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Abstract. Extracts  of  medicinal  plants  are  often  used  for  preparation  of  food  supplements,
pharmaceutical products or for direct preparation of teas, but they may contain toxic substances,
such  as  polycyclic  aromatic  hydrocarbons  (PAHs).  The  content  of  PAHs  was  determined  in
Matricaria chamomilla L., Thymus serpyllum L., Tilia tomentosa Moench, Sambucus nigra L. and Achillea
millefolium  L., collected from  urban and rural region near Varna, Bulgaria. The aim of this study
was to compare the levels of PAHs in traditionally used medicinal plants from different regions to
assess  environmental  pollution. Benzo[a]anthracene,  chrysene,  benzo[b]fluoranthene  and
benzo[a]pyrene are  among  the  16  priority  pollutants  pointed  out by  The  United  States
Environmental Protection Agency. The PAH levels were determined in extracts of medicinal plants
by GC-MS after purification. Chrysene was registered as most abundant compound in all the plant
species  investigated.  Benzo[a]pyrene,  identified  by  the  International  Agency  for  Research  on
Cancer (IARC) as carcinogenic to humans, was not detected in the samples analyzed. The levels of
investigated PAHs were significantly higher in samples from areas with intensive traffic compared
to samples from suburban areas. The sum of the four PAHs in all plant species were found in the
range of 0.68 (Sambucus nigra  L.) to  6.82 µg/kg dw (Tilia tomentosa  Moench) and was below the
permissible limit of the European commission.
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Introduction
Polycyclic  aromatic  hydrocarbons

(PAHs) are a group of  organic compounds
that consist of two, three or more condensed
aromatic rings.  Some of them are classified
as  carcinogens  to  humans  by the
International Agency for Research on Cancer
(IARC,  2010).  The  United  States
Environmental Protection Agency (US-EPA)
determined 16  PAHs as  priority  pollutants

based on their incidence and carcinogenicity
(EPA,  1984).  Vehicle  traffic  (Napier  et  al.,
2008), coal combustion (Yunker  et al., 2002)
and other pyrogenic processes (Li et al., 2006)
were  pointed  out  as  significant  sources  of
PAHs in the atmosphere. 

People  have  benefited  from  the
biologically active components of the herbs
for many years.  Dried herbs are often used
for  direct  preparation of  teas  and tinctures
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for oral administration or external treatment
of  skin  disorders.  Extracts  of  medicinal
plants  are  included  in  food  supplements,
pharmaceutical  products  and  cosmetics.
Some of the herbs are used as spices in food
processing (FSAI,  2001;  WHO, 2018). Thus,
the advantages of herbs are indisputable, but
recent  research  showed  that  they  may
contain  toxic  substances,  such  as  PAHs
(Guillen  et  al., 1994;  EC, 2002;  Šimko et  al.,
2005;  Jira et  al., 2008;  Perelló  et  al., 2008;
Lawal et  al., 2017;  Ilinkin  et  al., 2020). The
PAHs  content  in  unprocessed  plants
depends  mainly  on  the  level  of
environmental  pollution  (Ciemniak et  al.,
2019;  EFSA,  2008).  Therefore,  in  the  EU,
permissible  limits  for PAHs content in dry
herbs were  set,  e.g.  the  levels  of
benzo[a]pyrene should not exceed 10 μg/kg,
and  the  sum  of  the  four  PAHs:
benzo[a]pyrene,  benz[a]anthracene,
benzo[b]fluoranthene and  chrysene should
not  exceed  50  μg/kg  (EC, 2015).  An
introduction  of  a  new  regulatory  limit  for
sum of the four PAHs was necessary due to
high  levels  of  PAHs  found  in  herbs  and
spices (EFSA, 2008).  Recent studies reported
high levels of PAHs in tea leaves (Ciemniak
et  al., 2019)  which  were  exceeding  the
regulatory limit  (Zelinkova & Wenzl,  2015a;
Londoño et al., 2015).

In  Bulgaria,  there  is  a  long-lasting
tradition  of  harvesting,  drying  and  use  of
herbs  for  medicinal  purposes  and  as
beverages. 

Local  studies  showed  that  the  most
often  used  medicinal  plant  species  in  the
area of the North Black Sea coast, Bulgaria
are  from  the Lamiaceae,  Asteraceae,
Apiaceae  and  Rosaceae families  (Cherneva
et al., 2017; Kozuharova et al., 2013; Stoyanov
et  al., 2018)  and  the  most  commonly  used
plant  species  were  Valeriana officinalis L.,
Matricaria  chamomilla L.,  Tilia  tomentosa
Moench,  Ginkgo biloba L.,  Sambucus nigra L.,
Mentha piperita L.  and  Thymus serpyllum L.
(Bachev & Yaneva, 2018).

The aim of this study was to determine
and  compare  the  levels  of  PAHs  in

traditionally  used  medicinal  plants  -
Matricaria  chamomilla L. (chamomile),
Achillea  millefolium L. (white  yarrow),  Tilia
tomentosa Moench (linden), Sambucus nigra L.
(elder)  and  Thymus  serpyllum L. (thyme)
collected from a rural region and a suburban
area (town of Varna).

