
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 18 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental Analytical Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

Simplified Extraction and Cleanup Procedure for the Determination of
PAHs in Fatty and Protein-Rich Matrices
K. Cejpeka; J. Hajšováa; Z. Jehllčkováa; J. Merhauta

a Department of Food Chemistry and Analysis, Institute of Chemical Technology, Prague 6, Czech
Republic

To cite this Article Cejpek, K. , Hajšová, J. , Jehllčková, Z. and Merhaut, J.(1995) 'Simplified Extraction and Cleanup
Procedure for the Determination of PAHs in Fatty and Protein-Rich Matrices', International Journal of Environmental
Analytical Chemistry, 61: 1, 65 — 80
To link to this Article: DOI: 10.1080/03067319508026237
URL: http://dx.doi.org/10.1080/03067319508026237

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319508026237
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Q I 995 OPA lOver\car Puhlishurs Awrial ionl 
Amrlerdam B.V. Puhlirhed under l iccnr hy 

Gordon snd Breach Science Puhlirhcn SA 
Pnnicd in Malnyris 

SIMPLIFIED EXTRACTION AND CLEANUP 
PROCEDURE FOR THE DETERMINATION OF 

MATRICES 
PAHs IN FATTY AND PROTEIN-RICH 
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Institute of Chemical Technology, Department of Food Chemistry und Analysis, 
Technicka' 3, 166 28 Prague 6, Czech Republic 
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A simplified analytical procedure for the determination of I2 priority polycyclic aromatic hydrocarbons 
(phenanthrene. anthracene, fluoranthene. pyrene. benz( a)anthracene, chrysene, benzo(b)fluoranthene, 
henzo(k)tluoranthene, henzo(a)pyrene. dihenz(a.h)anthracene. benzo(ghi)perylene and indeno( I ,2,3-cd) 
pyrene) in meat products and other biological materials has been developed. As a first step, ultrasonic 
extraction with chloroform for isolation of analytes was used. Gel permeation chromatography on Bio-Beads S- 
X 3  utilising chloroform as mobile phase was applied to remove interferences (lipids, pigments etc.). HPLC 
with fluorescene detection was employed for quantitation of analytes. Recoveries at a pglkg spiking level 
ranged from 53% (phenanthrene) to I 12% (benzo(k)tluoranthene) with relative standard deviations in the range 
of 15% (henzo(k)tluoranthene) to 49% (anthracene). 

KEY WORDS: Polycyclic aromatic hydrocarbons, smoked-meat products, fats, oils. gel permeation 
chromatography. HPLC, fluorescence detection. 

INTRODUCTION 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous organic pollutants, a certain 
part of which represents the largest class of known environmental carcinogens. PAHs are 
mostly formed by air-deficient combustion of organic matter at temperatures in the range 

An exposure of humans (non-smokers) to PAHs occurs mainly via the intake of 
contaminated food. The levels of PAHs in ambient air andor water are usually by one to 
two orders of magnitude 1ower.j Contamination of foods is mainly due to the 
environmental pollution. Thanks to some technological processes and cooking 
procedures, PAHs can also occur at higher levels in smoke- and heat-processed 
Occasionally, some types of food additives or packaging materials contain PAHs as 
well.' 

The determination of PAHs in such complex matrices as food samples is a difficult 
task because of the large number of PAHs and their occurrence at very low concentration 
levels. Moreover, the analysis is complicated by the need for protecting the analytes 
against photooxidative degradation. Attention should also be paid to the adequate 
sampling  procedure^'.^ and to the storage of the samples*-". 

500-900"c'~2. 
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66 K. CEJPEK et ul. 

