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Introduction

While food provides essential nutrients, it also carries non-intentionally added contaminants which may trigger adverse effects. Consequently, it is necessary to assess the quantity of chemical ingested and to determine the dose of contaminant that may induce a risk for health. To this aim, dietary exposures are usually evaluated at population level using consumption surveys during which individuals report their dietary consumption over a short period of time (up to a maximum of seven days). These studies, in combination with food contamination data, allow estimating the dietary exposure of a population. Exposures are then compared with a health-based guidance value (HBGV) that represents the dose below which a risk for health can be excluded (for a review see Pruvost-Couvreur et al. (2020a)). This approach assumes a constant lifetime exposure scenario. However, food consumption habits vary with age and living conditions. Additionally, food contamination evolves with time due to new or evolving regulations and new food processing.

Polychlorinated biphenyls (PCBs) is a group of 209 congeners which are persistent organic pollutants (UNEP 2001). Because of their ability to bind to the aryl hydrocarbon receptor, twelve PCB congeners are considered "dioxin-like" (dl-PCB). Other congeners bearing a different biological activity are categorised "non-dioxin-like" (ndl-PCB). PCBs can trigger neurotoxic, reprotoxic, immunotoxic, endocrine and dermal effects, and are carcinogenic to humans (ATSDR 2014;[START_REF] Lauby-Secretan | Carcinogenicity of polychlorinated biphenyls and polybrominated biphenyls[END_REF]. More than 90% of PCB exposure comes from food, mainly from seafood and dairy products [START_REF] Efsa | Opinion of the scientific panel on contaminants in the food chain on a request from the commission related to the presence of non dioxin-like polychlorinated biphenyls (PCB) in feed and food[END_REF]JECFA 2016). In France, the infant total diet study (iTDS) conducted between 2010 and 2016, and the second total diet study (TDS2) conducted between 2006 and 2011, identified PCBs as being chemicals of concern since a part of the French population has a PCB dietary exposure exceeding the reference value [START_REF] Anses | Étude nationale d'imprégnation aux polychlorobiphényles des consommateurs de poisson d'eau douce[END_REF](ANSES , 2016)). Moreover, environmental PCB concentrations hugely varied over time [START_REF] Breivik | Tracking the global distribution of persistent organic pollutants accounting for e-waste exports to developing regions[END_REF][START_REF] Jung | Temporal evolution of urban wet weather pollution: analysis of PCB and PAH in sediment cores from Lake Bourget, France[END_REF]. This evolution induced changes in food contamination and therefore in human exposure.

Complex mechanistic models are now able to predict human exposure to persistent organic pollutants based on historical emissions data [START_REF] Mclachlan | Predicting global scale exposure of humans to PCB 153 from historical emissions[END_REF][START_REF] Nøst | Time trends of persistent organic pollutants in 30 year olds sampled in 1986, 1994, 2001 and 2007 in Northern Norway: Measurements, mechanistic modeling and a comparison of study designs[END_REF][START_REF] Quinn | Investigating intergenerational differences in human PCB exposure due to variable emissions and reproductive behaviors[END_REF]Wania et al. 2017;[START_REF] Wood | Deterministic modeling of the exposure of individual participants in the National Health and Nutrition Examination Survey (NHANES) to polychlorinated biphenyls[END_REF]. However, the use of these models has also highlighted the difficulty of predicting, on an individual basis, lifetime exposure trajectories. In fact, since dietary exposure depends on many individual characteristics such as consumption habits, generation or sociodemographic profile, it is complex to gather all relevant data throughout an individual's life in relatively short surveys.

We propose here an approach that can be easily generalized to different substances and could be used in a routine assessment, with the aim of simulating trajectories of lifetime exposure to food contaminants for different profiles of individuals representing the general French population. This approach also makes it possible to estimate and consider the evolution of dietary exposures as a function of generation and to assess the impact of certain consumption practices, such as a breastfeeding period of at least 6 months, as recommended by the WHO, on dietary exposures. In fact, the high lipophilicity of PCBs predisposes them to high excretion in breast milk and therefore breastfeeding appears as an important source of PCB exposure in infants [START_REF] Dekoning | PCB exposure in utero and via breast milk. A review[END_REF].

We present here the application of the developed approach on the example of the French population's dietary exposure to PCBs. The model predictions, obtained among others from physiologically based toxicokinetics (PBTK) modelling, are compared with biomonitoring data in order to validate their robustness. The example of PCBs, very documented substances for which many works have shown the relevance of the life-time and historical study, allowed us to show the feasibility of a lifetime study in the evaluation of the risks for the consumer, with a generalized approach.

