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Determination of polycyclic aromatic hydrocarbons in chocolate
using the combination of Quick Easy Cheap Effective Rugged Safe
method and dispersive liquid-liquid microextraction

ANNA SADOWSKA-ROCIEK - EWA CIESLIK - KRZYSZTOF SIEJA

Summary

The aim of this study was to determine the level of polycyclic aromatic hydrocarbons (PAHs) in chocolate samples using
the innovative combination of the QUEChERS (Quick Easy Cheap Effective Rugged Safe) method with dispersive
liquid-liquid microextraction (DLLME). The outcomes from the optimization experiment indicated that the proposed
approach was a rapid and effective sample treatment resulting in acceptable recoveries, satisfactory effects in sample
clean-up and good analytical performance. Analysis of real samples showed that chocolate samples were contami-
nated mostly with light PAHs with phenanthrene as a dominant compound, in the range of 13.5-96.6 ug-kg-l. Content
of total PAHs was significantly lower in white chocolates (68.8 ug-kg) in comparison to samples of dark chocolate
(113 ug'kg!). The three heaviest PAHs were not identified in any investigated sample. The sum of 4 PAHs markers
exceeded the limits established by European Union only in 2 samples of chocolate (with contents of 36.2 ug-kg! and

38.5 ugkgl, respectively).
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Polycyclic aromatic hydrocarbons (PAHs) are
a large class of organic substances, containing in
its chemical structure two or more fused aromatic
rings. Among PAHs, compounds consisting of
three or four rings are described as “light” PAHs,
while compounds with at least five condensed rings
are referred to as “heavy” PAHs [1-4]. In general,
polycyclic aromatic hydrocarbons have high melt-
ing- and boiling-points, low vapour pressure, and
very low water solubility, which decreases with
increasing molecular mass. PAHs are soluble in
organic solvents and have lipophilic properties.
In the environment, PAHs arise from incomplete
combustion of organic compounds. In food, PAHs
are formed during its thermal processing such as
drying, smoking, roasting, baking, frying or grill-
ing. Studies in experimental animals showed that
PAHs cause various toxic effects, including he-
matological changes, reproductive and develop-
mental toxicity and immunotoxicity. Heavy PAHs
are generally seen as more toxic and carcinogenic

than light PAHs [1]. In 2002, the European Com-
mission’s Scientific Committee on Food identified
15 individual PAHs as being of major concern for
human health and, in 2008, European Food Safety
Authority (EFSA) concluded that four of them,
namely, benzo[a]pyrene, benzo[a]anthracene,
benzo[b]fluoranthene and chrysene are suitable
indicators for the occurrence of PAHs in food [5].
Chocolate and chocolate products are impor-
tant ingredients in food industry and are also re-
garded to be the most popular food items, espe-
cially for children. Chocolate contains cocoa solid,
cocoa butter, sugar, glucose, buffering agents and
aroma or flavouring substances. According to its
composition, chocolates are basically classified as
dark chocolate, milk chocolate or white choco-
late. [6]. Among the chocolate ingredients, cocoa
butter made from cocoa beans is the component
considered as the main source of PAHs. Gener-
ally speaking, cocoa beans may be contaminated
with PAHs mostly during drying on asphalt, on
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bitumen in the sun, or by using direct firing dry-
ing model. Storage and transport in jute or sisal
bags that had been treated with batching oil may
be another possibility to PAHs migration into co-
coa beans [7]. However, in available literature the
problem of PAHs presence in chocolate has been
raised only in a few studies with particular focus
on the benzo[a]pyrene levels, which was found to
range from 0.06 ug'kg! to 0.63 ugkgl! [1, 6-9].
Therefore, it is important that the presence of
these compounds is subjected to continuous moni-
toring with the use of simple but effective methods
of sample preparation and analysis.

QuEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) method, developed originally
for pesticide residues determination in food of
plant origin, has become one of the most popu-
lar sample preparation concepts in food analysis.
QuEChERS involves extraction using acetonitrile,
addition of sodium chloride to separate water
phase and magnesium sulfate for the removal of
residual water. Organic phase is then cleaned-up
by dispersive solid phase extraction (SPE) em-
ploying bulk sorbents such as primary secondary
amine (PSA), graphitized carbon black (GCB) and
octadecylsilane-bonded silica gel (C18) [10]. Dis-
persive liquid-liquid microextraction (DLLME)
is another procedure that has been introduced
to food analysis during the last few years [11].
DLLME is based on the system of three solvents:
aqueous sample, dispersive solvent and extraction
solvent. The mixture of an extraction solvent (e.g.
chloroform) and a dispersive solvent (water-or-
ganic miscible solvent, e.g. acetonitrile) is rapidly
injected into an aqueous sample, forming a cloudy
solution. After centrifugation, the analytes are
pre-concentrated into the phase of extraction sol-
vent [12-16]. However, for more complex matri-
ces such as food samples, DLLME technique re-
quires a pre-cleaning step [12]. Both QUEChERS
and DLLME are attractive alternatives to classi-
cal sample preparation procedures because of low
consumption of toxic solvents, simplicity, rapidity
and high recovery rates. The combination of the
QuEChERS procedure with the DLLME pre-
concentration technique has been applied mostly
to the determination of pesticide residues in food
samples [12-14, 17] or in ginseng [15], but also
to analysis of bisphenols in canned seafood and
vegetables [16, 18], and mycotoxins in nuts [19].
However, coupled QUEChERS-DLLME for PAHs
determination in food samples has not been evalu-
ated yet. Hence, the objective of this work was to
determine PAHs levels in chocolate samples using
the combination QUEChERS-DLLME.
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MATERIALS AND METHODS

Chemicals and reagents

Hexane, chloroform and acetonitrile, HPLC-
grade LiChrosolv, were purchased from Merck
(Darmstadt, Germany). Magnesium sulphate
anhydrous p.a. and sodium chloride p.a. were
purchased from Chempur (Piekary Slaskie, Po-
land). PSA and C18 SPE bulk sorbent was from
from Agilent Technologies (Santa Clara, Cali-
fornia, USA). EPA 525 PAH Mix-B (containing:
acenaphthylene, anthracene, benzo[a]anthracene,
benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyrene, benzo[gh,i]perylene, chrysene,
dibenzo[a,h]anthracene, fluorene, indeno[1,2,3-
cd]pyrene, phenanthrene and pyrene), chrysene-
di2 and anthracene-dip were obtained from Su-
pelco (Bellefonte, Pennsylvania, USA). Stock,
intermediate and working PAHs standard solu-
tions, chrysene-di2 (internal standard) and an-
thracene-dio (syringe standard) at concentration
1 pgml! were prepared in hexane. Deionized
water (18 MQ) was produced by a Milli-Q system
(Merck).

Instrumentation

Analyses were performed using Varian 4000
gas chromatograph coupled to mass spectrom-
eter (GC-MS) (Agilent Technologies) with
a CP-8410 auto-injector (Bruker, Billerica,
Massachusetts, USA) with DB-5MS column
(30 mx0.25 mm x 0.25 um; Agilent Technolo-
gies). The injector temperature was set at 270 °C,
and an injection volume was 1.0 ul. Each injec-
tion was performed in triplicate. The GC oven
operated with the following temperature program:
50 °C (1.0 min) — 15 °C'min! - 300 °C (6.0 min).
The total run time was 23.67 min with a solvent
delay of 8.0 min. Helium 5.0 (Linde Group, Mu-
nich, Germany) was used as the GC carrier gas
at a flow rate of 1.0 ml'min-l. The ion trap mass
spectrometer operated in the internal ionization
mode, scanning from m/z 45 to 500. The emission
current of the ionization filament was set at 15 uA.
Analyses were conducted in the selected ion moni-
toring mode (SIM) based on the use of one quan-
titative ion. Analysed compounds were identified
according to three ions (one target and two quali-
fiers) and according to retention times (Tab. 1).
The trap and the transfer line temperatures were
set at 180 °C and 220 °C, respectively. Acquisi-
tion and processing of data were performed using
Varian Start Workstation software (Agilent Tech-
nologies) and NIST 2.0 library (National Institute
of Standards and Technology, Gaithersburg, Mary-
land, USA).
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Tab. 1. Parameters of GC-MS analysis of examined compounds.

