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INTRODUCTION 

General Introduction 

The United Nations Environmental Program (UNEP) – 2001 – Stockholm Convention on 

Persistent Organic Pollutants (POPs), included polychlorinated biphenyls (PCBs) and 

dichlorodiphenyl trichloroethane (DDT) in the twelve Persistent Organic Pollutants, which 

use must be prohibit or restricted. 

POPs are chemicals that remain intact in the environment for long periods, become widely 

distributed geographically, accumulate in the fatty tissue of living organisms and are toxic 

to humans and wildlife. POPs circulate globally and can cause damage wherever they 

travel, particularly in marine environments (as eg. Oliver and Niimi, 1988; Dewailly et al., 

1993; Geyer et al., 2000). 

Despite PCBs only having anthropogenic sources, they are spread world wide (Breivik et 

al., 2002b). PCBs are hydrophobic and therefore usually adsorbed in suspended particles 

that might be deposited in the sediment, or may accumulate directly in the sediment. 

PCBs are also lipophilic and therefore accumulate in marine organisms, which, in 

opposition to terrestrial organisms have low capacity to metabolize and eliminate a large 

number of PCB congeners (Hahn, 2002). 

Dichlorodiphenyl trichloroethane and its metabolites dichlorodiphenyl dichloroethane 

(DDD) and dichlorodiphenyl dichloroethylene (DDE) were also included in the UNEP list of 

POPs. DDT was extensively used as an insecticide during some decades (Clark et al, 

1997), in particular as a disease vector control. Although DDT has been prohibited in most 

of the developed countries, it is still produced in China and India, and its use is 

recommended by the World Health Organization (WHO) in tropical countries as malaria 

vector control. The physical properties of DDT and metabolites are similar to those of 

PCBs, undergoing the same type of transport and bioaccumulation processes, as well as 

the analytical methodologies for quantification. 

Marine organisms are major accumulators of organochlorine compounds in human food 

chain (Freijer et al., 2001; WHO, 2003), therefore it is essential to know their contaminant 

levels and possible means to reduce this accumulation. 

Hydrophobic persistent compounds can accumulate in marine organisms by several 

different mechanisms (Figure 1). Fish can uptake PCBs from water through gills or skin 

(bioaccumulation), or through food (biomagnification) (Van der Oost et al., 2003). They 
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can eliminate these compounds by excretion through gills, skin, faeces, and by 

metabolizing some of them producing compounds that are easier to eliminate (but not 

always less toxic). 

The contaminant levels in organisms are function of the ratio between the uptake and 

elimination kinetics, depending on the compound, the organism and the environment (van 

der Oost et al., 1996a). Bioaccumulation of individual PCB congeners can change 

between species, but usually, diet and environmental contamination are the main factors 

affecting bioaccumulation (Thomann and Connolly, 1984; Loizeau et al., 2001). In a 

previous work a different PCB congener pattern was observed in fish of the same species, 

with different size/age (Antunes et al., 2001). These differences in PCB congeners pattern 

can result from different uptake (Kucklick and Backer, 1998), or different types of 

elimination for some compounds (Bright et al., 1995; Norstrom, 2002). Molecular structure 

is fundamental in compound biotransformation, which is also species dependent (Goerke 

and Weber, 2001). 

 

 

 

 

 

 

 

 

Figure 1. Uptake and elimination pathways for organochlorines in pelagic and demersal fish. 

 

Because the knowledge of these mechanisms is still limited, this study intends to 

contribute to a better knowledge of the accumulation mechanisms of PCBs, DDT and 

metabolites in fish. Therefore, two fish species were selected in different environments: 

seabass (Dicentrarchus labrax, Linnaeus, 1758), and sardine (Sardina pilchardus, 

Walbaum, 1792). 
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Seabass that can be found both in wild and in fish farming. The selected semi-intensive 

fish farm environment allows us to study a shortened food chain. Seabass was chosen as 

it is one of the main species produced in aquaculture, reaching a production above 50 000 

ton per year in the Mediterranean (FAO, 2006). Sardine was captured in the Portuguese 

coast. It has a long spawning period between October and April (Ré et al., 1990; Zwolinski 

et al., 2001) with a known variation of lipid content, which allows following the evolution of 

PCB concentration in tissues. 

 

Persistent Organic Pollutants (POPs) 

The behaviour and fate of chemicals in the environment is determined by their chemical 

and physical properties and by the nature of the environment. The chemical and physical 

properties are determined by the structure of the molecule and the nature of the atoms 

present in the molecule (Mackay et al., 1992). Depending on the structure of the molecule, 

these physical and chemical properties reach over a large range of values. It must be 

recognized that relatively few substances possess the necessary properties to be 

classified as POPs, as: the degree of persistence, mobility, and toxicity. 