Materials and methods

Lifetime trajectories simulation

The method developed to simulate lifetime exposure trajectories from sociodemographic individual profiles was presented elsewhere (Pruvost-Couvreur et al. 2020b). Briefly, relationships between short-term dietary exposures through total diet and individual sociodemographic characteristics were studied by multivariate regressions, by age group. For individual characteristics significantly correlated with exposure (called "stratification parameters"), a lifetime trajectory was simulated, using national surveys data. Then, exposure was predicted at each life stage from stratification parameters, using previously performed regressions.

In this study, simulations were performed from dietary exposures estimated in the French iTDS focusing on infants from 1 month to 3 years old (n=705) (ANSES 2016) and the French TDS2 focusing on children from 3 to 17 years old and adults from 18 to 79 years old (n=3 362) (ANSES 2011). In the TDS2, since only 52% of fish consumption was represented in food sampling, an additional scenario was computed, allowing the consideration of all fishes and seafood consumed in the French population [START_REF] Sirot | Dietary exposure to polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and polychlorinated biphenyls of the French population: Results of the second French Total Diet Study[END_REF]. In TDSs, dietary exposures to total PCBs were assumed equal to the sum of exposures to the six ndl-PCBs (i.e. PCB-28, PCB-52, PCB-101, PCB-138, PCB-153 and PCB-180) multiplied by 2 [START_REF] Efsa ; Efsa | Guidance on the risk assessment of substances present in food intended for infants below 16 weeks of age[END_REF].

Correlations between sociodemographic parameters and PCB exposures were determined considering, for each age group, the statistical relationship with the exposure to the sum of the six ndl-PCBs. Consequently, stratification parameters were the same regardless of the congener, but could vary with age group.

After the identification of stratification parameters and the simulation of individual lifetime sociodemographic profiles, exposure trajectories were predicted for each of the six ndl-PCBs. Then, the six trajectories were summed and multiplied by 2 for each virtual individual, to obtain lifetime trajectories of exposure to total PCBs. Because exposures to the six congeners are correlated in TDSs, trajectories were simulated considering this correlation. In fact, for French adults, Pearson correlations scores varied between 0.37 for exposures to PCB-28 and PCB-180 and 1.00 for exposures to PCB-138 and PCB-153. PCB-153 was considered as reference congener because it is the main contributor to the total PCB exposure in TDSs and is highly correlated with each of the remaining ndl-PCBs (supplementary materials, Figures S1-S4).

This method was applied iteratively to simulate lifetime exposure trajectories for a population of 10 000 individuals.

All calculations and simulations were carried out in R version 3.6.1.

Evolution of PCB exposures over time

Using dietary exposures estimated in the context of TDSs to simulate exposure trajectories, implies assuming that PCB food contamination has remained constant over time. However, it is known that this contamination hugely varied in the last 80 years [START_REF] Breivik | Tracking the global distribution of persistent organic pollutants accounting for e-waste exports to developing regions[END_REF]. Indeed, global production of PCBs started at the beginning of the 1930s and reached its peak in the 1970s. Production of PCBs has been banned from many countries in the late 1970s, including France (INERIS 2012). Consequently, food is now less contaminated than in the 1970s, at the peak of PCBs production.

Evolution of PCB food contamination is documented in the literature but measurements are too heterogeneous to allow the assessment of an accurate temporal trend; oldest records measured industrial mixtures and do not allow the identification of congeners, whereas the most recent records provide independent measurements of each congener [START_REF] Butcher | Use of historical PCB Aroclor measurements: Hudson river fish data[END_REF]).

