
Resultats 77

ARTICLE 1

METHOD FOR INTEGRATED ANALYSIS OF POLYCYCLIC AROMATIC

HYDROCARBONS AND ORGANOCHLORINE COMPOUNDS IN FISH LIVER

Ingrid Vives i Joan O. Grimalt

Departament de Química Ambiental, IIQAB-CSIC, Jordi Girona 18-26, 08034 Barcelona.

Journal of Chromatography B 768 (2002) 247-254

© 2002 Elsevier Science B.V.



Resultats78



Resultats 79



Resultats80



Resultats 81



Resultats82



Resultats 83



Resultats84



Resultats 85



Resultats86



Resultats 87

ARTICLE 2

AGE DEPENDENCE OF THE ACCUMULATION OF ORGANOCHLORINE

POLLUTANTS IN BROWN TROUT (Salmo trutta) FROM A REMOTE HIGH

MOUNTAIN LAKE (REDÓ, PYRENEES)

Ingrid Vives1, Joan O. Grimalt1, Marc Ventura2, Jordi Catalan2 i Bjorn Rosseland3

1Departament de Química Ambiental, IIQAB-CSIC, Jordi Girona 18-26, 08034 Barcelona.
2Unitat de Limnologia (CSIC-UB), CEAB-CSIC, Accés Cala St. Francesc 14, 17300 Blanes.
3Norwegian Institute for Water Research, NIVA, P.O.B. 173 Kjelsas, N-0411 Oslo, Norway.

Sotmès per a publicació a Environmental Pollution



Resultats88



Resultats 89

Submitted to Environmental Pollution

Age dependence of the accumulation of organochlorine pollutants in brown trout (Salmo

trutta) from a remote high mountain lake (Redó, Pyrenees)

I. Vives1, J.O. Grimalt1*, M. Ventura2, J. Catalan2 and B. Rosseland3

1Department of Environmental Chemistry, Institute of Chemical and Environmental Research

(CSIC), Jordi Girona 18, 08034-Barcelona, Catalonia, Spain.
2Limnology Unit (CSIC-UB). Centre for Advanced Studies of Blanes (CEAB-CSIC). Accés Cala

St. Francesc, 14. Blanes 17300. Catalonia. Spain.
3Norwegian Institute for Water Research. P.O.B. 173 Kjelsas, N-0411 Oslo, Norway.

Corresponding author. Tel. +34-934006122; fax: +34-932045904.

E-mail address: jgoqam@cid.csic.es

____________________________________________________________________________

Abstract.

The study of polychlorobiphenyls (PCBs), hexachlorocyclohexanes (HCHs),

hexachlorobenzene (HCB) and DDTs in fish muscle of brown trout (Salmo trutta) from a high

mountain lake located in the Pyrenees (Catalonia, Spain) that is taken as model example of

these lacustrine environments has shown that age dependence is the main factor of variability

among specimens in this population submitted to atmospheric inputs of these organochlorine

compounds (OC). Increases of 2-20 times between fish of 1 and 15 years old are found. The

observed trends cannot be explained in terms of fish size, conditioning factor or muscle lipid

content.

Higher molecular weight compounds (higher lipophilicity) are better correlated with age

than low molecular weight compounds. A transformation from 4,4’-DDT to 4,4’-DDE after fish

ingestion is observed resulting into amplified age dependent signals, namely among male

specimens. In contrast, PCB congener #180 show lower age dependence than the general OC

group which could be due to its high hydrophobicity (log(Kow) > 7). In any case, the selective

accumulation of hydrophobic compounds is already observed among the younger fish (1 year

old). Due to this effect, the relative OC composition does not reflect the main OC pollutants in

the lake waters.
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Introduction

Organochlorine compounds (OC), such as polychlorobiphenyls (PCBs),

hexachlorocyclohexanes (HCHs), hexachlorobenzene (HCB) and DDTs, are ubiquitous

contaminants in the planet. Once released into the environment they may be transported over

long distances (Wania and Mackay 1996) and be incorporated to many biogeochemical cycles,

e.g. food web, without undergoing important degradation. Despite the discontinued use of many

of them, their presence in cold and remote sites, such as high mountain lakes, has been

documented (Grimalt et al. 2001; Vilanova et al. 2001) where they are trapped by condensation

due to low temperatures (Grimalt et al. 2001). Moreover, organochlorine compounds tend to

accumulate in organic tissues due to their lipophilicity and persistence to degradation (de Voogt

and Brinkman 1989) The combination of these two effects may eventually result in

concentration levels that are toxic for the organisms living in these sites. The accumulation of

OC in fish tissues may result from water intake (bioconcentration) and/or from prey injestion

(biomagnification).

