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A B S T R A C T

The purpose of this study was to propose an approach to predict the distribution of chemicals in food in de-
veloping countries to assess consumer risk and access to the international market with a limited number of
laboratory analyses. The first step consists of identifying the GEMS/Food Contaminants database and the che-
mical/food combination relevant for a particular country. The identification of critical chemical/food combi-
nation should be used to prioritize the analysis to be performed in a total diet study (TDS). The second step
consists of modelling a distribution model based on the mean concentration generated from TDS associated with
the variability observed in a larger dataset consisting of individual food contamination data from the GEMS food
database. The simulated distributions may provide information regarding how to establish food safety standards
and to assess the potential for accessing international market in the context of a value chain. This method is
illustrated by case studies from the recent Regional TDS (RTDS) conducted in Sub Saharan Africa.

We concluded that further work is needed to gain experience and to fully validate this approach. However,
organized data sharing and developing harmonized methods for data analysis are key roles for international
organizations, such as FAO, WHO, and WTO. Finally, it is important to remember that such a data-driven ap-
proach still requires significant investments in terms of human resources and analytical capacity.

1. Introduction

The implementation of a risk-based approach to assess food safety
allows for better consumer protection and safe food commodities for
international trade. Market access is central to fostering the growth of
developing and transition economies. The benefits for successful ex-
porting countries are as follows: (1) acquiring higher amounts of cur-
rencies; (2) decreasing trade deficits or increasing trade surplus; and (3)
contributing to the generation of jobs, welfare, and stability.

In order to be able to export locally grown food commodities to
foreign markets, countries should comply with food safety standards of
the importer(s). According to the World Trade Organization (WTO) SPS
Agreement (WTO, 1994; Chen, 2004), these standards shall refer to
internationally accepted risk assessment procedures supported by sci-
entific evidence. WTO member countries (164 countries) are

encouraged to implement the international standards proposed by the
Codex Alimentarius Commission for a multitude of chemicals, e.g.
pesticide and veterinary drug residues, environmental contaminants,
and mycotoxins. Conformity assessment of exported food commodities
involves comparing the concentrations of food chemicals with max-
imum regulatory limits (MRLs). Considering the cost of laboratory
analysis, a strategic issue for exporters is to identify the chemicals that
represent a compliance check priority in food commodities.

Among the tasks of the World Health Organization (WHO), the
GEMS/Food Programme is dedicated to the compilation of food che-
mical monitoring data collected by more than 60 WHO Collaborating
Institutions worldwide. Since its implementation, this program has
collected approximately 7 million analytical results for various chemi-
cals in 530 food items classified in 24 food categories. The data are
incorporated into the GEMS/Food Contaminants Database. From this
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database available online2, it is possible to extract the distribution of
chemicals in food and to identify critical levels compared with existing
MRLs.

Total diet study (TDS) is a concept that emerged in the late 50 s in
the United States of America (Egan, 2013), and since then it has been
regularly used in many countries as a tool to estimate the average
dietary exposure to food chemicals, including nutrients, and to identify
foods that contribute the most to that exposure (Pennington, 1983;
Egan et al., 2007; EFSA, 2011; WHO, 2009).

Assuming that the results from a TDS provide the true mean of the
chemical concentrations in food, it is possible to simulate the full dis-
tribution of these chemicals by selecting an appropriate coefficient of
variability (CV) from other available data, e.g. GEMS/Food data.

This paper proposes an approach for developing countries to esti-
mate the distribution of chemicals in food by using a mean con-
centration generated from appropriate TDS food sampling associated
with the variability observed in a larger dataset consisting of individual
food contamination data from the GEMS food database. The simulated
distributions may provide intelligence to highlight the countries that
may need to establish food safety standards and to assess the potential
for international market access in the context of a value chain.

Another output of this study is transferring the TDS methodology to
propose an analogy and a complementary approach that we denoted as
total export study (TES). TDS focuses on contamination in a re-
presentative sampling of the diet, and the TES methodology is applied
to concentration in the food to be exported to the global market.
Finally, we also aimed to identify the mitigation measures required
before foods can be exported by comparing the concentration dis-
tribution to cut-off using regulatory standards, such as the Codex
maximum level (ML).

