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ABSTRACT

Seven target polychlorinated biphenyls (PCBs; IUPAC nos. 28, 52, 101, 118, 138, 153, and 180) and the organochlorine
pesticides (OCPs) hexachlorobenzene (HCB) and dichlorodiphenyltrichloroethane (DDT) and its related metabolites (p,p�-DDT,
p,p�-DDE, and p,p�-DDD) were quantified in edible tissues from seven marine species (European hake, red mullet, blue whiting,
Atlantic mackerel, blue and red shrimp, European flying squid, and Mediterranean mussel) from the Gulf of Naples in the
southern Tyrrhenian Sea (Italy). PCBs 118, 138, and 153 were the dominant congeners in all the species examined. The
concentrations of all PCBs (from not detectable to 15,427 ng g�1 fat weight) exceeded those of all the DDTs (from not
detectable to 1,769 ng g�1 fat weight) and HCB (not detectable to 150.60 ng g�1 fat weight) in the samples analyzed. The
OCP concentrations were below the maximum residue limits established for fish and aquatic products by the Decreto Minis-
terale 13 May 2005 in all the samples analyzed; therefore the OCPs in the southern Tyrrhenian Sea species are unlikely to be
a significant health hazard. Conversely, the mean concentrations of PCBs exceeded (greatly in some cases) the current limits
(200 ng�1 fat weight) set by the European Union for terrestrial foods. Although the manufacture and use of PCBs are banned
or highly restricted, these compounds still are important persistent chemical contaminants in the Gulf of Naples.

Polychlorinated biphenyls (PCBs) and organochlorine
pesticides (OCPs) are chemicals that have been industrially
produced and employed on a large scale for many years.
Because of high persistence and semivolatility, organochlo-
rine compounds can be transported through the atmosphere
or by water across ecosystems. Thus, these compounds en-
ter all the environmental compartments, sometimes contam-
inating areas far from the original site. They are widely
distributed in surface waters, where they tend to accumulate
in sediments and aquatic organisms because of their lipid
solubility.

To limit their impact on environment, organisms, and
humans, PCBs and OCPs have been restricted or banned in
many countries, yet various problems related to their high
rate of diffusion persist (18, 37). Severe injuries to the ner-
vous system and to endocrine reproductive and immune
systems have been correlated with chronic exposure to
PCBs and OCPs (17, 21, 31, 33).

In humans, these pollutants can be absorbed through
skin and by respiration. However, more than 90% of daily
accumulation comes from diet, which in turn is mainly at-
tributable (90%) to food of animal origin (15). In particular,
fish consumption is considered a main route of exposure
for humans (1, 19, 35).

PCB and OCP plasma concentrations in major fish con-
sumers are significantly higher than those detected in peo-
ple eating less fish. In epidemiological studies, the presence
of high concentrations of organochlorines in seafood has
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E-mail: ferrante@unina.it.

been correlated with toxic effects attributable to chronic
exposure, such as altered thyroid function and memory and
learning impairments associated with PCB exposure during
adulthood and fetal development. A correlation has been
suggested between the ingestion of PCB-contaminated fatty
fish and the increase in the incidence of low birth weight
(27, 29).

In recent years, public attention has focused on food
quality, including organoleptic, nutritional, and dietetic
characteristics of foods and the hygienic and healthy factors
such as the lack of xenobiotic contamination. Fish quality
depends as much on contamination of the aquatic environ-
ment as on freshness. Monitoring of food chains to identify
and quantify pollutants over time in different environmental
compartments is now considered an important factor for
increasing food safety (10).

Although PCBs and OCPs have been banned in the
European Union, contamination can come from developing
coastal Mediterranean countries, where these chemicals are
still used. The Mediterranean Sea is a closed water body
where the dilution, dispersion, and decaying hydrodynamic
processes are slower than those in the oceans. This condi-
tion favors a longer persistence of pollutants at high con-
centrations and a great availability for the different levels
of aquatic biocenosis. The few studies carried out on the
coastal areas of the Mediterranean Sea have revealed high
pollution levels in fish, indicating a potential risk for con-
sumers (3, 13, 14, 28). These studies have mostly been
carried out on the Adriatic Sea; few data are available on
PCB and OCP contamination in marine organisms from the
Tyrrhenian Sea (26).
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FIGURE 1. Map of Campania region.

The aims of this study were to evaluate the organo-
chlorine contamination of seafood caught in the southern
Tyrrhenian Sea in the Gulf of Naples (Italy). The distri-
bution profiles of individual pollutants were investigated to
assess the potential risks for consumers. A statistical com-
parison between organochlorine concentrations detected in
this study and those previously found by Naso et al. (26)
was performed to evaluate temporal trends.

