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METHODOLOGIES 

Sampling 

Sardine 

Specimens of sardine were obtained from commercial vessels operating in the region of 

Peniche, a rural area without industrial and river inputs to the sea. Female and male 

individuals were collected in February, March, April, May, September, October, 

November, December 2000 and January 2001. Length of the 126 individuals considered 

in this study ranged between 20.0 and 21.5 cm. In the laboratory sardines were grouped 

by size, the gender was determined and muscle, liver and gonads of the individuals were 

removed, weighted, and freeze-dried. Due to the small quantity of mass available for the 

analysis each sample consisted of tissues from two individuals. 

 

Seabass from natural environments and semi-intensive fish farm 

Sea bass of three different weight classes were collected in a semi-intensive fish farm 

located in the south of Portugal (Class I with about 13 g, Class II about 50 g and Class III 

about 150 g). Fish of each class were collected from independent tanks, the two smaller 

classes from glass fiber tanks, with constant water circulation, and larger specimens in 3-

ha land tanks with water circulation controlled by the tides. Seabass were dissected and 

the muscle and liver were frozen at -20ºC for chemical analysis. Samples were analyzed 

individually, or in pools of two individuals for the smaller size class. All tanks had the same 

water supply and fish fed with similar commercial formulation of diet pellets only distinct in 

the size. In each tank, water was sampled, and filtered through pre-washed (hexane) and 

pre-combusted (350 °C, 10 h) Gelman A/E filters to separate dissolved and particulate 

fractions. The dissolved fraction was collected in glass flasks and analyzed within 2 days. 

Filters were stored frozen and then dried at 40 °C for analysis. 

 

To confirm if the results from the semi-intensive fish farm are valid to wild seabass, a 

similar study was made in the coastal lagoon of Ria de Aveiro. Length and weight were 

measured and fish grouped by weight classes as closer to the ones from fish farm as 

possible (Class I with about 13 g, Class II about 50 g and Class III about 150 g). 

Individuals were dissected and muscle, liver and entrails content taken for chemical 

analysis. Muscle samples were prepared individually in samples from classes II and III, 
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and in composite samples of 2-3 individuals for class I. Two composite samples of entrails 

content were prepared for Classes II and III. Sample tissues were freeze-dried.  

Fish is expected to move along the coastal lagoon so mean PCB concentrations were 

considered to calculate bioaccumulation. Surface water was sampled in high- and low tide 

during the sampling period of seabass, at seven stations of Ria de Aveiro. The dissolved 

fraction and SPM were collected as previously described.. 

 

Seabass exposure to sublethal PCB concentrations 

Seabass was studied for PCB congener’s accumulation and elimination, after being fed 

with food highly contaminated (about 1 000 ng g-1) with PCBs 18, 44, 49, 52, 101, 105, 

118, 138, 180 and 187. Congeners were selected to cover different chlorination degrees. 

The stable congener PCB153 was not included intentionally, and was used as internal 

control. The commercial food pellets usually supplied in the fish farm were covered by a 

PCB solution in ethanol and the solvent was allowed to slowly dry with pellet 

homogenization. PCB concentrations were analyzed in 5 pools of food for determination 

of levels and contaminant’s homogeneity. The concentrations of individual PCBs used 

were between 1440 and 1750 ng g-1. The food was supplied to the fish through water. 

Introducing food externally to fish contaminants may partition between food pellets and 

water. To evaluate the possible indirect accumulation of PCBs via the aqueous phase, the 

water was also analyzed. 

Specimens with approximately 15 g and 250 g in weight were transferred to two 2000 L 

tanks with a natural photoperiod. Water was at ambient temperature during the 

experiment. Aeration was set to maintain 100% oxygen saturation in water. The water was 

continuously filtered through mechanical, charcoal and extensive biological filters before 

being recycled. After an accommodation period of about 30 days, the fish were exposed 

to a contaminated diet for 12 days, following a depuration period of 12 weeks. Water was 

sampled for analysis at the beginning of the exposure (day 0) and at the end (day 12). 

After the exposure period all water was replaced and the tanks and filter systems were 

cleaned. PCB concentration in the food pellets were at similar levels as other studies 

(Goerke and Weber, 2001) referred as NOEC-levels for fish, and below the effect levels 

determined by Konemann (1981). No mortality was observed. Five individuals were 

periodically sampled at days 0, 1, 12, 26, 40, 55, 72, 92. Blood samples were collected 

from fish sedated with ethylene glycol monophenyl ether, and plasma was separated by 

centrifugation (10 min at 5 000 rpm). Muscle and liver sub samples were immediately 
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frozen and stored at -80ºC for biochemical analysis. Plasma, liver, muscle and visceral fat 

were conserved at -20ºC until PCB analysis.  