Materials and Methods
Collection of the plant material
Two regions were selected to assess the

impact of intensive traffic on PAH levels in
medicinal  plants.  The  urban area  was
defined  in  a  main  city  road  in  Varna,
Bulgaria.  It  is  characterized  by  a  heavy
traffic  –  2124  vehicles/h  (MC  -  Annex  A,
2017). The rural  region -  Fichoza is located
about  15  km  southeast  of  Varna.  It  is
characterized  by  very  light  traffic  –  the
closest vehicle counting point has registered
120  vehicles/h (MC -  Annex B,  2017).  The
second  station  was  selected  in  order  to
compare the levels of PAHs in plant species
from both regions.

Plant  species  Matricaria  chamomilla L.,
Achillea millefolium L.,  Tilia tomentosa Moench,
Sambucus  nigra L. and  Thymus  serpyllum L.
were hand-picked from their natural habitats in
the months of May - July 2018  following the
guidelines  of  the  Bulgarian  Ministry  of
Environment and Water (MOEW, 2004). The
average height of harvested plants was about
25-40 cm (including leaves, stems and flowers).
The plant species were determined by “Field
guide  to  the  vascular  plants  in  Bulgaria ”
(Kozhuharov, 1992).

From every plant species was prepared
an  average  sample  from  at  least  5–7
randomly  selected  individual  plants.
Collected  herbs  were  dried  in  a  ventilated
and  dry  place  at  room  temperature.  The
samples  were  prepared  by  grinding the
leaves, stems and flowers of the dried plants
in  a mortar. A representative portion of the
ground sample (1.5 g) was  transferred in a
glass centrifuge tube (50 mL).

Extraction, cleanup and chemical analysis
Samples were prepared according to a

previously described procedure (Kowalski et
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al., 2015) with some modifications. The dried
samples  (1.5  g)  of  each  plant  species  was
homogenized  with  15  mL  distilled  water.
Next, a mixture of hexane: acetone (8:2, v/v)
(10  mL)  was  added.  Samples  were  then
vortexed  for  30  minutes.  Thereafter  4  g  of
anhydrous  MgSO4 and  1  g  of  NaCl  were
slowly  added.  The  resulting  mixture  was
shaken again and centrifuged for 20 minutes
at 3000 rpm. The supernatant was subjected
to a cleanup by column chromatography. 

A chromatographic glass column (10x250
mm) was loaded in the following sequence - 1 g
of Na2SO4,  a pre-prepared mixture of 5 g of
silica gel (G60) and 0.4 g of primary-secondary
amine (PSA) sorbent (silica gel with polymer-
bonded ethylenediamine-N-propyl phase)  and
1 g of anhydrous Na2SO4. The loaded column
was conditioned with hexane. The supernatant
was  transferred  into  the  chromatographic
column  and  eluted  with  20  mL
hexane/dichloromethane (7: 3, v/v).

The eluate was concentrated at 40 °C on
a  rotary  evaporator  (Hei-Vap  Precision
Heidolph,  Heidolph  Instruments  GmbH  &
CO. KG, Germany) and was transferred to a
gas  chromatography  vial.  The  eluate  was
evaporated under nitrogen to near  dryness
and reconstituted in 0.5 mL hexane. 

The  analytical  determination  of  PAHs
was  performed  by  gas  chromatograph  (GC
FOCUS, Thermo Electron Corporation, USA),
with  a  POLARIS  Q  Ion  Trap  mass
spectrometer  and  AI  3000  autosampler.
Experimental  mass spectrometry parameters:
transfer line and ion source temperatures were
250 °C and 220 °C, respectively.  The injector
was in  splitless mode, with a temperature of
250 °C. The temperature program of the oven
was as follows: 40 °C (1 min), 40 °C/min to
130 °C (3 min), 12 °C/min to 180 °C, 7 °C/min
to 280 °C, 10 °C/min to 310 °C with a final
hold  for  5.0  min.  The  volume  of  sample
injected was 1 μL. A TG-5ms capillary column
with a length of 30 m, 0.25 mm ID and a film
thickness of 0.25 μm  was used. Helium was
used as carrier gas at a flow rate of 1 mL/min. 

All  measurements  were  performed  in
triplicate  in  order  to  ensure  accuracy  of  the

analytical procedures. The measured compounds
were:  acenaphthylene (ACL), anthracene (AN),
benz[a]anthracene (BaA), benzo[b]fluoranthene
(BbFA),  benzo[k]fluoranthene  (BkFA),
benzo[ghi]perylene  (BghiP),  benzo[a]pyrene
(BaP), chrysene  (CHR), dibenzo[a,h]anthracene
(DbahA),  fluorene (FL),  indeno[1,2,3-cd]pyrene
(IP), phenanthrene (PHE) and pyrene (PY).