One important property of POPs is the semi-volatility, that confers a degree of mobility 

through the atmosphere, sufficient to allow relatively great amounts to enter the 

atmosphere and be transported over long distances (Harner et al., 1998; Breivik et al., 

2002b). Thus, these substances may volatilize from hot regions but, due to the moderate 

volatility, will condense and tend to remain in colder regions. Substances with this 

property are usually highly halogenated, having a molecular weight from 200 to 500 g mol-

1 and a vapour pressure lower than 1000 Pa. 

Due to lipophilicity, a tendency to preferentially dissolve in lipids, rather than water, POPs 

have a tendency to bioconcentrate from the surrounding medium into the organism 

(Colombo et al., 1990; Gil. 1997; Willman et al., 1997).  

 

Polychlorinated biphenyls (PCBs) 

PCBs are synthesised by catalysed chlorination of biphenyl, and depending on the 

number of chlorine atoms (1-10) and their position on the two rings, 209 different 

compounds, PCB congeners, are theoretically possible. Figure 2 shows the structural 
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formula of PCB and the numbering of carbon atoms in the two rings. Positions 2, 2’, 6, 6’ 

are named “ortho”, positions 3, 3’, 5, 5’ “meta” and positions 4, 4’ “para” positions. 

 

 

 

 

 

Figure 2. Structural formula of PCB and numbering of the carbon atoms (Clx+Cly = 1-10). 

 

To simplify nomenclature, Ballschmiter and Zell (1980) established a numeric system for 

PCBs based in the chlorination of the congeners (Table 1). This nomenclature was 

adopted by IUPAC (International Union for Pure and Applied Chemistry). 

 

Table 1. IUPAC nomenclature for PCBs, resume of the established by Ballschmiter and Zell (1980). 

Nº IUPAC Chlorination 

1-3 monochlorobiphenyl 

4-15 dichlorobiphenyl 

16-39 trichlorobiphenyl 

40-81 tetrachlorobiphenyl 

82-127 pentachlorobiphenyl 

128-170 hexachlorobiphenyl 

171-193 heptachlorobiphenyl 

194-205 octachlorobiphenyl 

206-208 nonachlorobiphenyl 

209 decachlorobiphenyl 
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Due to their physical and chemical properties, such as non-flammability, chemical stability, 

high boiling point, low heat conductivity and high dielectric constants (Mackay, et al., 

1992), PCBs were widely used in a number of industrial and commercial applications, 

closed and open. Closed applications include the use of PCBs in hydraulic and heat 

transfer systems as well as cooling and insulating fluids in transformers and capacitors . 

Use of PCBs in pigments, dyes, repellents and carbonless copy paper or as plasticizers in 

paints, sealants, plastics and rubber products are typical open applications (Ahmed, 1999; 

Paasivirta, 2000). For technical purposes, PCBs have never been used as single 

compounds but as complex, technical mixtures, that were liquids with different viscosity 

depending on the degree of chlorination (between 21% and 68% chlorine). According to 

the chlorine content and the production process, the composition of the technical 

mixtures, marketed under a large number of trade names, such as Aroclor, Clophen, 

Phenochlor, Kanechlor, Pyralene, Fenclor, Delor, may differ significantly in the number 

and content of individual PCB congeners. Even mixtures with comparable chlorine 

content, but from different manufacturers (e.g. Aroclor 1260 and Clophen A 60), show 

different compositions, that contain about 100-140 individual congeners (Larsen et al., 

1995; Vetter et al., 1998). It is estimated, that more than 1 million tons of technical PCB 

mixtures were produced world-wide since their first commercial use in the late 1920s (Kok 

et al., 1982; Breivik et al., 2002b). 

PCBs were identified as an environmental contaminant by Sören Jensen in 1966. 

Although the manufacture, processing and distribution of PCBs have been prohibited in 

almost all industrial countries since the late 1980s, their entry into the environment still 

occurs, especially due to improper disposal practices or leaks in electrical equipment and 

hydraulic systems still in use (Breivik et al., 2002a). PCBs are globally circulated by 

atmospheric transport and thus present in all environmental media. Once released into the 

environment, individual PCB congeners may undergo biodegradation and 

photodegradation, which results in a change to the congener pattern compared with the 

original technical mixtures (Sokol et al., 1994; Bright et al., 1995). This change in pattern 

is even more pronounced when PCB mixtures are taken up by animals, especially 

mammals, including humans. While certain lower chlorinated PCB congeners are 

metabolised quickly, higher chlorinated congeners with certain chlorine substitution 

patterns are notably more stable and accumulate in the food chain (Oliver and Niimi, 

1988; Dewailly et al., 1993; Jansson et al. 1993; WHO, 2003). 
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Dichloro Diphenil Trichloroethane (DDT) and Metabolites 

DDT is semi-volatile and it can be expected to partition into the atmosphere. Its presence 

is ubiquitous in the environment and residues have even been detected in the arctic 

(Bignert et al., 1998). It is lipophilic and partitions readily into the fat of organisms and has 

been demonstrated to bioconcentrate and biomagnify. The breakdown products of DDT 

(Figure 3), dichloro diphenyl dichloroethane (DDD) e dichlorodiphenyl dichloro ethylene 

(DDE), are also present virtually everywhere in the environment and are more persistent 

than the parent compound (Matsumura, in Edwards Ed., 1973).  