 

PCBs and DDTs Quantification 

PCBs and DDTs were extracted from freeze-dried tissues, from diet pellets, and SPM with 

n-hexane (Hx) using Soxhlet apparatus. Fat content was determined gravimetrically from 

aliquots of the extracts. Extraction of PCBs and DDTs from water was performed using 

liquid-liquid extraction with Hx. 

The extracts were concentrated and passed through a 2.5 g of Florisil-packed glass 

column for separation of the compounds. The first fraction eluted with Hx contained PCBs 

and p,p’-DDE, the second fraction eluted with dichloromethane:Hx (30:70) contained p,p’-

DDD and p,p’-DDT. The extracts were subjected to a further clean up with sulphuric acid. 

After concentration, each sample was injected into a Hewlett-Packard 5890 series II gas 

chromatograph (GC) equipped with an electron capture detector (ECD). A DB-5 (J&W 

Scientific, Folsom, CA) capillary column (60 m, 0.25 mm i.d., 0.25 µm film thickness) was 

used. The column was held at 60 ºC for 1 min, then programmed in three levels: at a rate 

of 20 ºC min-1 to 210 ºC (8 min); 2 ºC min-1 to 250 ºC (17 min) and 4 ºC min-1 to a final 

temperature of 260 ºC (15 min). The injector temperature was kept at 270 ºC and the 

detector was maintained at 320 ºC. Helium and argon/methane were used as the carrier 

and the make up gases, respectively. Concentrations of CBs and DDT compounds were 

quantified from the peak heights using a six-point multilevel calibration curve. A mixture of 

individual CBs, p,p’-DDE, p,p’-DDD and p,p’-DDT was used as external standard for 

quantification.  

Compounds analysed by GC–ECD were confirmed in some samples with high levels by 

GC– mass spectrometry detector (MS) using a Finningan Mat GCQ instrument, equipped 

with a DB5-MS (J&W Scientific, Folsom, CA) capillary column (30 m·0.25 mm i.d., 0.25 

µm film thickness) and operating at an electron impact energy of 70 eV. The column was 

held at 60 ºC for 1 min, and then programmed at 20 ºC.min-1 to 210 ºC (8 min); at 2 

ºC.min-1 to 250 ºC (5 min). Compounds were determined by selected ion monitoring (SIM) 

at m=z 256, 290, 324, 358, 392, 426, and 318 for tri-, tetra-, penta-, hexa-, hepta-, 

octachlorobiphenyl and p,p’-DDE, respectively.  

Extraction efficiency was tested by re-extracting the sample with fresh solvents. 

Concentrations of the second extraction were less than 10% of the value determined 
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previously. The recovery of the Florisil column was evaluated with a standard solution and 

more than 85% of each compound was obtained. Procedural blanks were also analysed in 

each batch of 10–16 samples.  

Detection limits calculated from three times the peak height in blank samples, ranged from 

0.01 to 0.04 ng/g dw. Certified reference material of fresh mussel tissue BCR-682 was 

examined for analytical method control and the recoveries ranged from 80 to 110%. 

 

OH-PCBs Quantification 

Plasma was solvent extracted following Hovander et al. (2000). Plasma (about 1g) was 

transferred to a test tube. Recovery standards (CBs 30, 65, and 204) were added and 

vortex mixed. For plasma denaturation HCl (6M, 3 mL) was added and vortex mixed, 2-

propanol (3 mL) was added and the sample vortex mixed once more. Organic compounds 

were extracted adding Hx/methyl terbutyl ether (MTBE) (1:1, v/v, 5 mL) and sample gently 

mixed for 5 minutes. After centrifugation, the organic phase was transferred to a second 

test tube, containing aqueous KCl solution (1%, w/w, 4 mL). The denaturated plasma was 

re-extracted with Hx/MTBE (1:1, v/v, 3 mL) and the organic phase combined with the first 

extract. Potentially co-extracted aqueous compounds in extract were partitioned into KCl-

solution by gently mixing. After centrifugation, the organic phase was transferred to a pre-