The procedures used in a routine PAH analysis of biological matrices are time- 
consuming and cumbersome. Isolation and enrichment of PAHs commonly involve the 
following steps: alkaline digestion, several liquid/liquid extractions and one or two 
column cleanup procedures. An application of alcoholic saponification is considered 
mandatory as the first step of PAH analysis of insoluble fats and protein-rich foods (e.g., 
meat, fish, bacon and cheese) for the release of PAHs bound to lipid components of the 
matrix"-'4. After the extraction of the hydrolysed sample, cleanup and enrichment are 
usually carried out by partitioning of PAHs between a polar aprotic solvent (e.g., DMF, 
DMSO) and a non-polar extraction solvent. The application of adsorption 
chromatography on silica gel and Florisil and/or size exclusion chromatography on 
Sephadex LH-20 gel is the most frequent way of further cleanup and PAH group 
separation. The concise survey of various isolation purification steps used for PAH 
determination in protein-rich foodstuffs is summarised in Table 1. 

I n  principle, the requirements for the extent of purification depend on the 
chromatographic techniques used for identification and quantitation of the analytes. The 
use of HPLC for PAH analysis is advantageous especially in connection with selective 
fluorescence detection. In comparison with the HPLC-FLD method, the GC-MS 
determination has the same or slightly lower sensitivity but a higher confidence of the 
quanlitative  result^'^^'^. In this paper we present a new rapid method for the PAH 
determination in fatty and protein-rich food utilising direct extraction, simple cleanup of 
the extract. and HPLC-FLD method. 

EXPERIMENTAL 

Chemicals and experimental materials 

Chloroform and acetone (p.a.. Lachema Brno, Czech Republic) and water (ARTES, 
Aqua Artes KBrang, Czech Rep.) were purified by distillation i n  glass before use. 
Methanol (J. T. Baker, HPLC grade) and acetonitrile (J. T. Baker, HPLC 200) were used 
as supplied. Sodium sulphate-anhydrous, purum, was heated to 500°C for 5 h and 
stored in a tightly capped bottle (Lachema Brno, Czech Rep.). Potassium hydroxide 
(KOH) pellets were reagent grade (Lachema Bmo, Czech Rep.). Glass wool was washed 
with chloroform just before use. All the glassware was washed with detergent and rinsed 
with distilled water and acetone before use. 

The investigated samples, namely edible table (mixed) oil, rape oil. sunflower oil, 
lard, smoked mackerel, boiled pork meat (as a control blank) and smoked sausage 
(produced in a commercial plant), were purchased from a local food retailer. Smoked 
pork meat was produced in a private traditional smoke-house. 

Standard compounds 

A mixture of 16 US EPA priority pollutant PAHs-acenaphtene [Ace], acenaphtylene 
[Acy], anthracene [Ant], benz(a)anthracene [B(a)A], benzo(a)pyrene [B(a)P], 
benzo( b)fluoranthene [ B (b)Fla], benzo( ghi)perylene [ B (ghi)Per], benzo(k)fluoranthene 
[ B(k)Fla] , chrysene [Ch], dibenz( a,h)anthracene [ DB( ah)A], fluoranthene [Ha], fluorene 
[Flu], indeno( 1,2,3-cd)pyrene [I(cd)P], naphtalene [Nap], phenanthrene [Phe] and pyrene 
[Pyr] dissolved i n  methanol: dichloromethane ( 1  : I ,  v/v) at concentrations of 
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100-2000 pg/ml was supplied by Supelco, USA. 3-methylcholanthrene [3-MeCh] (96%, 
Fluka, Switzerland) and coronene [Cor] (98%, Aldrich, Germany) were available as 
solids. 

Apparatus 

A kitchen meat grinder, a homogenizer (Ultra-Tumax TR-50, Germany), an ultrasonic 
bath (Tesla, Czech Rep.), and a rotary vacuum evaporator (Laboratorni pfistroje, Czech 
Rep.) were used during the isolation steps. 

The GPC (gel permeation chromatographic) system consisted of a HPLC pump HPP 
4001 (Laboratorni pfistroje, Czech Rep.), a six-port valve 7125 Rheodyne, CA, with 2 
ml loop, and a stainless steel column, 50 cm x 0.8 cm i.d., (Tessek, Czech Rep.) filled 
with Bio-Beads S - X 3 , 2 W 0 0  mesh (Bio-Rad Laboratories, U.S.A.). 

