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Introduction

The feasibility of using a retailer fidelity card scheme to estimate food additive intake has been examined in a recent study [START_REF] Sardi | The Use of Retailer Fidelity Card Schemes in the Assessment of Food Additive Intake -A Case Study[END_REF]. This study investigated using the Cumulus Card scheme of the Swiss retailer MIGROS to collect food consumption data, with the food colour sunset yellow (E110) as the example additive (Scientific Committee for Food, 1983). The study showed the use of fidelity cards to be a promising approach for the acquisition of data leading to realistic & low cost estimates of intake in the (Swiss) population.

Whilst the previous paper demonstrated the feasibility of using fidelity cards as a means of gathering data about patterns of food consumption, it did not address the reliability of such an approach and in particular the effects of uncertainty on the results obtained. Uncertainty is an inevitable feature of dietary exposure analysis which has been thoroughly reviewed by the EFSA Scientific Committee [START_REF] Efsa | Guidance of the Scientific Committee on a request from EFSA related to Uncertainties in Dietary Exposure Assessment. Request No EFSA-Q-2004-019[END_REF]. Sources of uncertainty can be categorised into data uncertainties, which relate to the methods of data collection, and method uncertainties which relate to the algorithms used to combine data to simulate exposures. The EFSA Scientific Committee also recommends a tiered approach to analysing uncertainties and this approach has been applied to the fidelity card exposure modelling method. The tiered approach begins by describing all uncertainties qualitatively e.g. is uncertainty in a parameter likely to lead to over/underestimation of exposure and by what relative degree? If this Tier 1 level analysis identifies critical parameters quantitative approaches are applied starting with a deterministic approach (Tier 2), and if needed a probabilistic approach (Tier 3). A block diagram of this approach can be seen in Figure 1. These two levels are closely related, the Tier 2 deterministic approach using a set of point values and correction factors to cover the uncertainty in the parameter of interest, with Tier 3 using a probability distribution function to describe this uncertainty.

The primary focus of this present work is to show how a Tier 3 analysis of uncertainty may be implemented on the collected dataset from fidelity card surveys. A step wiseapproach is taken with a Tier 1 qualitative description of the uncertainties in Sardi et al (2010) study briefly presented followed by an approach to modelling the uncertainties using probabilistic distributions.

Methods

Data Collection

The method for data collection is described by [START_REF] Sardi | The Use of Retailer Fidelity Card Schemes in the Assessment of Food Additive Intake -A Case Study[END_REF]. Briefly, MIGROS provided an exhaustive list of products sold in its supermarkets that contained the target additive Sunset Yellow (E110). E110 occurred in five food categories: aromatised drinks, marzipan cakes, fruit pastries, candies and food supplements.

The additive level was well known for the majority of the products, as MIGROS produces most of the products it sells. For the remaining products further investigation was undertaken to determine the additive level.

Second, a sample of households identified as having purchased products containing E110 was selected. in MIGROS over a contiguous period of 15 days were identified from the Cumulus card database: there were 27,440 such households.

• Amongst these, the households who purchased most of their food at MIGROS (MIGROS "A-consumer" households) were further identified: 6,860 households.

• A random sample of 2,166 addresses from these households was selected, stratified by linguistic region (50% German, 25% French, 25% Italian) to adequately represent the three linguistic groups in the Swiss population.

• 1,468 of these households were contacted and formal consent was sought to interview cardholders. Ultimately 1,204 households were interviewed, of which 830 households were considered valid for analysis.

Interviewers requested the following information:

• Structure of the household: main characteristics of each household's members (sex, age, weight).

• Proportion of all food purchases carried out at MIGROS.

• Proportion of use of Cumulus card when purchasing at MIGROS.