Quality control
Pure  reference  standard  solution  (EPA

525  PAH  Mix  B,  500  μg/mL of  each
component in acetone, Supelco) was used for
instrument  calibration,  quantification  of
compounds  and  recovery  determination.
Procedural  blanks  were  analyzed  between
each 5 samples to monitor possible laboratory
contamination. The limit of detection (LOD)
of  the  method  was  calculated  from 0.15  to
0.36 μg/kg and limit of quantification (LOQ)
from 0.46  to  1.09  μg/kg.  Based on the  low
concentrations of the analytes in plant species
the  method limits  of  detection  (LOD)  were
estimated as 3 times the standard deviation
and  LOQ  is  the  analyte  concentration
corresponding  to  ten  times  standard
deviation.  LOD  for  individual  PAHs:  0.23
(ACL), 0.16 (FL), 0.36 (PHE), 0.34 (AN), 0.27
(PY), 0.17 (BaA), 0.20 (CHR), 0.31 (BbFA), 0.31
(BkFA),  0.15  (BaP),  0.27  (IP),  0.30  (DbahA)
and 0.19 (BghiP) μg/kg.

Data analysis 
Сoncentrations  of  the  13 investigated

PAHs were calculated on a dry weight basis
(μg/kg dw). Statistical significant differences
in  the  mean  levels  of  detected  PAHs  in
samples from the two regions were tested at
α  =  0.05  with  Student’s  t-Test  (Excel  for
Microsoft Office Professional Plus 2013).

Results and Discussion
In  the  present  work,  the  levels  of  13

PAHs were  determined in  five  wild herbs:
Matricaria  chamomilla L.,  Achillea  millefolium
L., Tilia tomentosa Moench, Sambucus nigra L.
and  Thymus  serpyllum L. collected  from
urban (Varna) and rural (Fichoza) regions in
Bulgaria. The concentrations (μg/kg dw) of
13 PAHs in medicinal plants in two different
locations are presented in Table 1.
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Table 1. PAH levels (µg/kg dw) in the studied medicinal plants. Legend: LOD - Limit of
detection, PAHs: polycyclic aromatic carbons; ACL: acenaphthylene, AN: anthracene, BaA:
benz[a]anthracene,  BbFA:  benzo[b]fluoranthene,  BkFA:  benzo[k]fluoranthene,  BghiP:
benzo[ghi]perylene, BaP: benzo[a]pyrene, CHR: chrysene, DbahA: dibenzo[a,h]anthracene,
FL: fluorene, IP: indeno [1,2,3-cd]pyrene, PHE: phenanthrene and PY: pyrene.

ACL FL PHE AN PY BaA CHR BbFA BkFA BaP IP DBahA BghiP Sum of 13
PAHs 

Tilia tomentosa Moench  (n=6)

rural region < LOD 88.26 ± 0.14 < LOD < LOD < LOD < LOD 1.43 ± 0.07 < LOD < LOD < LOD < LOD < LOD < LOD 89.69

urban area < LOD 379.42 ± 0.72 1239.61 ± 1.00 64.76 ± 0.20 13.95 ± 0.20 0.52 ±
0.10

6.30 ± 0.30 < LOD < LOD < LOD < LOD < LOD 1.29 ± 0.11 1705.9

Achillea millefolium L. (n=5)

rural region < LOD 30.94 ± 0.31 < LOD < LOD < LOD < LOD 2.37 ± 0.12 < LOD < LOD < LOD < LOD < LOD < LOD 33.30

urban area < LOD 251.48 ± 0.52 945.10 ± 1.01 84.29 ± 0.21 37.66 ± 0.17 < LOD 5.43 ± 0.10 < LOD < LOD < LOD < LOD < LOD < LOD 1324.0

Sambucus nigra L. (n=6)

rural region < LOD 97.53 ± 0.21 180.43 ± 0.22 < LOD < LOD < LOD 0.68 ± 0.11 < LOD < LOD < LOD < LOD < LOD < LOD 278.64

urban area < LOD 239.50 ± 0.71 779.89 ± 0.24 85.99 ± 0.22 19.81 ± 0.25 < LOD 5.04 ± 0.09 < LOD < LOD < LOD < LOD < LOD < LOD 1130.2

Thymus serpyllum L. (n=4)

rural region < LOD 105.53 ± 0.10 225.69 ± 0.24 10.66 ± 0.06 < LOD < LOD 0.82 ± 0.08 < LOD < LOD < LOD < LOD < LOD < LOD 342.70

urban area < LOD 292.45 ± 0.23 977.84 ± 0.51 63.37 ± 0.20 20.59 ± 0.17 < LOD 3.96 ± 0.11 < LOD < LOD < LOD < LOD < LOD < LOD 1358.2

Matricaria  chamomilla L. (n=5)

rural region < LOD 3.23 ± 0.10 < LOD < LOD < LOD < LOD 0.86 ± 0.08 < LOD < LOD < LOD < LOD < LOD < LOD 4.10

urban area < LOD 163.12 ± 0.34 419.33 ± 0.29 4.20 ± 0.09 7.20 ± 0.10 < LOD 1.80 ± 0.07 < LOD < LOD < LOD < LOD < LOD 0.60 ± 0.08 596.25