The liquid chromatograph was composed of a Hewlett-Packard 1050 Series Pumping 
System, a HP 1050 Series Autosampler, a HP 1046 A Fluorescence Detector, a HP 
35900 A/D Interface and a HP ChemStation, version B.01.02. 

Isolation 

Five different isolation procedures for separation of PAHs from smoked-meat-product 
samples were investigated (Table 2): 

Procedure A. 
hydrolysis and extraction). 

Procedure B. 

Hydrolytic method according to Grimmer and Bohnke“ (see Table 1 - 

Hydrolytic method according to Simko” (see Table 1). 

Procedure C. Extraction procedure with chloroform. 50-100 g of sample were ground 
in a meat grinder and 10 g of the representative sample were mixed and homogenised 
thoroughly in a beaker with 100 ml of chloroform. The homogenizer knives were rinsed 
with chloroform and the rinses were transferred to the beaker, covered with an 

Table 2 Descriptions of tested procedures. 

Procedure Isolation Cleanup Determination Reference 
code 

A MeOHKOH hydrolysis, Bio-Beads S-X3 HPLC-FLD I4* 

B MeOHlKOH hydrolysis, Na2W0, solution, HPLC-FLD 19 

C chloroform, sonication Bio-Beads S-X3 HPLC-FLD proposed procedure 

D ch1oroform:methanol Bio-Beads S-X3 HPLC-FLD 28* 

cyclohexane extraction chloroform (GPC) 

cyclohexane extraction Florisikyclohexane 

chloroform (GPC) 

chloroform (GPC) 

chloroform (GPC) 

(2: I ,  vlv), sonication 

E MeOH, sonication Bio-Beads S-X3 HPLC-FLD - 

* for isolation step only. 
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DETERMINATION OF PAHs 69 

aluminium foil, and put into an ultrasonic bath for 15 min at dark. The chloroform 
extract was carefully filtered through glass wool into a 250 ml round-bottom flask. 50 ml 
of chloroform were added to the extracted particles in the beaker and both sonication and 
filtration procedures were repeated twice. The combined extracts were evaporated on 
rotary vacuum evaporator (40°C) to about 3 ml and transferred quantitatively into a 10 
ml graduated vessel. 

Procedure D. Extraction with chloroform : methanol (2: 1. v/v) (according to Folch"). 
The mixture of chloroform : methanol (2:1, v/v) instead of chloroform for ultrasonic 
extraction step was used. The combined extracts in a 250 ml round-bottom flask were 
transferred into 500 ml separating funnel. 80 ml water were added and the mixture was 
shaken for 2 min. After separation the lower layer was drained and concentrated as 
described in procedure C. 

Procedure E. Extraction with methanol. Methanol instead of chloroform was used for 
ultrasonic extraction step. The extracts were filtered through the funnel with 5 g of 
anhydrous Na$O, and concentrated just to dryness. The solid residue was dissolved in 
3 ml of chloroform and the solution was transferred quantitatively into a 10 ml graduated 
vessel. 

Cleanup 

The below cleanup step was performed for the extracts obtained by all investigated 
isolation procedures except for that of the procedure B - in this case the cleanup was 
performed according to the original procedure". 

The GPC pump flow rate was set up on 0.7 ml/min and the column was let to 
equilibrate for 10 min. The extract was injected by all-glass syringe into 2 ml loop and 
eluted with chloroform at maximum pressure 0.6 MPa. The first 16.5 ml of eluate were 
discarded. The next 8.5 ml were collected and evaporated in 50 ml flask nearly to 
dryness. The chloroform residue was let to evaporate spontaneously. After immediate 
dissolving of dry residue in 0.2 ml acetonitrile, the solution was transferred into an 
amber vial and capped. The maximum fat (extract) amount that can be loaded without 
any risk of the column separation efficiency reduction is 350 mg. 

