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The European maximum level for cadmium in bovine kidneys is in Belgium only realistic

Introduction

Cadmium is an environmental contaminant that is readily taken up by plants. Through feed intake it is further transferred to animals where it, because of its slow excretion, mainly accumulates in kidneys and liver [START_REF] Lehman | Dosage-dependent disposition of cadmium administered orally to rats[END_REF]. Age-related increases in renal Cd concentrations have been observed in experimental studies [START_REF] Lindén | Cadmium levels in feed components and kidneys of growing/finishing pigs[END_REF] as well as in biomonitoring studies on cattle [START_REF] Andersen | Cadmium and zinc in kidneys from Danish cattle[END_REF][START_REF] Vos | Arsenic, cadmium, lead and mercury in meat, livers and kidneys of cattle slaughtered in The Netherlands during 1980-1985[END_REF][START_REF] Antoniou | Cadmium concentrations in beef consumable tissues in relation to age of animals and area of breeding[END_REF]López Alonso et al., 2000), hares [START_REF] Pedersen | Heavy metal accumulation in arctic hares (Lepus acticus) in Nunavut, Canada[END_REF] and horses [START_REF] Teilmann | Cadmium and selenium levels in kidneys from Danish horses[END_REF][START_REF] Baldini | Cadmium in organs and tissues of horses slaughtered in Italy[END_REF]. Regression models relating renal Cd concentrations to the age of animals are, however, less available. [START_REF] Andersen | Cadmium and zinc in kidneys from Danish cattle[END_REF] developed a regression model relating the logarithmic transformed Cd concentrations in kidneys of Danish cattle to the age of the animals and the geographical location of their site of rearing. A linear relation between age and Cd concentration in both kidneys and livers of cattle from The Netherlands was found by [START_REF] Vos | Arsenic, cadmium, lead and mercury in meat, livers and kidneys of cattle slaughtered in The Netherlands during 1980-1985[END_REF]. Regression models are not only interesting for modelling purposes, but also for policy makers. The models can be used to determine the age at which maximum levels (MLs) could be reached in a certain animal tissue. The European ML of Cd in bovine kidneys is 1.0 mg kg -1 fresh weight [START_REF] Eu | Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs[END_REF]. This value was exceeded in 75% of the kidneys sampled in contaminated agricultural areas in Belgium, and in 47% of kidneys sampled in uncontaminated areas (Waegeneers et al., 2009). The age of the animals might play a role in the large number of samples exceeding the ML, but in previous studies this factor was not taken into account. The objective of this study was therefore to analyze the effect of age on trace element concentrations in Belgian cattle tissues and, in case of Data of contaminated areas as well as reference areas will be considered.

Materials and methods

Sample collection

Kidneys, livers and meat tissue of 150 bovine animals were sampled in 2005 by the Belgian Federal Agency for the Safety of the Food Chain (FASFC) (Waegeneers et al., 2009). The samples were collected on the one hand in three metal contaminated areas (A, B & C), and on the other hand in rural areas away from trace element point sources.

The latter areas are further called reference areas. The contaminated areas were (i) site A -a rural area in the north-eastern part of the Kempen region in the vicinity of three (former) primary zinc smelters, (ii) site B -a rural area south of the city of Antwerp near a precious metals refining facility, which processes secondary raw materials and wastes to extract and refine non-ferrous metals such as lead, copper and precious metals, and (iii) site C -a rural area in the south of the Antwerp Kempen region near a copper refining facility and a cobalt production plant. Trace element concentrations (cadmium, lead, arsenic, zinc and copper) in tissues of 97 animals from the reference areas and 53 animals from the contaminated areas were investigated in this study. The concentrations have been published in Waegeneers et al. (2009). Together with each sample, a copy of the bovine passport was received, containing information on the date of birth and of slaughtering of the animal. These data were used to determine the age of each animal. (UNISTAT Ltd, London, England). For concentrations larger than 0.001 mg kg -1 but below the quantification limit (LOQ), measured values were used in the statistical analyses to minimise the distortion of distributions. Values below 0.001 mg kg -1 were set equal to 0.001 mg kg -1 . The normal distribution of data was verified by the Kolmogorov-Smirnov test with Lilliefors correction. Data that were log-normally distributed, were log-transformed before further analysis. Linear regression analysis (Y = b 0 + b 1 ⋅X) was used to determine relationships between age and tissue (kidney, liver) metal concentrations. The 1-α confidence intervals around the mean predicted tissue concentrations were calculated as