However, several publications recorded PCB concentrations in breast milk over time in Europe [START_REF] Antignac | Country-specific chemical signatures of persistent organic pollutants (POPs) in breast milk of French, Danish and Finnish women[END_REF][START_REF] Focant | Levels of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and polychlorinated biphenyls in human milk from different regions of France[END_REF][START_REF] Furst | Human milk as a bioindicator for body burden of PCDDs, PCDFs, organochlorine pesticides, and PCBs[END_REF][START_REF] Noren | Certain organochlorine and organobromine contaminants in Swedish human milk in perspective of past 20-30 years[END_REF][START_REF] Polder | Levels and temporal trends of chlorinated pesticides, polychlorinated biphenyls and brominated flame retardants in individual human breast milk samples from Northern and Southern Norway[END_REF][START_REF] Schade | Organochlorine pesticides and polychlorinated biphenyls in human milk of mothers living in Northern Germany: Current extent of contamination, time trend from 1986 to 1997 and factors that influence the levels of contamination[END_REF][START_REF] Schuhmacher | Levels of PCDD/Fs, PCBs and PBDEs in breast milk of women living in the vicinity of a hazardous waste incinerator: Assessment of the temporal trend[END_REF][START_REF] Wittsiepe | PCDD/F and dioxin-like PCB in human blood and milk from German mothers[END_REF]) (Figure 1). When levels of total PCBs in breast milk were not reported in articles, they were considered equal to the sum of PCB-138, PCB-153 and PCB-180 concentrations multiplied by 1.7 (AFSSA 2010). Breast milk PCB concentrations expressed on a lipid basis were assumed to be directly related to body burdens. Because PCB are bioaccumulative substances, the body burden reflects the entire history of exposure, from birth to the age of sampling. Moreover, since food is the source of more than 90% of the total exposure to ndl-PCB, we considered that the changes in dietary exposure were the main determinant to the evolution of PCB contamination in milk [START_REF] Efsa | Opinion of the scientific panel on contaminants in the food chain on a request from the commission related to the presence of non dioxin-like polychlorinated biphenyls (PCB) in feed and food[END_REF]. Therefore, body burden and thus breast milk concentration are directly related to lifetime dietary exposure and to an elimination parameter, as described by the kinetic model (1) adapted from the work of [START_REF] Béchaux | An integrative risk assessment approach for persistent chemicals: A case study on dioxins, furans and dioxin-like PCBs in france[END_REF]:

= -1 × + × , ∀ ∈ [1; 80] 0 = 0 (1)
where is the body burden at age , is the elimination parameter of the considered substance at age , is the dietary intake measured nowadays at age and is the correction factor of dietary exposure, depending on birth year and age.

The elimination parameter = ln 2 /" #/$ varied according to age and congener, where " #/$

is the elimination half-life at age , from [START_REF] Grandjean | Elimination halflives of polychlorinated biphenyl congeners in children[END_REF] and [START_REF] Ritter | Intrinsic human elimination half-lives of polychlorinated biphenyls derived from the temporal evolution of crosssectional biomonitoring data from the United Kingdom[END_REF]. The function is approximated by a quadratic spline and is equal to 1 in years covered by the French TDSs. This definition allows a large variety of shapes for , while depending only on three parameters to be estimated.

Because 52 values of breast milk concentrations were known, as well as mean age of mothers, recording years and dietary intakes measured nowadays, it was possible to determine 52 correction functions by solving equation ( 2) for each of these 52 measured breast milk PCB concentrations. The selected correction function was this minimising the system composed by the 52 equations ( 2).
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To account for uncertainty on parameters of the kinetic model and variability of physiological parameters, the system of equations was solved 1 000 times, varying physiological parameters each time. Body weight was allowed to vary by 10%, the lipid fraction in the body by 40% and half-lives of PCBs by 50% around the mean value.

The estimated correction function was supposed to be applied to women and men. To study the impact of generation on lifetime exposures to PCB, trajectories were simulated for a population born in 2012 with food contaminations measured in TDSs, as well as for populations born in 1992, 1972, 1952 and 1932 by applying the mean of the 1 000 correction functions to each exposure trajectory in the virtual population.

PBTK model

Because PCBs accumulate in the organism and because their accumulation may induce adverse effects [START_REF] Efsa | Opinion of the scientific panel on contaminants in the food chain on a request from the commission related to the presence of non dioxin-like polychlorinated biphenyls (PCB) in feed and food[END_REF]; JECFA 2016), lifetime body burden is of interest in the context of health risk assessment.

A PBTK model was developed to convert dietary exposure trajectories into body burden trajectories. [START_REF] Haddad | Characterization of age-related changes in body weight and organ weights from birth to adolescence in humans[END_REF] or from data of ICRP (1979) and [START_REF] Valentin | Basic anatomical and physiological data for use in radiological protection: Reference values: ICRP publication 89[END_REF]. In adulthood, volumes of all compartments except adipose tissues were assumed to be constant and equal to values given by ICRP (1979) and[START_REF] Valentin | Basic anatomical and physiological data for use in radiological protection: Reference values: ICRP publication 89[END_REF] for adults. It was assumed that the volume of the adipose compartment was equal to the difference between 90% of the body volume and the sum of the volumes of remaining compartments.

The residual 10% corresponded to non-considered organs or tissues (blood volume for example).

Blood flows in the different compartments were defined as fractions of the cardiac output according to values given by [START_REF] Luecke | Postnatal growth considerations for PBPK modeling[END_REF].

Fractions of lipids at different ages were given by ICRP (1979) and [START_REF] Valentin | Basic anatomical and physiological data for use in radiological protection: Reference values: ICRP publication 89[END_REF] and evolutions between given fractions were assumed linear. Partition coefficients were equal to the ratio between the fraction of lipids in the considered compartment and the fraction of lipids in blood.

