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Faculty of Chemistry
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28040 Madrid, Spain

ABSTRACT

A rapid analytical method is proposed for the determination of
PAHs (fluoranthene, pyrene, benzo[a]anthracene, chrysene,
benzo[e]pyrene, benzo[a]pyrene, dibenzo[a,h]anthracene and
benzo[g,h,i]perylene) in coffee brew samples. The method is based
on solid phase extraction with Sep-Pak Vac tC-18 cartridges and
elution with ethyl ether. The extracts were analyzed by RP-HPLC
with a Green PAH column and fluorescence detection under an
acetonitrile-water mobile phase gradient. Some PAHs were detected
in the samples studied and their mean contents were 1.65-2.87 ng/L
coffee brew. The relative standard deviations were in the range 2-
13% for four replicates.
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INTRODUCTION

Polynuclear aromatic hydrocarbons (PAHSs) are toxic compounds. Due to
their carcinogenic power, they have been included in the European Community
(EC) and the Environmental Protection Agency (EPA) priority pollutant lists.
These compounds are known to be present in the atmosphere, water, sediments,
tobacco smoke, and food. The presence of PAHs in environmental samples such as
water, sediments, and particulate air has been extensively studied but food samples
have received much less attentidnThe presence of PAHs in foods is due both to
deposition of PAHs containing particles from the air on the surface of plants, and
the pollution resulting from manufacture processes such as drying, roasting, or
smoking**

The analytical procedures most often used for PAHs determination in foods
are based, according with the sample type, on previous treatment with potassium or
sodium hydroxide in ethanol-wat@r* followed by liquid-liquid extraction (LLE)
with organic solvents such as cyclohexane, heXdii@r solid phase extraction
(SPE) on alumina, silica, or,£cartridges®* Supercritical-fluid extortion (SFE)
has also been us&l. When necessary, a clean-up step is carried out by column
chromatography***'*® Eluted fractions from the column are analyzed by gas
chromatography (GC) with flame ionization or mass spectrometry det€ctoifs,
or reverse phase high performance liquid chromatography (RP-HPLC) with
spectrophotometric (UV) or fluorometric (FL) detectiér>*°Regarding coffee
samples, scarce data are available and they are mainly related to benzo[a]pyrene
determination in coffee brew; the procedure used for sample preparation is based
on liquid-liquid extraction (LLE) with cyclohexane followed by a clean-up on silica
gel columm.”?°

In this paper we present a simple method for the PAHs determination based
on solid phase extraction (SPE) of the coffee brew sample, and RP-HPLC with
fluorometric detection. The method was applied to several types of coffee samples
available commercially, prepared by different manufacture processes.

EXPERIMENTAL

Chemicals
Solvents and PAHs

Analytical standard PAHs from Sigma (St. Louis, MO) and HPLC grade
solvents: acetonitrile and methanol from Carlo Erba; (Milan, Italy) were used.
Other solvents and chemical reagents were also of HPLC purity. Purified water
was obtained using a Milli-Q apparatus from Millipore (Milford, MA).
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Standard solutions

Stock solutions containing 25.5, 295, 152, 83.1, 208, 59.5, 84.1, and 35.4
pg/mL of fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[e]pyrene,
benzo[a]pyrene, dibenzo[a,h]anthracene and benzo[g,h,i]perylene, respectively,
were prepared by dissolving the solid standards in methanol. These solutions were
stored in glass bottles under refrigeration°&.4Diluted individual standards were
mixed at different concentrations according to their sensitivities to fluorometric
detection.

Apparatus and materials

The HPLC system consisted of the following components: a Milton-Roy
CM4000 high-pressure-gradient pump (Rivera Beach, FL); a Rheodyne 7125 valve
with a 20 uL loop injector (Cotati, CA); a Perkin Elmer LS 30 luminescence
spectrometer (Norwalk, CT) and a Milton Roy Cl 4100 integrator. The Hypersil
Green PAH (100x4,6mm), 5 um particulate size column by Shandon (England)
was thermostatized in a P-Selecta Precisterm bath (Barcelona, Spain) which was
used to maintain the column temperature at 22+1Sep-Pak Va€-18 (500 mg,
Waters; Milford, MA) cartridges were used to extract the PAHs from coffee brew
samples. A vacuum flask (1000 mL, Pobel; Madrid, Spain) and separatory funnels
(250 mL, Pobel), a Barna Vacio vacuum pump and a Visiprep solid phase
extraction vacuum manifold from Supelco (Bellefonte, PA) were also used. All
PAHSs solutions were prepared using a P-Selecta ultrasonic bath. Solvents used to
prepare the mobile phase and sample eluates were filtered through Lida nylon
membrane filters with 0.45 pm pore size (Gelman Sciences, Ann Arbor, Ml) and
MFS-13 PTFE membrane filters with 0.5 um pore size (MFS, Dublin, CA). The
coffee brew samples were obtained with a Moulinex electric coffee maker.