Retenti(_)n time Compound Quan_tification Confirmation
[min] ion ions
10.11 Acenaphthylene 152.1 151.1; 153.1
11.22 Fluorene 166.1 164.1; 165.1
12.76 Phenanthrene 178.1 178.1; 179.1
12.81 Anthracene-d1g 188.0 188.1; 177.9
12.85 Anthracene 178.1 178.1; 1791
15.05 Pyrene 202.1 200.1; 203.1
16.98 Benzo[a]anthracene 228.1 226.1; 229.1
17.01 Chrysene-di2 240.1 228.0; 241.0
17.04 Chrysene 228.1 226.1; 229.1
18.76 Benzo[b]fluoranthene 252.1 250.1; 253.1
18.81 Benzo[k]fluoranthene 252.1 250.1; 253.1
19.39 Benzo[a]pyrene 252.1 250.1; 253.2
2217 Indeno[1,2,3-c,d]pyrene 276.1 274.1; 2771
22.27 Dibenzo[a,h]anthracene 278.2 276.0; 279.1
22.96 Benzo[g,h,i]perylene 276.0 274.1; 277.0

MS1 Minishaker (IKA, Konigswinter, Ger-
many) and MPW 350 R Centrifuge (MPW, War-
saw, Poland) were used during sample prepara-
tion. Accublock (Labnet, Edison, New Jersey,
USA) with nitrogen 5.0 (Linde Group) was used
to evaporate solvents and concentrate the extracts.

Sample and standard preparation

In the optimization experiment, the samples
of milk chocolate, delivered from a local market
in Poland, were used for the preparation of blank
and spiked samples. Recovery studies at two spik-
ing levels (5 ug'kg! and 20 ug-kg!) involved three
samples being fortified with the standard solution
and chrysene-di2 solution. The spiking levels were
adapted to the maximum levels set in European
Union for the sum of 4 PAHs in cocoa beans and
its products (30 ng-kg1) [20].

Chocolate was powdered, spiked with the mix-
ture of standards and left to stand for 15 min at
room temperature prior to extraction. Then, 1 g
of sample was weighed into a 50 ml propylene
(PP) centrifuge tube, 5 ml of water and 10 ml
of acetonitrile were added, and the mixture
was shaken vigorously for 1 min. Next, 1 g NaCl
and 4 g MgSOg4 were added, with the tube being
shaken immediately after the addition of the salt.
Subsequently, each sample was shaken vigorously
for 1 min and centrifuged for 15 min at 8500 xg.
A volume of 6 ml of the supernatant was placed
into a 15 ml PP tube containing 0.15 g PSA, 0.3 g
Cis sorbents and 0.9 g MgSOq4 (clean-up step by
dispersive SPE). The tube was shaken for 2 min
and centrifuged for 15 min at 10000 xg. Then,

2 ml of the QuEChERS extract with the addi-
tion of 200 ul of CHCI3 was rapidly injected into
a 15 ml PP tube containing 6 ml H>O. The tubes
were gently shaken and centrifuged for 5 min at
780 xg. Approximately 200 ul of the bottom chlo-
roform layer was placed into a 1.5 ml glass vial
and left to evaporate. The residues were dissolved
in 225 wul of hexane, and 25 ul of the anthracene-
dio solution (1 ug'ml!) was added. A volume of
200ul of the solution was transferred into glass in-
serts placed in autosampler vials and analysed by
GC-MS. Blank samples and reagent blanks were
prepared similarly to the fortified samples.