• Purchase and consumption information on the product categories containing E110:

o proportion of purchase of the product at MIGROS ("always", "3 out of 4", "2 out of 4", "1 out of 4" or "never") o individual household members' consumption of the product o out-of-home consumption of the products ("never", "seldom", "same quantity out-of-home", "twice as much out of the home")

Calculation of Additive Intake

Using the information collected by the household survey, and linking this with food purchase data determined from the Cumulus card database, the daily intake (in mg per kg body weight) per food category of E110 by individual household members was estimated using: 

Days BW OHf Mf Cf Rf P E × × × × × = (1)

Qualitative Assessment of Uncertainty

Each of the factors on the right hand side of equation 1 have a degree of uncertainty i.e. in reality they could be greater or lesser than the point value used to calculate the exposure of E110, the degree of which being dependent on the quality of surveyed data. The effect of these uncertainties on the assessment of exposure in this study can usefully be described in tabular format as shown in table 1.

This simple qualitative description of the uncertainties in the model inputs quickly

shows that a further quantitative analysis of some of the uncertainties is necessary.

Firstly, we have no knowledge of the effect of uncertainty in the factors Rf, Cf, and OHf on the assessment of exposure. Secondly, it is clear that the assumption about the factor Days is a crucial input that needs to be quantitatively investigated; there is no reason to believe that consumption of foods was uniform over the period of the survey, and this assumption will result in an underestimation of exposure. To a lesser extent, the sensitivity of the exposure estimate to the proportion of individual consumption also needs to be quantitatively investigated.

Modelling Uncertainty Factors

In the questionnaire, respondents were asked how often they shopped in MIGROS as opposed to other retailers. The allowed answers were: "Always", "3 out of 4 times", "2 out of 4 times", "1 out of 4 times", and "Never". These discrete choices 6 mask an inherent uncertainty. A respondent giving an answer "3 out of 4 times" is making a personal approximation: the actual frequency may be anywhere between "2.5 out of 4 times" and "3.5 out 4 times".

Two simple models of this uncertainty were implemented on the fidelity card dataset:

• Uniform: equal weighting is given to all possible values in the given range. In the example given, all possible values in the range (2.5/4, 3.5/4) have an equal probability of being the actual value.

• Triangular: a possible range of values is defined, along with a pivot point in that range. The pivot point is the most probable value, with the probability of other values in the range falling off linearly from this pivot to zero at the edges of the range. In the given example 3/4 is the pivot (most probably value), with probability of 2.5/4 and of 3.5/4 both being zero.

Both these models are illustrated graphically in figures 2 and 3. The uniform distribution in figure 2 shows how all values are equally likely between a and b, while in the triangular distribution in figure 3, c is the most probable value in the range (a, b) with the likelihood of other values occurring as the endpoints are approached.

Note that the heights of the functions are defined such that area under the curves is equal to one.

Table 2 shows how these Uniform and Triangular distribution functions were implemented to model the uncertainties in the factors Rf, Cf and OHf .

Respondents were asked to estimate the amount consumed per member of the household, giving the factor, Mf. As there was no quantitative data to suggest the magnitude of the errors within these estimates, a 5% uncertainty margin to the estimates was applied and both the Uniform and Triangular distributions were again used to model this uncertainty, using a range +/-5% of the value determined from the questionnaire. This was to ensure that some level of uncertainty was included, rather than none at all. There is no formal justification for the figure of 5%, but it was introduced to see what effect a quantitative uncertainty would have on the final result, as well as to explore the sensitivity the exposure has on this parameter.

The number of days on which the products were consumed (in the 15 day period of the survey) was not recorded (parameter Days in equation 1). To address the uncertainty linked to consumption day three approaches were employed: • Average measure: assume that all products are consumed evenly over the 15 days of the survey. This defines a possible, if unlikely, scenario for inclusion in the analysis.

• Maximum measure: assume all products are consumed on a single day • Probabilistic measure: assume there is an equal chance of the food being consumed over any of 1,2,3,4,5,6,7,8,9,10,11,12,13,14 or 15 days. The number of days is chosen randomly in the range 1-15 with all numbers in that range having equal probability, and it is then assumed the products are consumed evenly over that number of days. This methodology encompasses both the maximum (1 day) and average (15 days) with equal probability.