 

 

 

 

 

Figure 3. p,p’-DDT (a), p,p’-DDD (b) and p,p’-DDE (c) structural formulas. 

 

DDT was widely used during the Second World War to protect soldiers and civilians from 

the spread of malaria, typhus and other vector borne diseases. After the war, DDT was 

extensively used on a variety of agricultural crops and for the control of disease vectors as 

well. Growing concern about adverse environmental effects, especially on wild birds, led 

to severe restrictions and it was banned in many developed countries in the early 1970s. 

DDT is still used to control mosquito vectors of malaria in numerous countries (Fisher, 

1999; US-EPA, 2000). Also dicofol products, a pesticide used nowadays, may contain a 

number of DDT analogs as manufacturing impurities, these include the o,p' and p,p' 

isomers of DDT, DDE, DDD. 

 

Toxicity 

The toxicity of PCBs is related to the toxicity of dioxins. A restrict number of PCB 

congeners present the same toxicological effects as dioxins and furans, being referred as 

dioxin-like PCBs (DL-PCBs) (Nº 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 

189). The existing data about PCB toxicity is not clear on how to distinguish the effects of 
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non dioxin-like PCBs (NDL-PCBs) and DL-PCBs (EFSA, 2005). For these reasons there 

are still no recommendations on maximum NDL-PCBs in foodstuff and human exposure. 

Some indicator PCBs are referred as reliably as a surrogate for dioxins, being much 

easier and cheaper to analyse. Short-term human exposure to high levels of dioxins may 

result in skin lesions, such as chloracne and patchy darkening, and altered liver function. 

Long-term exposure is linked to impairment of the immune system, the developing of the 

nervous system, the endocrine system and reproductive functions. Chronic exposure of 

animals to dioxins has resulted in several types of cancer. No peer reviewed data are 

available on the carcinogenicity of individual NDL-PCB congeners. 

The International Agency for Research on Cancer (IARC) classified PCB in Group 2A 

(probably carcinogenic to humans), based on limited evidence in humans and sufficient 

evidence in animals. Evaluation of the cancer studies in rats with technical PCB mixtures, 

and comparison with data obtained with TCDD, indicate that the dioxin-like components in 

technical PCB mixtures are likely to be responsible for the carcinogenic response of these 

mixtures (reviewed in EFSA, 2005).  

The most known effect of DDT compounds have been identified as a key group of POPs 

responsible for the widespread reduction in breeding success and subsequent population 

decline in eagles and falcons (Hickey and Anderson, 1968; Falk et al., 2006). In fish there 

were reported, after exposure to pesticides and DDT compounds, several alterations: 

endocrine disruption, changes in liver morphology, CYP1A activity and thyroid hormones, 

(as e.g. Kime, D. 1995; Coimbra et al., 2005; Coimbra et al., 2007). 

IARC has concluded that while there is inadequate evidence for the carcinogenicity of 

DDT in humans, there is sufficient evidence in experimental animals, and for these 

reasons classified DDT as a possible human carcinogen (Group 2B). 

 

Regulatory Status 

PCBs 

PCB usage in Portugal was restricted to closed systems in 1976 (Decreto-Lei nº. 378/76, 

20 May), and banned from all new industrial equipment in 1988 (Decreto-Lei nº. 221/88, 

28 June). In July 1999 (Decreto-Lei n.º 277/99, 23 July) Portugal applied the EU council 

directive n.º 96/59/CE, 16 September, that established the elimination of PCBs, and 

decontamination and elimination of all equipment that contained them. In Portugal there 
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are not legal directives for the levels of non dioxin like-PCBs (NDL-PCBs) in food or feed, 

as there are in some European countries. 

No maximum levels for NDL-PCBs in feed and food have been set at European 

Community level. In 1999, contamination of feeding stuffs with PCBs and dioxins 

happened in Belgium with serious consequences for the whole food chain (Ashraf, 1999; 

Focant et al., 2002). Given the need for analysis, it was proved that the sum of seven 

indicator PCBs (28, 52, 101, 118, 138, 153, 180) could be reliably used as a surrogate for 

dioxins for that specific contamination incident in order to increase the analytical capacity 

for managing the contamination. As criteria for acceptability, maximum levels for the sum 

of seven PCBs of 200 ng g-1 fat for eggs, egg products, fresh poultry, beef and pig meat 

and derived products and of 100 ng g-1 fat for raw milk, heat-treated milk and milk based 

products were established by Commission Decisions 1999/449/EC and 1999/788/EC. 