Statistical analysis
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with Y pred the mean predicted tissue concentration and s{Y pred } the estimated standard deviation [START_REF] Neter | Applied linear statistical models: regression, analysis of variance, and experimental designs -3 rd ed[END_REF]. The 95% confidence interval around the slope b 1 was calculated as
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with s{b 1 } the standard error of b 1 [START_REF] Neter | Applied linear statistical models: regression, analysis of variance, and experimental designs -3 rd ed[END_REF]. More than half of the meat samples had Cd and Pb concentrations below 0.001 mg kg -1 , which made it impossible to perform a linear regression analysis on these samples. 

Results and discussion

Age effects in reference areas

Analysis of variance indicated that Cd concentrations in meat samples showed an increasing trend with age (Figure 1), but even in the oldest animals the Cd concentration remained well below the European ML of 0.05 mg kg -1 fresh weight [START_REF] Eu | Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs[END_REF]. Meat-Pb concentrations did not show an age-related trend, although the average Pb concentration in animals older than 8 years was significantly larger than in most of the younger age groups (Figure 1). There was no significant linear relation between log(Age) and log(As), Cu or Zn concentrations in meat. Muscles are generally not a storage organ for trace elements.

[insert Fig. 1 here]

After log-transformation, a significant linear relation was found between the age of the animals from the reference area and their renal or hepatic Cd levels (Table 1).

After gastrointestinal uptake, Cd is transported in blood and preferentially taken up by the liver, where it induces the synthesis of metallothioneins (MT's), a family of cysteine rich, low molecular weight proteins (Sharma et al, 1979). They are known to act as detoxifying agents for Cd and are involved in the transport of Cd from liver via blood to kidneys [START_REF] Nordberg | General aspects of cadmium: transport, uptake and metabolism by the kidney[END_REF]. Because of their low molecular weight, Cd-MT's are efficiently filtered in the kidneys through the glomeruli and reabsorbed by the tubules.

Only a small portion of the gastrointestinally adsorbed Cd is finally excreted, which results in time in an accumulation of Cd in kidney and liver, even at low intake levels.

Although the regression equations ( unexplained variability in renal (R² = 0.56) and hepatic Cd (R² = 0.39). This is due to individual differences in dietary Cd intake, absorption and excretion.

The regression equations for the logarithms of renal and hepatic Pb against log(Age) are both very similar (Table 1). This similarity is related to the strong correlation between renal and hepatic Pb levels (r = 0.88; Waegeneers et al., 2009). The slope of the regression lines is low, indicating that mean Pb concentrations in kidney and liver only slowly increase with age. Furthermore, little of the variation between renal or hepatic Pb levels is explained by the age of the animals (R² = 0.12). Although absorbed Pb is rapidly distributed to soft tissues (e.g. kidney, liver, brain), in a second phase, it is redistributed from the soft tissues to bone. In all phases, Pb is excreted through faeces, urine and, in lactating cows, through milk [START_REF] Rumbeiha | A retrospective study on the disappearance of blood lead in cattle with accidental lead toxicosis[END_REF].

When soft tissue Pb is depleted, Pb is mobilised again, circulated and excreted. As a consequence, the relation between the age of the animals and the renal or hepatic Pb content is blurred.

Copper levels in kidney and Zn levels in liver did not increase with age, while there was a small but significant decrease in hepatic Cu concentrations and an increase in renal Zn concentrations with age (Table 1; R² < 0.1). These are probably anomalies due to the negative correlation between the Cu and Cd levels in liver, and the positive correlation between Zn and Cd levels in kidneys (Waegeneers et al., 2009). Indeed, Cu and Zn are not expected to accumulate in the body with age because they are essential elements that are homeostatically regulated by alterations in the rate and amount of absorption, distribution and rate of excretion (EU, 2003;ATSDR, 2004).

