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The presence of polycyclic aromatic hydrocarbons (PAHS) in coffee has been reported and is
suspected to be due to the degradation of coffee compounds during the roasting step. Due to the
high toxicity of these compounds, among which benzo[a]pyrene is known to be the most carcinogenic,
their presence in the coffee, especially the coffee brew that is directly ingested by the consumer, is
of prime importance. However, due to the low solubility of these compounds, their concentrations
are expected to be rather low. As a consequence, reliable and sensitive analytical methods are
required. The aim of this study was to develop a reliable and fast analytical procedure to determine
these organic micropollutants in coffee brew samples. PAHs were retained on a 0.5 g polystyrene—
divinylbenzene cartridge before being eluted by a mixture of methanol/tetrahydrofuran (10:90 v/v),
concentrated, and directly analyzed by reversed-phase high-performance liquid chromatography
coupled to a fluorescence detector. Application to the determination of PAHs in several coffee brew
samples is also given, with mean estimated concentrations in the range of 0—100 ng L~ for suspected
benzo[b]fluoranthene and benzo[a]pyrene, whereas no fluoranthene could be detected. Tentative
identification was made on the basis of UV spectra. However, identification of the suspected traces
of PAHs could not be achieved due to matrix effects, so that the presence of coeluting compounds
may not be excluded.

KEYWORDS: Coffee; fluorescence detection; liquid chromatography; PAHSs; polycyclic aromatic
hydrocarbons; roasting; solid-phase extraction

INTRODUCTION in coffee has been attributed to their formation during the
roasting step. Despite quite low PAH concentrations (micro-
grams per kilogram) in foods, this is one of the major factors
contributing to human cancefd%). Therefore, it is of prime

importance to develop rapid and reliable analytical methods for
have been determined in several matrices, particularly waters,their accurate determination in food items in order to estimate

soils, and sediments. Of prime concern is also their occurrence!N® fotal amount of human exposure to PAHs.
in numerous foods, especially the highly carcinogenic benzo- ~Concentrations of benzo[a]pyrene ranging from 0.01 to 1.2
[a]pyrene as this compound has been reported in several foodgd Kg~* have been reported in several solid coffee samyles (
(2—14). Hence, a total PAH intake through foods in Italy was 16). However, as solid coffee is not directly ingested by the
estimated at-3 ug/day, with an intake of carcinogenic PAHs ~consumer, it is more pertinent to estimate the PAH concentration
near 1.4ug/day, which is quite high compared to the estimated in the coffee brew samples. This task represents quite a
intake through respiration (near 0.37 and 0.13 ng/day for total challenge, as the expected concentrations are rather low, due
and carcinogenic PAHSs, respectively)Oj. In fact, PAH to the low solubility of PAHs. As a matter of fact, previous
presence in food may come from external contamination of the studies reported that onty0.8-1% of benzaf]pyrene initially
initial food matrix (mainly atmospheric deposition, root uptake, Present in solid coffee samples was found in coffee brew
or contact with hydrocarbon-based materials) and/or from samples, leading to concentrations ranging from 0.3 to 7 ng
degradation of some food material during food processesl ™ (16, 17). However, when other studies are taken into
involving elevated temperatures (especially drying, cooking, account, the transfer percentage ranges from 0.6 to 26%, with
frying, roasting, and smokinglL{). In particular, their presence @ mean value around 5%&). This percentage was found to
depend on the infusion strength, with values of 4.6 and 2.6%

1 ’ :
* Corresponding author (telephone 33-1-44-08-17-25; fax 33-1-44-08- for 50 and 100 g L, respectively, which suggests that
16-53; e-mail camel@inapg.fr). saturation may have occurred, as in both cases similar PAH

Polynuclear aromatic hydrocarbons (PAHSs) are well-known
environmental pollutants, which may be formed during the
combustion of carbonaceous materials at high temperature.
Owing to their mutagenic and carcinogenic potentig| they
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Benzo[b]tluoranthene (BbE)
Water solubility (25°C) : 1.5 pg L

Fluoranthene (Fluo)

Water solubility (25°C) : 200 g L

Benzo[a]pyrene (BaP)
Water solubility (25°C): 5 ug L

Figure 1. Chemical structure and water solubility of the investigated PAHS.

concentrations (0.3—10 ng &) were found in the coffee brew
(18). Most of the methods proposed for the PAH determination
in coffee brew use large solvent volumes due to a ligiiguid
extraction step. In addition, they may be not quantitative. At

Houessou et al.

Millipore (Saint-Quentin-en-Yvelines, France). Stock standard solutions
were prepared by diluting the PAH solutions in an appropriate volume
of methanol (MeOH)/tetrahydrofuran (THF) 10:90 (0.4, 1, 2, 2.5, 5, 8,
10, 20, 25, 35, 50, or 10@g L~%). All solutions were stored at C in

the dark.

Coffee SamplesCoffee samples were obtained from commercial
milled coffees, available at the supermarket. The coffee brew samples
were obtained using an electric coffee maker equipped with a paper
filter. In all cases, 50 g of commercial milled coffee was treated by
passing 300 mL of Milli-Q water as performed in another stuti§)(
Afterward, 50 mL (or 30 mL for some experiments as specified in the
text) was taken and mixed with 7 mL of methanol, as the addition of
an organic solvent is well-known to minimize possible adsorption of
the PAHSs onto the glass flask as well as onto the cartridge w2lis (
21). This sample was then passed through the solid-phase extraction
cartridge as detailed below. In most of the experiments both nonspiked
and spiked coffee brew sample were extracted using solid-phase
extraction (SPE), to estimate traces of PAHSs initially present in the
coffee (native PAHS) in order to avoid overestimation of spiked PAH
recoveries. In addition, blank experiments have been performed using
300 mL of Milli-Q water and an empty paper filter in the electric coffee
maker and analyzed after the SPE step to ensure no traces of PAH
were present in the blank.