Bioconcentration and biomagnification ultimately depend on the octanol-water partition

coefficient (Kow) of each compound (Chiou, 1985; Mackay, 1982; Sijm, 1992; Hawker and

Connell, 1998; Burreau et al., 1997; Fisk et al., 1998) but as observed from field data the

relationship between these processes and Kow is not straighforward (Swackhamer and Hites

1988; Thomann and Connolly 1984). Moreover, fish biology may also be relevant for OC

accumulation, e.g. species, sex, age, reproductive stage, trophic status (Rosseland et al., 1999;

Rognerud et al., 2002). Therefore, OC accumulation in fish depends on a large number of

biological factors which complicates the environmental significance of the observed

concentrations.

High mountain lakes offer unique environments for the assessment of some of these

biological factors since they contain controlled populations of fish that have been exposed

exclusively to known OC inputs. These ecosystems offer “natural experiments” of exposure of

low pollution inputs in real environments. In the present paper, Lake Redo (Pyrenees, Catalonia,

Spain) has been selected for study (42º38’N, 0º46’E). This lake (7.7 Hm3) is situated at 2240 m

above sea level, is oligotrophic, has a surface area of 24 ha, a maximum depth of 73 m, and a

water residence time of 4 yr (Ventura et al., 2000). The ice-free period is from May to

December (Catalan, 1992). Its watershed is small (155 ha) and scarcely vegetated. Pollution

inputs are exclusively related to atmospheric deposition (wet and dry) and there is only one

outflow. Having in mind previous studies (Grimalt et al., 2002), this lake can be taken as model

example of these lacustrine water bodies in high mountain systems.

The lake contains a large population of brown trout (Salmo trutta) in which specimens

between 1 and 15 years have been collected. These fish are on top of the trophic food web but

do not contain piscivorous specimens. The inputs of PCBs, HCB, HCHs, DDTs entering into
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this lake have been determined in a previous study (Carrera et al., 2002) as well as the OC

composition of the waters (Vilanova et al., 2001a and b). The study of specimens (n = 29) from

the same lake avoids geographical differences in OC input and provides a good case for the

evaluation of the age and sex dependence of the accumulation of these compounds in fish.

Materials and methods

Sample Collection and Handling

Fish sampling followed standard test fishing procedures with multifilament gillnets. All

fish were measured, dissected and sexed on site. Muscle fillets were wrapped in a pre-cleaned

aluminium foil and kept frozen until analysis. Otholits and scales were kept for aging which was

performed at NIVA.

Chemicals

Residue analysis n-hexane, dichloromethane, iso-octane, methanol, concentrated

sulphuric acid 95-97%, acetone, and anhydrous sodium sulphate for analysis were from Merck

(Darmstadt, Germany). Aluminium foil was rinsed with acetone and dried at ambient

temperature prior to use. Cellulose extraction cartridges of 20 mm i.d. and 80 mm long were

from Whatman (England). The purity of the solvents was checked by gas chromatography

coupled to electron capture detection (GC-ECD). Sodium sulphate and cartridges were pre-

cleaned by Soxhlet extraction with dichloromethane: methanol (2:1, v/v) for 24 h before use.

Sodium sulphate was activated overnight at 400ºC.

γ-hexachlorocyclohexane (γ-HCH) and tetrabromobenzene (TBB) were from Aldrich-

Chemie (Steinheim, Germany). α-HCH and PCBs (#28, #52, #101, #118, #138, #153, #180,

#209) were from Promochem (Wesel, Germany), and 4,4’-DDE, and 4,4’-DDT were from Dr.

Ehrenstorfer (Augsburg, Germany).