Results

A comparison of Deterministic, Uniform Model and Triangular Model results is given in figure 4 and table 3. These results are for consumers only, for all food categories and with the survey data weighted by age group. Weighting factors were introduced to redistribute the subjects to make the survey data representative of the Swiss population, as it was shown from the data that some age groups within the survey were either over-or under-represented. The maximum measure model of the number of consumption days was used. For each method the exposure of Mean, P75 and P90 consumers in mg/kg bw/day is presented.

One hundred iterations of the probabilistic model were used to obtain these results.

At each iteration, for each of the 2400 individuals a value for each of the factors was sampled from the appropriate uncertainty distribution (e.g. table 2). These values were then used in the calculation of the daily intake (equation ( 1)) for each individual.

The population Mean, P75 and P90 of daily intake were then calculated over the sample of 2400 individuals.

Percentiles of these three statistics were then calculated over the 100 iterations. In the results in table 3, P10, P90 are the 10 th and 90 th percentiles respectively of the statistic of interest over the iterations and give an 80% confidence range of the statistic; this confidence range is graphically illustrated as error bars on the values in Figure 4. Obviously there are no results available for P10 and P90 for the deterministic calculation, and similarly no error bar on the value in the graph.

The results using the probabilistic models are higher than the deterministic result.

The reason is due to the probabilistic models used. For example, the expected value of the 4/(Uniform(1.5,2.5)) distribution is 2.043. This is 2.16% higher than the deterministic model. These expected values are greater for all the factors for both the Uniform and Triangular models and hence the probabilistic results are higher than the deterministic result throughout.

A comparison of the Maximum, Average and Probabilistic Measure models for number of days is given in figure 5 andtable 4. Results are shown for the population P90 of daily intake for consumers only using the Uniform model with the survey data weighted by age group. The population P90 of daily intake calculated using a deterministic approach is also included for comparison; this was calculated using the maximum measure for the number of consumption days.

The Uniform model result is higher than the deterministic result when using the maximum measure. This can be attributed to the expectation values of the uniform distribution values as explained earlier.

The Average measure and Probabilistic measure results for the Uniform model are much lower than the Maximum measure, as is expected based on the assumptions of the model. The Probabilistic measure results are in between the Maximum and Average measures, but closer to the Average measure than the Maximum measure, again as would be expected based on the models employed.

Sensitivity to Probabilistic Inputs

An analysis of the sensitivity of the results to each of the probabilistic inputs was also undertaken according to the procedure described by [START_REF] Saltelli | Sensitivity analysis for chemical models[END_REF]. This analysis was performed for the maximum measure calculation using the Uniform distribution with the survey data weighted by age group in all cases.

The fully deterministic calculation was compared with a partial probabilistic calculation in which the Uniform probabilistic model was applied to each of the factors in equation ( 1 The ratio of the change in Mean intake to the standard error of the Mean over the 100 uncertainty iterations is displayed in Table 5. This measure is useful to check if the effect of using the probabilistic models on the statistic is significant and is not just due to the random noise of the Monte Carlo simulation. A value larger than twice the standard error strongly suggests a significant effect. For consumers only Mean Intakes, all of the probabilistic inputs have a significant input effect on the model, with the "Proportion Consumed per Person" factor, Mf, having the largest absolute effect. The sensitivity of the population P90 of daily intake was analysed in the same way.

Again all the probabilistic inputs are found to have a significant effect on the results.

For the population P90 of daily intake for consumers only, the "Consumption out of the home" factor, OHf, has the largest absolute effect with 7.755% change from the deterministic value (data not shown). This sensitivity analysis was also undertaken for the total population as well as for consumers only. Again there were similar results: all factors showed a significant effect on the results, with the "Consumption out of the home" factor, OHf, having the largest absolute effect on the population Mean (7.982%) and P90 (9.452%) (data not shown).

Finally, the effect of each of the probabilistic inputs on the standard error in the mean exposure across the 100 Monte Carlo iterations was investigated. In table 6, these are compared to the deterministic standard error in the mean exposure; this latter value being estimated from a bootstrap technique applied the deterministic calculation. The "Proportion purchased at retailer" factor, Rf, had the largest standard error across the Monte Carlo iterations for the Mean daily intake.