Studies in mice, hamsters and humans have shown that internal As is widely distributed throughout the body without a clear organ preference (Liebscher and [START_REF] Lindgren | Autoradiographic studies on the distribution of arsenic in mice and hamsters administered 74 As-arsenite or -arsenate[END_REF][START_REF] Hughes | Accumulation and metabolism of arsenic in mice after repeated oral administration of arsenate[END_REF]. Furthermore it is easily removed from the body by urinary excretion [START_REF] Vahter | Metabolism of 74 As-labeled trivalent and pentavalent inorganic arsenic in mice[END_REF]. This explains why no relation can be found between tissue As levels in cattle and the age of the animals.

[insert Table 1 here]

Renal Cd in contaminated versus reference areas

In the reference areas, the exposure to Cd (i.e. Cd concentration in feed, drinking water, …) is less variable than in polluted areas, since there are no Cd point sources in the reference areas. In polluted areas on the other hand, the exposure to Cd varies enormously from location to location: there is not only a gradient in Cd pollution between sites A, B and C, but also between farms located within the same area.

Quantifying the difference due to differences in Cd exposure between internal Cd levels of animals from reference areas and those from contaminated areas, is not evident because of the age-dependency of the data. A young animal at a more polluted farm might have higher internal Cd levels than an older animal at a less polluted farm (Figure 2). The regression equation in 

        ⋅ = = [3]
with [Cd kidney ] at age = X the kidney Cd concentration (in mg kg -1 fresh weight) at a chosen age X, [Cd kidney ] at slaughtering the measured Cd concentration in the kidney of the animal and b 1 the slope of the regression line (Table 1). The age is expressed in days.

Although Eq. [3] uses the slope of animals from the reference area, it was used to recalculate the kidney Cd levels of all animals (both from the reference area and the contaminated areas) to the age of 1434 days, which is approximately 4 years and corresponds to the geometric mean age of the animals in the reference area. The underlying hypothesis is that each individual renal Cd concentration of an animal from the contaminated areas shows the same relative trend (i.e. same slope) with age as that of the animals on which the model is based. Due to the age correction, the variance caused by age in kidney Cd levels of different areas, can be eliminated. Multiple range testing after the age correction and log-transformation shows significant differences (α = 0.05) between kidney Cd levels in the reference area and the contaminated areas, and between the contaminated site C and the other contaminated sites (Table 2). Compared to the reference area, geometric mean kidney Cd levels are 1.6-fold larger at site C, 3fold larger at site B and 5-fold larger at site A. No significant differences could be found between Cd concentrations in kidneys from site A and B.

[insert Fig. 2 

        ⋅ = = [4]
with [Cd liver ] at age=X the liver Cd concentration (µg kg -1 fresh weight) at a chosen age X, [Cd liver ] at slaughtering the measured Cd concentration in the liver of the animal and b 1 the slope of the regression line (Table 1). Equation [4] was used to recalculate the liver Cd levels of all animals (both from the reference area and the contaminated areas) to the age of 1434 days (Table 2). Multiple range testing after the age correction and logtransformation shows significant differences (α = 0.05) between hepatic Cd levels in the reference area and in the contaminated areas, and between the contaminated site C and the other contaminated areas (Table 2). Compared to the reference area, geometric mean liver Cd levels are 1.4-fold larger at site C, 3.3-fold larger at site B and almost 4-fold larger at site A. No significant differences could be found between Cd concentrations in livers from site A and B.

Exceedance of the European MLs

The European ML of Cd in bovine kidneys is 1.0 mg kg -1 fresh weight. As that resided at least 18 months in the contaminated area, into the food chain for human consumption. However, also 47% of the kidneys from the reference area exceeded the European maximum Cd level (Waegeneers et al., 2009). The age of the 150 investigated animals varied between 7.5 months and 12 years. The geometric mean age of the animals in the reference area was 1434 days, which is approximately 4 years, for the contaminated areas it was 1455 days. Use of the regression equation between the logarithm of the renal Cd concentration and log(Age) and of its confidence intervals (Table 1 andFigure 3) provides more insight in the relation between the age of bovines and the chance of exceeding the European ML for Cd in kidneys. As shown in Figure 3, the Cd concentration in the kidney of an average bovine animal from uncontaminated areas in Belgium will exceed the European ML at the age of 4 years and 10 months (1750 days), 10 % of the animals will exceed the ML at approximately 2.5 years (845 days) and 5% of the animals will exceed the ML when they are 1 year and 9 months old (645 days).