For spiking, 10QuL of individual PAH standard solutions at 1 ng

uL~1in methanol was added to the 50 mL sample, leading to a spiking

level of 2ug L™ for each PAH. Once the entire 50 mL sample had

the present time, only one study reports a low-solvent volume peen passed through the SPE cartridge, the glass flask that contained

method (19). It involves solid-phase extraction on jg-§ilica

the 50 mL sample was further rinsed with 8 mL of methanol and

cartridge, followed by reversed phase high-performance liquid concentrated to near 2 mL under a gentle stream of nitrogen (the exact
chromatography with fluorometric detection. Detection limits volume being measured upon weighing), and this extract was analyzed
ranging from 0.021 to 0.44g L1 could be attained using this by HPLC-FLD to estimate the percentage of PAHs adsorbed on the
method. Applying this analytical method to several coffee brew 9lass walls. The presence of methanol in the 50 mL sample allowed
samples gave higher PAH concentrations than the previousmlnlmaatlon of adsorption effects. However, some adsorppon rgmamed
study, ranging from 0.29 to 10.9 ngt, with concentrations for the less soluble benzt_n}[luoranthene_and benzalpyrene in splk'ed

of benzop]pyrene near 3 ng t!. However, nonquantitative ;ﬁfgefetr?éeg; S:rTrﬁ;St’sw'th mean fraction adsorbed around&bbin
recoveries of PAHs were reported. Consequently, the develop- Solid-Ph P E ; SPE ; 4 using di ble SPE
ment of a more quantitative analytical method would be of great ol ase Extraction. was performed using disposable

. L . o cartridges containing a hydrophobic sorbent. The tested sorbents were
mtt_arest, as a means of giving more rellablt_a and sensmv_e resultsClstiIiCa (ENVI-18, 0.5 g, supplied by Supelco, Saint-Quentin Falla-
This study was therefore undertaken to find better solld-phase\,ier’ France) and polystyrenelivinylbenzene (PS-DVB) copolymer

extraction conditions, with a view to develop a quantitative (ondElut PPL supplied by Varian, France; 0.2 and 0.5 g). A Visiprep
analytical method for the determination of traces of PAHs in vacuum manifold system (Supelco) was used. All cartridges were

coffee brew samples. Three model compounds were consideredconditioned with 5 mL of MeOH, 5 mL of MeOH/THF 50:50 (v/v),

fluoranthene, benzb]fluoranthene, and benzapyrene (their
structures along with their water solubilities are givefrigure

and 5 mL of water. PAHs were eluted using fractions of 2 mL of the
eluting solvent unless specified in the text. Each fraction was further

1). Recoveries were estimated on the basis of spiked coffee brewfiltered through nylon A-Luer filters (13 mm, 0.4&m, supplied by
samples as well as nonspiked samples to take into account théIL Cluzeau, France) and then injected into the HPLC-FLD system.

native PAHs present in the coffee brew samples. Finally, the

method was applied to the determination of traces of PAHSs in
several commercial coffee brew samples.

MATERIALS AND METHODS

All experiments were done in triplicate, unless otherwise specified

For lowering the limits of detection of the method, some extracts were
analyzed after concentration 0.5 mL under a gentle stream of
nitrogen. For quantification, the final volume of each extract was
determined by weighing.

Liquid Chromatography— Fluorescence DetectionExtracts were
analyzed using HPLC coupled to fluorometric detection (FLD). The
HPLC system consisted of a Varian 9010 high-pressure gradient pump,

in the text, enabling mean values and relative standard deviations & Rheodyne model 7125 injection valve equipped with aR20oop,

(RSDs) to be determined.

Reagents and ChemicalsThe reagents in this study were all used
in the form purchased without additional purification or alteration.
Individual standard solutions (10 mgiin acetonitrile) of the following
PAHs were obtained from CIL Cluzeau (Paris, France): fluoranthene
(Fluo), benzdp]fluoranthene (BbF), and benzjpyrene (BaP). A PAH

a Thermo Separation Science fluorometric detector (FL3000), and a
computer. Data analysis was performed using the TurboChrom TC4
Navigator. A Supelcosil LC-PAH column (250 4.6 mm i.d., 5um
particle size, Supelco) was used, along with a precolumn (containing
Cug-silica). Separation was performed using the following gradient:
acetonitrile/water (60:40, v/v) for 5 min, followed by a 25 min ramp

mix solution was also used (Supelco, Saint-Quentin Fallavier, France) to 100% acetonitrile, this solvent being further maintained for 15 min.

containing the 16 EPA PAHSs (10 mg Lin acetonitrile): naphthalene,

The total flow rate was 1.5 mL minA. Detection was performed at

acenaphthylene, acenaphthene, fluorene, phenanthrene, anthraceneglected excitation and emission wavelengths, respectively- 280

fluoranthene, pyrene, benajanthracene, chrysene, berzjfjuoran-
thene, benzo[k]fluoranthene, benajglyrene, dibenza],h]anthracene,
benzop,h,i]perylene, and indeno[1,2 Gd]pyrene. HPLC grade aceto-
nitrile was supplied by Prolabo (Briare, France). PAH purities were

nm for fluoranthene and 2520 nm for benzdj]fluoranthene and
benzo[a]pyrene. For coffee extracts, due to the high level of contami-
nants for low retention times, excitation and emission wavelengths were
fixed, respectively, at 320 and 510 nm for the first 10 min to avoid

guaranteed between 97 and 99.7%. Other purities were stated to besaturation of the detector. External calibration was performed using

>99%. Deionized water was produced with a Milli-Q system from

standard solutions of PAHs in MeOH/THF 10:90 (v/v) in the range of
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Table 1. Effect of Matrix-Interfering Compounds, of Coffee Brew Volume Percolated, and of Eluting Solvent?