HPLC determination 

The HPLC-FLD equipment and analytical column Supelcosil LC PAH ( I  50 mm x 
4.6 mm, 5 pm) with pre-column Supelguard LC-18-DB (20 mm x 4.6 mm, 5 pm) were 
used under following conditions: gradient elution [A - MeOH : MeCN : H,O (50:25:25, 
v/v/v), B - MeCN; 0 min - 100% A, 1 min - 100% A, 25 min - 100% B], injection 
volume 20 p1, column temperature 40°C. FLD timetable is shown in Table 3. 

RESULTS AND DISCUSSION 

Isolation 

In our experiment we have applied an efficient direct extraction step utilising a suitable 
organic solvent to avoid the time-consuming procedure with a hydrolytic step. According 
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70 K. CEJPEK et ul. 

x to earlier studies (see Table l), alkaline alcoholic hydrolysis was claimed to be necessar 
for the release of PAHs from the protein-rich fatty matrices. Grimmer and Bohnke 
documented this fact in their experiments: in contrast to methanolic saponification, low 
recovery (approx. 30%) was obtained when boiling methanol was used for extraction of 
analytes from smoked fish. These low recovery values were assumed to be caused by 
PAH affinity to the high molecular structures which were not destroyed and/or dissolved 
by boiling methanol. 

The affinity of hydrophobic PAH molecules to non-polar and/or less polar 
components of biological material was assumed and the physical and chemical properties 
of both PAHs and analysed matrix were taken into consideration. The choice of a 
suitable extraction solvent for direct extraction of PAHs together with lipids came from 
our experience with the determination of lipid content in meat and related products. 
Several methods for total lipid determination are usually used. A rapid microwave - 
solvent extraction AOAC official method with dichloromethane is recommended for 
crude fat determination in  meat products2’. Another common procedure by FolchZn 
utilises a mixture of chloroform : methanol (2: 1, v/v) for more efficient extraction of 
lipids and lipoproteins. 

Chloroform (in procedure C), chloroform : methanol (2: I ,  v/v) (in procedure D) ,  and 
methanol ( in  procedure E )  were used as tested extraction solvent systems. The 
penetration of solvents into the homogenised (disintegrated) sample was enhanced by 
sonication. The procedures (C, D,E) were tested on the extraction efficiencies of lipid 
compounds in meat samples (Table 4). Extraction efficiencies of chloroform (procedure 
C) for both lipids (Table 4) and PAHs (Table 6) in smoked meat were evidently higher 
than those achieved by methanol (procedure E )  presumably due to the limited solubility 
of lipid structures in methanol. The extracted portions of lipids and PAHs obtained by a 
chloroform : methanol (2: I ,  v/v) mixture (procedure D )  were higher and lower, 
respectively, than those achieved by pure chloroform (procedure C). This could be 
caused by PAH losses during the liquid-liquid partition and/or by lower affinity of PAHs 
to extraction mixture. Thus chloroform was chosen as the most appropriate solvent for 
direct PAH extraction in meat and meat products as well as the solvent for simple 
dissolving of oils and fats prior to cleanup step. 

The comparison of PAH contents’ values achieved by aforementioned isolation 
procedures (C,D,E) with the data obtained from tested procedures including hydrolytic 
 step^'^.'' (A,B) ,  is summarized in Tables 5a, 5b and 6. The chloroform extraction 
(procedure C) efficiency for PAHs was comparable with those values obtained by the 
standard hydrolytic method by Grimmer14 (procedure A )  - see Table 6. The purification 
step of the latter method was replaced by a simplified procedure with known parameters 
(GPC on Bio-Beads S-X3) due to the lack of detailed technical instructions in  the 

Table 4 Extraction efficiencies of investigated solvent systems for smoked sausage sample. 