Regarding  the  regulated  four  PAHs
(benzo[a]pyrene,  benz[a]anthracene,
benzo[b]fluoranthene and  chrysene),
chrysene was determined as most abundant
compound  in  all  the  plant  species
investigated.  The  measured  concentrations
of  chrysene  varied  from  0.68  µg/kg
(Sambucus nigra  L.)  to  6.30  µg/kg  (Tilia
tomentosa Moench)  and  were  found  lower
compared to  other  studies. Drabova  (2012)
reported the highest level of chrysene in tea
samples  -  41.9  µg/kg  (black  tea)  and  21.2
µg/kg  (green  tea) (Drabova  et  al., 2012).
Zelinkova  &  Wenzl (2015)  determined
chrysene  in  medicinal  plants  and  food
supplements  in  the  range  <0.25  to  280.1
μg/kg  (mean  13.6  μg/kg)  (Zelinkova  &
Wenzl,  2015b).  Among  the  regulated  four
PAHs chrysene was determined as prevalent
compound in  а  study in Croatia.  The mean
value of chrysene in dry herbs analyzed was
10.15 µg/kg (Bogdanovic et al., 2019).

Benzo[a]pyrene  (BaP)  was classified by
the  International  Agency  for  Research  on
Cancer as a human carcinogen (IARC, 2010).
Therefore, the EU legislation set a maximum
limit for BaP of 10 µg/kg in dry herbs. In our
research BaP and  BbFA were  found below
limit  of  detection (<LOD)  for  both  herbs
sampled  from  urban  and  rural  region.
Benzo[a]anthracene was found only in  Tilia
tomentosa Moench from urban area. 

Among  the  unregulated  PAHs,
phenanthrene  (PHE)  was  found  as
predominant compound in all samples. The
maximum  concentration  of  PHE  was
determined in Tilia tomentosa Moench (1239.6
µg/kg  in  urban  area)  and  the  lowest  in
Matricaria  chamomilla  L.  (419.33  µg/kg  in
urban area) (Table 1). These findings were in
accordance with research by Yu et al. (2012)
who  reported  phenanthrene  as  prevalent
contaminant of 16 PAHs investigated in nine
Chinese medicinal herbs. 
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Phenanthrene,  fluorene,  anthracene
and pyrene were added to the list of priority
PAHs,  due  to  their  high  frequency  of
occurrence and  potential  for  human
exposure  (US  EPA,  1984;  Zelinkova  &
Wenzl, 2015b).  The presented PAHs profile
with  dominant  less-toxic  PAHs  (PHE,  FL,
AN  and  PY)  was  in  accordance  to  results
from  other  studies  (Ciemniak et  al., 2019;
Bogdanovic et al., 2019) 

The sum of 4 PAHs in all plant species
from rural  region was in the range of  0.68
(Sambucus nigra  L.) to 2.37 µg/kg dw (Tilia
tomentosa Moench) and  were  below  the
permissible limit - 50 μg/kg of the European
commission (EC, 2015). The results for herbs
from the urban area showed maximum level
in  Tilia tomentosa Moench – 6.82  µg/kg dw
and  minimal  values  in  Chamomilla L.  (1.8
µg/kg) – Fig. 1. In recent study by Ciemniak
(2019) was shown  the highest values of the
sum 4 PAHs in linden – mean 213.5  µg/kg,
compared  to  other  herbs  investigated
(Ciemniak et al., 2019). 

The  sum of  the  4 PAHs in  medicinal
plants was found to be significantly higher
in samples from areas with intensive traffic
(urban area) compared to samples from rural
region  (Fig.  1).  Potential  sources  of  toxic
chemicals and contaminations in herbs and
herbal  products  can  be  environmental
growing conditions, method of drying (FAO,
2009), storage conditions and manufacturing
processes  (Chan  et  al., 2003;  Kosalec  et  al.,
2009).  The  higher  content  of  pollutants  in
herbs from urban areas (Fig. 1) is probably
due to heavy car traffic as the main source of
PAHs.

The total levels of PAHs (as sum of 13
PAHs) in medicinal plant species from rural
areas  varied  from  4.10  µg/kg  (Matricaria
chamomilla  L.)  to  342.70  µg/kg  (Tilia
tomentosa Moench).  Our results  were lower
compared  to  data  from  recent  studies
(Ishizaki et al., 2011; Yu et al., 2012). Ishizaki
(2011) reported the total content of 15 PAHs
(in five teas and 29 medicinal herbs) in the
range  from  6.5  to  1112.1  µg/kg,  and  Yu
(2012)  have  investigated  16  PAHs  in  nine

Chinese medicinal herbs and the sum of 16
PAHs varied from 98.2  µg/kg (cassia seed)
to  2245  µg/kg (eucommia  bark)  (Yu  et  al.,
2012). 