elution, elution, elution, elution,
MeOH/THF 50:50; MeOH/THF 20:80; elution, MeOH/THF 10:90; MeOH/THF 10:90;
coffee brew, 50 mL; coffee brew, 50 mL; MeOH/THF 20:80; coffee brew, 50 mL; coffee brew, 30 mL;
blended LO lot P5 07:37 blended LO lot P5 water, 50 mL blended LO lot P5 12:26 blended LO lot P6 18:26
recovery (%) RSD (%) recovery (%) RSD (%)  recovery (%) RSD (%) recovery (%) RSD (%) recovery (%) RSD (%)
Adsorption
Fluo nd nd nd nd nd nd nd nd nd nd
BbF 2.8 91.3 4.6 14.8 16.1 8.8 8.0 12.7 1.3 19.2
BaP 5.1 19.8 4.9 7.0 16.2 6.3 74 12.1 11 17.2
SPE 1
fraction 1
Fluo 67.8 31 75.6 4.3 74.9 59 85.9 6.9 107.7 7.8
BbF 61.2 3.0 71.0 0.6 76.9 24 81.4 7.6 71.8 4.9
BaP 55.6 6.2 59.3 137 74.0 0.7 84.4 2.8 74.7 2.6
fraction 2
Fluo 4.8 106.3 nd nd 11.8 23.9 nd nd nd nd
BbF 8.1 22.6 4.0 28.1 11.7 14.0 2.3 9.4 4.8 23.9
BaP 11.9 18.7 5.8 8.6 13.8 156 5.0 125 5.3 25.0
total SPE 1
Fluo 72.6 9.5 75.6 4.3 86.7 1.8 85.9 6.9 107.7 7.8
BbF 69.7 1.3 74.9 17 88.6 14 83.7 7.1 76.6 4.6
BaP 67.5 6.3 65.1 11.8 87.8 2.0 89.4 21 80.0 2.1
SPE 2
fraction 1
Fluo nd nd nd nd np np nd nd nd nd
BbF 13.8 8.6 12.7 9.2 np np 12.7 2.7 20.8 2.8
BaP 10.0 32.3 9.9 12.3 np np 14.3 8.0 20.6 59
fraction 2
Fluo nd nd np np np np np np np np
BbF 4.1 0.6 np np np np np np np np
BaP 5.9 7.5 np np np np np np np np
total SPE
Fluo 726 9.5 75.6 4.3 86.7 1.5 85.9 6.9 107.7 7.8
BbF 87.6 15 87.7 0.7 88.6 12 96.4 6.3 97.4 3.9
BaP 83.4 7.9 75.0 11.2 87.8 1.6 103.7 14 100.7 1.7

@ Experimental conditions: spiked coffee brew or water (30 or 50 mL); PS-DVB, 0.2 g; elution with MeOH/THF 50:50, 20:80, or 10:90 (v/v) (fractions of 2 mL). HPLC
conditions: Supelcosil LC-PAH column (250 x 4.6 mm i.d., 5 um); gradient, acetonitrile/water (60:40, v/v) for 5 min, 25 min ramp to 100% acetonitrile, acetonitrile for 15
min; total flow rate, 1.5 mL min—1; detection, fluorescence. np, experiment not performed; nd, not detected.

0.4—100ug L~1. Standard solutions were analyzed daily to check the successive fractions of 2 mL were recovered in each case and

fluorometer sensitivity. separately analyzed. When only traces of PAHs were found in
For identification of possible traces of PAHs in coffee brew samples, a fraction, no additional fraction was performed. In that way,

some extracts were also analyzed using an HPLC system coupled withgs shown below, two successive fractions were obtained;fer C

a diode array UV-visible detector (HPLC-DAD). For that purpose,  gijjica (0.5 g) and PS-DVB (0.2 g), whereas three successive
extracts were concentrated t00.5 mL under a gentle stream of .o ono\are required for PS-DVB (0.5 g)

nitrogen, due to the lower sensitivity of the UV detector as compared . . o
to the fluorometric detector. The system used consisted of a Waters DU to possible adsorption of PAHs on recipient walls for
1525 high-pressure gradient pump, a Rheodyne injection valve equippedspiked agueous samples, for each experiment the glass flask
with a 20uL loop, a Waters 2996 DAD detector, and a computer. Data that contained the spiked aqueous sample (coffee brew or water)
analysis was performed using the Millenium software. A Supelcosil was rinsed with methanol, to estimate the percentage of PAH
LC-PAH column (150x 3.0 mm i.d., Ggsilica, 5um particle size, adsorbed. The final recoveries for the SPE step were then

Supelco) was used, along with a precolumn (filled with-6llica). ~  estimated by taking into account the real content of spiked PAHs
Separation was performed using the following gradient: acetonitrile/ that passed through the cartridge.

water (40:60 v/v) for 4 min, followed by an 11 min ramp to attain . L
100% acetonitrile, this solvent being further maintained for 10 min. ~ Mmprovement of SPE Conditions for Quantitative Recov-
The total flow rate was 0.8 mL min. eries of PAHs on PS-DVB Copolymer.Choice of Elution

Sokent. The PS-DVB copolymer was selected as a suitable
reversed-phase sorbent, due to its hydrophobic character and
additionalr— interactions between the PAHs and the sorbent,
To find the suitable conditions for efficient recoveries of leading to increased retention on this sorbent as compared to
PAHs after solid-phase extraction, experiments were conductedCig-silica (20, 21). Experiments were first conducted with
on spiked coffee brew samples. The aqueous character of thecartridges containing 0.2 g of PS-DVB, to minimize the required
sample requires the use of reversed-phase sorbent for efficienteluting solvent volumes. Several MeOH/THF mixtures were
retention of the organic compounds. BothgGilica and PS- investigated for eluting the retained PAHs: 50:50, 20:80, and
DVB copolymer were tested as hydrophobic sorbents for the 10:90 (v/v). Results are presentedTiable 1. Best results were
retention of PAHs from coffee brew. Once retained, the PAHs obtained with MeOH/THF 10:90 (v/v), with mean recoveries
were eluted with different eluting solvents. To estimate the ranging from 83.7 to 89.4% after one SPE step, as compared
eluting solvent volume required for desorbing the PAHs, to between 65.1 and 75.6% for MeOH/THF 20:80 (v/v) and

RESULTS AND DISCUSSION
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Table 2. Influence of the Nature and Mass of Solid Sorbent?