MATERIALS AND METHODS

Sampling. Edible fish, cephalopods, and crustaceans caught
in the Tyrrhenian Sea up to 40 miles (64.5 km) off the coast of
Italy in the Gulf of Naples were collected from October 2003 to
December 2004 by professional fishermen. Bivalves were sampled
in sea farms in the Campi Flegrei Bay at about 50 m from the
coast (Fig. 1). These marine organisms, selected for their abun-
dance and wide distribution and their availability throughout the
year, are a common and inexpensive food for people in southern
Italy. The species considered were European hake (Merluccius
merluccius), red mullet (Mullus barbatus), blue whiting (Micro-
mesistius poutassou), Atlantic mackerel (Scomber scombrus), blue
and red shrimp (Aristeus antennatus), European flying squid (To-
darodes sagittatus), and Mediterranean mussel (Mytilus gallo-
provincialis). The specimens, all of commercial size, were
wrapped in aluminum foil, immediately refrigerated, and trans-
ported to the laboratory.

Analytical sample preparation. Length and the weight for
each specimen were measured and recorded. Fish, cephalopods,
and crustaceans were dissected, and the edible parts from speci-
mens of almost the same size were pooled and homogenized to
obtain about 300 g for a single sample. The lengths of the mussel
shells were measured, shells were opened, and the soft tissues
were removed, pooled (20 specimens per pool), and homogenized.
All the homogenized samples were stored at �20�C until chemical
analysis.

Chemical analysis. The concentrations of PCBs (IUPAC
nos. 28, 52, 101, 118, 153, 138, and 180), hexachlorobenzene
(HCB), and OCPs p,p�-DDT, p,p�-DDE, and p,p�-DDD were de-
termined for each sample by gas chromatography–electron capture
detection (GC-ECD) and randomly confirmed by GC–mass spec-
trometry (MS). These seven PCBs are the target congeners rec-
ommended by the European Union as indicators of total PCB
contamination. An 10-g aliquot of each sample was extracted with
a 70:30 mixture of n-hexane and acetone with an accelerated sol-
vent extractor (ASE 100, Dionex Corporation, Sunnyvale, Calif.)
under the following conditions: oven temperature of 125�C, static
time of 5 min, two static cycles, flush volume of 60% of extraction
cell volume, and nitrogen purge at 1 Mpa for 60 s. The extract
was passed through a glass tube packed with anhydrous sodium
sulfate and evaporated to dryness at room temperature under a
flow of N2. The extracted lipid content was determined gravimet-
rically.

The separation of the analytes from the lipid fraction and the
purification of the extracts were carried out according to the meth-
od described by Di Muccio et al. (14) and in the ISTISAN Report
(24), with some modifications. Fifty milligrams of each dried lipid
extract was resuspended in n-hexane, transferred to Extrelut-3/
Extrelut-1 cartridges (Merck Kga A Darmstadt, Germany) with
0.36 g of C-18 Isolute (40 to 60 mesh, Merck), and eluted with
acetonitrile. The extracts were concentrated to 1 ml under vacuum
at 40�C, cleaned in a glass column containing 2.5 g of Florisil (60
to 100 mesh, Supelco, Bellefonte, Pa.), activated overnight at
130�C, and eluted three times with 10-ml aliquots of n-hexane
collecting the eluates containing PCBs, HCB, and p,p�-DDE. The
column was eluted with n-hexane-toluene (80:20, vol/vol) to col-
lect the fraction containing p,p�-DDD and p,p�-DDT. The two frac-
tions were concentrated to about 2 ml at room temperature under
a flow of N2. Internal standards were PCB 209 for the GC-ECD
analysis and labeled PCB 180 (13C12, Dr. Ehrenstorfer GmbH,
Augsburg, Germany) for the GC-MS analysis.

GC analyses of the PCBs and OCPs were carried out with
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TABLE 1. Common and taxonomic names, lipid content, length, and weight of the marine organisms analyzed

Name

Common Taxonomic n

Measurementsa

Lipid content (%) Length (cm) Wt (g)

Red mullet Mullus barbatus 14 1.71 � 0.65
(0.50–3.00)

13.67 � 0.62
(12.90–14.63)

38.62 � 3.33
(35.00–42.40)

European hake Merluccius merluccius 14 0.44 � 0.19
(0.20–0.90)

21.76 � 6.49
(10.00–31.50)

99.24 � 62.86
(30.00–200.00)

Blue whiting Micromesistius potassou 14 0.74 � 0.23
(0.50–1.50)

18.87 � 1.68
(17.00–22.50)

56.46 � 7.36
(50.00–67.50)

Atlantic mackerel Scomber scombrus 14 7.73 � 7.85
(0.30–19.90)

25.21 � 2.85
(22.50–27.00)

138.07 � 43.84
(90.00–260.00)

Blue and red shrimp Aristeus antennatus 14 0.49 � 0.11
(0.30–0.70)

16.76 � 1.42
(15.10–19.80)

28.12 � 4.35
(22.80–34.89)

European flying squid Todarodes sagittatus 14 0.62 � 0.12
(0.50–0.80)

29.35 � 5.33
(22.20–39.50)

91.83 � 35.68
(27.50–127.50)

Mediterranean mussel Mytilus galloprovincialis 14 0.71 � 0.17
(0.50–0.90)

6.04 � 0.26
(5.50–6.40)

18.29 � 1.72
(16.40–21.20)

a Values are mean � standard deviation (range).