A series of standard solutions in hexane and
in a chocolate matrix were prepared by dilution
of the standard mixture solution (1 ug-ml-1): 0.1,
1, 5, 10, 40, 70 and 100 ng'ml-1. Each standard so-
lution contained 100 ul of anthracene-dio solution
(1 pgrmll) and was prepared in triplicate. Calibra-
tion curves were constructed by plotting integrated
peak areas, divided by the area of anthracene-djo,
against concentrations of compounds. GC-MS
chromatogram of standard solution in hexane is
presented in Fig. 1.

RESULTS AND DISCUSSION

Optimization of the method

To evaluate the usefulness of developed
QuEChERS-DLLME combination, the percent
recoveries for each compound were calculated by
substracting values in an unspiked blank sample
from values in a spiked sample. The obtained re-
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Fig. 1. GC-MS chromatograms of sample extracts
prepared by QUEChERS+LLE, QUEChERS+DLLME and standards.

QuUEChERS + LLE - combination of the QUEChERS method with the preconcentration by liquid-liquid extraction,
QUEChERS + DLLME - combination of the QUEChERS method with dispersive liquid-liquid microextraction.

1 - acenaphthylene; 2 - fluorene; 3 — phenanthrene; 4 — anthracene-d1o; 5 — anthracene; 6 — pyrene; 7 — benzo[a]anthracene;
8 — chrysene-di2; 9 — chrysene; 10 — benzo[b]fluoranthene; 11 — benzo[k]fluoranthene; 12 — benzo[a]pyrene; 13 — indeno(1,2,3-
c,d]pyrene; 14 — dibenzo[a,h]anthracene; 15 — benzolg,h,i]perylene.

coveries were 50-120% [21] for all analytes at both
spiking levels (Tab. 2). Repeatability of recovery
values, expressed as relative standard deviation
(RSD), was lower than 9.3% for all compounds.
These results were compared to our previously
developed method based on the QUEChERS con-
cept with the application of PSA + florisil + Ci3
sorbents and acetonitrile-hexane exchange in the
presence of NaCl solution. This approach (de-
scribed in brief as QUEChERS + LLE) was suc-
cessfully used for the determination of PAHs in
cocoa samples [22]. However, in case of choco-
late samples it was found that the recoveries
achieved by QuEChERS+LLE were too low
for the two lightest compounds (acenaphthylene
and fluorene). The presence of co-extracts in
GC-MS chromatograms was also more prominent
for QUEChERS + LLE than for the proposed
QuEChERS + DLLME  combination (Fig.1).
Therefore, acetonitrile-chloroform replacement
in the presence of water entailed better recovery
and clean-up than acetonitrile-hexane substitution
with the addition of NaCl solution.
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The optimization of QUEChERS-DLLME pro-
cedure involved also determination of the volumes
of the extraction solvent, water and evaluation
of the benefits from salt addition. The volume of
QuEChERS extract was established at 2 ml, as
it was assumed that smaller volume would result
in a decrease in the detection limit. To study the
effect of the extraction solvent volume, 2 ml of
QuEChERS extracts containing different volumes
of CHCI3 (50, 100, and 200 ul) was submitted to
the DLLME procedure. In order to study the
effect of water volume, experiments were carried
out in the range of 4-6 ml of water, with the inter-
vals of 0.5 ml. In case of the use of 50 ul chloro-
form, the recovery was low, below 30% (data not
shown). Extraction efficiency was slightly better
for the samples with the addition of 100 ul CHCl3,
and increased significantly with an increase in the
volume of CHCI3 from 100 ul to 200 ul (Tab. 2).
Regarding water volume optimization, the cloudy
solution was not formed when 4 ml, 4.5 ml and
5 ml of water were used. The volume of 5.5 ml of
water was the minimum at which the extraction
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solvent was settled down. Thus, 6 ml of water was
selected as the optimum volume that ensured an
appropriate formation of ternary component sol-
vent system. The influence of ionic strength was
a further parameter assessed in the experiment.
According to certain authors [23, 24], the addition
of salt (salting-out effect) improves extraction ef-
ficiency by decreasing the solubility of analytes in
the aqueous phase and by reducing the solubility
of organic solvents in water. In this experiment,
0%, 5%, and 10% (w/w) NaCl aqueous concentra-
tions were tested. However, the presence of NaCl
resulted in lack of formation of a cloudy solution.
Hence, it was decided that the addition of salt in
the DLLME procedure is not used.