PS-DVB, 0.5¢; PS-DVB, 0.2 g; Cyg-silica, 0.5 g;
PS-DVB, 0.5 g; coffee brew, 50 mL; coffee brew, 50 mL; coffee brew, 50 mL;
water, 50 mL blended LO lot P6 18-09-04° blended LO lot P5 12:26 blended LO lot P5 31-12-03
mean recovery (%) RSD (%) mean recovery (%) RSD (%) mean recovery (%) RSD (%) mean recovery (%) RSD (%)
Adsorption
Fluo 8.8 4.7 nd nd nd nd nd nd
BbF 22.8 37 31 1.9 8.0 12.7 3.6 125
BaP 20.7 13.7 2.6 9.6 7.4 12.1 2.3 36.0
Fraction 1
Fluo 67.7 138 79.4 4.0 85.9 6.9 97.6 10.7
BbF 68.5 11.7 71.2 6.3 81.4 7.6 86.7 155
BaP 57.3 10.9 74.2 1.9 84.4 2.8 95.6 19.1
Fraction 2
Fluo 18.9 34.1 17.2 17.6 nd nd nd nd
BbF 20.5 30.1 14.7 4.2 23 9.4 6.7 8.8
BaP 21.7 26.2 17.3 0.6 5.0 125 9.1 22.9
Fraction 3
Fluo nd nd nd nd np np np np
BbF 31 12.2 24 56 np np np np
BaP 32 81 3.8 68.1 np np np np
Total Fractions
Fluo 86.6 3.6 96.7 6.0 85.9 6.9 97.6 10.7
BbF 92.1 2.0 88.4 51 83.7 7.1 93.5 14.9
BaP 82.3 14 95.4 1.3 89.4 21 104.7 17.8

@ Experimental conditions: spiked coffee brew or water (50 mL); elution with MeOH/THF 10:90 (v/v) (fractions of 2 mL). HPLC conditions: Supelcosil LC-PAH column
(250 x 4.6 mm i.d., 5 um); gradient, acetonitrile/water (60:40, v/v) for 5 min, 25 min ramp to 100% acetonitrile, acetonitrile for 15 min; total flow rate, 1.5 mL min~%;
detection, fluorescence. np, experiment not performed; nd, not detected.  For this coffee, nonspiked coffee brew was not analyzed.

between 67.5 and 72.6% for MeOH/THF 50:50 (v/v). Thiswas  Consequently, the use of cartridges containing 0.5 g of PS-
indeed expected, as increasing the percentage of THF resultdDVB was preferred to enable the performance of one single-
in increasing the eluent strength on reversed phase as this solvenstep SPE. As shown ifiable 2, acceptable recoveries could

is more eluent than MeOH{ = 3.7 and 1.0, respectively, on thus be obtained after one SPE step, with recoveries ranging
Cygsilica), which should enhance PAH desorption. In addition, from 88.4 to 96.7% for a spiked coffee brew sample. However,
the mixture polarity is decreased (polarRy= 4.2 and 6.6 for as expected, a larger volume of eluting solvent was required
THF and MeOH, respectively), which should favor PAH (i.e., 3x 2 mL instead of 2x 2 mL) as compared to the use of
solubilization. As a consequence, MeOH/THF 10:90 (v/v) was 0.2 g of PS-DVB, as traces of benztffboranthene and benzo-
used as the eluting solvent in further experiments. [a]pyrene were found in the third fraction.

Choice of Suitable Sorbent Mad3ue to the low recoveries Comparison with SPE onjgSilica. As retention of PAHs
obtained after the second elution fraction, the incomplete on Gesilica is slightly lower than that on PS-DVB, experiments
recoveries were expected to be due to partial saturation of thewere performed on 0.5 gigsilica cartridges to avoid saturation
sorbent bed by coffee material, thereby leading to losses of of the sorbent bed by the coffee material. As indicate@ldhle
PAHSs. To validate this assumption, the sample that had been2, quantitative recoveries of the three tested PAHs could be
passed through a first SPE cartridge was further submitted toachieved. Besides, due to their lower retention on this sorbent,
another SPE. As shown ifable 1, significant recoveries were ~ PAHs were mainly recovered in the first fraction. However, a
found in the first elution fraction, ranging from 9.9 to 14.3% poor repeatability was unexpectedly found, with RSDs ranging
depending on the elution solvent. However, recoveries remainedfrom 10 to 20%.
nonquantitative for the less retained compound, fluoranthene. For comparison, additional experiments were then performed
Therefore, additional experiments were performed with a on Gg-silica cartridges, using the conditions reported in a
reduced sample volume (i.e., 30 mL instead of 50 mL). As previous study (19). For that purpose the cartridges were
indicated in Table 1, quantitative recoveries could thus be conditioned with 3 mL of eluting solvent, % 3 mL of
achieved for the three investigated PAHs. Besides, it is methanol, and 3 mL of water. Retained PAHs were further
interesting to note that quantitative recovery of fluoranthene eluted with 3 mL of eluting solvent. Diethyl ether was tested at
could be achieved in the first fraction. Indeed, it seems that first, as proposed in the method of Kayali et 4R), even though
this compound is less retained than the other two on the PS-this solvent is not usually recommended for reversed-phase SPE.
DVB copolymer and that it is eluted out of the cartridge when The obtained extracts were concentrated to dryness under a
the sample volume is excessive. This is in agreement with the gentle stream of nitrogen, and the solid residue was redissolved
lower hydrophobic character of this compound as compared to in 0.5 mL of methanol (the solvent was changed because diethyl
the other two investigated PAHs. However, reducing the sample ether is not miscible with water present in the HPLC mobile
volume is not desirable, as this will reduce the overall limits of phase). With a spiked coffee brew sample of 100 mL (i.e., 93
detection and quantification of the method. In addition, two mL of coffee brew plus 7 mL of methanol as suggested in ref
successive SPE steps were still required, as nearly 20% 0f19), unacceptable recoveries were found, values ranging from
benzo[b]fluoranthene and benzo[a]pyrene passed through thel8 to 27% depending on the PAH. Similar values were obtained
first cartridge. with spiked water samples under the same conditions, indicating
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Table 3. Influence of a Rinsing Step before Elution?

coffee, Ethiopia

coffee, Colombia lot 03-259; coffee, Colombia lot 03-259;
water rinsing MeOH rinsing water rinsing MeOH/water 50:50 rinsing MeOH rinsing
mean recovery (%) RSD (%) mean recovery (%) RSD (%) recovery? (%) recovery? (%) recovery? (%)