Once the contamination incident was under control, these maximum levels were 

consequently repealed in April 2000 by Commission Decision 2000/301/EC. 

A limited number of Member States (Belgium, Poland, Sweden and Germany) have 

national provisions in place as regards to the maximum levels for NDL-PCBs in animal 

feed. Several Member States (Belgium, France, Czech Republic, Slovenia, Sweden, 

Germany, The Netherlands and the Slovak Republic) have national provisions in place as 

regards maximum levels for NDL-PCBs in foodstuffs (reviewed in EFSA, 2005).  

DDTs 

In Portugal, as in all EU countries, the DDT and its metabolites are considered in national 

provisions for pesticides residues in foodstuff. It is not produced in Europe, but there are 

regulations to the maximum allowance of DDT and metabolites in industrial waste, namely 

in the production of dicofol.  

In September 2006, the World Health Organization (WHO) declared its support for the 

indoor use of DDT in African countries where malaria remains a major health problem, 

citing that benefits of the pesticide outweigh the health and environmental risks. This is 

consistent with the Stockholm Convention on POPs, which bans DDT for all uses except 

for malaria control. DDT is one of 12 pesticides recommended by the WHO for indoor 

residual spray programs. It is up to the countries to decide whether or not to use DDT.  
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Toxicokinetics of POPs 

The kinetic behaviour of the PCB congeners and DDT and metabolites is influenced by 

their lipophilic nature and capability to undergo metabolic transformation. The number and 

position of the chlorine atoms are the major factors determining the rate and extent of 

metabolism and the overall fate of the different PCB congeners in the body. 

Uptake 

All heterotrophic organisms obtain oxygen by respiration either from air or water. 

Respiration can result in uptake of chemicals, usually by a passive diffusion process. 

There may also be dermal or surface exchange, which, for small animals, can be an 

important uptake route. Another important uptake route is food ingestion as a source of 

mass and energy, and unintentionally, chemical contaminants (Mackay and Fraser, 2000). 

PCBs are extensively absorbed from the gastrointestinal tract by passive diffusion 

(Gobas, 1992; Goerke and Weber, 2001). Studies in rats have shown that all PCB 

congeners are well absorbed, being absorption of the lower chlorinated congeners >90% 

(Albro and Fishbein, 1972; Safe, 1980; Bergman et al., 1982), and possibly lower 

absorption (about 75%) for the higher chlorinated congeners, such as octachlorobiphenyls 

(Tanabe et al., 1981). The reduced absorption of the higher chlorinated PCBs probably 

arises from the inability of these compounds to form a molecular solution in the gut 

contents. Also a positive influence of bile in PCB uptake has been shown by comparing 

normal and bile canulated rats treated with PCBs (Bergman et al., 1982). 

 

Distribution 

The distribution rate of PCBs from blood lipids to tissue lipids depends on the blood flow 

to the organs. Human studies on PCB transfer between the maternal and foetal 

compartments indicates that transfer across cell membranes is done by passive diffusion, 

and there is no evidence of specific transporters for PCBs (Gobas, 1992, Meironyté 

Guvenius et al., 2003; Soechitram et al., 2004).  
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Metabolization 

Metabolization or biotransformation can be defined as an enzyme-catalysed conversion of 

a xenobiotic compound into a more water-soluble form, which can be more easily 

excreted from the body than the parent compound (Lech and Vodicnik, 1985). This 

metabolization can either be beneficial (detoxification) or harmful (bioactivation) to an 

organism (Figure 4). Metabolization is an important determinant of the activity of a 

compound, as well as the duration of its activity and time that takes to reduce the 

compounds concentration in the body to one-half (half-life of the compound) (Timbrell, 

1991). 

Xenobiotic compounds may be biotransformed in the liver by enzymes from phase I and 

phase II. Phase I is a non-synthetic alteration (oxidation, reduction or hydrolysis) of the 

original foreign molecule, which can then be conjugated in phase II (Commandeur et al, 

1995).  

 

 

 

 

 

 

 

 

 

 

Figure 4. Possible toxication and detoxification pathways of xenobiotic compounds: (1) direct toxic 

effect (A); (2) metabolic activation that may cause a toxic effect through reaction with critical targets 

(4+B, 5+C) or be detoxified through reaction with a protective agent (5+D); (3) formation of a stable 

metabolite which may cause a toxic effect (C) or detoxification (D). Adapted from Trimbell (1991). 
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For the majority of xenobiotic compounds the phase I reactions are catalyzed by the 

mixed-function oxidase (MFO) system (i.e. cytochrome P450, cytochrome b5, and NADPH 

cytochrome reductase). The most important feature of the MFO system is its ability to 

facilitate the excretion of certain compounds by phase I metabolism, as it transforms 

lipophilic xenobiotics to more water-soluble compounds (Bucheli and Fent, 1995). 

