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Heavy oil pollution has been found in sea water and coastal environments not only 
near industrial petroleum districts and places of oil spillage but also in other 
places where crude oil and/or refined products can be carried to by winds, 
streams, etc. 

Marine oil pollution may not only affect productivity and quality of marine orga- 
nisms but may ultimately affect the health of the human population as there is a 
possible health risk from consumption of sea food contaminated by oil-derived 
carcinogens such as polycyclic aromatic hydrocarbons (PAHs). In the marine 
habitat, many organisms readily accumulate n-alkanes and PAHs from the 
environment and store them at a relatively high level in their tissues (Murray et  
al. 1991; Singh et  al. 1992), and studies have been carried out on the 
accumulation and depuration of toxic organic pollutants in marine organisms 
(Murray et  al. 1991; Narbonne et  al. 1992; Ogata and Fujisawa 1985). 

As a part of a continuous monitoring program of the foods imported to the Canary 
Islands (Galindo et  al. 1986, Brito at  al. 1990) this paper presents the results 
obtained in the determination of n-alkanes and PAHs in fresh-frozen and 
precooked-frozen mussels, Perna canaliculus, commercialized in these islands. 

MATERIALS AND METHODS 

Analytical reagent grade purity chemical (Merck, Darmstadt) were used 
throughout the study, n-Hexane was distilled, treated with sulfuric acid, and 
re-distilled under reflux. Milli-Q water was extracted with purified n-hexane prior 
to use. 

Samples of shell-free fresh-frozen and precooked-frozen mussels were bought 
every fifteen days from September 1992 to May 1993 in the markets throughout 
the island of Tenerife, wrapped in aluminium foil and stored at -20~ until 
analysed. 

Correspondence to: F. Garcia Montelongo 
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Table 1. Procedence and handling of the analysed samples 

Procedence Trade mark Package Sample number 

New Zeeland A Plastic bag/original 1,2, 31-34 

New Zeeland B ...... 3-6 

Unknown C Plastic bag/re-packed 7-11, 16-19 

New Zeeland D Plastic bag/original 12-15 

New Zeeland E ...... 20-30 

All analyses were carried out in a clean room where a composite sample for 
each sampling date was prepared from about 10 specimens, homogeneized, 
freeze-dryed, and weighed (5-15g). Then the internal standard 9-methyl- 
phenanthrene (100% recovery) was added to each composite sample for the 
purposes of instrument calibration and percent recovery calculation. Subsequent 
analysis included alkaline hydrolysis (8% KOH in ethanol), addition of 
saturated aqueous sodium chloride to avoid emulsion formation, and extraction 
with 3x50 mL of n-hexane. The organic layer was first washed with 10% HC1 
(3x100 mL) and then with purified water until neutral, dried over sodium 
sulfate and concentrated to 1-2 mL in a rotary evaporator. The aliphatic and 
aromatic fractions were then separated by column chromatography on 
florisil-alumina-silica (de-activated at 3%, 5% and 5% with purified water) 
using n-hexane and n-hexane-dichloromethane as the eluents. Both fractions 
were taken almost to dryness in the rotary evaporator and disolved into 
n-hexane (aliphatic fraction) or toluene (aromatic fraction). Both fractions were 
analysed by gas chromatography with flame ionization detector (Varian 3400 
provided with an 8200 automatic injector) on SPB-5 and SPB-20 0.32mmxl5m 
columns (He carrier 1.4 mL.min -1, N2 make-up 30 mL.min -1, splitless/split 
injection, 90~ for 2 min, 8~ until 280~ hold for 15 min), calibration 
was carried out using Aldrich standards for n-alkanes, pristane and PAHs. 
Tables 2 and 3 show the percent recovery and detection and determination 
limits for n-alkanes and PAHs according to the method used. 

RESULTS AND DISCUSSION 

Values for paraffinic hydrocarbons and pristane, and PAHs concentrations in 
every sample of fresh-frozen and precooked-frozen Perna canaliculus are given 
in Tables 4 and 5, respectively, expressed on a dry weight basis. 

Shell-free mussels were sold packed in plastic bags, and most of them were 
packed directly in the original country but in some cases they seemed to have 
been re-packed by the importer, Table 1. However, no significant differences in 
the concentrations of alkanes and PAHs were found between originally packed and 
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Table 2. Detection and determination limits for the n-alkanes studied 

Detection Determination 
Compound Recovery Limit (/zg/mL) Limit (#g/mL) r2 

Cts 76 1.22 2.58 0.987 

C16 89 0.45 1.50 0.994 

C17 89 0.36 1.00 0.998 

Cls 94 0.20 0.66 0.999 

C19 94 0.29 0.97 0.998 

C20 93 0.26 0.85 0.998 

C21 89 0.25 0.85 0.998 

C22 89 0.37 1.24 0.997 

C23 90 0.54 1.81 0.993 

C24 94 0.43 1.42 0.996 

C2s 94 0.25 0.83 0.998 

C26 88 0.35 1.15 0.997 

C27 88 0.66 2.19 0.992 

C2s 83 0.71 2.35 0.988 

Cz9 83 0.91 3.04 0.985 

C30 84 0.73 2.42 0.987 

Pristane 90 0.07 0.25 0.999 

Table 3. Detection and determination limits for the PAHs studied 

Recovery Detection Limit Determination r2 
Compound (%) (#g/mL) Limit (/~g/mL) 

Phenanthrene 79 0.23 0.50 0.997 

Anthracene 73 0.34 0.80 0.993 

4,5-Methylenephenanthrene 44 1.22 2.51 0.944 

Fluoranthene 84 0.18 0.60 0.994 

Pyrene 86 0.18 0.59 0.993 

Benz[a]anthracene 86 0.51 0.97 0.994 

Chry sene 85 0.32 0.77 0.994 

Benzo[b]fluoranthene 82 0.42 0.91 0.993 

Benzo[e]pyrene 87 0.46 0.86 0.994 

Benzo[alpyrene 75 0.77 1.30 0.989 

Perylene 72 0.86 1.49 0.986 

Coronene 85 1.07 1.70 0.995 
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Figure 1. Typical chromatograms of the n-alkane and PAHs fractions of 
contaminated samples 

re-packed samples. 