Coffee samples

Milled coffee samples were those available at the supermarket, prepared by
different manufacturing processes; torrefied coffee (coffee roasted in the presence
of sugar) three samples, roasted coffee, decaffeinated and green.
Procedures
Sample preparation

The aqueous coffee brew samples were obtained using an electric coffee
maker equipped with a paper filter. In all cases, 50 g of commercial milled coffee
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were treated by passing 300 mL of water during 5 minutes. The samples were
stored in amber bottles at@ and were analyzed within 24 hours of collection.
Afterwards, 93 mL of the coffee brew and 7 mL of methanol were mixed in a glass
flask by sonication, and then the PAHs were extracted using Sep-Pak-VY&c
cartridges at a flow rate of 10 mL/min. The cartridges were dried for 5 minutes
using the vacuum system.

The adsorbed PAHs were eluted first with 3 mL and then with 1 mL of ethyl
ether at a flow rate of 0.8 mL/min. The cartridges were firstly cleaned with 3 mL
of ethyl ether, then conditioned with 3 mL of methanol, twice, and finally with 3
mL of Milli-Q water.

Recoveries were determined from 100 mL coffee brew:methanol (93:7)
samples spiked with the PAH mixture, in the range 3.67-867 ng/L. The eluate was
collected in a small graduated glass tube and the solvent was evaporated to near
dryness in the vacuum manifold system; for this purpose, the tube was placed in a
water glass vessel at®2 The residue was redissolved in 0.5 mL of methanol in
the ultrasonic bath for 5 minutes. This solution was filtered through a PTFE
membrane filter and then analyzed by RP-HPLC. The PAHs were identified by
means of their retention times and quantified by applying the calibration procedure.

Calibration

External calibration graphs at five concentration levels were prepared from
standard solutions containing the PAHs in the range 0.734-173 ng/mL. The
acetonitrile-water mobile phase gradient specified in Table 1 was employed with a
flow rate of 1 mL/min at 2ZC using the program of six excitation and emission
wavelength pairs indicated in Table 2. The mobile phase was degassed with
helium. The peak areas were used for their quantitation.

RESULTS AND DISCUSSION

Preliminary Studies

In order to identify the PAHs present in coffee brew samples, the procedure
specified in literaturewas applied and retention factors were used for PAHs
identification. These studies show the presence of eight PAHSs: fluoranthene,
pyrene, benzo[a]anthracene, chrysene, benzo[e]pyrene, benzo[a]pyrene,
dibenzo[a,h]anthracene, and benzo[g,h,i]perylene. On the other hand these PAHs
were confirmed by gas chromatography-mass spectrometry.
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Table 1

Linear Gradient of the Mobile Phase

Time, Min Acetonitrile, % Water, %
0.0 50 50
3.0 50 50

25.0 85 15
28.0 100
Table 2

Program of Excitation and Emission Wavelength Pairs

Detected Compound* Time, s AexnM Aem, NM
1. Fluoranthene 0 285 465
2. Pyrene 1020 270 390
3. Bla]a, 1350 270 384
4. Chrysene
5. Blelp 1650 290 390
6. Blalp 1800 295 405
7. Db[a,h]a, 2070 290 418
8. B[g,h,i]p

* B[a]a, Benzo[a]anthracene; B[e]p, Benzo[e]pyrene; B[a]p, Benzo[a]pyrene;
Db[a,h]a, Dibenzo[a,h]anthracene; B[g,h,i]p, Benzo[g,h,i]perylene.

Optimization of the Chromatographic Characteristics

Mobile phases acetonitrile or methanol-water were tested in the ranges 50-
100% and 70-100% respectively, at a flow rate of 1 mL/min; the best results were
obtained by using a mobile phase based on acetonitrile-water; the gradient specified
in Table 1 was used. In order to attain maximum sensitivity, the program of
excitation and emission wavelength pairs specified in Table 2 was UEgdre 1
shows a chromatogram of the standard PAHs mixture.

Analytical Characteristics for Standards

Standard PAH solutions were analyzed in the range 0.734-173 ng/mL. The
correlation coefficients were higher than 0.996 in all cases. Table 3 sumrtieizes
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Figure 1. Chromatogram of a standard mixture of eight PAHs. Conditions: Hypersil Green
PAH (100 x 4.6 mm) column; Temperature, °Q2 Mobile phase, gradient of
acetonitrile/water, see Table 1; Flow-rate, 1 mL/min; Fluorimetric detection, see Table 2;
Injection volume, 20 pL. Peaks: 1, fluoranthene; 2, pyrene; 3, B[a]a; 4, Chrysene; 5, B[e]p; 6,
Bla]p; 7, Db[a,h]a; 8, B[g,h,i]p.