Organochlorine compound analysis

Muscle tissues were extracted and analysed for OC using the method described in

Berdie and Grimalt (1998). Briefly, muscle tissue (5 g) was ground with activated sodium

sulphate until a fine powder was obtained. This mixture was introduced into cellulose cartridges

and Soxhlet extracted with n-hexane: dichloromethane (4:1) for 18 hours. Lipid content was

determined gravimetrically using 20% of the extract. TBB and PCB 209 standards were added

to the rest of the extract which was subsequently cleaned up with sulphuric acid (5 times). All n-

hexane solutions were combined and concentrated by vacuum rotary evaporation (20 ºC, 20

torr) to small volumes (ca. 500 µl), further concentrated to nearly dryness under a gentle

nitrogen flow and redissolved in 50 µl of iso-octane.
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Before chromatographic analysis, an internal standard of tetrachloronaphthalene (TCN)

and octachloronaphthalene (OCN) was added to correct for instrument variability. Samples were

analyzed by GC-ECD (Hewlett-Packard 5890 Series II) with a 50 m x 0.25 mm i.d. DB-5

capillary column (J&W Scientific, Folsom, CA) coated with 5% phenyl 95%

methylpolysiloxane (film thickness 0.25 µm). The instrument was operated in splitless mode

and the oven temperature program started at 90ºC (held for 1 min) to 120ºC at 10ºC/min, and

then to 310ºC at 4ºC/min (holding time 15 min). Injector and detector temperatures were 270ºC

and 310ºC, respectively. Stringent precautions were observed for maintenance of the injector

under clean conditions avoiding adsorptions that could deviate the system from linearity and

increase the limits of detection and quantification. Helium and nitrogen were used as carrier

(0.33 mL/min) and makeup (60 mL/min) gases, respectively.

Some samples were examined by negative ion chemical ionization mass spectrometry

coupled to gas chromatography (GC-MS-NICI) for structural confirmation of the analysed

compounds. A GC system from Agilent Technologies 6890A coupled to an MS detector 5973N

was used. The system was equipped with a HP-5MS (30 m x 0.25 mm i.d. x 0.25µm film

thickness) and run under the same oven temperature program as described above. Helium was

used as carrier gas (1 ml/min) and ammonia was chosen as ionization gas (1.6 10-4 Pa). Transfer

line and quadrupole temperatures were 280ºC and 150ºC, respectively. The selected ion

program is reported elsewhere (Chaler et al. 1998).

Quality Assurance

A detailed evaluation of the method used in the present study is reported elsewhere

(Berdie and Grimalt 1998). Procedural blanks were analyzed for every set of six samples. The

recovery of the surrogate standards (TBB and PCB #209) was calculated for each sample.

Identification and quantification of all studied compounds were performed by injection of

external standards at different concentrations. The relative responses to TCN and OCN were

used in order to correct for instrumental variabilities and this value was also corrected by the

recovery of the surrogate standards.

Results and Discussion

Fish characteristics

The length of the collected specimens was 265 ± 58 mm (mean ± standard deviation),

weight was 200 ± 99 g and conditioning factor was 0.98 ± 0.10. A continuous increase between

weight and length is observed when comparing specimens between 20-200 g (Figure 1). Then,

the rate of length increase flattens but still an increase is observed. Similar length-weight
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distributions have been observed in other fish such as perch (LeCren, 1951; Olsson et al., 2000).

The conditioning factors of the collected specimens are generally low and not correlated to

weight (Figure 1).

FIGURE 1. Fish characteristics of the fish from Lake Redo included in the study.

Increases in length (from 12 to 35 cm) are observed when comparing specimens

between 1 and 6 years. In this age interval weight also increases from 20 to 450 g (Figure 1).

However, at higher age (between 6 and 15 years) both the length and weight remain constant.

No relationship between conditioning factor and age is observed. Muscle lipid content is

generally low (0.5-5%; Figure 1). Again, no relationship between lipid content in muscle and

age is found.

Average conditioning factors of male and female specimens (n = 18 and n = 11,

respectively) were 0.96 ± 0.11 and 0.99 ± 0.10, respectively, involving no significant difference

(p < 0.05). Average ages of the males and female groups were 7.9 ± 4.3 and 8.5 ± 5.2 involving

again no significant difference (p < 0.05). Correlation of length vs age gives rise to similar

functions in male (length = 5.2·ln(age) + 18, r2 > 0.66) and female (length = 5.5·ln(age) + 15, r2

> 0.80). Therefore, the two groups of male and female specimens examined do not reflect

significant population size or age differences.

POP levels in muscle tissue

The mean concentrations of HCHs (α-HCH and γ-HCH), DDTs (4,4’-DDT and 4,4’-

DDE), HCB, and PCBs (congeners #28+31, #52, #101, #118, #153, #138 and #180) in muscle

from brown trouts are 1.6 ± 0.9, 19 ±13, 0.60 ±0.4 and 8.2 ±4.8 ng g-1 ww, respectively (Table
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1). These results are comparable to the concentrations found for the same species in other

European high mountain lakes and in fish from low altitude freshwater systems (Swackhamer

and Hites 1988; Andersson et al 1988; Leiker et al. 1991; Grimalt et al. 2001). The relative

standard deviation of most compounds, 40-85%, is smaller than that reported in previous

studies.