Elimination half-lives were considered by congener and evolved with the volume of lipids in the body and the volume of liver, according to the equation given by [START_REF] Alcock | A generic model of human lifetime exposure to persistent organic contaminants: Development and application to PCB-101[END_REF]. Elimination half-lives of reference for PCB-138, PCB-153 and PCB-180 were those reported by [START_REF] Ritter | Intrinsic human elimination half-lives of polychlorinated biphenyls derived from the temporal evolution of crosssectional biomonitoring data from the United Kingdom[END_REF]. This approach allows considering the individual volumes of lipids and liver in the elimination process, contrary to what could be done in the model presented previously for the evolution of dietary exposure to PCBs, where these details were not known.

PCB-138, PCB-153 and PCB-180 plasma concentrations were calculated independently before being summed up and multiplied by 1.7 to assess the total concentration of PCBs in plasma that is considered as a surrogate to the body burden of total PCBs (AFSSA 2010). This model assumed that the body burden at birth was negligible with respect to the body burden accumulated over the entire life.

To consider inter-individual physiological variability, random factors (called "variation factors" in this work) were applied to parameters of the model (supplementary materials, Table S1). Variation factors in the volumes of compartments were determined on the basis of data from the PopGen software [START_REF] Mcnally | Reprint of PopGen: A virtual human population generator[END_REF]. They were drawn in such a way that the quantile of the variation factor of the body weight was equal to the quantile of the variation factor of each of the compartments. Variation factors in lipid fractions were from ICRP (1979) and [START_REF] Valentin | Basic anatomical and physiological data for use in radiological protection: Reference values: ICRP publication 89[END_REF]. Given the high variability of PCB half-lives in the literature [START_REF] Ritter | Intrinsic human elimination half-lives of polychlorinated biphenyls derived from the temporal evolution of crosssectional biomonitoring data from the United Kingdom[END_REF], half-lives variation factors were allowed to range from 0.5 to 1.5.

The model was validated by comparing simulated body burden trajectories with PCB plasma concentrations measured in the French population (supplementary material, Part 4). Moreover, a global sensitivity analysis was realised to identify input parameters contributing the most to the variability of PCB body burden (supplementary materials, Part 5).

Breastfeeding in childhood

Due to their high lipophilicity, PCBs are present in breast milk in higher concentrations than in infant formula [START_REF] Lackmann | Organochlorine compounds in breast-fed vs. bottle-fed infants: Preliminary results at six weeks of age[END_REF]).

To estimate the exposure of the population in a "worst case" scenario, breastfeeding must be taken into account. The SFAE study recorded consumption data used the iTDS to assess the exposure of nonbreast-fed children under the age of 3 [START_REF] Fantino | Nutrient intakes in 2005 by non-breast fed French children of less than 36 months[END_REF]. Concentrations of PCBs in infant formulae recorded in the iTDS for infants under 6 months of age were replaced by those in breast milk.

PCB concentrations in breast milk were those from the data used to assess the evolution of PCB exposure between the 1960s and nowadays (see Section 2.2). A curve of the evolution of breast milk PCB concentrations over time was fitted with the function smooth.spline in R version 3.6.1.

Then, PCB exposure trajectories were computed for infants born between the 1970s and nowadays, and breast-fed during their first six months of life.

Results

Impact of sociodemographic characteristics and generation on lifetime trajectories

PCB exposures were related to gender, BMI, region of residence, household income, frequency of canteen meals in childhood and marital status and educational level in adulthood. In fact, at least one modality of each of these variables was related to statistically different PCB exposures (p-value <0.1) that other modalities for at least one age group (supplementary materials, Table S3).

Generation also had a significant impact on PCB dietary exposures. According to our simulations, PCB dietary exposures at the end of the 1960s were on average 25 times higher than those estimated when PI [31;85]). An example of lifetime exposure and body burden trajectories is provided for a man, according to his birth year in Figure 2. Concentrations of PCBs measured in the 2010s in infant formulae in the French infant TDS were between 0.4 and 4.3 ng/g lipids, depending on the food (ANSES 2016). Therefore, breastfed children are much more exposed to PCBs than other children.

According our simulations, body burden is much higher for breast-fed infants than for formula-fed infants during the first six months of life. However, this difference disappears with time (Figure 3). At the sixth month of life of a child born in 2012, the estimated PCB plasma concentration was on average 614 ng/g lipids for a breast-fed child and 0.6 ng/g lipids for a formula-fed child. At 3 years old, the ratio between body burdens of breast-fed and formula-fed children decreased to 12.4, and it was on average 1.5 at 10 years old. At the age of 20, body burdens were similar, regardless of dietary scenarios considered in childhood. In the same way, the ratio between areas under the curves is about 64 between birth and the age of 3, but it is about 1.3 when considering the entire life. Thus, the long-term impact of breastfeeding on PCB body burden and associated health risks is negligible. 