[insert Fig. 3 

here]

To have an idea about the percentage of animals that exceed the European ML at any age, the measured kidney Cd concentration of each animal from the reference area was recalculated to different ages (1-10 years), by means of Eq. [3], using (1) the mean slope b 1 , (2) the lower 95% confidence level of the slope and (3) the upper 95% confidence level of the slope (Eq.[2]). Each time, the percentage of samples exceeding the European ML was calculated, resulting in a mean exceedance percentage, lower and upper limits of exceedance (Figure 4). The advantage of such calculations is that at each age level the whole database (97 animals) can be used instead of the limited number of animals that were slaughtered at that age (Table 3). As such it is predicted that no kidneys of one-year old animals from uncontaminated areas would exceed the ML, and 0 to 5% of kidneys from two-year old animals would exceed the ML (Figure 4). Once the animals reach the age of five, 52-58% of the kidneys are predicted to exceed the European maximum level. In contaminated areas the ML is more rapidly exceeded.

While none of the kidneys of one-year old animals from site C are predicted to exceed the maximum level, the chance of exceeding the ML is 9 to 30% at sites A and B at the age of one (Figure 4). At the age of two, the chance of exceeding the maximum level is 10-17% at site C and 57-74% at sites A and B.

[insert Fig. 4 here] [Insert Table 3 here] Equation [4] was also used to recalculate the measured hepatic Cd concentration of each animal to different ages (Figure 5). At the age of five, less than 5% of the animals from the reference area and from site C have hepatic Cd levels above the ML of 0.5 mg kg -1 (EU 2006). In contrast, at sites A and B already 9 to 13% of the 1-year old animals have a Cd level in their liver above the ML.

[insert Fig. 5 here] Within the European Union it is the aim to lay down MLs at a level that is reasonably achievable following good agricultural practices and taking into account the risk related to the consumption of the food product [START_REF] Eu | Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs[END_REF]. In accordance with this ALARA (As Low As Reasonably Achievable) principle it is the aim to have a rejection percentage for a certain food product of 5% or less in all member states. At the current ML for Cd in bovine kidneys, this rejection percentage can only be obtained for Belgian cattle if the kidneys of animals older than two years from the reference areas and of all animals from the contaminated areas are not considered. To obtain the rejection percentage of 5% for all kidneys from the reference areas, irrespective of the age of the animal, the ML should be increased to 3 mg kg -1 . Given the low consumption rate of offal by the general population, this would not considerably increase the risk related to Cd intake. The current estimated average daily Cd intake due to the consumption of kidneys is only 0.03 µg at a mean contamination level of 1.25 mg Cd kg -1 , i.e. including the kidneys from reference areas that exceeded the European ML (Vromman et al., 2008). This estimation is based on a mean consumption of 0.02 g kidney per day, which was based on both kidney consumers and non-consumers. Selected groups such as highlevel kidney consumers or young children deserve special attention as they might be more exposed to Cd than the average population. Cadmium intake of high-level kidney consumers can be estimated by taking the 97.5 th percentile intake for consumers of this food item (excluding non-consumers) and adding this to the population average Cd intake from the rest of the diet [START_REF] Tennant | Modelling consumer exposures to nutrients and additives in animal products[END_REF]. Data for high-level kidney consumption are not available for Belgium, therefore values presented by [START_REF] Tennant | Modelling consumer exposures to nutrients and additives in animal products[END_REF] based on UK food consumption data, were used to calculate a theoretical estimated daily Cd intake (TEDI) for high-level kidney consumers (Table 4). Furthermore, different age groups were included in the calculations. Mean Cd intake data for different age groups were taken from [START_REF] Brussaard | Dietary intake of food contaminants in The Netherlands (Dutch nutrition surveillance system)[END_REF] as their data for adults (15-19 µg Cd d -1 ) correspond well with the value of 17 µg d -1 presented by Vromman et al. (2008). For high-level kidney consuming children between 1 and 4 4). It should be stressed, however, that a 97.5 th percentile bovine kidney consumption of 13.95 g d -1 is very high. Food recommendations advice children between 8 months and 3 years to eat 30-50 g of meat per day (FOD VVL, 2009). This implies that every other fourth day a 50-g portion of meat would be replaced by an equal portion of kidney to get at a kidney consumption rate of 13.95 g d -1 . Such a high kidney consumption would not only lead to undesirable Cd intake levels but also to an unfavourable cholesterol intake of ~ 180 mg [START_REF] Nubel | Belgische voedingsmiddelentabel[END_REF]. Pre-school children who consume mean levels of kidneys, and mean-or high-level kidney consumers of other age groups are not expected to exceed the provisional tolerable daily Cd intake (Table 4). Whatever the age of the animals, bovine kidneys from the contaminated sites A and B do not comply with the ML and the ALARA principle, even when the ML would be increased to 3 mg kg -1 . Hence kidneys from the contaminated sites A and B should be considered as not suitable for human consumption.