Adsorption

Fluo nd nd nd nd nd nd nd

BbF 3.6 189 2.1 14 35 3.9 2.9

BaP 39 13.8 25 3.6 42 4.5 3.7
Fraction 1

Fluo 61.6 52 67.7 5.0 57.3 56.0 63.4

BbF 72.1 58 66.0 2.6 62.3 57.5 61.8

BaP 69.8 6.0 64.1 1.9 63.1 56.5 66.4
Fraction 2

Fluo 13.0 20.2 10.2 6.9 9.9 11.9 8.4

BbF 13.7 13.7 8.1 104 16.1 125 9.4

BaP 15.7 11.9 114 2.8 19.1 15.8 8.8
Fraction 3

Fluo nd nd nd nd nd nd nd

BbF 33 39.2 2.8 335 2.7 22 24

BaP 45 30.3 6.0 86.1 37 34 24

Total Fractions

Fluo 74.6 4.3 77.8 34 67.2 67.9 719

BbF 89.1 2.2 7.7 2.9 81.1 72.2 73.6

BaP 90.1 1.3 81.9 57 85.8 75.7 77.6

@ Experimental conditions: PS-DVB, 0.5 g; spiked coffee brew (50 mL); rinsing (5 mL); elution with MeOH/THF 10:90 (v/v) (fractions of 2 mL). HPLC conditions:
Supelcosil LC-PAH column (250 x 4.6 mm i.d., 5 um); gradient, acetonitrile/water (60:40, v/v) for 5 min, 25 min ramp to 100% acetonitrile, acetonitrile for 15 min; total flow
rate, 1.5 mL min~?; detection, fluorescence. nd, not detected. © For this coffee, only one experiment was conducted for each rinsing solvent.

Table 4. Application to Several Spiked Coffee Brew Samples?

coffee 1a, Arabica coffee 2, Arabica
blended LO blended LO Colombia Colombia Colombia
lot P6 18-09-04%; lot P6 18-09-04; lot 03073 10/2003; lot 03073 12/2003; lot 03073;
extract, 2 mL concentrated, 0.5 mL extract, 2 mL extract, 2 mL concentrated, 0.5 mL
mean mean mean mean mean
recovery (%) RSD (%) recovery (%) RSD (%) recovery (%) RSD (%) recovery (%) RSD (%) recovery (%) RSD (%)
Adsorption
Fluo nd nd nd nd nd nd nd nd 2.2 105
BbF 31 1.9 1.7 275 3.0 17.3 4.1 20.2 2.8 16.3
BaP 2.6 9.6 15 32.8 2.9 23.0 4.9 22.9 2.8 159
Fraction 1
Fluo 79.4 4.0 70.0 55 62.7 134 65.0 23.8 95.5 5.0
BbF 71.2 6.3 65.9 56 64.3 2.1 738 10.8 63.0 30.8
BaP 742 1.9 69.1 3.0 65.5 4.3 787 87 733 32.6
Fraction 2
Fluo 17.2 176 14.0 30.8 28.9 15 16.5 9.1 4.6 90.4
BbF 14.7 4.2 17.0 35.0 23.6 21.2 18.4 11.0 0.6 428.1
BaP 17.3 0.6 19.9 284 30.3 18.7 21.0 4.7 3.0 715
Fraction 3
Fluo nd nd nd nd nd nd nd nd nd nd
BbF 24 56 nd nd 2.9 25.6 3.8 26.3 2.4 48.6
BaP 3.8 68.1 1.3 42.3 3.9 35.9 55 14.8 3.2 30.9
Total Fractions
Fluo 96.7 6.0 84.0 85 91.6 9.6 815 17.3 105.6 1.0
BbF 88.4 5.1 82.9 9.9 90.7 57 96.1 59 79.5 19.9
BaP 95.4 1.3 90.2 82 99.8 4.7 105.2 5.1 92.8 225

@ Experimental conditions: spiked coffee brew (50 mL); PS-DVB, 0.5 g; elution with MeOH/THF 10:90 (v/v) 3 x 2 mL. HPLC conditions: Supelcosil LC-PAH column (250
x 4.6 mm i.d., 5 um); gradient, acetonitrile/water (60:40, v/v) for 5 min, 25 min ramp to 100% acetonitrile, acetonitrile for 15 min; total flow rate, 1.5 mL min~1; detection,
fluorescence. ? For this coffee, nonspiked coffee brew was not analyzed.

no particular matrix effect in that case. Increasing the elution recoveries were quite surprising, as Kayali et al. reported
volume (e.g., 3x 3 mL diethyl ether) slightly increased the recoveries ranging from 11 to 111% depending on the concen-
recoveries, but overall they remained below 40%. Besides, tration tested and the PAH considered. However, in the study
adding a step of washing the cartridge with water before elution of Kayali et al., recoveries are directly based on spiked coffee
of the PAHs did not improve the recoveries. These poor brew samples, without taking into account the native PAHs
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Table 5. Application to the Determination of PAHs in Several Coffee Brew Samples?

coffee 1b, Arabica coffee 1c, Arabica coffee 1d,’ Arabica
blended LO blended LO blended LO coffee 2, Arabica coffee 3, Arabica
lot P5 31-12-03 07:37; lot P6 18:26; lot P5 12:26; Colombia; Ethiopia;
n= 26 extract 2 mL n=3; extract 2 mL n=2; extract 2 mL n=3; extract 2 mL n=3; extract 2 mL
mean concn mean concn mean concn mean concn mean concn
(ngL™h RSD (%) (ng L™ RSD (%) (ngL™h RSD (%) (ng L™ RSD (%) (ngL™h RSD (%)
Fraction 1
Fluo nd nd nd nd nd nd nd nd nd nd
suspected BbF 38.4 317 24.0 29.8 75.8 44.0 nd nd nd nd
suspected BaP 65.3 544 34.1 54.6 nd nd nd nd nd nd
Fraction 2
Fluo nd nd nd nd nd nd nd nd nd nd
suspected BbF 28.2 23.1 11.1 16.3 139 51 nd nd nd nd
suspected BaP 304 37.2 8.9 91.1 nd nd nd nd nd nd
Total Fractions
Fluo nd nd nd nd nd nd nd nd nd nd
suspected BbF 66.6 28.0 35.1 20.1 89.7 38.0 nd nd nd nd
suspected BaP 95.7 48.9 429 61.6 nd nd nd nd nd nd

@ Experimental conditions: nonspiked coffee brew (50 mL); PS-DVB, 0.5 g; elution with MeOH/THF 10:90 (v/v) 2 x 2 mL. HPLC conditions: Supelcosil LC-PAH column
(250 x 4.6 mm i.d., 5 um); gradient, acetonitrile/water (60:40, v/v) for 5 min, 25 min ramp to 100% acetonitrile, acetonitrile for 15 min; total flow rate, 1.5 mL min~1;
detection, fluorescence, except ? PS-DVB, 0.2 g; elution with MeOH/THF 10:90 (v/v) 2 x 2 mL. ¢ Number of samples analyzed.

