pg L for Benzo(a)Antraceno and 0.06 pg L for Chrysene, Pincemaille

et al. (2014) found values ranging from 0.6 pg L™ to 0.7 pug L for Benzo(a)Antraceno and 0.8 pug L to 0.9 pg
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L2 for Chrysene. In infusions of herbal, values lower than those are described in this study.
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Figure 3: Chromatogram portion of the F2 fraction, which presents PAHs 1=Naphthalene, 2=Acenaphthylene,
3=Acenaphthene, 4=Fluorene, 5=Phenanthrene and 6=Anthracene (A) 7=Fluoranthene, 8=Pyrene,
9=Benzo(a)anthracene, 10=Chrysene, 11=Benzo(b)fluoranthene, 12=Benzo(k)fluoranthene,
13/C27=Benzo(a)Pyrene/n-alkane C27 (B) 14=Dibenzo(a,h)anthracene 15=Benzo(g, h, i)Perylene and
16/C31=Indene(1,2,3-cd)Pyrene/n-alkane C31 (C).

Figure 4 illustrates the efficacy of continuous phase extraction after the relationship for analyzing
HPAs in the infusion. It is possible to observe the presence of homologous series of n-alkanes between C21
and C31 with predominance of n-alkanes with carbon chains with an odd number of carbons (C23 C27 and
C29) (Fig. 4A). In Figure 4B, we verified the reduction of these peaks in F2 fraction that in the chromatogram
appear in a scale 100 times smaller.

The appearance of PAHs with higher molecular weight can be explained by obtaining an extract less
complex in function of the infusion. This led to a more efficient separation of the extract on PLC of silica gel,
reducing interference perceived in the analysis of Achyrocline Satureioides inflorescences. Although PAHs
have hydrophobic properties, the temperature of water extraction, the presence of essential oils and waxes
present in inflorescences can facilitate and justify the transfer of these to the aqueous infusion (PINCEMAILLE
et al., 2014). While observing the Chromatograms of the F1 fraction of both inflorescences like the infusion,

we can see the presence of high levels of n-alkanes features of vegetable waxes.
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Figure 4: Chromatogram in SCAN mode (A) the fraction F1; (B) fraction F2 for the sample infusion of the IAS1.

Galinaro at al. (2009) in their PAHs analysis work in alcoholic beverages used the value pre-set by the
German Society for Fat Science for total PAHs of 25 pg L. Given that the value found in this study was 10.0
ug L1+ 8.1% for the total sum of PAHs in infusion, it can be considered that the tea does not present risks.
The IHPAs in the infusion was lower than the limits established by regulation 835/2011/EC as the resulted
value was 2.5 pg L't + 6.3%. It was similar to the HPAs summation of Pincemaille et al. (2014), which varied
from 1.4 pg L to 2.7 ug L. But it was higher than the limit of 0.10 pg L for the sum of Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Benzo(g, h, i)perylene and Indeno(1,2,3-c,d)pyrene in the Regulation 98/1983/EC for
drinking water. Considering that the value of this sum of this work was 2.3 ug L'* + 8.8%, it can definitely pose

health risk.

CONCLUSIONS

The extraction method under ultrasound accompanied by pre-fractionation silica columns and
analysis by GC/MS was adequate for the study of PAHs present in plant matrices as Achyrocline Satureioides.
The use of SPE with C18 cartridge, followed by fractionation preparative liquid chromatography on a silica
column and analysis by GC/MS allowed the determination of PAHs in the infusion levels.

The PAHs concentrations in AS sample and in the infusion were above that permitted by laws that
set limits for PAHs in food. When compared to other studies, their concentrations were lower than in other
vegetable matrices. However, the high concentrations in the AS infusion should be studied in more detail to

assess the potential risks to health as it is present in highly consumed beverages like tea.
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