TABLE 2. Percentage of samples with detectable PCB residues and the sum of the PCB concentrations on fat weight and wet weight basis

Species

% of
samples
positive

for PCBs

PCB (ng g�1)

Fat wt

Median Mean � SD (range)

Wet wt

Median Mean � SD (range)

Red mullet 100 1,472.70 1,910.20 � 903.83 (1,105.60–3,750.17) 32.60 30.11 � 12.01 (4.31–44.77)
European hake 100 3,182.80a 4,410.06 � 3,828.37 (2,112.20–15,427.00) 14.15 16.80 � 11.06 (4.09–46.28)
Blue whiting 100 1,286.90 1,673.28 � 1,038.81 (282.42–3,627.09) 9.68 12.42 � 8.12 (1.55–26.60)
Atlantic mackerel 100 396.93 1,425.99 � 1,823.13 (64.40–5,648.15) 17.90 23.22 � 18.25 (1.26–56.38)
Blue and red shrimp 78 207.25 358.22 � 479.52 (NDb–484.93) 0.88 1.49 � 1.87 (ND–7.07)
European flying squid 100 1,768.27 2,159.75 � 1,512.01 (275.05–4,952.00) 15.67 15.45 � 8.36 (1.54–29.79)
Mediterranean mussel 100 1,575.80 2,079.20 � 2,153.88 (469.52–9,274.04) 12.23 12.33 � 6.05 (3.38–28.11)

a Significantly different at P � 0.001 when compared with red mullet, blue whiting, Atlantic mackerel, Mediterranean mussel, and blue
and red shrimp and at P � 0.01 when compared with European flying squid.

b ND, not detectable.

an HRGC 5160 Mega Series chromatograph machine equipped
with a 63Ni ECD (Carlo Erba, Milan, Italy). The cold on-column
mode was used for the injection. Two fused silica capillary col-
umns of different polarities coated with a CP-SIL 5CB (25 m by
0.32 mm inside diameter, 0.25-�m film thickness; Varian Inc.,
Walton-on-Thames, UK) and Rtx-1701 (30 m by 0.32 mm inside
diameter, 0.25-�m film thickness; Restek, Saunderton, UK) were
used to separate and quantify the residues. The ECD was kept at
310�C. Hydrogen and nitrogen were used as the carrier gas and
makeup gas, respectively. Organochlorines were identified by
comparing the retention times on the two columns with those of
the corresponding standard compounds and then quantified by
comparing the individually resolved peak areas with those of the
corresponding standards. The concentrations of resolved peaks
from each of the seven individual PCB congeners were summed
to obtain the congener sum PCB concentrations (�PCB). Dichlo-
rodiphenyltrichloroethane (DDT) concentrations were calculated
as the sum of p,p�-DDT, p,p�-DDE, and p,p�-DDD (�DDT). De-
tection limits for PCBs and OCPs ranged from 0.08 to 0.60 ng
g�1 fat weight. Results were reported as not detectable when the
concentrations were lower than the detection limits.

Pure reference standard solutions were used for instrument
calibration, recovery determination, and quantification (Dr. Ehren-

storfer GmbH Labservice Analytica S.r.l. Anzola Emilia, Bologna,
Italy). All the solvents were pesticide residue analysis grade (Pes-
tiscan, Labscan, Dublin, Ireland). Prior to analysis of the fish sam-
ples, aliquots of commercial homogenized sole, used as blanks,
were extracted and analyzed for cross-contamination. Some ali-
quots of the homogenized sole were spiked with standard mixtures
at three concentrations, extracted, and analyzed in triplicate to
evaluate the recovery system. The mean recovery for PCB stan-
dard spiked samples was 80% � 7%, the mean recovery the OCPs
was 90% � 10%. The quality of the analytical data also was
checked by replicate analysis of Certified Reference Material
IAEA-406 (fish homogenate), which indicated that the compounds
were quantified to within �10% of their certified concentrations.