initially present in the coffee brew, so that their recoveries may  First, it is important to note that, whereas in the presence of
be overestimated. Besides, with their highest concentration testednethanol added to the coffee brew minimization of adsorption
(still below our spiking concentration), they found a mean onto glass walls could be achieved &%), this was not the
recovery of 49%, with only 25% recovery for benatgyrene, case for the water samples. Despite the similar addition of
which is quite unsatisfactory. methanol, significant adsorption was found, ranging from 0 to
Consequently, we tested other eluting solvents to improve 8.8% for fluoranthene and from 16.1 to 22.8% for the other
recoveries: acetone, acetonitrile, acetonitrile/THF 75:25 (v/v), two compounds. In fact, this could be attributed to a better
and methanol/THF 75:25 (v/v). These solvents offer the solubility of PAHs in coffee brew as compared to water, possibly
advantage of being miscible with the HPLC mobile phase, so due to the presence of coffee material such as caffeine, which
that simple concentration of the extracts to nearly 0.5 mL (under has been reported to complex PAHS (22). In practice, these
a gentle stream of nitrogen) was performed before injection into adsorption effects were taken into account to estimate the real
the HPLC system. Acetone was found to be nonselective, with SPE recoveries.
highly colored extracts obtained. In fact, this nonselectivity can  Second, recoveries observed after the first SPE step on 0.2 g
be attributed to its elevated elution strength on reversed-phaseof PS-DVB were higher for the spiked water (from 86.7 to
sorbents (¢°= 8.8 on Ggsilica). As no cleanup step was 88.6%) than for the spiked coffee brew (from 65.1 to 75.6%)
desirable after the SPE to reduce the overall analysis time asusing the same elution solvent MeOH/THF 20:80 (Sable
well as to avoid possible losses or contaminations, this solvent1). This result is consistent with partial saturation of the sorbent
was not further used. With regard to the other solvents tested,bed by the coffee material, leading to a lower retention of PAHs
quite similar results were obtained, but still with nonquantitative on the sorbent. This clearly shows that 0.5 g of PS-DVB should
recoveries (data not shown). Therefore, it appears that thebe preferred to 0.2 g of PS-DVB for that application. With
conditions found in our study, namely, 50 mL of sample and spiked water passed through the 0.5 g PS-DVB cartridge, mean
MeOH/THF 10:90 (v/v) as the elution solvent, are best suited recoveries were 86.6& 7.8, 92.1+ 4.6, and 82.3+ 2.9% for
for quantitative recoveries of traces of PAHs in coffee brew fluoranthene, benzo[b]fluoranthene, and benzo[a]pyrene, re-
using 0.5 g Gg-silica cartridges (mean recoveries from 93.5 to spectively (seelable 2). Near 5—10% losses were observed,
104.7%). possibly due to incomplete elution of the retained compounds,
Nevertheless, our results (s€able 2) clearly show that PS-  as this is consistent with the highest lost for the more retained
DVB should be preferred to fgsilica to achieve acceptable PAH, benzo@]pyrene. With spiked coffee brew, mean recover-
repeatability (RSDs ranging from 1.3 to 6.0% for 0.5 g of PS- ies were 96.7+ 14.4, 88.4+ 11.2, and 95.4t 3.1% for
DVB and from 10.7 to 17.8% for 0.5 g of;gsilica). fluoranthene, benzo[b]fluoranthene, and benzo[a]pyrene, re-
Influence of Coffee Matrix. Recoveries from Spiked Water spectively, showing quite similar results for the first two
SamplesAs coffee brew samples were brown, with numerous compounds and enhanced recovery for bealpgfene. In fact,
materials extracted from the milled coffee (especially hydro- recoveries were higher in the first fraction as compared to spiked
phobic compounds), the effect of these interfering compounds water. A possible explanation is that the solid sorbent is partially
was studied. It was previously shown that partial losses were saturated with coffee material, leading to the PAHs being more
found after a single SPE on 0.2 g PS-DVB cartridges, possibly easily eluted from the cartridge. Another hypothesis is that PAHs
due to saturation of the sorbent bed by coffee material. associate with coffee material and are thus more eluted with
Therefore, similar experiments were performed with Milli-Q coffee material in the first fraction.
water passing through the cartridge and initially spiked with  Addition of a Rinsing Step before Elutiorhe effect of adding
PAHSs as for the coffee brew. Results are presentethinles a rinsing step before elution of the PAHs has been tested, with
1 and2 for the 0.2 g PS-DVB and 0.5 g PS-DVB cartridges, the objective of reducing matrix material coextracted in the final
respectively. extract while keeping quantitative recoveries for PAHs. Water,
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Table 6. Performance of the Proposed Method for the Determination of PAHs?

instrument linearity analytical analytical method method
PAH range® (ug L) regression curve® r2 LOD? (ug LY LOQY (ug LY LOD® (ng LY LOQe (ng LY
Fluo 2.5-50 y = 34297x + 68645 0.9981 2.49 8.3 9.96 332
BbF 0.4-50 y=165129x — 15240 0.9993 0.33 111 1.32 4.44
BaP 0.4-50 y=276881x — 21141 0.9993 0.19 0.63 0.76 2.52

@HPLC conditions: Supelcosil LC-PAH column (250 x 4.6 mm i.d., 5 «m); gradient, acetonitrile/water (60:40, v/v) for 5 min, 25 min ramp to 100% acetonitrile, acetonitrile
for 15 min; total flow rate, 1.5 mL min~%; detection, fluorescence. ? Based on (n = 12) determinations in the range of 0.4-50 ug L% (0.4, 1, 2, 2.5, 3,5, 5, 8, 10, 20, 25,
35, 50 ug L71). ¢y = peak area; x = concentration (ug L=1). ¢S/N = 3 for LOD and 10 for LOQ, based on the analysis of blanks (n = 7). € Estimated LOD and LOQ
for the whole method, assuming a coffee brew volume of 50 mL and the final concentration of the extract to 0.2 mL.

water/MeOH 50:50 (v/v), and MeOH have been tested. Results (@)
are presented iifable 3. Our results give evidence of partial
elution of the PAHs during the rinsing step, especially for the
less retained compound fluoranthene; therefore, no rinsing step
was further performed.