The distribution pattern of  PAHs with
3-6 rings is shown in Figure 2. PAHs with 3
rings (PHE, FL, AN) were predominant in all
plant species and account for 96.8-98.7% of
the total PAHs content, while PAHs with 4
rings  (BaA,  CHR,  PY)  and 6  rings  (BghiP)
were  found  below  2%  (Fig.  2).  Yu  (2012),
Ciemniak (2019)  and  Lin  (2005)  reported
similar  mass  distribution.  In  all  of  these
studies,  low molecular weight PAHs (PHE,
FL, AN and PY) were found as the dominant
pollutants  (Yu  et  al., 2012,  Ciemniak et  al.,
2019, Lin et al., 2005).

In  samples  from  rural  region  were
found  only  PAHs  with  3 rings  (PHE,  FL,
AN) in  levels  lower than concentrations in
plants species from urban area (Table 1). 

The  molecular  ratio  of  specific
hydrocarbons is often used to investigate the
anthropogenic  sources  of  PAHs (Lin  et  al.,
2005).  Main  emissions  of  PAHs  in
atmosphere  originated  primarily  from
combustion  processes  and  release  of
petroleum  products  (Kucuksezgin  et  al.,
2020).

The molecular distribution of PAHs and
specific  ratios  in  environmental  and  food
samples  are  used  for  determination  of
possible sources and processes that generate
these  pollutants  (Table  2)  (Lin  et  al.,  2005;
Kucuksezgin  et  al.,  2020).  The  ratios
commonly  used  in  the  literature  are
FLUR/PY,  IcdP/BPe,  PHE/AN,
FLU/FLU+PY (Baumard et al., 1998; Yunker
et  al., 1996;  Benlahcen  et  al., 1997;
Kucuksezgin et al., 2020).

The  present  study evaluated  the
PHE/AN  ratio  in  medicinal  plants  from
urban areas whereas the results from rural
region for AN were found below LOD and
no  PHE/AN  ratio  might  be  calculated.
The  PHE/AN  values  of  urban  samples
were higher than 10 (ranged from 9.07 to
19.14)  showing  prevalence  of  petrogenic
source.
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Fig. 1 The sum of 4 PAHs in samples from areas with intensive traffic and from suburban
areas (* indicates statistical significant differences of p < 0.05).

Fig. 2 Distribution pattern of PAHs with 3-6 rings in plant species from urban area.
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Table 2 Potential source of pollution depending on values of molecular ratio of specific
PAHs.

Ratio Value Potential source Reference

FLUR/PY > 1.0 pyrolytic origin Baumard et al., 1998

FLUR/PY < 1.0 petroleum hydrocarbons Baumard et al., 1998

IcdP/BPe > 1.0 combustion sources Yunker et al., 1996

IcdP/BPe < 1.0 petrogenic sources Yunker et al., 1996

PHE/AN < 10.0 combustion sources Benlahcen et al., 1997

PHE/AN > 10.0 petrogenic sources Benlahcen et al., 1997

FLU/FLU+PY < 0.4 petrogenic origin Kucuksezgin et al., 2020

FLU/FLU+PY > 0.5 wood and coal combustion Kucuksezgin et al., 2020

Conclusion
Thirteen PAHs were  determined in  five

medicinal plants collected from different areas
near  Varna.  The  maximum  overall  PAH’s
contamination  was  found  for  Tilia  tomentosa
Moench, while Matricaria chamomilla L. proved
to have the minimum contamination. The levels
of PAHs were found to be significantly higher
in  samples  from  urban  area  compared  to
samples  from rural  region.  The  sum of  four
PAHs in all traditionally used medicinal plant
did  not  exceed  the  permissible  limit  of  the
European  commission.  The  results  of  the
present study showed that the cultivation and
collection of medicinal plants from areas close
to  the  roads  with  heavy  traffic  leads  to  a
possible  risk  of  accumulation  of  high
concentrations of PAHs. The data from present
research  can  be  useful  in  further  studies  for
assessing the human exposure to PAHs.

References
Arpadjan, S., Celik, G., Taşkesen, S. & Güçer,

Ş. (2008). Arsenic, cadmium and lead in
medicinal  herbs  and their  fractionation.
Food and chemical  toxicology,  46(8),  2871-
2875. doi:  10.1016/j.fct.2008.05.027.

Bachev,  V.  & Yaneva,  I.  (2018)  Research of
the citizens’ attitude in their use of plant
food  supplements  in  Bulgaria,  Social
Medicine,  11(2),  71-78.  doi:
10.14748/sm.v0i3%2F4.5996.

Baumard, P., Budzinski, H.  & Garrigues, P.
(1998).  Determination  of  polycyclic
aromatic  hydrocarbons  (PAHs)  in
sediments  and  mussels  of  western
Mediterranean  Sea.  Environmental
Toxicology  and  Chemistry 17,  765–776.
doi: 10.1002/etc.5620170501.

Benlahcen, K.T., Chaoui, A., Budzinski, H. &
Garrigues, P.H. (1997). Distribution and
sources  of  polycyclic  aromatic
hydrocarbons  in  some  Mediterranean
coastal  sediments.  Marine  Pollution
Bulletin 34 (5)  298–305.  doi:
10.1016/S0025-326X(96)00098-7.