Risk assessment

Numerous HBGVs were derived for PCBs by different health agencies for food safety (Table 1). The chronic external HBGV of 20 ng PCB/kg bw/day is widely used by risk assessors. It has been established based on a no observed adverse effect level in animals, to which uncertainty factors were applied. This approach appears conservative since the body burden simulated from a constant lifetime exposure of 20 ng PCB/kg bw/day was lower than critical concentrations proposed by the different agencies from human data (Figure 4). However, it does not allow the consideration of lifetime bioaccumulation of PCBs, on the first hand because animal experiments were realised during only two years. This duration represents the lifetime of the animals however it does not allow to represent the amount of substance that can be accumulated over 80 years. Additionally, it does not allow studying plasma PCB concentrations induced by fluctuating dietary exposures. 

Discussion

Limits of simulations

Limits of the method developed to simulate lifetime exposure trajectories were discussed elsewhere (Pruvost-Couvreur et al. 2020b). Briefly, several hypotheses on changes of sociodemographic characteristics throughout life were made, that can impact exposure trajectories, like the probability to move from a region to another, according to age.

Moreover, the assessment of dietary exposure to total PCBs from the six non dioxin-like congeners and of PCB plasma concentration from three congeners is a source of uncertainty. In fact, even if these hypotheses were verified in other studies (ANSES and InVs 2011; IARC 2016), variability in the distribution of congeners exists and was not taken into account here.

We must also emphasize that only dietary exposure was considered here, because nowadays the total exposure to PCBs is overwhelmingly triggered by the diet. In contrast, hypothetically, other sources of exposure, such as air pollution, may have had a higher contribution to total exposure in earlier generations. Future work, incorporating the exposome concept, is therefore required to integrate these different sources of exposure and to best assess the health risk for older generations.

Furthermore, the correction function applied to exposure trajectories to consider the generational effect was assessed from limited and averaged data, especially before 1960. Before this date, confidence level in the correction function is weak. Moreover, the correction function considered in the proposed risk assessment was a mean function. More extreme lifetime trajectories may therefore exist, that may explain the fact that the tail of the distribution of simulated concentrations is more truncated than the tail of the distribution of measured concentrations. Yet, because mean PCB plasma concentrations modelled from simulated exposure trajectories were within the same order of magnitude as those measured in the French population, PCB exposure trajectories and evolution of food contamination were adequately assessed. In fact, geometric means of simulated PCB plasma concentrations were similar to those measured in another French study, even if the highest percentiles are lower in the simulations (supplementary material, Part 4). It should also be mentioned that the correction function, as proposed in this work, makes it possible to estimate the overall evolution of dietary exposures, but does not allow the consideration of the evolution of consumption and contamination of specific foodstuffs.

Body burden at birth and maternal depuration

PCBs were assumed to be rapidly eliminated in childhood due to their short elimination half-lives [START_REF] Alcock | A generic model of human lifetime exposure to persistent organic contaminants: Development and application to PCB-101[END_REF]. For this reason, PCB plasma concentrations at birth were considered negligible in comparison with lifetime accumulation. This assumption was supported by the comparison between plasma concentrations of breast-fed and those of formula-fed infants; body burdens were extremely different during breastfeeding period but were not after several years (Figure 3). This observation indicates that PCB body burdens in the first months of life have a little impact on the body burden after few years.