The proposed analytical method was validat-
ed including determination of method specificity
(matrix effects), linearity, limit of detection, limit
of quantification, repeatability, accuracy and un-
certainty, according to the criteria set by the Eu-
ropean Union [21]. The matrix effects in chocolate
sample extracts were assessed by means of statisti-
cal comparison between the slopes of the calibra-
tion curves prepared in hexane, and in the extract
of chocolate samples (Tab. 3). The t-test (p =0.05)
showed insignificant differences between the re-
sults for most of the analytes, with the exception
of pyrene and chrysene. For these two compounds,
the type of the matrix effect (ME), suppression or
enhancement, was estimated based on the percent-
age calculation (the percentage of the difference

between the slope values of the matrix-matched
calibration curve and the solvent one. The calcu-
lated ME values were 107% and 93%, respective-
ly. So, it can be concluded that despite significant-
ly different values of calibrations slopes, no matrix
effects were found for pyrene and chrysene.
Linearity, expressed as the correlation coef-
ficient of the calibration slope, was calculated
for solvent and matrix-matched calibration. The
values were higher than 0.99 for all compounds
(Tab. 3). Limit of detection (LOD) and limit
of quantification (LOQ) were calculated from
the signal-to-noise ratio (S/N) measured at the
lowest calibration level, using the GC-MS soft-
ware. The S/N values of 3 and 10 were used for
the calculation of LOD and LOQ, respectively.
LOQ were lower than 0.83ugkgl. Repeatability
(RSDy), calculated from data on spiked samples,
was below 5.5% with the value HORRAT; <2 for
each of PAHs (Tab. 3). Estimation of reproduc-
ibility (RSDR) included preparation and analysis
of spiked samples by different laboratory techni-
cians, using different series of reagents and cali-
bration curves. A new gas chromatography column
(DB-5MS) was also employed in the study. RSDr
was lower than 8.2% with HORRATR value also
below 2 for all compounds. The accuracy of the
method was determined with the recovery using
spiked samples, because no certified reference
material of chocolate with PAHs was available. All
results were within acceptable limits and ranged

Tab. 2. Recoveries and relative standard deviations of method variants.

QuECHhERS + LLE [18] QuEChERS + DLLME
Spiking level [ug-kg] 20 20 20 5
CHCl3 [ul] - 100 200 200
Compounds R [%] RSD [%] R [%] RSD [%] R [%] RSD [%] R [%] RSD [%]
Acenaphthylene 33.0* 12.0 118 4.7 109 5.5 93.6 6.8
Fluorene 46.6* 13.6 75.7 4.7 112 4.5 77.2 9.3
Phenanthrene 51.4 8.8 55.2 7.2 101 0.6 73.5 5.5
Anthracene 68.2 4.0 50.4 8.0 96.7 0.8 88.8 7.7
Pyrene 111 7.0 54.6 2.0 83.7 0.3 83.5 5.7
Benzo[a]anthracene 105 0.7 56.8 2.7 87.8 2.1 76.6 6.6
Chrysene 101 3.1 75.8 0.6 112 1.3 93.5 7.7
Benzo[b]fluoranthene 105 4.9 56.2 5.7 92.2 4.1 84.7 5.7
Benzo[k]fluoranthene 89.2 4.3 50.5 1.3 77.8 4.7 75.9 8.1
Benzo[a]pyrene 87.1 8.2 45.1* 8.2 76.8 2.0 65.0 5.4
Indeno[1,2,3-c,d]pyrene 60.2 2.3 35.4* 6.8 78.4 2.2 52.8 9.3
Dibenzo[a,h]anthracene 85.5 5.4 51.3 4.9 78.8 1.9 70.7 4.6
Benzo[g,h,i]perylene 72.8 9.5 42.5*% 3.0 69.0 3.4 64.8 4.5