Significant differences between water and fish composition are observed (Table 1).

Thus, HCH largely predominate in the waters but these compounds range among those in lower

concentration in fish muscle. This contrast is already observed in the young fish. Thus, even in

the group of one year old specimens there is not HCH predominance (Table 1).

Among DDTs, the major OC group, 4,4’-DDT is found in higher abundance than 4,4’-

DDE in the water but this last one is more abundant in fish. Again, the contrast is already

observed among the one year old specimens examined (Table 1).

The more chlorinated PCB congeners are more abundant than less chlorinated

congeners in fish but the predominant compounds are #52 and #101 in the waters (Table 1). The

relative abundance of the more chlorinated congeners is higher among older (13-15 years old)

than younger (1 year old) fish. However, even among younger fish PCB#138 and 153

predominate over #52 and #101. Thus, incorporation of OC into fish muscle proceeds through a

selective process that accumulates the more hydrophobic compounds. This process already

occurs at the ages of early development.

TABLE 1. Averages and standard deviations of the concentrations of the major OC compounds in fish

from Redo.

Compound

All individuals
Mean±standar

d deviation
(ng·g-1 ww)

One year old
fish

Mean±standar

d deviation

(ng·g-1 ww)

13-15 year old
fish

Mean±standar
d deviation
(ng·g-1 ww)

All male
Mean±standar

d deviation
 (ng·g-1 ww)

All female
Mean±standar

d deviation
 (ng·g-1 ww)

Water
(disolved +

particulated)
(pg·l-1)

(Vilanova et
al., 2001a)

Log(Kow)
Hawker and

Connell
(1988);

Ballschmitter
and Wittlinger

(1991)
α-HCH 0.26±0.10 0.13±0.04 0.25±0.23 0.26±0.13 0.27±0.19 410 3.9
γ-HCH 1.4±0.80 0.60±0.18 1.4±1.2 1.3±0.60 1.5±0.98 2500 3.9
HCB 0.60±0.40 0.26±0.05 0.60±0.38 0.53±0.32 0.70±0.41 8.4 5.5
4,4’-DDE 18±13 1.7±0.68 30±11 19±13 16±13 8.9 5.6
4,4’-DDT 1.2±0.60 0.41±0.25 1.6±0.54 1.2±0.52 1.2±0.71 20 6
PCB 28 0.14±0.20 0.06±0.11 0.14±0.04 0.15±0.19 0.13±0.076 8.6 5.7
PCB 52 0.30±0.30 0.38±0.32 0.22±0.08 0.36±0.42 0.20±0.13 14 5.8
PCB 101 0.94±0.50 0.38±0.27 1.1±0.46 1.0±0.55 0.83±0.43 14 6.4
PCB 118 0.74±0.60 0.15±0.10 0.82±0.30 0.89±0.71 0.50±0.31 5.5 6.7
PCB 153 2.4±1.6 0.48±0.16 4.3±1.7 2.5±1.8 2.2±1.5 8.9 6.9
PCB 138 2.2±1.4 0.41±0.16 3.9±1.1 2.3±1.3 2.1±1.5 10 6.8
PCB 180 1.5±1.1 0.35±0.06 2.9±0.85 1.5±1.0 1.5±1.1 3.6 7.4
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Age dependence

As shown in Figure 2, the logarithms of the concentrations of most OC exhibit a

significant linear dependence from age. This dependence is significant at the p < 0.01 level for

4,4’-DDE, 4,4’-DDT and all PCBs except congener #28 (Table 2). In the case of HCB the

statistical significance is at the p < 0.05 level (Table 2). Only the HCH and PCB congener #28

do not exhibit this trend. HCH are less lipophilic than the other compounds, log(Kow) = 3.9,

and they are not accumulated irrespectively of being the predominant OC in the lake waters

(Table 1). PCB congener #28 is also less lipophilic than the other PCB congeners considered in

the study. The log(Kow) of this congener (5.7; Table 1) is similar to that of PCB congener #52

(5.8; Table 1) which exhibits an age dependence. However, these two congeners also have

different vapour pressure constants, 10-1.5 and 10-1.8, respectively, which are consistent with their

different degree of chlorine substitution (3 and 4 chlorine atoms, respectively). These two

vapour pressures involve that congener #28 will be less retained in the lake waters, and

ultimately in fish, than the heavier molecular weight PCB.