Pregnancy and breastfeeding act as elimination pathways for persistent organic pollutants [START_REF] Alcala | PCB concentrations in women based on breastfeeding history: NHANES 2001-2004[END_REF][START_REF] Caspersen | Determinants of plasma PCB, brominated flame retardants, and organochlorine pesticides in pregnant women and 3 year old children in the Norwegian mother and child cohort study[END_REF]Quinn et al. 2011). However, potential maternal depurations due to pregnancies and periods of breastfeeding were not considered in the model, due to the lack of consensual data regarding fetal-maternal exchanges. Ratios between PCB concentrations in fetal and maternal matrices reported in the literature were too variable to establish a robust transfer rate; ratios between PCB concentrations in umbilical cord and maternal bloods were from 0.18 to 9.29, according to congeners and studies, when adjusted to lipid weight [START_REF] Bergonzi | Distribution of persistent organochlorine pollutants in maternal and foetal tissues: Data from an Italian polluted urban area[END_REF][START_REF] Dekoning | PCB exposure in utero and via breast milk. A review[END_REF][START_REF] Jeong | Placental transfer of persistent organic pollutants and feasibility using the placenta as a non-invasive biomonitoring matrix[END_REF][START_REF] Lancz | Ratio of cord to maternal serum PCB concentrations in relation to their congener-specific physicochemical properties[END_REF][START_REF] Mori | Correlation between human maternal-fetal placental transfer and molecular weight of PCB and dioxin congeners/isomers[END_REF][START_REF] Needham | Partition of environmental chemicals between maternal and fetal blood and tissues[END_REF][START_REF] Patayova | Anthropometric, socioeconomic, and maternal health determinants of placental transfer of organochlorine compounds[END_REF][START_REF] Shalini | Fetal exposure to PCBs and their hydroxylated metabolites in a Dutch cohort[END_REF][START_REF] Vizcaino | Transport of persistent organic pollutants across the human placenta[END_REF]. Similarly, ratios between non lipid adjusted PCB concentrations in umbilical cord and maternal bloods were also variable (from 0.087 to 0.59) [START_REF] Covaci | Distribution of PCBs and organochlorine pesticides in umbilical cord and maternal serum[END_REF][START_REF] Mori | Correlation between human maternal-fetal placental transfer and molecular weight of PCB and dioxin congeners/isomers[END_REF][START_REF] Patayova | Anthropometric, socioeconomic, and maternal health determinants of placental transfer of organochlorine compounds[END_REF][START_REF] Porpora | Placental transfer of persistent organic pollutants: A preliminary study on mother-newborn pairs[END_REF][START_REF] Vizcaino | Transport of persistent organic pollutants across the human placenta[END_REF]. Finally, reported concentrations in placental to maternal blood lipids ratios ranged from 0.13 to 1.80 [START_REF] Bergonzi | Distribution of persistent organochlorine pollutants in maternal and foetal tissues: Data from an Italian polluted urban area[END_REF][START_REF] Dekoning | PCB exposure in utero and via breast milk. A review[END_REF][START_REF] Jeong | Placental transfer of persistent organic pollutants and feasibility using the placenta as a non-invasive biomonitoring matrix[END_REF][START_REF] Vizcaino | Transport of persistent organic pollutants across the human placenta[END_REF]. Furthermore, not considering the potential mother depuration is conservative since it overestimates the maternal PCB plasma concentration and since PCB concentrations in breast milk were estimated from the literature and not from maternal contamination.

Breastfeeding

In breastfeeding scenario, daily consumption of breast milk was considered to be equal to that of infant formula consumption recorded in the SFAE study. Under this assumption, 807 g and 835 g of breast milk was consumed daily by 1-3 months and 4-6 months age groups, respectively. Recommendations of breast milk consumption are 690 mL/day from 1 to 3 months and 770 mL/day from 4 to 6 months of age (US EPA 2011). Our selected assumption on breast milk consumption was thus protective.

Considering risk assessment, exceedances of external and internal HBGVs observed regardless of birth year for breast-fed infants must be discussed. In fact, body burdens of breast-fed infants, even much higher than those of formula-fed children, exceeded critical thresholds only for few months (i.e. during the breastfeeding period). At the end of the breastfeeding period, PCB plasma concentrations decreased rapidly because of short elimination half-lives of PCBs in childhood. On the contrary, body burdens in adulthood were more stable because of longer elimination half-lives. Exceedances of critical concentration values in adulthood could therefore appear more of concern because they were likely to last longer. However, childhood is a sensitive period for development and infants may be more susceptible to adverse effects than adults (ATSDR 2000;[START_REF] Efsa ; Efsa | Guidance on the risk assessment of substances present in food intended for infants below 16 weeks of age[END_REF]. Therefore, a health risk induced by exposures leading to exceedances of critical internal concentrations during the breastfeeding period cannot be excluded.

Risk assessment approach

Even if the external chronic HBGV of 20 ng/kg bw/day is selected by several safety agencies to assess PCB health risk, it is not unanimously accepted. According to [START_REF] Efsa | Opinion of the scientific panel on contaminants in the food chain on a request from the commission related to the presence of non dioxin-like polychlorinated biphenyls (PCB) in feed and food[END_REF] and JECFA (2016), toxicokinetic data on PCBs are too limited to set a HBGV. Additionally, adverse effects triggered by PCBs are less correlated with dietary external exposures than with internal concentrations which reflect accumulation of PCBs in the body.

Furthermore, comparisons between body burden trajectories and critical concentrations were easier than comparisons between exposure trajectories and external HBGVs. In fact, external HBGVs were derived from experiments exposing monkeys during a given period to a mix of PCBs. This duration must be scaled from animal to human and uncertainty factors were applied to account for differences of toxicokinetics between species. Moreover, because exposure trajectories were fluctuating, exceedances of the external HBGV were intermittent making it difficult to assess health risk over long periods of time. On the contrary, body burden trajectories were less variable due to the bioaccumulative nature of PCBs (Figure 2). Since an internal critical value is a concentration of a substance in a human matrix below which there is no risk of health impairment anticipated, it could be considered that exceeding a critical concentration over life is an alert in terms of risk.