The concentration of n-alkanes in these mussels varied from 163 #g C14.g -1 for 
sample n ~ 5 to not detected/not determined (nd) for several alkanes in several 
other samples. Even though no bimodal distribution could be observed on the 
chromatograms of the paraffinic fraction, and no odd-to-even predominance in the 
alkanes could be established, the biogenic source of hydrocarbons in these mussels 
is supported by the presence of pristane in significant concentrations. On the other 
hand, the anthropogenic contribution of hydrocarbons is evident from the presence 
of the unresolved complex mixture (UCM) (Figure 1) (Farrington and Tripp, 
1977), in some samples belonging mostly to re-packed mussels (samples 7, 8, 17- 
19) and to one of the production zones (samples 32-34). In the former samples, 
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contamination may be due to bad re-packing conditions, in the later ones due to 
bad deputation processes. Besides, samples bought from July to December 1992 
show an accumulation of the shorter even-chain alkanes n < 20, while samples 
from January to May 1993 present an accumulation of the odd-chain alkanes 
n > 20 (Figure 2). 

The presence of a deformed baseline (Unresolved Complex Mixture) in the chro- 

Table 5. Concentration levels (rig/g, dry weight) of PAHs in mussels (Perna canMl"culus) 

Sample A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A l l  A12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

20 nd nd 130 nd 23 7 nd 100 nd nd lad 
14 4 18 59 19 6 nd nd 70 nd nd lad 
13 3 8 50 11 nd 28 2 345 nd nd 8 

8 nd 68 77 18 26 nd nd 38 nd nd nd 
18 6 97 15 35 11 nd 9 33 28 38 nd 
6 nd 21 13 5 nd nd nd 20 13 nd nd 
2 20 18 1757 22 nd 21 nd 48 nd 339 846 
1 3 4 52 1 2 nd 6 20 nd nd 5 

65 27 186 171 168 73 54 nd nd nd nd nd 
5 nd 18 38 nd nd nd nd 87 40 nd nd 

23 19 24 2492 12 nd 37 nd nd nd 33 32 
4 5 9 41 9 nd 11 3 126 69 nd nd 

19 22 36 22 8 nd 13 4 210 81 nd nd 
7 5 14 99 12 nd 23 3 161 88 4 nd 
7 28 19 70 10 36 22 5 207 76 5 8 

32 21 87 1319 2 nd 25 2 40 nd 8 79 
31 16 nd 641 nd 1 19 7 100 55 nd nd 

3 4 16 5 nd 3 nd nd nd nd nd 2 
36 19 38 894 nd nd 23 nd 452 33 26 17 

5 1 13 1 158 nd nd 2 20 33 3 13 
5 3 18 31 nd nd 9 3 336 57 nd nd 
8 nd 5 35 3 nd 19 2 244 nd 17 1 
5 2 10 30 nd nd 5 3 228 72 nd nd 

15 17 29 17 6 nd 11 3 67 74 nd nd 
1 nd 8 20 19 nd nd nd nd 70 2 nd 
6 nd 10 87 92 nd 14 4 246 190 nd nd 
2 nd 27 nd 8 nd nd I0 20 25 nd 59 

23 27 46 27 9 20 17 5 333 64 15 4 
15 2 19 2 5 nd nd nd nd 10 3 29 
13 7 5 62 73 nd 7 3 96 80 nd nd 
2 2 nd 35 nd nd 18 3 nd nd nd 22 
7 6 24 39 1 nd 16 3 100 nd nd nd 
3 14 10 38 2 nd 8 nd 306 84 214 68 
nd nd 5 5 5 nd nd nd nd nd nd 14 

A1 ...... Phenanthrcne A5 ...... Pyrcne A9 ...... Benzo[e]pyrcne 

A2 ...... Anthracene A6 ...... Benz[a]anthracene A10 ...... Benzo[a]pyrene 

A3 ...... 4,5-Methylenephenanthrene A7 ...... Chrysene A11 ...... Perylene 

A4 ...... Fluoranthene A8 ...... Benzo[b]fluoranthene A12 ...... Coronene 
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Figure 2. Variation of the content of n-alkanes in samples 13 and 16 

matograms of the aromatic fraction of some samples (Figure 1) also supports an 
anthropogenic contamination of these samples (Farrington and Tripp, 1977). Even 
though the concentrations for most of the PAHs quantified are low (Table 5 some 
samples show relatively high levels of fluoranthene (samples 7, 11, 16, 19) and 
the concentrations of benzo[a]pyrene in samples 13-15, 17, 23-25, 28, 30, 33 are 
in the range 55-80 ng.g l ,  values similar to those reported by Dunn and Stich 
(1975) for areas of relatively high contamination. Sample 26 shows a 
concentration as high as 190 ng.g -t of benzo[a]pyrene. Among these more 
contaminated samples one can find samples of mussels packed in the country of 
origin and samples of mussels re-packed by the importer; thus, one can think that 
the contamination in the former is due to bad deputation processes, as mussels to 
be sold in Spain must be subjected to depuration (Real Decreto 263/1985), and 
the latter may be contaminated due to bad re-packing conditions. 
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