Recoveries from Seral Spiked Coffee Brew Samples.
Coffees from different origins (blended coffee, Colombia,
Ethiopia) and differents lots have been spiked and SPE extracted
using the selected conditions, with a view of testing the
reproducibility of the method. As shown Trable 4, satisfactory
recoveries were obtained, ranging from 81.5 to 105.2%. To I R e e R R R
improve the reproducibility and the accurracy, it should be Time (min)
preferred to recombine the three 2 mL fractions and then analyze
the final extract after concentration. This would avoid the
analysis of traces of PAHSs in the third fraction and reduce the
error on the final result. Also, this would lead to only one
analysis, thus reducing the time for obtaining results. However,
in our study we analyzed separately the three fractions for a
better understanding of PAH behavior during the SPE step.

To enhance sensitivity, concentration of the final extract to
~0.2-0.5 mL is also feasible. As shownrable 4, satisfactory

) . BbF
jw//N‘J \\ BaP

PO, TR N, T 4

EO TR . N

recoveries could still be obtained despite possible slight losses ARAE SRREE IARRF RRREARARE SR AEARAE SRARE MR
of PAHs during the solvent evaporation, especially the most Time (min)
volatile compounds. ©

Application to Several Coffee SamplesFinally, the SPE ”

method has been used for the determination of PAHSs in wadpe)
nonspiked coffee brew samples. Our experiments (sd#e
5) clearly show a high variability of the PAH content of the =
coffee samples. Hence, no traces of the PAHs could be detected <
in the coffees from Colombia and Ethiopia, whereas traces of -
PAHs were suspected in the blended coffee. Typical chromato- =%
grams obtained using the HPLC-FLD system are presented in
Figure 2. No fluoranthene could be detected, whereas this
compound has previously been reported in coffee brew samples_. . -
at concentrations ranging from 0.74 to 2.27 ng [(19). In fact, E'gl:e 21'0 Exal_rr_mgl)!esf typll(ci: c2hrom|fi1t_olgrar?fs Ok;)tam?d' (@) Star.]sa(;d thf;ee

this could be attributed to the lack of sensitivity of our method brewS’HPIfth con(’ii(tio)n?l Si élcg‘sg” y C)-;/?‘Heiolﬂvﬁ (((:2)520252' eem:;oi Ze

for this compound as indicated Trable 6, leading to an overall 5 . dient. acet "t i '7 er (60-40. vV} for 5 min. 25 . 't"

limit of detection (LOD) of the proposed method near 10 ng ”T)‘ gracien’, acetonitrie/wa er (60: . ’.VV) or> min, 25 min ra”?p_f

L~ in the coffee brew sample. On the other hand, for benzo- éO;)Azt.aceﬁ)mtnle, acetogETg for 1§2$g11,0total'ﬂ1%v!2rgte,.1.23r8/|;$m !
[b]fluoranthene and benzo[a]pyrene, acceptable LODs were ngggo:{in ugg%jzggcﬁng) min, nm; min, nm;
estimated for the method, with estimated values of 1.32 and ' ’

0.76 ng L1, respectively (sedable 6). Traces of benzb]- the 20uL injection loop by a 5Q«L injection loop in the HPLC
fluoranthene and benzgpyrene were suspected in the analyzed system could also contribute to the achievement of lower LOQs.
coffee brew samples, with suspected concentrations in the range Also, we assumed that traces of PAHs in our samples may
of 0—95.7 ng L%, as compared to-010 ng L! frequently have been overestimated due to coeluting compounds. Therefore,
reported in other studies. The nonquantitative recoveries of thewe tried to identify the PAHs by comparing the UV spectra
methods used in other studies may partially explain these obtained after HPLC-DAD analysis of the coffee brew samples
differences. Besides, traces were near the limits of quantification and PAH standards. Typical chromatograms and UV spectra
(LOQ) of the method, so that the accurracy of our results is are given inFigure 3. Despite concentration of the final extract
poor. Larger sample volumes (such as 100 mL) may be to ~0.2—0.5 mL, the peaks found were near the LOD.
considered to lower the LOQs, but in this case caution must be Comparison of the UV spectra of the observed peaks with those
taken to avoid losses during the SPE step. The replacement ofof the PAH standard revealed no similarity, thus avoiding

Nonspiked coffee

Standard 10 pg L

\

BbF ?" BaP?

a

Time (min)
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Figure 3. Chromatograms (254 nm) of a 16 PAH standard and a
nonspiked coffee brew and UV spectra of selected PAHs: (a) standard
16 PAHSs, 25 ug L™%; (b) nonspiked coffee brew (lot P5 31-12-03 07:37).
HPLC conditions: Supelcosil LC-PAH column (150 x 3.0 mm i.d., 5 um);
gradient, acetonitrile/water (40:60 vi/v) for 4 min, 11 min ramp to 100%
acetonitrile, acetonitrile for 10 min; flow rate, 0.8 mL min—%; detection,
UV (254 nm).

identification of the PAHSs, even though addition of spiked PAHs
to these extracts confirmed the peak attributions. In fact, we
could observe that the coffee matrix had a strong influence on
the PAH spectra, as the UV spectra of PAH spiked directly to
the extract were not similar to those of the standard. Further
experiments need to be conducted to better study the effect of
coffee matrix, to possibly enable further PAH identification in

the extracts.

From Table 5it is interesting to note the great differences
obtained for lots of the same origin. This points out the necessity
of regular analysis to determine the PAH content of the coffee
brews. Also, further studies need to be conducted to see if these
variations could be attributed to the roasting step conditions

(such as temperature and time).

Conclusion. A simple and rapid solid-phase extraction
method has been developed and applied to the determination

Houessou et al.

of PAHs in coffee brew, namely, fluoranthene, bergo[
fluoranthene, and benzo[a]pyrene. This method involves pre-
concentration of the compounds on 0.5 g PS-DVB cartridges,
elution with methanol/THF 10:90 (v/v), concentration of the
final extract, and HPLC-FLD analysis. Acceptable recoveries
(from 79.5 to 105.6%) were obtained from several spiked coffee
brew samples, with satisfactory repeatability, and as low as 0.76
ng L~! of benzo[a]pyrene could be detected in coffee brew. In
the case of nonspiked coffee brew samples, traces of PAHs were
suspected and estimated, but identification based on UV spectra
was hindered due to matrix effects.

SAFETY

Due to the high toxicity of PAHs as well as the use of organic
solvents, special attention must be taken during all experiments.
Gloves must be used, and experiments must be conducted under
a fume hood.