weighted test tube. The aqueous solution was re-extracted with Hx/MTBE (1:1, v/v, 3 mL) 

which was combined with the extract. The solvent was gently evaporated in nitrogen flow 

and lipid content determined gravimetrically when constant weight was obtained. The 

extract, dissolved in Hx (4 mL), was partitioned with a KOH-solution (0.5 M in 50 % 

ethanol, 2 mL) and gently mixed, after centrifugation the organic phase was transferred to 

another test tube. The alkaline solution was re-extracted with Hx (3 mL) and the organic 

phases combined – this aliquot contains the neutral fraction. The alkaline solution was 

acidified with HCl (2M, 0.5 mL) and phenolic compounds were extracted with Hx/MTBE 

(9:1, 4 mL) and subsequently extracted once more with 3 mL of the same solution – this 

aliquot contains the phenolic fraction. Phenolic compounds were derivatized to their 

corresponding methyl ethers by addition of ethereal diazomethane (0.5 mL, 3 h) prior to 

any further steps. Ether and excess diazomethane were evaporated under a gentle 

nitrogen flow. 

For lipid removals both fractions were concentrated to 1 mL, sulfuric acid (4 mL) was 

added and gently mixed. The Hx-phase was transferred to a new test tube, and the 

sulfuric acid repartitioned with Hx (1 mL).  
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After adjustment of volume both fractions were analyzed using GC-ECD. It was used the 

same GC method as for PCB analysis in tissues. It also produced a good separation of 

phenolic compounds and allowed to confirm the good partition between neutral and 

phenolic phases. Retention times were determined by pure standards injection, and 

quantification was performed using internal standard method. Detection limit was 

calculated as 0.1 ng g-1, and quantification limit as 0.4 ng g-1.The internal standard 

recoveries were between 60 and 105%.  

 

Ethoxyresorufin O-deethylase (EROD) 

Liver ethoxyresorufin O-deethylase (EROD) activity was measured according to Ferreira 

et al. (2004). Briefly, liver was homogenized in ice-cold buffer (50 mM Tris-HCl, pH 7.4, 

0.15 M KCl). Microssomes were obtained by centrifugation of the 9 000 g supernatant at 

36 000 g for 90 min in a SIGMA 3K30 centrifuge. The pellet was then ressuspended in 

buffer (50 mM Tris-HCl, 1 mM NaEDTA, pH 7.4, 1 mM dithiothreitol, 20 % v/v glycerol) 

and spun down at 36 000 g for 120 min (Fent and Bucheli, 1994). Microsomes were 

suspended in EDTA-free resuspension buffer and stored at -80 ºC until use. The 

microssomal protein was determined in an aliquot of this extract by Lowry method. 

Microsomal suspension (50 µl) was incubated with ethoxyresorufin 0.5 µM for 1 min, and 

the enzymatic reaction was initiated by the addition of 45 µM NADPH. EROD activity was 

measured for 5 min at λex 530 nm and λem 585 nm, and determined by comparison to a 

resorufin standard curve. Hepatic EROD activity is expressed in pmol/min/mg protein. 

 

Glutathione S-transferase (GST) 

Livers were homogenized in ice-cold sodium phosphate buffer 50 mM, Na2EDTA 0.1 mM, 

pH 7.8 and centrifuged at 15 000 g for 20 min, at 4ºC. The protein was determined in an 

aliquot of this extract by Lowry method. Glutathione S-transferase (GST) in the liver was 

determined according to the method of Habig et al. (1974) adapted to microplate as 

described in Ferreira et al. (2006) using glutathione (GSH) 10 mM in phosphate buffer 

0.1M, pH = 6.5, and 1-chloro-2,4-dinitrobenzene (CDNB) 60 mM in ethanol prepared just 

before the assay. The reaction mixture consisted of phosphate buffer, GSH solution and 

CDNB solution in a proportion of 4.95 ml (phosphate buffer): 0.9 ml (GSH): 0.15 ml 

(CDNB). In the microplate, 0.2 ml of the reaction mixture was added to 0.1 ml of the 

sample, with final concentration 1mM GSH and 1mM CDNB in the assay. The GST 



Accumulation of PCBs and DDTs in Fish 

30 

activity was measured immediately every 20 seconds, at 340 nm, during the first 5 

minutes, and calculated in the period of linear change in absorbance. Liver GST activity is 

expressed in nmol/min/mg protein. 

 

 