There are different approaches to evaluate phase I induction, like CYP1A and mRNA 

levels, and in addition to examine the responses of the CYP1A isoenzyme catalytic 

activity. The activity of ethoxyresorufin O-deethylase (EROD) appears to be the most 

sensitive catalytic probe for determining the inductive response of the cytochrome P450 

system in fish (Goksoyr and Forlin, 1992). Generally, a good correlation is observed 

between CYP1A1 protein levels and EROD activity (Van der Oost et al., 1996b). 

Increases in EROD activity have been observed in many fish species after exposure to 

organic trace pollutants, like PAHs, PCBs, PCDDs and PCDFs that caused very strong 

increases (>500% of control) (Van der Oost et al., 2003). Several field studies 

demonstrated a strong and significant increase in CYP1A protein levels and activity in 

many fish species from polluted environments (Beyer et al., 1996; Schmitt et al. 2005; 

Ferreira et al., 2006; Mayon et al., 2006). But, the contrary was also true, strong and 

significant decreases were also observed in EROD activity in species of fish from polluted 

environments (Gooch et al., 1989; Janz and Metcalfe, 1991; Whyte et al., 2000). 

 

The second phase of metabolism involves the conjugation of the xenobiotic parent 

compound or its metabolites with an endogenous ligand. Conjugations are addition 

reactions in which large and often polar chemical groups or compounds, such as sugars 

and amino acids, are covalently added to xenobiotic chemical (Lech and Vodicnik, 1985). 

These synthetic conjugation reactions facilitate the excretion of chemicals by the addition 

of more polar groups (e.g. glutathione (GSH) and glucuronic acid (GA)) to the molecule 

(Commandeur et al., 1995).  

The conjugation of electrophonic compounds (or phase I metabolites) with GSH is 

catalysed by the glutathione s-transferase (GST). The GST are multifunctional, soluble 

enzymes, which occurs ubiquitously, having been identified in virtually every living species 

studied (Stenersen et al., 1987; Hayes and Pulford, 1995). All eukaryotic species have 

multiple cytosolic and membrane-bound GST isoenzymes, with distinct catalytic as well as 

noncatalytic binding properties. Most studies determine the total GST activity using the 

artificial substrate 1-chloro-2,4-dinitrobenzene (CDNB) (George, 1994). An increase in 
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hepatic GST activity has been reported after exposure of fish to PAHs, PCBs, OCPs and 

PCDDs, but most studies did not reveal any significant alterations (Boon et al., 1992; 

Pedrajas et al., 1995; Forlin et al., 1996; Guosheng et al., 1998). 

 

PCBs Metabolization 

The major PCB metabolites are the hydroxy-PCB leading to a large number of different 

structures, since hydroxy-PCB may be formed after 1,2-rearrangements of a chlorine 

atom as shown in Figure 5 for CB 101, and as has been described for CB 105 and CB 

118, both producing the same metabolite, 2,3,3’,4’,5-pentachloro-4-biphenylol (4-OH-

PCB107) (Sjödin et al., 1998). The majority of all hydroxy-PCB metabolites are excreted in 

a nonconjugated form, and as glucuronide or sulphate conjugates.  

PCB congeners with non-chlorinated meta / para positions and chlorinated neighbouring 

ortho / meta positions are rapidly metabolised. PCB congeners with free meta / para 

positions in at least one of the phenyl rings (Figure 5) may form PCB methylsulfone 

metabolites in a multi-step pathway involving GSH conjugation, mercapturic acid pathway 

degradation, enterohepatic circulation, methylation and oxidation (Bakke et al., 1982; 

Bakke and Gustafsson, 1984; Letcher et al., 2000). Methylsulfonyl-PCBs are neutral PCB 

metabolites with a lipophilicity only slightly lower than that of the parent PCB compound. 
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Figure 5. General metabolic scheme for a PCB congener, CB 101. A– Cytochrome P450 enzyme 

system, Direct insertion in meta position; CYP2B (rodents); B– Cytochrome P450 enzyme system 

CYP2B, CYP2C, CYP3A ; e.g. CYP2B1 (rodents); CYP3A4 (humans); C– Non-enzymatic reaction; 

D– Glutathione -S-transferase; E– Epoxide hydrolase; F– Dihydrodiol dehydrogenase; G– 

Autooxidation and/or Peroxidases; H– Mercapturic acid pathway 1 glutamyltransferase 2 cysteinyl 

glycinase; I– C-S-lyase; J– S-adenosylmethionine S-Methyltransferase; K– CYP-mediated S-

oxidation. P450 alt. FAD-containing mono-oxygenases; L– UDP-glucuronosyl transferase; M– 