Bogdanović,  T.,  Petričević,  S.,  Listeš,  E.,  &
Pleadin,  J.  (2019).  Polycyclic  aromatic
hydrocarbons  in  selected  food  items
coming from the Croatian market. Italian
Journal  of  Food  Science,  31(3). doi:
10.14674/IJFS-1444.

Chan,  K.  (2003).  Some  aspects  of  toxic
contaminants  in  herbal  medicines.
Chemosphere,  52(9),  1361-1371.  doi:
10.1016/S0045-6535(03)00471-5.

Ciemniak,  A.,  Kuźmicz,  K.,  Rajkowska-
Myśliwiec,  M.,  & Cadena,  M.  F.  (2019).
Assessing  the  contamination  levels  of
dried  teas  and  their  infusions  by
polycyclic  aromatic  hydrocarbons
(PAHs).  Journal  of  Consumer  Protection
and  Food  Safety,  14(3),  263-274.  doi:
10.1007/s00003-019-01229-1.

131

https://doi.org/10.1016/j.fct.2008.05.027
https://doi.org/10.1007/s00003-019-01229-1
https://doi.org/10.1016/S0045-6535(03)00471-5
https://doi.org/10.14674/IJFS-1444
https://doi.org/10.1016/S0025-326X(96)00098-7
https://doi.org/10.1002/etc.5620170501
http://dx.doi.org/10.14748/sm.v0i3%2F4.5996


Polycyclic Aromatic Hydrocarbons in Traditionally Used Medicinal Plants from Varna Region, Bulgaria

Cherneva, D., Yaneva, G. & Ivanov, D. (2017,
March).  Which  are  the  most  popular
medicinal plants in the area of the north
Black  Sea  coast?  Varna  Medical  Forum
(Vol.  6,  No.  1,  pp.  166-171).  doi:
10.14748/vmf.v6i1.2047.

Drabova,  L.,  Pulkrabova,  J.,  Kalachova,  K.,
Tomaniova,  M.,  Kocourek,  V.  &
Hajslova, J.  (2012).  Rapid determination
of  polycyclic  aromatic  hydrocarbons
(PAHs) in tea using two-dimensional gas
chromatography  coupled  with  time  of
flight  mass  spectrometry.  Talanta,  100,
207-216.  doi:
10.1016/j.talanta.2012.07.081.

EFSA,  European  Food  Safety  Authority.
(2008). Polycyclic aromatic hydrocarbons
in food‐scientific opinion of the panel on
contaminants  in  the  food  chain.  EFSA
Journal,  6(8),  724.  doi:
10.2903/j.efsa.2008.724.

EC  (European  Commission).  (2002).
Polycyclic  Aromatic  Hydrocarbons  -
Occurrence  in  foods,  dietary  exposure
and  health  effects.  Retrieved  from
ec.europa.eu.

EC  (European  Commission).  (2015).
COMMISSION  Regulation  (EU)
2015/1933 amending Regulation (EC) No
1881/2006  as  regards  maximum  levels
for polycyclic aromatic hydrocarbons in
cocoa  fibre,  banana  chips,  food
supplements,  dried  herbs  and  dried
spices,  Official  Journal  of  the  European
Union L 282/11.

FAO/WHO. (2009).  Code of Practice for the
Reduction  of  Contamination  of  Food
with Polycyclic Aromatic Hydrocarbons
(PAH) from Smoking and Direct Drying
Processes. Retrieved from fao.org.

FSAI, The Food Safety Authority of Ireland.
(2001). Guidance  Note  on  the  EU
Classification  of  Food.  Retrieved  from
fsai.ie.

Guillen,  M.  D.  (1994).  Polycyclic  aromatic
compounds:  extraction  and
determination in food.  Food Additives &
Contaminants,  11(6),  669-684.  doi:
10.1080/02652039409374268.

Holland  J.,  Rose  M. &  Petch  S.  (2015).
Occurrence  of  polycyclic  aromatic
hydrocarbons  in  herbs,  spices,
supplements  and  tea  report  to  Food
Standards  Agency,  Retrieved  from
food.gov.uk.

Ilinkin, V. M., Nikolova, M. T., Dimitrova, V.
G., Damyanova, S. B. & Dimitrov, D. N.
(2020).  Heavy  Metals  and  Metabolite
Profiling-A  Case  Study  of  Achillea
millefolium  L.  Ecologia  Balkanica,  12(2),
131-139.

Ishizaki,  A.,  Sito,  K.  & Kataoka,  H.  (2011).
Analysis  of  contaminant  polycyclic
aromatic  hydrocarbons  in  tea  products
and crude drugs. Analytical methods, 3(2),
299-305. doi: 10.1039/C0AY00423E.

Jira,  W.,  Ziegenhals,  K.  & Speer,  K.  (2008).
Gas chromatography-mass spectrometry
(GC-MS)  method  for  the  determination
of  16  European  priority  polycyclic
aromatic  hydrocarbons in smoked meat
products  and edible oils.  Food Additives
and  Contaminants,  25(6),  704-713. doi:
10.1080/02652030701697769.