QuEChERS + LLE - combination of the QUEChERS method with the preconcentration by liquid-liquid extraction,
QuEChERS + DLLME - combination of the QUEChERS method with dispersive liquid-liquid microextraction, R — recovery, RSD —
relative standard deviation. (*) — values beyond acceptable limits (50-120%).
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LoQ
[ug-kg']

0.31

0.36
0.25
0.28
0.31

0.50
0.42
0.50
0.63
0.50
0.63
0.63
0.83

LOD
[ug-kg']

0.09

0.11

0.08
0.08
0.09
0.15
0.13
0.15
0.19
0.15
0.19
0.19
0.25

fUc

[%]

13.7

1.7

115

12.7

11.2

14.9

13.8

137

141

15.6

16.4

15.8

15.9

HORRATR

0.5
0.4

0.4

0.6
0.1

0.2

0.2
0.3
0.4

0.2

0.2

0.2

0.3

RSDRr

[%]

8.2

6.0
0.7

0.9
0.4

2.4

1.8
4.8

5.7

3.1

3.3
2.4

4.7

HORRAT,

0.4

0.3

0.1

0.1

0.1

0.2

0.1

0.3
0.3
0.2

0.2

0.2

0.2

RSDy

[%]

55

4.5

0.6
0.8
0.3
2.1

1.3
41

4.7

2.0
2.2

1.9
3.4

Recovery

[%]

109
112
101

96.7

83.7

87.8

112

92.2

77.8

76.8

78.4

78.8

69.0

0.9987
0.9983
0.9954
0.9966
0.9984
0.9990
0.9990
0.9959
0.9979
0.9992
0.9971
0.9995
0.9974

Tab. 3. Parameters of the validation study of examined compounds.

Matrix matched

calibration

slope
0.0086
0.0060
0.0093
0.0085
0.0111

0.0113
0.0106
0.0109
0.0118
0.0090
0.0107
0.0083
0.0098

r

0.9989
0.9995
0.9937
0.9992
0.9994
0.9986
0.9996
0.9996
0.9994
0.9986
0.9995
0.9984
0.9992

Solvent
calibration

slope
0.0088
0.0060
0.0093
0.0090
0.0103
0.0110
0.0099
0.0106
0.0115

0.0092
0.0110
0.0088
0.0102

Compound

Acenaphthylene

Fluorene

Phenanthrene

Anthracene

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
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r — correlation coefficient, RSD; — repeatability, HORRAT; - ratio of the RSDx to the relative standard deviation predicted from the Horwitz equation; RSDRr — reproducibility, HORRATR — ratio of

the RSDr to the relative standard deviation predicted from the Horwitz equation; rUc — relative expanded uncertainty; LOD — limit of detection; LOQ — limit of quantification.

from 69% to 112%. At the second spik-
ing level, 5 ug'kgl, the results were also
acceptable but they were slightly lower,
52.8-93.6%, with RSD lower than 9.3%.

Measurement uncertainty of quan-
tification was assessed according to the
Eurachem/CITAC guidelines [25] by identi-
fying and quantifying the uncertainty com-
ponents of the whole analytical process.
Relative expanded uncertainty (rUc) was
calculated using a coverage factor of 2,
which gave a confidence level of 95%. The
rUc values were lower than 16.4%, thereby
not exceeding the limits established by EU
[21].

Application to real samples

A number of 20 chocolate samples
(6 white chocolates, 7 milk chocolates
and 7 dark chocolates) were analysed for
the content of polycyclic aromatic hydro-
carbons. All samples were obtained from
the market in 2014. Previously developed
QuEChERS-DLLME procedure was used
to analyse the collected samples. The levels
of PAHs in investigated chocolate samples
are presented in Tab. 4.