Sulfotransferase. Adapted from EFSA 2005. 
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DDT Metabolization 

The major step of DDT metabolization is the reductive dechlorination reaction, forming 

DDD (Figure 6). Two other enzymatic reactions influence the DDT metabolism: the 

oxidative system that hydroxilates the carbon number 2 of DDT and DDD; and the 

dehydrochlorination system to yield DDE, from DDT, and DDMU and DDNU from 

reductive dechlorination metabolites. From this metabolites DDE is the one of major 

environmental concern due to its stability and lipophilicity (Matsumura, in Edwards Ed., 

1973). 

 

 

Figure 6. General degradation pattern of DDT by micro-organisms (from Matsumura, in Edwards 

Ed., 1973). 
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Elimination and Accumulation 

The accumulation will be result from the difference between the uptake and the 

elimination capabilities of the organism.  

The transfer processes in respiration and through skin are diffusive, and thus reversible, 

and may also lead to a clearance of contaminants, if the environment has relatively lower 

contamination than the organism (Moermond et al., 2004). In addition to this clearance, 

there may be loss by egestion of faecal matter and urine, and metabolic conversion of the 

substance to more oxygenated and water-soluble chemicals in the gut or internal organs, 

notably in the liver. There may also be apparent clearance or reduction in concentration 

by growth dilution, i.e. the concentration falls as a result of the same quantity of material 

being distributed in a larger volume of tissue. Female animals can lose chemicals by 

reproductive processes, i.e. egg laying or lactation, the latter being very important for 

marine mammals such as whales and seals. These maternal losses represent, of course, 

uptake by the offspring (Mackay and Fraser, 2000). 

The rates of metabolization of PCBs are dependent on the PCB structure and the degree 

of chlorination (Boon et al., 1994). PCBs with vicinal non-substituted carbons are readily 

eliminated via metabolism. On the other hand highly chlorinated PCB congeners with only 

isolated non-chlorinated carbons show the longest half-lives, and therefore the greatest 

accumulation (e.g. CB 138, CB 153, CB 170 and CB 180).  

 

Evaluating Bioaccumulation 

Bioaccumulation Factors 

An easy way to evaluate the influence of the different sources of contaminants is by 

comparing the levels in the organism with those in the sources. For that, some ratios are 

usually calculated, to evaluate accumulation processes: bioconcentration — the process 

which causes an increased chemical concentration in an aquatic organism compared to 

that in water, due to uptake exclusively from water; bioaccumulation — the process which 

causes an increased chemical concentration in an aquatic organism compared to that in 

water, due to uptake by all exposure routes including dietary absorption, transport across 

respiratory surfaces and dermal absorption (Mackay and Fraser, 2000); biomagnification 

— can be regarded as a special case of bioaccumulation in which the chemical 

concentration in the organism exceeds that in the organism's diet due to dietary 
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absorption (Mackay and Fraser, 2000); and biota- suspended particulate matter (SPM) 

accumulation — process of transference of contaminants from SPM to the organism, 

either from gill passive diffusion or gut adsorption. Octanol is the most commonly used 

lipid surrogate, and most bioconcentration measurements have been shown to correlate 

well with octanol/water partition coefficients (Kow). Empirical models can be deduced 

correlating the bioaccumulation factors with log Kow. Despite that some studies produce 

similar correlations (Oliver and Niimi, 1985; Gil, 1997), other studies have led to very 

diverse conclusions according to the environment and species behaviour (Kucklick et al., 

1996; Kucklick and Backer, 1998). Studies of wild species showed a negative correlation 

of bioaccumulation factors to compounds with log Kow <6, that changed with fish size, and 

a positive correlation when log Kow was higher than 6 (Antunes et al., 2001). 

 

Modelling of the Behaviour of PCB 

Due to differences in absorption, metabolism, distribution and excretion, the composition 

of PCB mixtures will change during transfer through the food chain. The carry-over of PCB 

from water and feed to edible products can be influenced by many factors: compounds 

physico-chemical properties; biological factors and abiotic factors (Moermond et al., 2004; 

Borga and Di Guardo, 2005).  

The most common approach to evaluate bioaccumulation is to compare the levels in the 

organism with those in contamination sources (Kucklick et al., 1996). This comparison can 

be purely empirical, correlating measured concentrations with descriptors (such as Kow), 

or mechanistic, which generally implement a mass balance approach where the various 

transfer processes between compartments are quantified (Borga and Di Guardo, 2005).  