FIGURE 2. Dependence of the concentrations of the organochlorine compounds (ng·g-1 ww) from age

(years).
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In all cases the dependence involves an increase of OC in the older specimens,

representing increases of 2-20 times between specimens 15 and 1 year old (Table 2).

Furthermore, the correlations show a continuous trend with age. Thus, five year old fish exhibit

higher values than one year old fish and similar increases are observed when comparing

between ten and five year old specimens (Figure 2). These constant increments cannot be

explained in terms of fish size since length and conditioning factor are not continuously

correlated to age (Figure 1). Likewise, the continuous distribution with age is consistent with

the lack of piscivorous fish in the lake since abrupt increases of about 3-4 times would be

expected when comparing specimens of different trophic levels (MacDonald et al., 2002;

Madenjian et al., 2002; Rognerud et al., 2002).

PCB congeners show higher increments at higher degree of chlorination (from 4 to

seven chlorine groups). However, the compound that exhibits highest age-increase is 4,4’-DDE

(19 times) which only has four chlorine groups. The different behaviour of this compound

suggests that its accumulation in fish follow other metabolic processes than PCB. In this

respect, 4,4’-DDT does not exhibit a similar or higher age-dependent accumulation than 4,4’-

DDE despite containing five chlorine atoms. Maybe part of the 4,4’-DDT incorporated by fish

is transformed into 4,4’-DDE and accumulated in the form of this more chemically stable

molecule. This transformation may also explain the difference between water and fish muscle

composition (Table 1).

TABLE 2. Correlation values of the age dependence of the concentrations of the main organochlorine

compounds in fish (ng·g-1 ww) from Lake Redo (lg(conc) vs age).

All specimens Female Male

Compound R2 slope Inter
O/Y
ratioa R2 slope inter

O/Y
ratioa R2 slope inter

O/Y
ratioa

α-HCH 0.026 -b - - 0.0093 - - - 0.048 - - -
γ-HCH 0.085 - - - 0.196 - - - 0.024 - - -
HCB 0.200* 0.024 2.5 2.2 0.612** 0.040 2.4 3.7 0.029 - - -
4,4’-DDE 0.762** 0.091 3.3 19 0.837** 0.087 3.3 16 0.766** 0.096 3.4 22
4,4’-DDT 0.440** 0.038 2.7 3.4 0.736** 0.056 2.5 6.0 0.234** 0.024 2.8 2.2
PCB 28 0.064 - - - 0.039 - - - 0.081 - - -
PCB 52 0.0001 - - - 0.289** 0.026 2. 1 2.3 0.062 - - -
PCB 101 0.440** 0.045 2.5 4.3 0.359** 0.030 2.6 2.6 0.547** 0.060 2.4 6.8
PCB 118 0.457** 0.066 2.2 8.5 0.583** 0.043 2.2 4.0 0.531** 0.089 2.1 18
PCB 153 0.782** 0.072 2.7 10 0.856** 0.068 2.6 9.1 0.77** 0.076 2.7 12
PCB 138 0.789** 0.073 2.6 10 0.925** 0.075 2.5 11 0.731** 0.072 2.7 10
PCB 180 0.762** 0.068 2.5 8.8 0.781** 0.066 2.5 8.4 0.772** 0.070 2.5 9.5

aRatio between the concentration at 15 and 1 years. bWhen the correlation was not significant
values are not given.* significant at p < 0.05. ** significant at p < 0.01.
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Influence of lipid content

Lipid content in fish muscle is not correlated to age (Figure 1). The log-transformed

lipid normalized concentrations show the same significant age-dependent correlations (Table 3)

as those observed when referring to wet weight content (Table 2). The observed age dependence

cannot therefore be attributed to increasing lipid accumulation with age.

However, both r2 values and age increases are slightly lower when they are calculated

after lipid normalization than over wet weight. Thus, introduction of lipid content in the

calculations does not reveal a more defined age trend but increases in the scatter of the data.

This result is expected in view of the random distribution of lipid content with age (Figure 1)

and indicates that OC are stored in fish muscle in all sorts of organic tissues, not only fat.

TABLE 3. Correlation values of the age dependence of the lipid-normalized concentrations of the main

organochlorine compounds in fish (ng·g-1 lipid) fromLake Redo (lg(conc) vs age).