In all samples, seven PAHs were iden-
tified: acenapththylene, fluorene, phen-
anthrene, anthracene, pyrene, benzo[a]
anthracene and chrysene. Acenaphthylene
was detected only in three samples of
dark chocolate, with the lowest value of
1.39 pg'kgl. The highest values were no-
ticed for phenanthrene (13.5-96.6 ugkgl,
with a mean of 47.5ugkgl). Within
PAHs markers, only benzo[a]anthracene
and chrysene were found in chocolates,
in the ranges of 1.03-12.8 ug'kg! and
6.43-29.8 ugkgl, respectively, exceeding
thereby the limit of 30 ug-kg! for the sum
of 4 PAHs, established by EU [20]. This
exceedance was observed in one sample of
milk chocolate (36.2ugkg!) and one dark
chocolate sample (38.5ugkgl). Heavy
compounds, starting from benzo[b]fluoran-
thene, were not detected in any of the ana-
lysed samples.

The total contents of PAHs ranged from
42.6 pg'kg! to 150 ug'kgl. White choco-
lates were characterized by the lowest to-
tal sum of PAHs (42.6-122 ugkgl, mean
68.8 ugkgl) followed by milk chocolates
(48.7-147 ugkgl, mean 95.8 ug'kg!) and
dark chocolates (87.8-150 ug'kg!, mean
113 pg'kgl). However, statistically signifi-
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cant differences (calculated by t-test) were found
only between the means for white and dark choco-
lates.

In general, the results presented in this study
were higher but in the same order of magnitude as
the results reported by other authors. In the study
conducted in Germany [1], it was observed that
PAHs in none of the analysed samples exceeded
the maximum levels set in European Union for
the sum of 4 PAHs in cocoa beans and its products
(35 pgkgl) [20]). Benzo[a]pyrene means in the
samples of milk chocolate and dark chocolate
were 0.70 ug'kg! (fat basis) and 0.57 ugkg! (fat
basis), respectively, with the means of 4 PAHs
10.11 pg-kg ! (fat basis) and 5.88 ug-kg1 (fat basis).
In a study on the level of PAHs in chocolate can-
dies [9], total PAHs contents were found to range
from 2.70 wgkg! to 23591 ugkg! with a mean
content of 67.62 ug'kgl In all samples, light
PAHs were mostly detected, being present at rela-
tively high contents. Benzo[a]pyrene content was
found to range from 0.35 ug'kg!to 12.76 ugkg!
with mean content at 1.62 ugkgl In another
study on PAHSs levels in chocolate samples car-
ried out in Germany [6], the benzo[a]pyrene con-
tents in chocolate ranged between 0.07 ugkg!
and 0.63 ug'kgl. The highest PAHs contents
were found for chrysene (0.83-2.09 ug-kg1). The
sum contents of the analysed compounds were
between 1.3 ug'kg! and 6.9 pugkgl. Finally, in an
Irish survey [26] 18 samples, involving milk choco-
late, dark chocolate and chocolate-coated biscuits
were examined for the levels of PAHs. The levels
of PAHs ranged from 1.13 ug-kg! to 3.87 ug'kg!
(fresh weight basis), with chrysene being the domi-
nant PAH in the pattern.

CONCLUSIONS

The findings of this study indicate that the
combination of QuEChERS with DLLME is
a rapid and effective sample treatment that pro-
vides a sufficiently clean extracts with acceptable
compound recoveries and good validation parame-
ters. Thus, our approach appears to be a novel and
attractive procedure for analysis of these organic
contaminants. Analysis of real samples demon-
strated that chocolate samples were contaminated
mostly with light PAHs. However, in 2 samples of
chocolate, the sum of 4 PAHs markers slightly ex-
ceeded the limits established by European Union.
The total sum of PAHs was significantly higher in
dark chocolates in comparison to samples of white
chocolate. The content of PAHs in milk choco-
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late was between these two values, however, any
significant differences were not found. The three
heaviest PAHs were not identified in any of the
analysed samples.
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