Statistical analysis. Statistical analysis was carried out on
the lipid-normalized organochlorine concentrations. PCB and
OCP concentrations were log transformed to approximate a nor-
mal distribution of the data. Organochlorine concentrations below
the detection limits were replaced with half the value of the re-
spective detection limit. Differences in concentrations of organo-
chlorines among the individual marine species were evaluated by
one-way analysis of variance (ANOVA). When significant differ-
ences were observed among the species, the Tukey-Kramer mul-
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FIGURE 2. Prevalence of contamination (percentage of samples) by PCB congeners in marine organisms analyzed.

TABLE 3. Prevalence and concentrations of HCB and �DDT in edible tissue of some marine organisms

Species

HCB (ng g�1)

%a

Fat wt

Median
Mean � SD

(range)

Wet wt

Median
Mean � SD

(range)

�DDT (ng g�1)

%a

Fat wt

Median
Median � SD

(range)

Wet wt

Median
Mean � SD

(range)

Red mullet 50 9.76 16.23 � 14.25
(NDb–40.00)

ND 0.32 � 0.41
(ND–1.20)

86 178.52 163.84 � 115.29
(ND–318.00)

1.14 3.01 � 2.92
(ND–8.80)

European hake 50 13.96 15.29 � 12.66
(ND–28.80)

ND ND
(ND–0.12)

93 522.19 533.67 � 470.02
(ND–1,769.00)

2.28 2.12 � 1.67
(ND–5.31)

Blue whiting 57 27.10 18.73 � 14.28
(ND–35.80)

0.19 0.12 � 0.11
(ND–0.25)

93 167.47 195.79 � 129.58
(ND–386.20)

1.21 1.38 � 0.94
(ND–3.02)

Atlantic mackerel 64 18.70 16.20 � 11.94
(ND–40.49)

1.34 1.66 � 1.73
(ND–4.30)

21 7.40 34.15 � 73.06
(ND–278.02)

ND 0.18 � 0.45
(ND–1.67)

Blue and red
shrimp

14 3.13 8.03 � 7.37
(ND–23.40)

ND ND
(ND–0.12)

61 44.00 66.06 � 61.14
(ND–201.64)

0.18 0.27 � 0.29
(ND–1.02)

European flying
squid

78 34.50 58.83 � 51.96
(ND–150.60)

0.23 0.34 � 0.33
(ND–0.90)

86 117.39 212.40 � 237.44
(ND–775.40)

0.93 1.29 � 1.41
(ND–4.65)

Mediterranean
mussel

57 14.10 11.71 � 8.53
(ND–28.13)

0.11 0.10 � 0.88
(ND–0.20)

71 65.95 113.62 � 116.91
(ND–342.60)

0.51 0.86 � 1.01
(ND–2.78)

a Percentage of samples positive for HCB or �DDT.
b ND, not detectable (�0.08 ng g�1).

tiple comparisons test was applied to the ANOVA to determine
which means were significantly different.

To compare results of the present study with those reported
by Naso et al. (26), we performed two tests for differences be-
tween means. One test is valid mainly under the assumption that
the variances of the two populations compared are equal (Stu-
dent’s t test with two tails); the other is based on the assumption
of unequal variances (Welch approximate t test with two tails).
Because we did not raise any valid argument to sustain either the
assumption of equal variances or that of unequal variances, we
tested for the difference between variances and reported the means

difference tests accordingly. For all species compared, however,
there is no ambiguity in our results. All analyses and calculations
were performed with GraphPad InStat (GraphPad Software, San
Diego, Calif.).

RESULTS AND DISCUSSION

The length and the weight of the specimens and their
lipid contents are shown in Table 1.

To reduce interspecies variability and to allow a more
accurate comparison of bioaccumulation between marine



J. Food Prot., Vol. 70, No. 3710 FERRANTE ET AL.

TABLE 4. Concentrations of DDT metabolites on fat weight and wet weight bases in edible tissues of the marine organisms

DDT
metabolite

Metabolite (ng g�1)a

European hake

Fat wt Wet wt

Red mullet

Fat wt Wet wt

Blue whiting

Fat wt Wet wt

Atlantic mackerel

Fat wt Wet wt

p,p�-DDT ND
(ND–125.60)

ND
(ND–1.62)

104.97
(ND–406.80)

0.52
(ND–1.27)

26.19
(ND–199.40)

0.19
(ND–1.40)

ND
(ND–36.23)

ND
(ND–0.22)

p,p�-DDE 147.30
(ND–40.00)

1.97
(ND–6.53)

341.30
(ND–1,163.60)

1.42
(ND–3.54)

150.26
(ND–223.20)

1.11
(ND–1.79)

ND
(ND–222.85)

ND
(ND–1.34)

p,p�-DDD ND
(ND–75.60)

ND
(ND–2.27)

ND
(ND–198.60)

ND
(ND–0.60)

ND
(ND–39.78)

ND
(ND–0.20)

ND
(ND–18.94)

ND
(ND–0.11)

a Values are median (range). ND, not detectable (�0.08 ng g�1 for p,p�-DDT and p,p�-DDE; �0.09 ng g�1 for p,p�-DDD).