Extructed “lipids portion 

Extruction solvent Procedure code Averuge RSD 
(% ofsample weight) (% oj’nveruge) 

chloroform C 
ch1oroform:methanol (2: 1 ,  vlv) D 

methanol E 

26 
31 
6 

8 
5 
14 
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DETERMINATION OF PAHs 71 

Table 5a 

P A H  Control blank" Rrcovrr! (conrrol hltink Sumple - smoked 

Awr i ige  RSD Avenige RSD A ivriige RSD 

Characterisation of isolation procedure employing chloroform for extraction (procedure C). 

(boiled pork nreitrj . ~ l ~ i k e i l  on 2-4 pg/kX) ,YUUSu~~K* 

( p g k )  ( % I  (%) (%) ( p d k ' 4  (%) 

Phe (0.4) 58 
Ant n.d. - 

Fla ( I .O) 22 
PY r (0.4) 40 
B(a)A n.d. - 
Ch n.d. - 

B(b)Fla n.d. - 

B(k)Fla 1l.d. - 

B(a)P n.d. - 
DB(ah)A n.d. - 

B(ghi)Per n.d. - 
I (  I ,2,3-cd)P n.d. - 

53 
57 
77 
88 

I08 
104 
I07 
I12 
88 
91 

I09 
I l l  

36 
49 
43 
26 
22 
25 
22 
15 
18 
22 
17 
32 

21 29 
2.7 26 

14 7 
17 6 
3.6 I I  
2.0 10 
1.4 21 
0.57 26 
I .0 20 
n.d. - 
0.2 45 
n.d. - 

n = 4, n.d. - not determined, *no correction for recovery 

Table 5b Characterisation of isolation procedure employing alkaline hydrolysis (pnmdure B )  

Phe 4 25 57 44 12 33 
Ant 0.4 7 0 70 34 I .6 - 

Fla 0.8 37 72 24 10 10 
PY r 0.9 55 56 23 I I  9 
B(a)A 0.2 80 92 20 2.7 7 
Ch 0. I 100 84 18 I .7 12 
B(b)Fla n.d. - 43 16 I .o 20 
B(k)Fla 0.02 60 46 17 0.25 33 
B(a)P n.d. - 45 12 0.5 35 
DB(ah)A n.d. - 44 18 n.d. - 
B(ghi)Per n.d. - 58 16 n.d. - 
I( I .2,3-cd)P n.d. - 56 26 n.d. - 

n = 4. n.d. - not determined. *no correction for recovery. 

method description'4. The comparison of our proposed procedure ( C )  with another 
hydrolytic one ( B )  was done in close co-operation with the author". The efficiency of the 
direct extraction with chloroform was slightly higher than that of the procedure B. Blank 
samples of our procedure were better quality than those of the hydrolytic procedure B 
(Tables Sa and 5b). 
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Table 6 The comparison of PAH contents in smoked sausage and in smoked pork meat isolated 
by various extraction procedures. 

Content of PAHs determined by means i f  procedure: 
PAH A C C D E 

P& P R k  PR& PR& P g k  

Smoked pork meat Smoked suusage 

Phe 
Ant 
Fla 
PYr 
BWA 
Ch 
B(b)Fla 
B(k)Fla 
B W  
DB(ah)A 
B(ghi)Per 
I( 1.2,3-cd)P 

I 40 
48 

216 
273 

13.7 
26.2 
16.6 
3.41 
4.1 
I .3 
5.0 
2.7 

I33 
57 

263 
242 

11.8 
25.4 
18.3 
2.80 
5.2 
I .2 
6.2 
3.8 

21 

15 
18 

2.7 

3.6 
2.0 
I .4 
0.57 
I .o 
n.d. 
0.2 
n.d. 

26 

14 
16 
2.3 
I .7 
0.7 
0.40 
0.5 
n.d. 
0.2 
n.d. 

3.1 
12 
0.8 
5 

12 
I .3 
0.6 
0.6 
0.10 
0.3 
n.d. 
n.d. 
n.d. 

n = 5, n.d. -not determined. 