Exposure of organochlorines solely from one source only occurs in laboratorial 

experiments. In nature, fish are always exposed to different sources of contaminants, and 

therefore the field results must be carefully discussed. Simple tools that allow us to 

evaluate the various uptake and loss processes are the mass balance models (Mackay 

and Fraser, 2000; Hendriks, 1995; Hendriks et al., 2001). In general, these models 

consider the organism as a single “box”, and quantify uptake from food, respiration and 

dermal diffusion, and elimination through respiration, dermal diffusion, egestion of faeces 

and urine, metabolic conversion, reproductive losses, and growth dilution. These models 

require information about the chemicals and the organism, in particular: respiration, 

feeding and growth rates, kinetics information on metabolization and diffusion, and 

environmental parameters (Mackay, 2001; Arnot and Gobas, 2004). 
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A variety of models have been developed to simulate the bioconcentration of hydrophobic 

organic chemicals in fish, the allometric uptake models are those that allow us to evaluate 

the different transfer processes and consider the biological determinants of uptake, mainly 

species and size specifics (Barber, 2003). 

 

Biomarkers  

The most compelling reason to use biomarkers is the fact that the information obtained is 

on the biological effects of pollutants, rather than a simple quantification of environmental 

levels. The ecotoxicological approach based on biomarkers measured in individuals relies 

on the fact that changes occur at low levels of biological organization before the 

community is affected (Martín-Díaz et al., 2004).  

The term biomarker is generally used in a broad sense to include any substance, structure 

or process that can be measured in the body or its products, indicating an interaction 

between the body and a potential hazard that may be chemical, physical or biological 

(WHO, 2001). They are indicators of either a normal status, or changes in the members of 

the population analysed (Vasseur and Cossu-Leguille, 2003). According to the World 

Health Organisation, biomarkers can be sub-divided into three classes (WHO, 1993): 

• Biomarkers of exposure: an exogenous substance, and its metabolite, or the 

product of an interaction between a xenobiotic agent and some target cells or 

molecules; 

• Biomarkers of effect: measurable biochemical, physiological or other alterations 

within tissues or body fluids of an organism, that can be recognised as associated with 

an established or possible health impairment or disease; 

• Biomarkers of susceptibility: indicating the inherent or acquired ability of an 

organism to respond to an exposure to a specific xenobiotic substance. 

 

According to Handy et al. (2003) there are benefits on applying biomarkers, to 

complement traditional chemical analysis of pollutants, namelly: biomarkers may indicate 

the bioavailability of a contaminant; biomarkers may reveal the presence of contaminants 

that were not suspected to be present in the studied environment; biomarkers response 

often persist long after a transient contaminant that has been degraded and is no longer 
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detectable; and biomarkers analyses, are in some cases, easier and less expensive than 

chemical analyses. 

Although biomarkers have been historically most successful in identifying contaminated 

areas and potential chemical stressors, in some cases they have been inappropriately 

used or the results misinterpreted. The accuracy, precision, and validation of biomarkers 

continues to improve, as the understanding of the mechanisms of toxicity increases and 

causal relationships are identified and established between exposure responses to 

environmental stressors and whole animal/population effects (Adams et al., 2001). 

Laboratory observations on biomarkers and field research must always be 

complementary, validating one another. Biomarkers applied in both laboratory and field, 

can provide an important linkage between laboratory toxicity and field assessment. In the 

field, biomarkers data may provide an important index of the total external load that is 

biologically available (Fontaínhas-Fernandes, 2005). 

Various biochemical parameters in fish have been tested for their responses to toxic 

substances and their potential use as biomarkers of exposure or effect. The most 

extensively investigated are the enzymes involved in the detoxification process of 

xenobiotics and their metabolites, like biotransformation enzymes and oxidative stress 

parameters. 

 

Fish, Fisheries and Aquaculture 

Although fish is considered the major source of organochlorine contaminants to human 

diet (Smith and Gangolli, 2002; Fernandez et al., 2004), due to their nutritional value it is 

recommended that we should eat at least two portions of fish per week, of which one 

should be oily fish (Scientific advisory committee on nutrition, 2004). 

Fish products represent a protein source with high nutritional values, and they are rich in 

polyunsaturated fatty acids of easy digestion. For these reasons they constitute an 

important part of a healthy diet. Fish products represent about 16% of the animal protein 

consumed in the world, being the major protein source for about one billion people around 

the world (FAO, 2006). 

During the year of 2001, and according to FAO, fish consumption in Portugal was of about 

71 kg/person/year, representing 25% of the total of animal protein consumption, being 

Portugal the major fish, and fish products, consumer of the 15 countries that belonged to 
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the EU. Also, according to EUROSTAT, the fish consumption in 1997 in the EU was about 

23.4 kg/person/year.  