[Insert Table 3 here]

Conclusions

Of the trace elements studied, Cd showed the most obvious increase in tissue concentrations as a function of age. Taking into account this age effect, significant higher renal and hepatic Cd levels were found in bovines reared at contaminated rural areas compared to reference areas. In the vicinity of some (former) zinc smelters and a precious metals refining facility, 9 to 30% of the one-year old animals were predicted to exceed the European maximum level for kidneys. In unpolluted reference areas, 0 to 5% of two-year old animals would exceed this ML. To obtain a rejection percentage of maximum 5% for all kidneys from these reference areas, which would be desirable according to the ALARA-principle 'As Low As Reasonably Achievable' of EU policy, then (i) kidneys from animals older than two years from the reference areas should a priori not be considered suitable to be placed on the market, or (ii) the maximum level for Cd should be increased to 3 mg kg -1 . The latter would bear negligible risks for the general population and the majority of high-level kidney consumers. Bovine kidneys from the most contaminated areas do not seem fit for the human food chain, even if the ML would be increased to 3 mg kg -1 . Figure 3. Predicted Cd concentration in bovine kidneys from the reference area (in mg kg -1 fresh weight) as a function of age, including confidence intervals (Eq [1]). The prediction is based on the regression equation presented in Table 1. The horizontal dotted line represents the maximum level of 1 mg kg -1 . Figure 4. Predicted percentage of kidneys, at different animal ages, exceeding the maximum level of 1 mg kg -1 in the reference areas (top) and in the contaminated areas (bottom). Equation [3] and the 95% confidence limits around the slope b 1 (Eq. [2] and Table 1) were used for these predictions. 

  to determine the age at which the European MLs are exceeded.

  Statistical analyses were performed with UNISTAT Statistical Package, Version 5.5.06

  shown byWaegeneers et al. (2009) this value was exceeded in 75% of the bovine kidneys sampled in contaminated areas. Being aware of the problem, the Belgian federal government has already taken actions, involving e.g. a ban on bringing kidneys of cattle

  , the TEDI exceeds the provisional tolerable daily Cd intake(WHO, 2001; Table 

  Saegerman, C, Pussemier L, Huyghebaert A, De Temmerman L, Pizzolon J-C, Waegeneers N. 2008. Cadmium in the food chain near non-ferrous metal production sites. Food Addit Contam. 25: 293-301. Waegeneers N, Pizzolon J-C, Hoenig M, De Temmerman L. 2009. Accumulation of trace elements in cattle from rural and industrial areas. Food Addit Contam. 26: 326-332. WHO 2001. Cadmium. In: Safety Evaluation of Certain Food Additives and Contaminants. Fifty-fifth meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA). Geneva/ WHO Food Additives Series 46. pp 247-312.
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 5 Figure 5. Predicted percentage of livers, at different animal ages, exceeding the maximum level of 0.5 mg kg -1 in the reference areas (top) and in the contaminated areas
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Hepatic Cd in contaminated versus reference areas

  Hepatic Cd levels can also be corrected for age as was done for renal Cd concentrations although the strength (R²) and significance of the relation between Cd and age is less for liver than for kidneys. The slope of the regression equation in Table1is significant (p < 0.001) hence each liver Cd concentration can be recalculated to a
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 1 were used for these predictions.