Kowalski, J., Rigdon, A. & Cochran, J. (2015).
Analytical  Method  for  Polycyclic
Aromatic Hydrocarbons (PAHs) in Yerba
Mate  Tea  Using  Modified  QuEChERS,
Solid  Phase  Extraction  and  GC-TOFMS
and  GC-MS/MS,  Retrieved  from
restek.com.

Kosalec,  I.,  Cvek,  J.  &  Tomić,  S.  (2009).
Contaminants  of  medicinal  herbs  and
herbal  products.  Archives  of  Industrial
Hygiene  and  Toxicology,  60(4),  485-501.
doi: 10.2478/10004-1254-60-2009-2005.

Kozhuharov,  S.  (ed.)  (1992).  Field guide to
the vascular plants in Bulgaria. Naouka &
Izkoustvo, Sofia, 787. (In Bulgarian).

Kozuharova,  E.,  Lebanova,  H.,  Getov,  I.,
Benbassat,  N.  &  Napier,  J.  (2013).
Descriptive study of contemporary status
of  the  traditional  knowledge  on
medicinal  plants  in  Bulgaria.  African
Journal  of  Pharmacy  and  Pharmacology,
7(5), 185-198.

Kucuksezgin, F., Gonul, L.T., Pazi, I., Ubay,
B. & Guclusoy, H. (2020). Monitoring of

132

https://doi.org/10.2478/10004-1254-60-2009-2005
https://www.restek.com/pdfs/FFAN2086-UNV.pdf
https://doi.org/10.1080/02652030701697769
https://doi.org/10.1039/C0AY00423E
https://www.food.gov.uk/sites/default/files/media/document/pahs-in-herbs-spices-supplements-and-tea-final-report.pdf
https://doi.org/10.1080/02652039409374268
https://www.fsai.ie/assets/0/86/204/d7af0602-b3e1-4788-802a-0684b3199e91.pdf
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/en/
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out154_en.pdf
https://doi.org/10.2903/j.efsa.2008.724
https://doi.org/10.1016/j.talanta.2012.07.081
http://dx.doi.org/10.14748/vmf.v6i1.2047


Georgieva et al.

polycyclic  aromatic  hydrocarbons  in
transplanted  mussels  (Mytilus
galloprovincialis) and  sediments  in  the
coastal  region  of  Nemrut  Bay  (Eastern
Aegean  Sea).  Marine  Pollution  Bulletin,
157,  111358.  doi:
10.1016/j.marpolbul.2020.111358.

IARC, (International Agency for Research on
Cancer).  (2010).  Monographs  on  the
evaluation  of  carcinogenic  risks  to
humans,  some  non-heterocyclic
polycyclic  aromatic  hydrocarbons  and
some related exposures, Lyon. Retrieved
from monographs.iarc.fr.  Accessed  02
Jan 2018.

Lawal,  A.  T.  (2017).  Polycyclic  aromatic
hydrocarbons.  A  review.  Cogent
Environmental Science,  3(1),  1339841. doi:
10.1080/23311843.2017.1339841.

Li,  G.,  Xia,  X.,  Yang,  Z.,  Wang,  R.  &
Voulvoulis,  N.  (2006).  Distribution  and
sources  of  polycyclic  aromatic
hydrocarbons  in  the  middle  and  lower
reaches  of  the  Yellow  River,  China.
Environmental  pollution,  144(3),  985-993.
doi: 10.1016/j.envpol.2006.01.047.

Lin,  D.,  Tu,  Y.  &  Zhu,  L.  (2005).
Concentrations  and  health  risk  of
polycyclic aromatic hydrocarbons in tea.
Food and Chemical Toxicology, 43(1), 41-48.
doi: 10.1016/j.fct.2004.08.010.

Londoño, V. A. G., Reynoso, C. M. & Resnik,
S.  L.  (2015).  Polycyclic  aromatic
hydrocarbons  (PAHs)  survey  on  tea
(Camellia  sinensis)  commercialized  in
Argentina.  Food  Control,  50,  31-37.  doi:
10.1016/j.foodcont.2014.07.036.

MOEW.  (2004). Regulation  2004/2  on  the
rules and requirements for collecting of
herbs  and  genetic  material  from
medicinal  plants  (SG,  no.  14/2004).
Retrieved from fao.org. (In Bulgarian).

MV -  Annex  A,  THE MUNICIPALITY OF
VARNA,  Municipality  council.  (2017).
Annex to decision №1046-5/22/21.12.17
of Varna Council, 159  p. Retrieved from
varnacouncil.bg. (In Bulgarian).

MV  -  Annex  B,  THE  MUNICIPALITY  OF
VARNA,  Municipality  council.  (2017).

Annex to decision №1046-5/22/21.12.17
of Varna Council, 216 p.  Retrieved from
varnacouncil.bg (In Bulgarian).

Napier, F., D’Arcy, B. & Jefferies, C. (2008). A
review  of  vehicle  related  metals  and
polycyclic aromatic hydrocarbons in the
UK  environment.  Desalination,  226(1-3),
143-150. doi:  10.1016/j.desal.2007.02.104.