There were similar results when the total population was used in the analysis. Again the "Proportion purchased at retailer", Rf, gave the largest Monte Carlo standard error in the mean intake at 0.009 mg/kg/day, 35.2% of the deterministic standard error.

Discussion

Two simple distributions were used in this study to model uncertainty in the inputs to the assessment calculation: Uniform and Triangular. The Uniform model produced higher exposure results than the Triangular model or the Deterministic calculation. This is because the Uniform model allows larger uncertainty from respondents' given answers to be included in the model. This larger variability in the input allowed the possibility of higher exposures to occur to high consumers. Results using the Maximum, Average and Probabilistic measures for the number of consumption days were also compared and it was found that the particular choice had a considerable effect on the results. The probabilistic measure is the most reasonable model for consumer exposure since it does not assume that all of the E110 from all products was consumed on 1 day or evenly over 15 days. However, there was no data available to the study to support the data distribution used for the probabilistic measure for the number of consumption days. The average measure is not advisable since it assumes that all E110 is consumed evenly over 15 days and may underestimate acute exposure for consumers (i.e. exposure during a 24 hour period). It is important not to underestimate exposure, so in the absence of more information, the maximum measure results should be considered a conservative model of exposure for the population. In order to improve this study, it is strongly recommended gathering more data on the number of days over which the foods were consumed since this aspect of the model has the most influence on the results.

It was found that the exposure estimates were most sensitive to both the 'proportion consumed per person' and the 'consumption out of the home' factors. The 'proportion purchased at retailer' had the largest error across the Monte Carlo iterations, showing that uncertainty in this factor was the greatest driver of the uncertainty in the final exposure results. The qualitative description of uncertainties as originally shown in table 1 can be updated in the light of the quantitative examination of the uncertainty in some of the factors (see table 7).

The main results from the quantitative analysis are:

• Deterministic values for the factors Rf, Cf and Ohf lead to an underestimate of exposure. Modelling the uncertainty in these factors clearly shows that more accurate values for these parameters are likely to lead to larger estimates of exposure.

• A simple model of the uncertainty in Mf shows that the deterministic value overestimates exposure.

• The choice of the number of consumption days causes the largest variation in the exposure assessment. The assumption of uniform consumption over the 15 days of the survey largely underestimates the true daily exposure. 
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  recommended that dietary exposure assessments should start with a systematic examination of potential sources and types of uncertainty, to maximise the likelihood that important uncertainties are recognised. The Guidelines distinguish between 'sources' of uncertainty such as input data or exposure scenarios and types of uncertainty such as measurement and sampling errors or uncertainties associated with default values, model structures an correlations.

•

  Households which had purchased at least one food product containing E110

  of E110 intake per food category per member of household (mg/kg bw/day) P = total quantity of E110 purchased per food category per household over the survey period (mg) Rf = correction factor for the proportion of the food category purchased at MIGROS Cf = correction factor for the frequency of fidelity card usage when shopping at MIGROS Mf = correction factor for proportion of household purchase consumed by household member OHf = correction factor for proportion of consumption outside the home BW = body weight of household member (kg) Days = number of days over which food was consumed (days)

  ) separately. Results of a sensitivity analysis are shown in table5, for consumers only and with the survey data weighted by age group (with weighting factors introduced for reasons discussed previously). The Uniform distribution was used as the probabilistic model for the input factors, with the maximum measure model used for the number of consumption days. Results are presented for the population Mean of daily intake.

Food

  illustrate the utility of the EFSA tiered approach in assessing fidelity card derived data. The results also show how the application of some simple probabilistic approaches can be used to quantitatively assess uncertainty. http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk
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 2 Figure 2: Probability density function of the Uniform (a,b) distribution.