ABBREVIATIONS USED

ACN, acetonitrile; BaP, benza]pyrene; BbF, benzdffluo-
ranthene; FLD, fluorometric detection; Fluo, fluoranthene;
HPLC, high-performance liquid chromatography; LOD, limit
of detection; LOQ, limit of quantification; MeOH, methanol;
PAH, polycyclic aromatic hydrocarbon; PS-DVB, polystyrene
divinylbenzene; RSD, relative standard deviation; SPE, solid-
phase extraction; THF, tetrahydrofuran.

LITERATURE CITED

(1) Santodonato, J. Review on the estrogenic and antiestrogenic
activity of polycyclic aromatic hydrocarbons: relationship to
carcinogenicity Chemospherd 997,34, 835—848.

(2) Moret, S.; Conte, L.; Dean, D. Assessment of polycyclic aromatic
hydrocarbon content of smoked fish by means of a fast HPLC/
HPLC methodJ. Agric. Food Chem1999,47, 1367—1371.

(3) Kazerouni, N.; Sinha, R.; Hsu, C.-H.; Greenberg, A.; Rothman,
N. Analysis of 200 food items for benzjpyrene and estimation
of its intake in an epidemiologic studyood Chem. Toxicol.
2001,39, 423—436.

(4) Garcia Falcon, M. S.; Gonzalez Amigo, S.; Lage Yusty, M. A,;
Lopez de Alda Villaizan, M. J.; Simal Lozano, J. Enrichment
of benzo[a]pyrene in smoked food products and determination
by high-performance liquid chromatography-fluorescence detec-
tion. J. Chromatogr. A1996,753, 207—215.

(5) Jarvenpaa, E.; Huopalahti, R.; Tapanainen, P. Use of supercritical
fluid extraction-high performance liquid chromatography in the
determination of polynuclear aromatic hydrocarbons from smoked
and broiled fishJ. Lig. Chromatogr. Relat. Techndl996, 19,
1473—-1482.

(6) Chiu, C. P.;Lin, Y.S.; Chen, B. H. Comparison of GC-MS and
HPLC for overcoming matrix interferences in the analysis of
PAHSs in smoked foodChromatographial997,44, 497—504.

(7) Pupin, A. M.; Toledo, M. C. F. Benza]pyrene in Brazilian
vegetable oilsFood Addit. Contam1996,13, 639—646.

(8) Rivera, L.; Curto, M. J. C.; Pais, P.; Galceran, M. T.; Puignou,
L. Solid-phase extraction for the selective isolation of polycyclic
aromatic hydrocarbons, azaarenes and heterocyclic aromatic
amines in charcoal-grilled meal. Chromatogr. A1996, 731,
85—94.

(9) Husain, A.; Naeemi, E.; Dashti, B.; Al-Omirah, H.; Al-Zenki,
S. Polycyclic aromatic hydrocarbons in food products from
locally reared animals in Kuwaifood Addit. Contam1997,

14, 295—-299.

(10) Lodovici, M.; Dolara, P.; Casalini, C.; Ciappellano, S.; Testolin,
G. Polycyclic aromatic hydrocarbon contamination in the Italian
diet. Food Addit. Contam1995,12, 703—713.

(11) Liu, X.; Korenaga, T. Dynamics analysis for the distribution of
polycyclic aromatic hydrocarbons in ricé. Health Sci.2001,

47, 446—451.



PAHs in Coffee Brew J. Agric. Food Chem., Vol. 53, No. 4, 2005 879
(19) Kayali-Sayadi, M. N.; Rubio-Barroso, S.; Cuesta-Jimenez, M.

(12) Wang, G.; Lee, A. S.; Lewis, M.; Kamath, B.; Archer, R. K.
P.; Polo-Diez, L. M. A new method for the determination of

Accelerated solvent extraction and gas chromatography/mass

spectrometry for determination of polycyclic aromatic hydro-
carbons in smoked food samples.Agric. Food Chem1999,
47, 1062—1066.

(13) Shatta, A. A. Polycyclic aromatic hydrocarbons in #sde. Food
Sci. 1999,21, 170—176.

(14) Grova, N.; Feidt, C.; Crepineau, C.; Laurent, C.; Lafargue, P.
E.; Hachimi, A.; Rychen, G. Detection of polycyclic aromatic
hydrocarbon levels in milk collected near potential contamination
sourcesJ. Agric. Food Chem2002,50, 4640—4642.

(15) Tamakawa, K.; Kato, T.; Oba, M. Polycyclic aromatic hydro-
carbons. InHandbook of Food Analysidst ed.; Nollet, L. M.

L., Ed.; Dekker: New York, 1996; Vol. 2, pp 1641663.

(16) Kruijf, N. de; Schouten, A.; Van der Stegen, G. H. D. Occurrence
of benzo[a]pyrene in roasted coffee, instant coffee and coffee
brew. Cafe Cacao Thd 987,31, 151—154.

(17) Hischenhuber, C.; Stijve, T. Determination of bemdpyrene
in roasted coffee and coffee brews by HPLC with fluorescence
detection.Dtsch. Lebensm. RundsctP87,83, 1-4.

(18) Maier, H. G. Carcinogenic compound content in coffee beans.

Cafe Cacao Thd 991,35, 133—142.

selected PAHSs in coffee brew samples by HPLC with fluori-
metric detection and solid-phase extractidnliq. Chromatogr.
Relat. Technol1999,22, 615—627.

(20) El Harrak, R.; Calull, M.; Marcé, R. M.; Borrull, F. Determi-
nation of polycyclic aromatic hydrocarbons in water by solid-
phase extraction membrandst. J. Erviron. Anal. Chem1996
64, 47-57.

(21) Borrull, F.; Marcé, R. M. Polycyclic aromatic hydrocarbons.
Solid-phase extraction. IEncyclopedia of Separation Science
Wilson, I. D., Adlard, E. R., Cooke, M., Poole, C. F., Eds.;
Academic Press: London, U.K., 2000; Vol. 8, pp 3867
3877.

(22) Moret, S.; Conte, L. S. Polycyclic aromatic hydrocarbons in
edible fats and oils: occurrence and analytical methdds.
Chromatogr. A2000,882, 245—253.

Received for review August 16, 2004. Revised manuscript received
November 17, 2004. Accepted November 18, 2004.

JF048633A