TABLE 5. Concentrations of PCB congeners on fat weight and wet weight bases in edible tissues of marine organisms

PCB

PCB (ng g�1)a

Red mullet

Fat wt Wet wt

European hake

Fat wt Wet wt

Blue whiting

Fat wt Wet wt

Atlantic mackerel

Fat wt Wet wt

28 ND
(ND–59.00)

ND
(ND–1.30)

ND
(ND–36.80)

ND
(ND–0.13)

ND ND ND
(ND–24.40)

ND
(ND–2.68)

52 ND
(ND–33.60)

ND
(ND–0.74)

ND
(ND–123.00)

ND
(ND–0.37)

ND ND ND ND

101 ND
(ND–56.00)

ND
(ND–4.37)

152.90
(ND–1,629.40)

0.53
(ND–3.23)

74.50
(ND–232.57)

0.50
(ND–1.83)

ND
(ND–208.33)

ND
(ND–1.24)

118 153.30
(ND–428.56)

3.01
(ND–5.98)

427.90
(ND–3,301.20)

1.55
(1.66–9.90)

145.10
(ND–235.50)

0.99
(ND–1.85)

ND
(ND–1,592.60)

ND
(ND–7.14)

138 425.50
(210.00–1,744.19)

6.43
(1.36–20.93)

112.00
(6.25–4,397.20)

4.95
(ND–13.19)

322.10
(ND–282.05)

2.39
(ND–3.55)

122.15
(ND–894.88)

2.21
(ND–3.74)

153 339.49
(263.20–1,666.66)

9.05
(1.92–19.99)

962.08
(520.84–4,780.40)

4.16
(1.66–14.34)

294.00
(4.00–1,375.00)

1.88
(ND–9.62)

26.04
(ND–2,812.00)

0.13
(ND–16.87)

180 490.10
(106.67–1,200.00)

10.81
(1.30–20.50)

769.25
(ND–1,213.33)

2.54
(ND–4.85)

482.70
(160.00–990.48)

3.43
(0.95–12.19)

143.74
(ND–955.56)

6.89
(ND–60.41)

a Values are median (range). ND, not detectable (�0.60 ng g�1 for PCBs 28 and 52; �0.55 ng g�1 for PCBs 101 and 118; �0.50 ng
g�1 for PCBs 138, 153, and 180).

species, the concentrations of pollutants were normalized to
the fat content and were expressed in relation to wet weight.

PCBs were the most abundant pollutants followed by
DDTs and HCB. The concentrations of �PCB expressed as
nanograms per gram of fat weight (f.w.) and wet weight
(w.w.) in the muscle of marine species are presented in
Table 2. The order of pollution concentrations relative to
f.w. was European hake 	 European flying squid 	 Med-
iterranean mussel 	 red mullet 	 blue whiting 	 Atlantic
mackerel 	 blue and red shrimp, whereas on the basis of
the w.w. it was red mullet 	 Atlantic mackerel 	 European
flying squid 	 European hake 	 Mediterranean mussel 	
blue whiting 	 blue and red shrimp. PCBs were found in
all the marine species at concentrations ranging from 64.40
to 15427.00 ng g�1 f.w. The only samples without PCBs
were three samples of blue and red shrimp.

PCBs were largely made up of hepta-, hexa-, and pen-
tachlorinated PCBs (nos. 118, 138, 153, and 180) in almost
all the species analyzed (Fig. 2). These findings are not
surprising considering that these congeners are the most
abundant in commercial PCB mixtures, such as Aroclor
1254 and 1260, which are the most commonly used in Eu-

ropean countries. These compounds have chlorine atoms at
the 2, 4, or 5 position in one or both rings.

The concentrations of OCPs in the edible parts of ma-
rine species from the Gulf of Naples are shown in Table 3.
DDT concentrations on a lipid basis had a trend similar to
that of the PCB congeners. The most contaminated species
were those at the top of the food chain. The concentration
order on the basis of f.w. was European hake 	 red mullet
	 blue whiting 	 European flying squid 	 Mediterranean
mussel 	 blue and red shrimp 	 Atlantic mackerel. The
order on the basis of w.w. was European hake 	 blue whit-
ing 	 red mullet 	 European flying squid 	 Mediterranean
mussel 	 blue and red shrimp 	 Atlantic mackerel.