Compound R2 Slope Intercept
old/young

ratioa

α-HCH 0.007 -b - -
γ-HCH 0.040 - - -
HCB 0.179** 0.021 4.3 2.0
4,4’-DDE 0.681** 0.087 5.1 17
4,4’-DDT 0.341** 0.035 4.5 3.1
PCB 28 0.035 - - -
PCB 52 0.002 - - -
PCB 101 0.273** 0.042 4.3 3.9
PCB 118 0.341** 0.063 4.0 7.7
PCB 153 0.698** 0.069 4.5 9.2
PCB 138 0.751** 0.069 4.4 9.4
PCB 180 0.615** 0.064 4.3 7.9

Sex differences

Female show age dependence in the accumulation of all PCB except congener #28

(Table 2). 4,4’-DDT, 4,4’-DDE and HCB are also correlated. Male exhibit similar trends but the

less lipophilic compounds of this series, that is PCB congeners #28 and #52, and HCB are not

correlated (Table 2). Since there is no difference between the amount of muscle lipids in

females (1.93 ± 1.0%) and males (1.97 ± 1.2%), the observed differences in OC accumulation

cannot be attributed to distinct lipid content.

The OC showing an age dependent accumulation pattern in both sexes generally exhibit

higher old/young ratios in male than female (Table 2). However, the curve fitted straight lines

from which these ratios were calculated are not statistically significant. Only in the case of 4,4’-

DDT the male-female lines are significantly different at p < 0.1. Previous observations on fish

related to size have also shown higher accumulations in male than female (Olsson et al. 2000)
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and probably reflects a slightly higher OC detoxification capacity of female, e.g. during

spawning.

The two DDT compounds exhibit a distinct behaviour. Thus, whereas the old/your ratio

for 4,4’-DDE is higher in male than in female (22 and 16, respectively) the ratio for 4,4’-DDT is

lower in male than female (2.2 and 6.0, respectively; Table 2). The higher detoxification

capacity of female than male suggested above could explain in part these results since female

would incorporate OC rich in 4,4’-DDT from the lake waters, e.g. after spawning. However, the

large difference in old/young ratio of the two compounds also suggest that male may have

higher capacity of transformation of 4,4’-DDT into 4,4’-DDE than female.

Kow dependence.

A consistent relationship between log(Kow) and the slopes (SCA) of the curve fitted

straight lines is observed for the compounds showing age dependent accumulation in fish

(Figure 3) with the exception of 4,4’-DDE. This trend is independent of OC water

concentrations and reflects higher bioconcentration and/or biomagnification at higher Kow.

FIGURE 3. Correlation between Figure 2 slopes (SCA) and logarithms of the octanol-water partition

constants.
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Gobas et al. 1993)), and therefore a high degree of elimination through feces (Gobas et al.,

1989) or difficulties for fish absorption due to low water solubility (Chessells et al., 1992). In

both cases, the ultimate effect would involve lower bioconcentration than expected from the

Kow constant.

In contrast, 4,4’-DDE deviates from the general trend involving a higher SCA than

expected from its Kow according to the general trend (Figure 3). This higher increase may

indicate that 4,4’-DDE is more difficult to excrete or metabolize than PCB or HCB (Olsson et

al., 2000). However, it may also reflect the above mentioned transformation of 4,4’-DDT into

4,4’-DDE as consequence of fish metabolism.

In conclusion, age is the main factor explaining the variance of OC levels in

muscle from a brown trout population in a high mountain lake (Redó, Pyrenees)

showing increases of 2-20 times between fish of 1 and 15 years old. This dependence is

observed for the compounds with log(Kow) > 5. In fact, compounds with a low degree

of chlorination, e.g. 3 chlorine atoms, do not show these age increases. The increase for

4,4’-DDE is higher than expected when considering the overall dependence of the

correlation slopes from log(Kow). The observed values likely reflect transformation

from 4,4’-DDT to 4,4’-DDE after fish ingestion. In contrast, the lower slope values

found for PCB congener #180 may reflect steric restrictions for fish intake. Due to this

effect, the relative abundances of OC accumulated in muscle tissue exhibit major

differences from those observed in the lake waters (dissolved + particulate fractions).

The observed changes in concentration are not related to fish size, conditioning factor or

muscle lipid content. Higher age-dependent OC accumulation is generally observed in

male than female but the differences are not statistically significant.
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