Cleanup 

Direct extraction of both lipids and analytes (PAHs) is conditioned by the application of 
purifying step(s) which separate(s) analytes from lipids, pigments, and other undesired 
co-extracts, and therefore adsorption and/or gel permeation chromatography (GPC) are 
usually employed. The latter technique is a more advantageous alternative for the 
removal of interfering compounds with higher molecular weight. 

Up to now most applications of GPC for PAH analyses in biological matrices had to 
resolve the purification of complex extract obtained after tissue hydrolysis. Sephadex 
LH-20 with mostly alcoholic eluent has been most frequently de~cribedl~.’~-’l. We 
employed the system consisting of the widely used styrene-divinylbenzene copolymer 
Bio-Beads S-X3 with chloroform as a mobile phase (exclusion limit approx. 2000 Da). 
One of the reasons for applying this arrangement was ood experience in its application 
for the separation of fat and PCBs in our laboratory’. More perfect conjugation of K- 
electrons in PAH molecules in comparison with PCBs gives better assumption for 
stronger retention of PAHs and consequently their better separation on styrene- 
divinylbenzene gel matrix with high conjugation of Ic-electrons. 

The GPC elution curves for various lipids both of plant and animal origin are shown 
in Figure 1. The elution profiles were very similar and no tailing was recorded. 
Theoretically, a wide variety of products could be formed from the heat-treated oil (esp. 
unsaturated) as a result of polymerisation and oxidation, however, minimum changes in 
chromatographic behaviour occurred under the used GPC conditions (Figure 2). The 
elution curves of PAHs are illustrated in Figure 3. The maxima of elution bands for most 
of these compounds occurred between 19-21 ml. The earlier elution of 3-MeCh can be 
attributed to the lower extent of conjugation of a-electrons within its molecule and 
consequently to the weaker interaction with gel. The last eluted compound was coronene 
displaying the highest degree of a-electrons’ conjugation of tested analytes. Generally, it 
can be assumed than not only pure “size exclusion mechanism” controls the elution of 
PAHs, but the adsorption phenomena (n-n interactions with gel) also significantly 
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Edible table oil 0 Rape oil 

6 Fat from mackerel muscle 
3 Sunflower oil 0 Lard 
a Fat from mackerel skin 

L . 

73 

50 

40 

30 

s. 
20 

10 

0 
8 - 1 0  10-12 12-14  1 4 - 1 6  1 6 - 1 8  

........................................... 

............................... ” ............................. 

. . . . . . . . . . . . . .  .................................. - ........................ 

................... 

8 - 1 0  10-12 12 -14  14 -16  1 6 - 1 8  
elution volume (ml) 

Heat treated at200 C for 1- 0 h 0 8 h 6 24 h l  

Figure 2 GPC elution profiles of heat-treated rape oil. 
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elution volume (ml) 
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60 

50 

40 

$30 

20 

10 

0 
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Figure 3 GPC elution profiles of PAHs. 
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70 

60 

50 

40 

30 
s 

20 

10 

0 

elution volume (ml) 

1 A B(ghl)P V I(1,ZJcd)P 8 3-MeCh 6 Cor I 
Figure 3 ( c o r r r . )  GPC elution profiles of PAHs. 

contributes to the increased retention of analytes. The use of a less olar mobile phase 
than chloroform would enhance this effect".". Fernandez et a/.' studied the PAH 
behaviour on Bio-Beads S-XI2 with THF as a mobile phase. In this system (size 
exclusion limit approx. 400 Da, relatively polar solvent) a strong size exclusion 
mechanism predominates for the cata-condensed PAHs while the peri-condensed ones 
are eluted according to adsorption principles. Klimisch et al. ', who studied the 
application of GPC on Bio-Beads S-X8 (also with THF as a mobile phase) for the 
purification of extracts from environmental samples, drew a similar conclusion. Musial 
et al.'" employed a less polar mobile phase, i.e. cyclohexane-dichloromethane ( I : 1, v/v) 
for the purification of shellfish-hydrolysate extract on Bio-Beads S-X3 after hydrolysis 
(see Table I ) .  