Table 1 .

 1 Linear regression equations of tissue metal concentrations (mg kg -1 fresh weight) against animal age (in days), based on data collected in reference areas. All data

	were log-transformed. Y = b 0 + b 1 ⋅X			
	Y	b 0 ± s{b 0 }	b 1 ± s{b 1 }	X	R²
	log([Cd kidney ])	-4.12 *** ± 0.37	1.27 *** ± 0.12	log(Age)	0.56
	log([Cd liver ]) o -3.28 *** ± 0.31 r log([Pb kidney ]) -2.59 *** ± 0.48	0.78 *** ± 0.10 0.55 *** ± 0.15	log(Age) log(Age)	0.39 0.12
	log([Pb liver ]) log([Zn kidney ])	-3.00 *** ± 0.49 P e 0.79 *** ± 0.16	0.55 *** ± 0.15 0.14 ** ± 0.05	log(Age) log(Age)	0.12 0.08
	log([Cu liver ]) p < 0.05 *	3.02 *** ± 0.55 e r -0.40 * ± 0.17	log(Age)	0.05
	** p < 0.01	R		
	*** p < 0.001		e e i v		
			w	
				O n l	
				y	
					1

Table 2 .

 2 Geometric mean cadmium concentration (mg kg -1 fresh weight) in kidneys and liver of bovines after recalculation to the age of 1434 days (~ 4 years). The recalculation is based on the slope of the equations presented in Table1. Numbers within the same row followed by the same superscript character, are not significantly different (α = 0.05) following Duncan's multiple range test on log-transformed data. The data are retransformed into natural numbers.
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		Reference area	Site C	Site B	Site A
	[Cd kidney ]	0.777 a	1.271 b	2.280 c	3.678 c
	[Cd liver ]	0.152 a	0.210 b	0.504 c	0.560 c
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Table 3 .

 3 Number of animals that were analysed, number of kidney samples that exceeded the ML for Cd in kidneys and number of liver samples that exceeded the ML for Cd in liver per area and per age category.

			Food Additives and Contaminants						Page 28 of 29
	Age (years)	1	2	3	4	5	6	7	8	9	10	11	12
				Reference areas							
	# animals	1	13	16	17	13	13	9	3	6	2	2	2
	# samples > 1 mg kg -1 (ML kidney)	0	0	2	9	5	10	8	2	5	1	2	2
	# samples > 0.5 mg kg -1 (ML liver)	0	0	0	1	0	0	0	0	1	0	1	1
					Site A & B								
	# animals	0	3	5	6	3	3	1	2	0	0	0	0
	# samples > 1 mg kg -1 (ML kidney)	-	2	3	6	3	2	1	2	-	-	-	-
	# samples > 0.5 mg kg -1 (ML liver)	-	1	1	2	2	2	1	1	-	-	-	-
					Site C								
	# animals	1	1	2	5	10	4	2	3	1	0	1	0
	# samples > 1 mg kg -1 (ML kidney)	0	0	0	3	8	4	1	3	1	-	1	-
	# samples > 0.5 mg kg -1 (ML liver)	0	0	0	0	1	0	0	1	1	-	1	-
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Table 4 .

 4 Results of Cd intake estimations for mean and high-level kidney consumers of different age classes if the European ML would be increased to 3 mg kg -1 . The theoretically estimated daily Cd intake (TEDI) for bovine kidney consumers is calculated by multiplying their kidney intake with the mean Cd concentration in Belgian bovine kidneys excluding values > 3 mg kg -1 , i.e. 1.038 mg kg -1 . PTDI is the provisional tolerable daily intake(WHO, 2001).

	Age class General Population	Kidney consumers
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