Table 3

Analytical Characteristics

Range of
Linearity C RSD,**  LD,*** RSD,**
PAH ng/mL*  ng/mL % ng/mL k %
Fluoranthene 1.07-26.6 16 3.0 0.021 214 0.51
Pyrene 2.40-60.0 36 10 0.17 23.1 1.0
B[a]a 1.80-45.0 27 6.0 015 30.4 0.86
Chrysene 1.53-38.4 23 6.0 0.10 322 0.81
Ble]p 6.94-173 104 8.0 041 36.3 0.69
Bla]p 0.734-18.4 11 5.0 0.035 41.3 0.36
Dbla,h]a 4.14-103 62 4.0 0.19 443 0.40
B[g,h,ilp 2.34-58.4 35 10 0.17 45.0 0.39

* Studied range. ** Relative Standard Deviation (n=4). *** Detection Limit,
DL = 3S/N.
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analytical characteristics obtained. Relative standard deviations (RSD) at
concentration levels of 11-104 ng/mL, at the middle point of the calibration graphs,
were between 3-10% from four replicates. Detection limits (DL, 3 times the signal-
to-noise ratio) were lower than 0.4 ng/mL; the lowest values were for fluoranthene
0.021 ng/mL and benzo[a]pyrene 0.035 ng/mL. The table also shows the retention
factors of the PAHSs; void time was determined with KN@ mM.

Recovery Study from Coffee Brew Samples Using SPE
Nature and volume of the eluent

100 mL of the coffee brew sample spiked with PAHs in the range 55.1-520
ng/L, were passed directly through tj@&18 cartridge, previously conditioned.
Various solvents such as ethyl ether, methylene chloride, and ethyl ether:methylene
chloride (1:1) were tested for PAH elution. Using 2 mL of these eluents the mean
recoveries were below 50% and these results would not improve greatly by
increasing to 4 mL. This could be attributed to the collapse of thehase,
described for reversed HPLC colufinwhich would decrease the retention
capacity of the cartridge. The effect of the presence of methanol in the coffee brew
sample was studied.

We tested several methanol percentages, in the range 0-10%, in 100 mL of
coffee brew sample spiked with the PAHs. Recoveries increased significantly even
for low methanol contents, the optimum values being obtained using 7% methanol.
Higher percentages yielded poor recoveries; obviously retention decreases because
methanol competes with the active sites of the cartridge. The elution of PAHs from
the cartridge was carried out with 2 mL ethyl ether, with a mean recovery of 64%.

On the other hand, as the recoveries are a function of the number of stages
and eluent volume of the desorption stage, volumes of 2, 3, and 4 mL of ethyl ether
were tested. It was observed that best results were achieved with 3 mL, the mean
recovery being 70%.

Maximum recovery and reproducibility were obtained when elution was
carried out in two stages, firstly with 3 mL and then with 1 mL, collecting the two
fractions in a graduated glass tube; the mean recovery was 78%. A washing effect
seems to appear related with the flow rate and the non-equilibrium of the elution
stage.

In order to eliminate potential interferences retained in the cartridge, the effect
of clean-up was tested passing through the cartridge 1-4 mL of 5% methanol-water
solution. In all cases the recoveries were lower due to the methanol-water elution
power.
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Table 4

Infuluence of PAH Concentration in the Study of PAH Recoveries
from Coffee Brew Samples*

Cy, Ry, Ca, Ro, Cs, Rs, Cs Ra,
PAHs ng/L % ng/L % ng/L % ng/L %
Fluoranthene 5.33 60 26.7 60 80.0 70 133 81
Pyrene 12.0 110 60.0 111 180 102 300 47
Blala 9.00 81 45.0 95 135 81 225 76
Chrysene 7.67 45 38.3 46 115 87 192 42
Blelp 34.7 40 173 38 520 81 867 88
Bla]p 3.67 64 18.4 67 55.1 71 91.8 25
Db[a,h]a 20.7 65 103 65 310 68 517 20
Blg,hilp 117 40 58.3 42 175 67 292 11
Mean recoveries 62 66 78 49

Coffee brew volume: 100 mL; R, %; percentage recovery.
* Mean of four determinations. Relative standard deviations are in the range 3-12%.

Amount of sample and breakthrough volume

As the PAHSs concentrations in coffee is low, the maximum amount of sample
was evaluated. Due to the potential matrix effect, recoveries were determined from
spiked coffee brew samples at PAHs levels close to those expected for
benzo[a]pyrené”®® Firstly, increasing weights of solid coffee samples were
extracted and the volume of the analytical solution was increased accordingly in the
range 50-200 mL to keep the final concentration constant; PAH amounts spiked
were in the range 55.1-520 ng/L. The maximum recovery was obtained from 100
mL solutions of coffee brew sample. Using higher sample amounts or volumes the
recovery decreased.

