Transfer of PCB from sediment to biota: development of a bioaccumulation model in a risk assessment perspective

Christelle Lopes1, Annie Roy1, Henri Persat2, Marie Elodie Perga3 and Marc Babut1
1Cemagref, UR MALY, 3 bis quai Chauveau - CP 220, F-69336 Lyon, France

2UMR CNRS 5023, LEHF, Université Claude Bernard Lyon 1 69221 Villeurbanne, France

3Station d’Hydrobiologie Lacustre INRA 75 avenue de Corzent, F-74203 Thonon les Bains,France
E-mail contact: christelle.lopes@cemagref.fr 

1. Introduction

Many chemical, physiological and trophic factors are known to be important in the bioaccumulation processes and trophic transfer of PCB in the biota. Understanding the primary factors influencing PCB contamination of fishes is critical for predicting and assessing risks to upper-trophic levels consumers including humans. In fall 2005, fish contamination by PCBs was observed in the Rhone river. This incidental observation triggered a series of investigations on fish and sediment all along the main stream, leading to fish consumption prohibitions along a major stretch of the river. Three freshwater river fishes (Barbel, Bream and Chub), invertebrates and sediment cores were sampled in three sites along the Rhone river in the vicinity of Lyon (France) in order to (1) identify PCB contamination pathways that could explain between and within species variability in fish concentration levels; and (2) describe PCB transfer from sediment to these fish species along the food chain. 
2. Materials and methods

2.1. Study sites and sampling

Three sites along the Rhone river were sampled: a “reference site” (MTE), upstream Lyon and the first contaminated area; a site close to Lyon (GDL) in the contaminated area; and a site downstream Lyon (BRE). 

Collected fishes species were the barbel (Barbus barbus), the chub (Squalius cephalus), and the bream (Abramis brama). These all large and long-living cyprinids were chosen because they are prone to accumulate PCBs over many years, and despite their relative similar trophic positions, they have different diets and exploit different habitats. Invertebrates were also sampled: Chironomidae (CHI), Gammaridae (GAM), Ephemeroptera (EPH), Pisidium (PIS) and Corbicula (COR). All (except Corbicula) are known to be in these fish species diets [1]. Finally, sediment cores have been collected at each site.
2.2. Analyses

Fish length and weight were measured, sex determined and age estimated by scalimetry. Each invertebrate type was pooled and weighted. The prey species types present in fish stomachs were identified and counted. Isotopic analyses (15N and 13C) were performed on fish tissues and invertebrates pools to relate the Carbon source exploited (13C) and the trophic position (15N). Lipid contents were also analysed.

In each sediment core, radionuclide (238U, 226Ra, 210Pb, 137Cs, 7B, 60Co) measurement was used to age the successive layers. PCB analysis was performed and measurements of 210Pb and 137Cs correlated with documented hydro-sedimentary events were used to estimate a mass accumulation rate (MAR; g.cm-2.yr-1) for each interval in each core [2].
2.3. Statistical and modelling framework

Classical statistical tests were performed using R statistical computing program [3]. Stable isotope mixing models were performed using R software [4] in order to determine the carbon source exploitation of each fish species in each site (by using two baselines: Pisidium and Corbicula characterizing autochtonous and detrital carbon sources respectively). Trophic position (TP) was estimated by using the equation proposed by [5], but a new methodology based on Bayesian inference was used to estimate the parameters involved.

A log-linear regression model was developed to explain fish PCB concentration according to all available explanatory variables: size, TP, the percentage of detrital carbon exploited (estimated by mixing models), lipid content, sex and the maximal PCB concentration in the sediment at which fishes were exposed during their life. Backward stepwise regression was then realized. 
The bioaccumulation model developed is derived from [6]. The fish contamination kinetic is as followed:
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where Cc,i(t), Cc,w(t) and Cc,j(t) are the concentrations in congener c in a fish of species i, in the water and in the prey j respectively. Ui(t) is the water filtration rate, c and c the assimilation efficiencies of the dissolved and ingested particles respectively, Fi(t) the ingestion rate, Qi,j the diet preference toward the prey j (gut contents data), Ei(t) the elimination rate, Gi(t) the growth rate and Ri(t) the reproduction rate. This equation was coupled to an equation describing the contamination kinetic of each prey according to the part of detrital carbon exploited and the concentration in the sediment. Parameters involved in each of these functions, depending on various variables (Kow, fish weight, water temperature…) are estimated by Bayesian Inference. 

3. Results and discussion

The analysis of PCB contamination data shows that: (i) the contamination increases from upstream to downstream Lyon (MTE<GDL<BRE) and (ii) the chub is the less contaminated while the barbell is the more. 
Bayesian inference was realized on 15N and 13C data for each species in each site in order to consider data variability and parameter uncertainty on species TP estimation. Thin posterior distributions were obtained for all parameters, meaning that data sets were informative enough to provide a good parameter estimation. 

By using two endmembers, each representative of a feeding habitat, mixing models showed two habitat exploitation patterns: the first revealing that the chub at the three sites and the bream and the barbel at GDL exploit preferentially autochthonous carbon sources than the detrital ones; the second pattern showing that the bream and the barbel at MTE and BRE exploit the two carbon sources (and then the two habitats) in a similar way. Finally, the use of mixing models at the individual level showed that PCB concentration seemed to increase, in a general way, with the proportion of detrital carbon exploited by fishes, especially at GDL.
Fish TP and PCB concentrations were found to be not related while the exploitation of detrital carbon as a food source appeared as an essential factor of fish contamination. The regression model showed that fish length, PCB concentration in sediment and individual fish foraging habitat (exploitation of detrital carbon sources) explained about 80% of within- and between- species variability observed in PCB concentrations.
The predictions of our bioaccumulation model describes seasonal variation in fish PCB concentrations and appeared particularly efficient in a risk assessment perspective. The use of Bayesian Inference to calibrate the functions involved allowed to pass on data variability and parameter uncertainty to model predictions and provided a credibility interval around them. 

4. Conclusions

Sediment management needs raise concerns about the PCB levels in sediment which could determine an exceedence of regulatory thresholds for fish consumption. The bioaccumulation model proposed here to describe the transfer of PCBs from sediment to fishes gives promising results in helping to determine sediment management guidelines in the future. 
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Table 1 could look like this
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