Figure 3 :Figure 4 :Figure 5 :

 345 Figure 3: Probability density function of the Triang (a,c,b) distribution.

Table 1 : Initial qualitative assessment of uncertainties in Cumulus card study.
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Table 2 : Deterministic and Probabilistic inputs for the correction factors Rf, Cf and OHf.
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	Survey Answer	Deterministic	Uniform	Triangular
	Always (4/4 times)	1	4/Uniform(3.5, 4.0)	4/Triang(3.5, 3.75, 4.0)
	3/4 times	1.333	4/Uniform(2.5, 3.5)	4/Triang(2.5, 3.0, 3.5 )
	1/2 times	2	4/Uniform(1.5, 2.5)	4/Triang(1.5, 2.0, 2.5)
	1/4 times	3	4/Uniform(0.5,1.5)	4/Triang(0.5, 1.0, 1.5)

Table 3 : Comparison of results for different calculation models (mg/kg bw/day) for consumers only, using the maximum measure for number of consumption days.
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		Deterministic		Uniform			Triangular	
		Mean P75	P90	Mean P75	P90	Mean P75	P90
	Exposure	0.746	0.706	1.775	0.807	0.745	1.926	0.785	0.736	1.903
	P10	n/a	n/a	n/a	0.794	0.728	1.880	0.766	0.722	1.864
	P90	n/a	n/a	n/a	0.822	0.766	1.988	0.796	0.749	1.938
	Note that for Deterministic results the across-iteration percentile values are not applicable
	(n/a).									

Table 4 : Comparison of results for consumer only P90 intake (mg/kg bw/day) using maximum measure, average measure and probabilistic measure for number of consumption days. Deterministic Maximum Measure Average Measure Probabilistic Measure Exposure
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		1.755	1.926	0.129	0.381
	P10	n/a	1.880	0.125	0.357
	P25	n/a	1.902	0.127	0.366
	P50	n/a	1.918	0.129	0.380
	P75	n/a	1.945	0.130	0.394
	P90	n/a	1.988	0.133	0.406

Table 5 : Sensitivity of Consumers Only Mean Intake to Probabilistic inputs
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Table 7 : Revised Qualitative description of uncertainties in Cumulus card study, in light of quantitative study of the primary uncertain factors.
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	Page 17 of 20		Food Additives and Contaminants	
	Factor	Source of Uncertainty	Initial Estimate of	Revised Estimate of
					Direction &	Direction &
					Magnitude	Magnitude
	P	Weight of food purchased: well	+/-	+/-
		known from retailer.			
	P	E110 levels in foods purchased: well	+/-	+/-
		known from retailer.			
	Rf	Proportion of food purchase at	?	--
		MIGROS: respondents only have		
		roughly quantised choices -		
		"Always", "3 out of 4 times", "2 out		
		of 4 times", "1 out of 4 times", and		
		"Never".				
	Cf	Proportion of Cumulus fidelity card	?	--
		usage at MIGROS: see previous		
		entry.				
	Mf	Reporting	of	individual	--	++
		consumption: dependent on accurate		
		response from survey participants.		
		An underestimate of an individual's		
		consumed amount is expected to be		
		more likely.				
	Ohf	Proportion of consumption of food	?	--
		outside of home: see previous entry.		
	BW	Reporting of body weight by	+	+
		participants: well determined, more		
		likely to be underestimated.		
	Days	Assumption of uniform consumption	---	---
		over period of survey: no record of		
		actual consumption days or portion		
		sizes. Assumption is always going to		
		lead to underestimate of daily		
		exposure.				
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Tiered EFSA approach to analysing uncertainties (EFSA, 2006).
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			Tier 1
		Quantitative analysis of certainties
			Tier 1 indicates sufficient
			likelihood that the uncertainties
			give rise to concern
	F o	Tier 2 Deterministic analysis of certainties
	r		Tiers 1 and 2 indicate
	P	unacceptable exposures cannot be ruled out
	Tier 3 Probabilistic analysis of certainties e e r
			R e v i e w
			O n
			l y
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* Key to direction and magnitude: +, ++, +++ = uncertainty likely to cause small, medium or large overestimation of exposure; -, --, ---= uncertainty likely to cause small, medium or large underestimation of exposure; ? = unable to qualitatively describe the uncertainty