The recovery of PAHs in the course of GPC operation is shown in Table 7. The losses 
during substeps of the GPC step (viz.  separation process on column and chloroform 
evaporation from collected fraction) were evaluated. It is evident that there are no losses 
during the actual separation process. Thus the source of the losses of more volatile and 
photooxidation sensitive PAHs during the GPC step is definitely the chloroform 
evaporation substep. 

P .  

Identification and quuntitation 

HPLC analysis with fluorescence detection is one of the most appropriate methods for 
PAH determination in biological matrices. The optimisation of both separation and 
detection parameters of the method was performed. The application of column with 
polymeric C18 layer along with suitable mobile phase made possible separations of 
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Table 7 Recoveries of the GPC cleanup procedure (10-20 ng PAHs loaded on column). 

PA H M~ileculur Reccivery of complete C P C  Recovery of evuporuting 
weight step* substep 

Average RSD Averuge RSD 
g/mol f%) f 8) f %) f %) 

Phe 
Ant 
Fla 
PYr 
B(a)A 
Ch 
B(b)Fla 
B(k)Fla 
B(aP  
DB(ah)A 
B(ghi)Per 
I( 1.2.3-cd)P 

I78 
I78 
202 
202 
228 
228 
252 
252 
252 
278 
276 
276 

75 
66 
92 

104 
I08 
110 
90 

106 
I07 
99 

I09 
I12 

22 
31 
28 
21 
19 
23 
17 
I 1  
14 
22 
I2 
27 

69 
68 
92 

I03 
I10 
I l l  
98 

I08 
I05 
104 
1 1 1  
I14 

32 
36 
26 
23 
29 
18 
18 
1 1  
19 
23 
I I  
16 

n = 5, *recoveries of both separation process on column and evaporating substep are included. 

critical pairs (and/or groups) of analytes (mostly isomers), e.g. benz(a)anthracene - 
chrysene, benzo(a)fluorene - benzo(b)fluorene, benzo(k)fluoranthene - benzo(a)pyrene, 
benzo(e)pyrene - perylene - benzo(b)fluoranthene - benzo(j)fluoranthene and 
dibenz(a,h)anthracene - ben~o(ghi)perylene~"~~. Supelcosil LC PAH column and a MeCN 
: MeOH : H,O gradient elution were employed to separate US EPA PAH priority 
pollutants (Figure 4). Other columns used by us, such as Lichrospher PAH 250-4 
(Merck), display similar qualities of ~eparat ion~~"~.  The column separation selectivity 
was sufficient for analysed PAHs as well as for co-extracts (Figure 5a and Figure 5b). 
Naphtalene, acenaphtene, acenaphtylene, and fluorene were not determined because low 
recoveries were achieved due to their high volatilities. The optimum fluorescence 

Standard mnixture 

8.04j 

7.04- 

6.04- 

5.oe4- 

4.04- 

3.04- 

BkF 

H 1 DBahA 
v 

10 15 
Time (min.) 

20 

Figure 4 Chromatogram of US EPA priority PAH standard mixture 
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sample (sausage) c We) = 18 pBfl<g 

71 

5 10 15 20 
Time (min.) 

Figure 5a Chromatogram of purified extract of sausage with PAH content typical for meat products made by 
commercial technology with controlled smoking process. 

sample (smoked meat) c(Phe) = 52 pdkg 
c(Bap) = 3.2 Pgncl3 

5 10 
Time (min.) 

15 20 

Figure 5b 
products made in simple traditional smoke-house (without smoke cleaning). 

Chromatogram of purified extract of smoked pork meat with PAH content typical for meat 

parameters were determined and compromised for individual groups of analytes 
(Table 3). 

Responses for analysed PAHs within the tested range 0.02-40 ng were linear. The 
linearity range corresponds to 0.1-200 pgkg of individual PAH in sample when samples 
are processed by the proposed procedure (C). One of the most important detection 
characteristics is the minimum detectable amount of PAH analysed under given 
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78 K. CEJPEK et ul. 