DDTs were found in 73% of the samples. DDT con-
tamination levels were highly variable, ranging from not
detectable to 1769.00 ng g�1 f.w. in the European hake.
HCB was found in 53% of the samples at low concentra-
tions ranging between not detectable and 150.60 ng g�1

f.w.; the European flying squid was the most contaminated
marine organism among the other species (median of 34.50
ng g�1 f.w.).

p,p� DDE was the most frequently detected OCP (91%
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TABLE 4. Extended

Metabolite (ng g�1)a

Blue and red shrimp

Fat wt Wet wt

European flying squid

Fat wt Wet wt

Mediterranean mussel

Fat wt Wet wt

ND
(ND–28.98)

40.57
(ND–169.53)

ND
(ND–40.60)

ND
(ND–0.17)

0.18
(ND–1.02)

ND
(ND–0.12)

22.36
(ND–170.20)

107.49
(ND–519.40)

ND
(ND–85.80)

ND
(ND–1.02)

0.76
(ND–3.12)

ND
(ND–0.51)

9.38
(ND–204.40)

27.69
(ND–125.60)

ND
(ND–56.81)

ND
(ND–1.84)

0.24
(ND–0.94)

ND
(ND–0.41)

TABLE 5. Extended

PCB (ng g�1)a

Blue and red shrimp

Fat wt Wet wt

European flying squid

Fat wt Wet wt

Mediterranean mussel

Fat wt Wet wt

ND
(ND–15.00)

ND

ND

ND
ND
ND

ND

ND
(ND–58.20)

ND
(ND–41.80)

68.71
(ND–269.00)

ND
(ND–0.35)

ND
(ND–0.25)

0.55
(ND–1.61)

ND
(ND–18.00)

ND
(ND–42.20)

168.60
(ND–1,098.48)

ND
(ND–0.11)

ND
(ND–0.33)

1.24
(ND–3.33)

ND
(ND–30.60)

60.19
(ND–625.00)

41.10
(ND–175.44)

44.30
(ND–1,026.67)

ND

0.31
(ND–2.42)

0.18
(ND–0.68)

0.45
(ND–3.97)

279.19
(ND–834.80)

625.30
(108.70–1,354.00)

539.23
(148.15–1,591.80)

611.07
(ND–876.20)

1.95
(ND–5.01)

4.32
(0.65–8.12)

3.57
(0.89–9.55)

4.28
(ND–5.30)

293.43
(ND–2,111.12)

550.50
(152.78–2,138.16)

545.60
(202.03–2,988.51)

58.43
(ND–937.77)

1.97
(ND–6.40)

4.14
(1.12–6.48)

3.72
(ND–9.06)

0.38
(ND–2.84)

of the samples); p,p�-DDD was found in the 55% of the
samples analyzed with concentrations ranging from not de-
tectable to 198.60 ng g�1 f.w. (red mullet). For all the spe-
cies but Atlantic mackerel, the median p,p�-DDE concen-
trations were higher than those of the p,p� DDT (respec-
tively ranging from not detectable to 1,163.60 ng g�1 f.w.
and from not detectable to 406.80 ng g�1 f.w. in the red
mullet) (Table 4). The DDE/DDT ratio is commonly used
to assess the chronology of DDT entering the ecosystems
(4). The DDE/DDT ratio calculated for all the species
ranged from 2.9 (Mediterranean mussel) to 9.7 (blue and
red shrimp), confirming that these banned pesticides have
not been used recently in the zone.

The results indicated a variable PCB congener profile
in the different species analyzed, and there were significant
differences in the residues of organochlorine pollutants
among the species. These differences may be attributable
to various abiotic and biotic factors, such as the degree of
chlorination and logKow (octanol-water partition coeffi-
cient) of the chemicals and the recent habitat and feeding
habits of the specimens. Variations in migratory patterns
and metabolic detoxification capacity also may have an ef-

fect on the magnitude and the pattern of accumulated or-
ganochlorines in the investigated species (2).

The strong interaction with the sea bed and its sedi-
ments may have an important influence on the degree of
contamination observed in the benthic and neritic fish (Eu-
ropean hake, blue whiting, and red mullet) and cephalopods
studied. Organochlorines tend to be adsorbed to the organic
fraction of the sediments, which consequently act as a final
reservoir and source of these pollutants in the aquatic sys-
tems, keeping them available to benthic species.

In this study, the European hake had the highest con-
centrations of persistent PCBs (31% of the total PCB con-
tent; significantly different at P � 0.001 compared with red
mullet, blue whiting, Atlantic mackerel, Mediterranean
mussel, and blue and red shrimp and at P � 0.01 compared
with European flying squid), although the wide range of the
biometric data suggests the inclusion of juveniles with low
accumulative capabilities.