An increasing amount of these fish is produced in fish farms. Fish farming in Portugal, 

developed and evolved a great deal towards the end of the last century. In the early 90’s 

there was new impulse in the culture of marine species with the introduction of modern 

technologies and better production systems (Reis-Henriques, 1998), which resulted in a 

total production increase of about 55% (Direcção Geral das Pescas e Aquicultura - DGPA, 

2003). The main marine species produced in Portugal are seabream and seabass.  

 

Sardine (Sardina pilchardus) 

Sardine (Sardina pilchardus, Walbaum, 1792) (Figure 7) is a pelagic species abundant in 

Portuguese coast, and consequently is one of the Portuguese most important fishery 

resources. Its geographical distribution goes from south Morocco/Mauritania to the 

English Channel and from the Azores to the oriental Mediterranean/Black Sea (Zwolinski 

et al., 2001). 

 

Figure 7. Sardine (Sardina pilchardus, Walbaum, 1792), picture from FAO website. 

 

Sardine feeds on plankton, and its populations are associated with the main upwelling 

areas, supporting other important coastal fish species. Their abundance is high in these 

areas, being affected by the exploration regimen and by environmental conditions 

(Stratoudakis and Silva, 2001). Sardine diet is influenced by its age and size (Bode et al., 

2003). One year-old sardines (15-16 cm) feed mainly on zooplankton because their 

branchial system is not completely developed, while sardines with two or more years–old 

(>18 cm) can also feed on phytoplankton, because they have the ability to filter smaller 

particles from water (Bode et al., 2003). 

Along the Portuguese coast, sardines can live up to about 8 years, after the first year they 

become sexually mature and can reproduce for the first time. Spawning stretches through 
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a long period. Several works (Cunha e Figueiredo, 1988; Pestana, 1989; Soares 1999) 

suggest that spawning may take place from October to April, with different intensities, and 

depending on the region and the year, being always residual during the summer. 

Sardine is known by its large variation in lipid content as function of season, age and 

gender (IPIMAR, 2004). Also the food availability, water temperature and sexual 

maturation have great influence in the seasonal variation of lipid content. Bandarra et al. 

(1997) reported minimum values of 1.2 and 1.3% in March and April, coinciding with the 

end of the spawning period. The highest values (18.2 and 18.4) were reported in 

September and October, after the summer period where sardine accumulates fat reserves 

and do not present sexual maturation. Reduction of these fat reserves during spawning 

period is a result of energy consumption associated with gametogenesis (Bandarra et al., 

1997). 

 

Seabass (Dicentrarchus labrax) 

Seabass (Dicentrarchus labrax, Linnaeus, 1758) has demersal behaviour, inhabits coastal 

waters down to about 100 m depth, but is more common in shallow waters, on various 

kinds of bottoms, often entering estuaries and sometimes ascending rivers, in particular 

for reproduction (www.fishbase.org). Young fish form school, but adults appear to be less 

gregarious. The reproduction period is from November to March in the Portuguese coast, 

from January to March in the Mediterranean and Black Sea and from March to June in 

British Isles (Reis-Henriques, 1998). Seabass is a voracious predator, feeding on small 

shoaling fish and a wide range of invertebrates including shrimps, prawns, crabs, squids 

and molluscs. In natural environment they are caught in bottom trawls, beach seines and 

on hooks and lines, and they are highly sought by sportfishermen. 

 

 

Figure 8. Seabass (Dicentrarchus labrax, Linnaeus, 1758), picture from FAO website. 
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Seabass culture was initially associated with salt production in coastal evaporation pans 

and marshes. The salt was harvested during the high evaporation season of summer and 

autumn, and fish were cultured during winter and spring. The supply for this culture came 

from trapping schools of fish that lived in these estuarine areas.  

During the late 1960s, France and Italy competed to develop reliable mass-production 

techniques for juvenile seabass and, by the late 1970s, these techniques were well 

developed in most Mediterranean countries to provide hundreds of thousands of larvae. 

The seabass was the first marine non-salmonid species to be commercially cultured in 

Europe and at present is the most important commercial fish widely cultured in 

Mediterranean areas. Greece, Turkey, Italy, Spain, Croatia and Egypt are the biggest 

producers (www.fao.org/fishery).  

In Portugal seabass are mainly produced in semi-intensive lagoon systems. These 

techniques involve artificial enrichment with fry, fertilization of the lagoons, and 

improvement projects. Specialist fishermen collect fry from coastal waters during May and 

June, then fry are transported in oxygenated tanks for a first stage of growing in special 

ponds, until they reach a size which enables them to survive in the lagoon. There are also 

hatcheries that supply several fish farms. In these systems natural feeding is insufficient, 

therefore diet pellets are supplied, and in some cases additional aeration/oxygenation is 

used. Losses in fish production in the lagoons are due to insufficient enrichment with fry, 

predation, decreased freshwater supply (due to lack of rain), and lack of sufficient 

improvement projects. 

 





 

 