However, since the establishment of the different HBGVs, new studies observed adverse effects in women during pregnancy or in children after pre-or post-natal exposures at PCB levels lower than 500 ng/g lipids [START_REF] Alvarez-Pedrerol | Organochlorine compounds, iodine intake, and thyroid hormone levels during pregnancy[END_REF][START_REF] Baba | Association of prenatal exposure to PCDD/Fs and PCBs with maternal and infant thyroid hormones: The Hokkaido study on environment and children's health[END_REF][START_REF] Chevrier | Effects of exposure to polychlorinated biphenyls and organochlorine pesticides on thyroid function during pregnancy[END_REF][START_REF] Neugebauer | The influence of low level pre-and perinatal exposure to PCDD/Fs, PCBs, and lead on attention performance and attention-related behavior among German school-aged children: Results from the Duisburg birth cohort study[END_REF][START_REF] Takser | Thyroid hormones in pregnancy in relation to environmental exposure to organochlorine compounds and mercury[END_REF]. Unfortunately, the large diversity of observed effects coupled with PCB internal concentrations does not allow the assessment of a new accurate internal critical concentration.

In conclusion, external and internal approaches appear to be complementary, as well as short-term and lifetime risk assessment. Lifetime body burden trajectories seem more appropriate to assess health risk over the life course because they account for lifetime PCB bioaccumulation. However, the external approach was shown to be more protective. Estimating lifetime trajectories allows identifying individual characteristics and behaviours impacting the dietary exposure as well as assessing the longterm results of such behaviours, accounting for past and future exposures. Complementarily, the more classical risk assessment approach based on short-term measurements allows identifying immediate health risk and potentially acting on the food regulation.

Conclusions

Lifetime health risk related to the presence of PCBs in food was assessed. Simulations highlight the important impact of generation on PCB exposures; PCB levels in the environment have been steadily

decreasing since the 1970s, depending on the country and the regulations in place. Residual PCB concentrations in food are following the same trend with a time delay due to the accumulation of PCBs along the food chain [START_REF] Breivik | Tracking the global distribution of persistent organic pollutants accounting for e-waste exports to developing regions[END_REF].

Lifetime exposure trajectories and simulations of body burdens allow a refinement of classical risk assessment; although French TDSs observed exceedances of the chronic external HBGV of 20 ng/kg bw/day for babies (2.7%) (ANSES 2016), children (6.5%) and adults (2.6%) (ANSES 2011), our simulations show that current exposures induce lifetime body burdens lower than critical plasma concentrations. It has to be highlighted that, for breast-fed children, PCB dietary exposures are high because of the lifetime accumulation of PCBs in their mother's body. However, even for breast-fed children, estimated PCB plasma concentrations are shown to decrease rapidly after the end of the breastfeeding period and no differences are observed after 20 years. The ratio between the lifetime 
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 1 Figure 1: Evolution of PCB concentrations in breast milk in last decades, according to median mothers' age (indicated value), number of samples in the study (size of text) and country (colour of text)

Figure 2 :

 2 Figure 2: Example of lifetime exposure (dark blue) and body burden (light blue) trajectories according to birth year (green)

Figure 3 :

 3 Figure 3: PCB body burden trajectories according to food scenario in childhood. Solid lines are mean trajectories and coloured areas are 95% prediction intervals.

Figure 4 :

 4 Figure 4: Body burden trajectory (black solid line) and its 95% prediction interval (grey area) resulting from a lifetime exposure to the chronic HBGV of 20 ng/kg bw/day. Comparison with different critical concentrations (coloured dashed lines).
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 123 Figure1: Evolution of PCB concentrations in breast milk in last decades, according to median mothers' age (indicated value), number of samples in the study (size of text) and country (colour of text) Figure2: Example of lifetime exposure (dark blue) and body burden (light blue) trajectories according to birth year (green) Figure3: PCB body burden trajectories according to food scenario in childhood. Solid lines are mean trajectories and coloured areas are 95% prediction intervals.

Figure 4 :

 4 Figure 4: Body burden trajectory (black solid line) and its 95% prediction interval (grey area) resulting from a lifetime exposure to the chronic HBGV of 20 ng/kg bw/day. Comparison with different critical concentrations (coloured dashed lines).