Cephalopods, which are known to accumulate numer-
ous contaminants such as OCPs and PCBs (38, 39, 42), are
an important vector for transferring potentially hazardous
contaminants to top marine predators. The European flying
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squid had higher median PCB concentrations than did all
the other species analyzed except the European hake
(1768.27 ng g�1 f.w.). This result may be related to the
habitat and feeding habits of this squid. The substantial dif-
ferences in the PCB concentrations might be due to an in-
ability to metabolize these xenobiotics. In support of this
hypothesis, Walker (36) described in molluscs a reduced
synthesis of different forms of cytochrome P-450, which
are responsible for the oxidative attack on PCBs.

Bivalves are suitable bioindicators for monitoring toxic
contaminants in coastal waters because of their wide dis-
tribution, tolerance to a wide range in salinity, resistance to
stress and high concentrations of a wide range of chemicals,
and ease of sampling (22). Mussels have a high protein
content, averaging 67% of body weight (7, 34) which is
comparable to that of other food items at higher trophic
levels. This fact underscores the importance of mussels as
a source of animal protein and explains the high level of
consumption. Although mussels occupy the lowest position
on the food chain among the species investigated, these
bivalves often had higher concentrations of organochlorines
than those found in the other species. Neither the nature of
the habitat nor the feeding habits offer a satisfactory ex-
planation for these results. The main explanation might be
that bivalves, similar to cephalopods, have a very limited
capacity to metabolize PCBs through the cytochrome P-450
system (5); hence, the concentrations of the single PCB
congeners and the total congener pattern are not much mod-
ified by biotransformation and thus closely reflect the state
of pollution of the coastal waters. Storelli et al. (32) re-
ported that mussels are high in the lower chlorinated spe-
cies. In contrast, in our study the PCB congeners 118, 138,
and 153 were predominant (only the PCB 180 was present
at lower concentrations than the other highly chlorinated
congeners) (Table 5).

PCB concentrations in blue and red shrimp were re-
markably low in comparison to those found in the other
marine species and also in the mussels (the same trophic
level) (Table 2). Blue and red shrimp live in deep water
and feed on decomposing organisms. In this case the feed-
ing habits might explain the low PCB accumulation by
biomagnification. As already observed in mussels, more
chlorinated congeners were found in higher concentrations
than were the lower chlorinated congeners (90% for PCBs
138, 153, and 180) (Table 5), and this profile is unlike pre-
vious data reported in crustaceans, in which remarkably low
concentrations of some penta- and hexachlorinated conge-
ners have been found in brown shrimp (16) and lobsters
and crabs (18).

Mackerel generally had lower organochlorine concen-
trations than did the other fish species, molluscs, and crus-
taceans (Tables 2 and 3). These results may be ascribed to
the pelagic habitat and long-range horizontal and vertical
migration of mackerel (8). The time spent in less contam-
inated open seas has a continuous washout effect on organ-
ochlorine compounds.

During the study period, we observed a seasonal trend
in contamination levels of the species considered. The un-
clear influence of many factors such as habitat, physiology,

lipid content, geographical origin, and feeding behavior
could not account for pollutant deposit and elimination.
However, the differences between seasons were not signif-
icant.

The mean concentrations of �PCB, �DDT, and HCB
in the edible parts of red mullet, Atlantic mackerel, Euro-
pean hake, and Mediterranean mussel are compared in Ta-
ble 6 with concentrations found in the same species in a
study conducted in 2003 (26). The mean concentrations of
�PCB in red mullet, Mediterranean mussel, and Atlantic
mackerel found in the present study are higher than those
reported by Naso et al. (26). For red mullet, the difference
was significant (P � 0.01). In agreement with data reported
by Naso et al. (26), PCBs 118, 138, 153, and 180 were the
congeners most frequently detected and at the highest con-
centrations.

Our results are consistent with the high concentrations
of other organochlorine compounds (dioxins) found in
dairy products from the Campania region during the mon-
itoring program carried out by the Italian Ministry of
Health in 2004. Such high concentrations may be indicative
of persistent point sources of PCBs in the Campania region
despite the reduced production and use of these compounds.

The mean concentrations of both �DDT and HCB
found in this study were generally lower than those reported
by Naso et al. (26) (Table 6). For �DDT in Atlantic mack-
erel and HCB in red mullet and European hake, differences
in mean concentrations previously reported were significant
(P � 0.05). This temporal trend of decreasing OCP con-
centrations can be ascribed to the length of time since legal
restrictions were introduced.