Secondly, 100 mL of coffee brew samples were spiked with 40, 200, 600, and
1000 pL of PAHs solution with concentration levels between 9.18-86.7 ng/mL.
The PAH concentration and the recoveries found are shown in Table 4. As it can
be seen, the best results were obtained when the PAHs concentrations in the coffee
brew sample were in the range 55.1-520 ng/L; all recoveries were higher than 80%
except for benzo[a]pyrene, dibenzo[a,hlanthracene, and benzo[g,h,i]perylene, the
lower being for benzo[g,h,i]perylene due to its insolubility in water.

The relative standard deviations were in the range 3-12% from four replicate
measurements. The extract volume was adjusted to 0.5 mL. Figure 2 shows a
chromatogram obtained from one of the samples.
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Figure 2. Chromatogram of coffee brew sample number 2 spiked with PAHs in the range
55.1-520 ng/mL. Conditions: Hypersil Green PAH (100 x 4.6 mm) column; Temperature,
22°C; Mobile phase, gradient of acetonitrile/water, see Table 1; Flow-rate, 1 mL/min;

Fluorometric detection, see Table 2; Injection volume, 20 pL. Peaks: 1, fluoranthene; 2,
pyrene; 3, B[a]a; 4, Chrysene; 5, B[e]p; 6, B[a]p; 7, Db[a,h]a; 8, B[g,h,i]p.

Determination of PAHSs in coffee brew samples

Seven coffee brew samples, specified in the experimental section, were
analyzed by applying the proposed method. A chromatogram obtained from a
torrefied coffee brew sample is shown in Figure 3, and Table 5 shows the PAHs
content in these coffee brew samples. The PAHs were confirmed by spiking the
samples with the PAHs detected. As it can be seen the PAHs content depends on
the sample elaboration; for example, decaffeinated and green coffgas mean
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Figure 3. Chromatogram of coffee brew sample number 1. Conditions: Hypersil Green
PAH (100 x 4.6 mm) column; Temperature, °Q2 Mobile phase, gradient of
acetonitrile/water, see Table 1; Flow-rate, 1 mL/min; Fluorometric detection, see Table 2;
Injection volume, 20 pL. Peaks: 1, fluoranthene; 2, pyrene; 3, B[a]a; 4, Chrysene; 6, B[a]p; 7,
Db[a,h]a; 8, B[g,h,i]p.

concentrations, of 1.99 and 1.65 ng/L coffee brew, respectively, and the contents in
torrefied coffee correspond to the higher concentration, 2.87 ng/L loaffee

found in one of the samples. In general, the roast process increases the PAHs
content in the samplésOn the other hand, all the samples contain the most toxic
PAHs, benzo[a]pyrene and dibenzo[a,h]anthracene. The relative standard
deviations were in the range 2-13%, n=4. These results are in good agreement with
available data for benzo[a]pyrene in coffee brew, which are at the level of ng/L;
there are no data in the literature regarding other PAHs.
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Table 5

PAHs Amount in Coffee Brew Samples, ng/L

Torrefied Roasted Decaf. Green
Coffee Coffee Coffee  Coffee
PAH 1 2 3 4 5 6
Fluoranthene 2.27 1.13 1.37 0.74 1.78 0.975
Pyrene 10.9 9.02 6.80 7.77 7.55 7.35
Bla]a 1.21 2.17 2.00 1.25
Chrysene 1.72 1.27 1.38 0.883
Blelp 1.25 1.13
Blalp 3.20 1.60 2.17 2.38 3.40
Db[a,h]a 3.38 3.02 3.02 3.15 2.92
B[g,h.ilp 0.31 0.29 0.41
Mean 2.87 231 1.72 2.10 1.99 1.65

Relative standard deviations, %= 2-13% (n=4). 1-6: Sample number.

In any case, the PAH contents in the samples are below the maximum
permitted limits of 0.2 pg/L in water sampfésOn the other hand, the proposed
method was applied to determine the PAHSs in tap-water as it had been used to
prepare the coffee brew samples; but PAHs were not detected.

CONCLUSIONS

The developed method for the determination of trace amounts of PAHs at
levels of ng/L in coffee brew is more selective, rapid, and economic than those
referred in the literature, based on liquid-liquid extraction; this is due to the use of
solid-phase extraction. All samples analyzed contained benzo[a]pyrene and
dibenzo[a,h]anthracene at levels of ng/L coffee brew. One of the torrefied coffees
was the most polluted; green coffee being the one which resulted in lower levels of
PAHSs.
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