  

  This model allowed the assessment of quantities of PCBs in different compartments of the body, from differential equations and information on kinetic data of PCBs. The model was composed by five

compartments: brain, liver, adipose tissues, richly perfused tissues (i.e. lungs, pancreas, heart, gastrointestinal tract, kidneys, spleen and stomach) and poorly perfused tissues (i.e. muscles, bones and skin). These compartments were selected because PCBs accumulate in adipose tissues and can trigger adverse effects on brain and liver. Poorly and richly perfused tissues were studied separately considering that blood flow has an important impact on the distribution of PCBs in the body. Body weight under the age of 3 was determined according to age and gender (WHO Multicentre Growth Reference Study Group 2006). After 3 years old, body mass index (BMI) trajectories were available. Body weight was determined according to BMI, age and gender, according to an equation assessed on a population simulated with the software PopGen (McNally et al. 2015). The equation was validated on the population of the TDS2 (Pruvost-Couvreur et al. 2020b). Volume of compartments and cardiac output evolved with age and gender. During children's growth and development, volumes of compartments were determined from equations of

  considering concentrations measured nowadays(95% PI [15; 38]). Considering the average of predicted evolutions of PCB dietary exposures, the body burden at the age of 40 was 1 183 ng/g lipids (95% PI [657; 1 908]) for an individual born in 1932, whereas it was 289 ng/g lipids (95% PI[152; 474]) for an individual of the same age born in 1972. Assuming that PCB exposures will remain constant in the future, the body burden of an individual born in 2012 at the age of 40 would be 53 ng/g lipids (95%

Table 1 :

 1 Threshold values derived for external and internal exposures to PCBs

Value Adverse effect Reference External health based guidance values 30 ng/kg bw/day

  

	500 ng/g lipids	Concentration triggering no	(HBM Commission 2012)
		adverse effect	
	1 000 ng/g lipids	Neurological, immunological,	(HBM Commission 2012)
		auditory, metabolic and thyroid	
		effects in the most sensitive	
		individuals	
		Neurological effects in young	(ATSDR 2000)
	(subchronic)	monkey after exposure from birth	
		to 20 weeks	
	20 ng/kg bw/day	Immunological effects in adult	(AFSSA 2007; ATSDR 2000;
	(chronic)	monkey after 23 months of	RIVM 2001; US EPA 1994)
		exposure	
	Internal critical concentrations		
	1 000 ng/g lipids	Neurological and immunological	(EFSA 2005)
		effects after perinatal exposure	
	700 ng/g lipids	Effects on mental and motor	(AFSSA 2010)
	(children under 3, girls and	development in children after in	
	women of childbearing age)	utero exposure	
	1 800 ng/g lipids	Concentration triggering no	(AFSSA 2010)
	(boys over 3, adult men and	neurological effect in adults over	
	women over 45)	50 years of age	

  Table2). Breast-fed infants systematically had a dietary exposure above the chronic HBGV during the breastfeeding period, regardless of birth year.ATSDR recommends the use of the subchronic external HBGV of 30 ng/kg bw/day for exposures occurring during 15 to 364 days. Because this value was derived from experiments in newborn monkeys, in this work, comparisons between the subchronic HBGV and simulated exposure trajectories were only computed for the first year of life. During the first year, 2.8% of formula-fed

children born in 2012 had exposures above the subchronic HBGV, maximum during three nonconsecutive weeks. Breast-fed children had exposures exceeding the subchronic HBGV during the entire breastfeeding period. Breastfeeding induced PCB plasma concentrations higher than 500 ng/g lipids for almost all children, even those born recently. For formula-fed populations, exceedances of critical plasma concentrations were highly correlated with birth year; more than 99% of the population born in 1932 or in 1952 had body burdens exceeding 500 ng/g lipids at least once whereas no one born in 1992 reached this PCB plasma concentration during their lifetime. The value of 1 800 ng/g lipids was never reached by individuals born in 1972, but was exceeded by more than 4% of individuals born in 1952 and by more than 14% of individuals born in 1932 (Table

2

).

Table 2 :

 2 Duration of exceedance of the chronic HBGV of 20 ng/kg bw/day over life and percentages of the simulated population having a body burden trajectory exceeding a critical concentration over life, according to birth year and diet in childhood

	Diet	in	Birth year Arithmetic		95% prediction	Percentage of	Percentage of
	childhood	mean of the	interval of the	the population	the population
			duration	of	duration	of	exceeding the	exceeding the
			exceedance of	exceedance of	body burden of	body burden of
							500 ng/g lipids	1 800 ng/g lipids
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 1 Threshold values derived for external and internal exposures to PCBs

Table 2 :

 2 Duration of exceedance of the chronic HBGV of 20 ng/kg bw/day over life and percentages of the simulated population having a body burden trajectory exceeding a critical concentration over life, according to birth year and diet in childhood
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