Perelló, G., Martí-Cid, R., Castell, V., Llobet,
J.  M.  &  Domingo,  J.  L.  (2009).
Concentrations  of  polybrominated
diphenyl ethers, hexachlorobenzene and
polycyclic  aromatic  hydrocarbons  in
various  foodstuffs  before  and  after
cooking.  Food  and  chemical  toxicology,
47(4),  709-715.  doi:
10.1016/j.fct.2008.12.030.

Šimko,  P.  (2005).  Factors  affecting
elimination  of  polycyclic  aromatic
hydrocarbons  from smoked meat  foods
and  liquid  smoke  flavorings.  Molecular
nutrition  &  food  research,  49(7),  637-647,
doi: 10.1002/mnfr.200400091.

Stoyanov, P. S., Todorov, K. T., Teneva, I. I.
&  Mladenova,  T.  R.  (2018).  Medicinal
Plants  on the Territory of  the Waterfall
Canyon  Eco-trail  (Soskovcheto  Reserve,
Western Rhodopes Mts., South Bulgaria).
Ecologia Balkanica, 10(2): 1-6.

US EPA. (1984). Health effects assessment of
polycyclic  aromatic  hydrocarbons
(PAHs).  EPA  540/1-86-013.  Cincinnati
OH:  Environmental  Criteria  and
Assessment  Office.  Retrieved  from
nepis.epa.gov. Accessed 11 May 2017

WHO,  World  Health  Organization.  (2018).
WHO  guidelines  on  good  herbal
processing  practices  for  herbal
medicines.  WHO Technical  Report  Series,
(1010). Retrieved from who.int.

Yu, L., Cao, Y., Zhang, J., Cui, Z. & Sun, H. (2012).
Isotope dilution-GC-MS/MS analysis  of  16
polycyclic aromatic hydrocarbons in selected
medicinal  herbs  used  as  health  food
additives. Food Additives & Contaminants: Part
A,  29(11),  1800-1809.  doi:
10.1080/19440049.2012.711778.

Yunker, M. B., Macdonald, R. W., Vingarzan,
R.,  Mitchell,  R.  H.,  Goyette,  D.  &

133

https://doi.org/10.1080/19440049.2012.711778
https://www.who.int/traditional-complementary-integrative-medicine/publications/trs1010_annex1.pdf?ua=1
http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=2000FD6E.pdf
https://doi.org/10.1002/mnfr.200400091
https://doi.org/10.1016/j.fct.2008.12.030
https://doi.org/10.1016/j.desal.2007.02.104
https://varnacouncil.bg/resheniya-na-obshtinski-savet-varna/
https://varnacouncil.bg/resheniya-na-obshtinski-savet-varna/
http://www.fao.org/faolex/results/details/en/c/LEX-FAOC174473
https://doi.org/10.1016/j.foodcont.2014.07.036
https://doi.org/10.1016/j.fct.2004.08.010
https://doi.org/10.1016/j.envpol.2006.01.047
https://doi.org/10.1080/23311843.2017.1339841
http://monographs.iarc.fr/ENG/Monographs/vol92/mono92.pdf
https://doi.org/10.1016/j.marpolbul.2020.111358


Polycyclic Aromatic Hydrocarbons in Traditionally Used Medicinal Plants from Varna Region, Bulgaria

Sylvestre,  S.  (2002).  PAHs in the Fraser
River basin:  a critical appraisal  of PAH
ratios  as  indicators  of  PAH source  and
composition.  Organic geochemistry,  33(4),
489-515.  doi: 10.1016/S0146-
6380(02)00002-5.

Yunker, M. B., Snowdon, L. R., MacDonald,
R. W., Smith, J. N., Fowler, M. G., Skibo,
D.  N.,  McLaughlin,  F.  A.,
Danyushevskaya,  A.  I.,  Petrova,  V.  I.  &
Ivanov, G.  I.,  (1996).  Polycyclic  aromatic
hydrocarbon  composition  and  potential
sources  for  sediment  samples  from  the
Beaufort and Barents Seas.  Environmental
Science and Technology. 30, 1310–1320. doi:
10.1021/es950523k.

Zelinkova,  Z.  &  Wenzl,  T.  (2015a).  The
occurrence  of  16  EPA  PAHs  in  food–a
review.  Polycyclic  aromatic  compounds,
35(2-4),  248-284.  doi:
10.1080/10406638.2014.918550.

Zelinkova, Z. & Wenzl, T. (2015b). EU marker
polycyclic aromatic hydrocarbons in food
supplements:  analytical  approach  and
occurrence.  Food  Additives  &
Contaminants:  Part  A,  32(11),  1914-1926.
doi: 10.1080/19440049.2015.1087059.

Received: 31.03.2021
Accepted: 30.05.2021

134

http://dx.doi.org/10.1080/19440049.2015.1087059
https://doi.org/10.1080/10406638.2014.918550
https://doi.org/10.1021/es950523k
https://doi.org/10.1016/S0146-6380(02)00002-5
https://doi.org/10.1016/S0146-6380(02)00002-5