For the OCPs, the maximum residue limits were estab-
lished for fish and aquatic products by the Decreto Minis-
teriale of 27 August 2004 (12). Almost all the samples an-
alyzed had a �5% lipid percentage and are classified in
group 1, with maximum residue limits of 0.050 and 0.010
�g g�1 w.w. for DDTs and HCB, respectively. Only some
specimens of Atlantic mackerel had a 	5% lipid percentage
(mean, 7.73%) and were included in group 2 with a max-
imum residue limit of 0.100 �g g�1 w.w. for DDTs and
0.020 for HCB. All samples analyzed were below these
limits, as stipulated by the ban on DDT for agricultural use.
These data suggest that the OCPs in marine species caught
in the Gulf of Naples are unlikely to cause a significant
health hazard.

The European Union legislation has not fixed a maxi-
mum residue limit for the seven PCB congeners in fish,
shellfish, or crustaceans. The current limits (200 ng g�1

f.w.) were established by the European Union for terrestrial
edible classes of food (9). In all the marine species ana-
lyzed, the median PCB concentrations exceeded (by a large
amount in some cases) this residue limit (Table 2). Al-
though the manufacture and use of PCBs are banned or
highly restricted, these compounds still are significant per-
sistent chemical contaminants in the Gulf of Naples.

Because PCBs accumulate in organisms through the
food chain, the diet is considered the main source of human
exposure (	90%) (15); animal fats and fish are the main
sources of PCBs in an average western European diet (3,
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25, 44). However, because dietary habits vary greatly
among populations and because PCB concentrations vary
across geographical areas, the main sources of PCBs and
the extent of exposure may differ across populations. Die-
tary intakes of 0.5 to 48 �g/day have been reported in dif-
ferent countries. The data available in the 1980s indicated
that an average intake of 5 to 15 �g/day for the general
population in industrialized countries was a reasonable es-
timate (40). Individual intakes of specific foods vary greatly
within a single population, and PCB concentrations also are
affected by food processing, i.e., washing and cooking (43).
To correctly estimate risks associated with PCBs, we must
measure exposure to specific PCB congeners because each
of these compounds has particular properties and charac-
teristic patterns of persistence in the human body and tox-
icity potential (30). The cytochrome P-450 monooxygenase
system and conjugating enzymes are the two most impor-
tant multienzyme systems involved in the metabolism and
detoxification of xenobiotic compounds (20). PCBs 118,
138, 153, and 180 tend to be refractory to metabolic deg-
radation by monooxygenases and, consequently, tend to be
eliminated more slowly because of their high degree of
chlorination and the lack of unsubstituted positions on their
biphenyl rings that could be available for enzymatic attack
(36). The higher congeners (hexa and hepta forms) have a
lower clearance rate than do the lower forms, so they re-
main in the body longer (PCB 153 has an estimated half-
life in the human body of 27.5 years) (6, 41). Corsolini et
al. (11) reported that the most abundant PCB congeners
found in human adipose tissue from Italian surgical patients
were 138, 153, and 180. In our study, these PCBs were the
predominant congeners in all the marine species analyzed.

Until now, no systematic analysis has been performed
to evaluate the risk assessment for local populations or for
Italians as a whole associated with consumption of PCBs
in contaminated marine organisms. The consumption of
seafood products in southern Italy, including Sicilia but not
Sardinia, was 157,026 tons in 2003, which corresponds to
38.3% of Italian seafood consumption (23), the highest in
Italy.

Our findings suggest that the European Union should
set limits for PCBs (the seven targets congeners) in seafood
products, mainly for the most commonly consumed species
of fish, crustaceans, and molluscs based on the increase in
PCB contamination over time, which is related to high local
levels of environmental pollution. A more complex analysis
of seafood preferences, an evaluation of the mean daily
intake of seafood, and the exploitation of the results of
monitoring studies are recommended for a more accurate
assessment of the consumer health risk associated with
these foods.

ACKNOWLEDGMENTS

This work has been supported by Ministry of University and Sci-
entific and Technological Research grants (MPI 40% 2002). The authors
are grateful to Dr. Ciro Sbarra for his important help in collecting speci-
mens.



J. Food Prot., Vol. 70, No. 3714 FERRANTE ET AL.

REFERENCES

1. Alcock, R. E., P. A. Behnisch, K. C. Jones, and H. Hagenmaier.
1998. Dioxin-like PCBs in the environment—human exposure and
the significance of sources. Chemosphere 37:1457–1472.

2. Ashley, J. T., R. Horwitz, J. C. Steinbacher, and B. Ruppel. 2003. A
comparison of congeneric PCB patterns in American eels and striped
bass from the Hudson and Delaware River Estuaries. Mar. Pollut.
Bull. 46:1294–1308.

3. Bayarri, S., L. T. Baldassarri, N. Iacovella, F. Ferrara, and A. di
Domenico. 2001. PCDDs, PCDFs, PCBs and DDE in edible marine
species from the Adriatic Sea. Chemosphere 43:601–610.
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