Table 3 Excitation and emission wavelengths used for PAH detection 

;Ilt,XC) %em) Detected anulvtes 

280 nm 370 nm (Nap) 
302 nm 330 nm (Ace, Flu) 
248 nm 374 nm Phe, Ant 
232 nm 420 n m  Fla, Pyr 
264 nm 384 nm B(a)A. Ch 
300 nm 410 nm B(b)Fla. B(k)Fla, B(a)P. DB(ah)A, B(ghi)Per 
290 nm 484 nm I(cd)P 

conditions of the separation and detection systems. It is defined as the amount of 
separated standard material producing a response of mean gradient blank plus 3 standard 
deviations (Table 8). The limits of detection (L.0.D) for the analysed PAHs are also 
shown i n  Table 8.  Those data are based on definition of L.O.D. as the analyte 
concentration the response of which is equivalent to the mean control blank response 
plus 3 standard deviations. Limits of quantitation (L.O.Q.) are given in Table 8. They are 
generally considered as 10 standard deviations above the average blank signal. A spiked 
control blank sample (boiled pork) was used for better evaluation of PAH recoveries. 
The obtained recovery data are acceptable at given levels of the analytes (Table 5a). 
Unfortunately, there are no available standard reference materials of the aforementioned 
foodstuffs' character with certified PAH contents. The only commercially prepared SRM 
of biological origin is the mussel tissue (e.g., NIST SRM 1974"). 

The simplification and time-shortening of the sample processing procedure (C) prior 
to the HPLC analysis reduces the risk of PAH losses with respect to the photooxidative 
decomposition, volatility, and sorption capabilities of PAHs. The proposed procedure 
does not include any time-consuming hydrolysis and any adsorption chromatography 
with higher risk of PAH degradation". The losses initiated by the light are of little 
importance, especially when the protection by aluminium foil during sonication, 
filtration and storage of sample is provided. The main losses can be attributed to PAH 
volatility and/or degradability occurred during solvent removing step. 

Table 8 Analytical and statistical parameters of the developed procedure (CJ. 

PA H Minimum Limit of Limit of Method blank contents 
cletectcible detection yuantitation 
mount*  ( p s h  J 

PS P d k S  P d k  Avercige RSD 

Phe 
Ant 
Fla 
PY r 
B(a)A 
Ch 
B(b)Fla 
B(k)Fla 
B(a)P 
DB(ah)A 
B(ghi)Per 
I( I ,2,3-~d)P 

25 
3 

30 
20 
10 
10 
5 
I 
2 
5 
3 

10 

I 
0.05 
I 
I 
0.2 
0.2 
0. I 
0.02 
0.03 
0.05 
0.03 
0. I 

2 
0. I 
3 
2 
0.5 
0.5 
0.2 
0.05 
0. I 
0.2 
0. I 
0.2 

0.3 
n.d. 
0.8 
0.3 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

70 

37 
60 

- 

n.d. - not determined *in 20 PI aliquot injected into HPLC-FLD system. 
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DETERMINATION OF PAHs 79 

CONCLUSIONS 

A simplified and rapid analytical procedure for the determination of priority PAHs in 
protein-rich fatty products and oils using direct extraction with chloroform by sonication 
and GPC as purification step was developed. The HPLC-FLD system with a tailor-made 
PAH C 18 column and programmable wavelengths’ detector was employed. 

Based on experimental results, the essential analytical and statistical parameters of the 
method were obtained. The accomplished comparative measurements confirmed that the 
extraction efficiency of standard procedures and the procedure proposed by us were 
comparable. The comparison with standard reference material was not carried out due to 
the lack of certified SRM related to the above food products. Our latest preliminary data 
indicate that our extraction and purification procedures will be also suitable for PAH 
determination in leafy plants, crops and vegetables. 
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