We illustrated this methodological work by case studies conducted
with relevant examples of chemical/food combinations in the African
region. These examples focus on some of the most commonly exported
food commodities and on contaminants other than those intentionally
added to the food chain (e.g. pesticide residues or veterinary drugs) but
known to be widespread and naturally occurring in the environment,
such as heavy metals or mycotoxins.

2. Materials and methods

2.1. TDS in Sub-Saharan Africa

Between 2014 and 2017, we implemented a multi-centre TDS in
Sub-Saharan Africa (FAO, 2014) with the objective of characterizing
the risks resulting from exposure to food chemicals encountered by
populations in Benin, Cameroon, Mali, and Nigeria. TDS (FAO/EFSA/
WHO, 2011) is complementary to traditional monitoring and surveil-
lance programs, and provides a solid basis for calculating a populations’
dietary exposure to food chemicals and for assessing the potential im-
pacts on public health. Because the primary goal of a TDS is to estimate
the dietary exposure of population groups, we set up a TDS list of foods
for each country, covering at least 90% of the diet (Ingenbleek et al.,
2017). In order to generate a common food list among the four coun-
tries, we established a mapping system between the national food
items. The two harmonized levels of classification across countries are:
(1) 84 food subgroups, considered as the most aggregated level for
sampling, and (2) 13 food groups. We selected and analysed the core
foods from the list of 84 food subgroups.

2.2. Selection of the most exported food commodities

In order to select foods of international trade interest, we analysed
food export statistics from the International Trade Centre (ITC) (ITC,

2016). ITC’s market analysis tools are freely accessible online3. ITC data
allows identifying export and import data for each of the four countries
considered in this study. Ultimately, ITC tools support companies, trade
promoting institutions, and policymakers in the monitoring of national
trade performance for the preparation of trade negotiations. We ex-
tracted the values in US dollars (USD) over five years of each food
commodity exported from Benin, Cameroon, Mali, and Nigeria and
calculated the mean of the five annual values for each country. We set
up the export food list by ranking the mean values of exported food
commodities.

2.3. Matching food classifications

ITC food classification is very similar to the structure designed for
the Sub-Saharan Africa TDS and consists of three strata, which include
18 food groups, 159 food subgroups, and 1018 food items, respectively.
For each of the four countries, the food subgroups (second stratum of
the ITC classification) were ranked in descending order from the
highest mean export value above an arbitrary threshold of 10 M $. This
ranking method is similar to the TDS approach but applies to TES of
foods.

We mapped TDS and ITC food classifications to identify the corre-
spondence of food commodities in both systems.

2.4. Sampling

In a TDS, if the sampling consists of pooled samples collected across
food categories, the most common approach is based on the analysis of
pooled samples created from a number of individual samples of the
same food commodity (WHO, 2009; FAO/EFSA/WHO, 2011). For each
of the food commodities identified as consumed or exported, we formed
a pooled sample for each country from twelve individual samples of
equal weight.

For chemicals widely distributed in food, the precision of the esti-
mate of the mean concentration of chemical substances under in-
vestigation depends both on the number of individual samples and on
the standard deviation of concentration of chemicals in foods on the
market. The statistical basis for appropriate number of individual
samples to reach a given precision of the mean estimate based on the
pooled sample and assuming a certain standard deviation was in-
vestigated by a scientific project under the 7th Framework Program of
research of the European Union (FP7) named as ‘TDS exposure’
(European Commission, 2016). The authors proposed to use the fol-
lowing formula for sample sizes with n =<30 to calculate confidence
intervals:

= ± ∗

−
−CI mean t σ

n 1alpha1 /2

where −t alpha1 is the percentile of student t-distribution corresponding to
the selected significance level, e.g. alpha = 5%; σ is the standard de-
viation; and n is the number of samples.

In this study, the authors investigated the impact of the number of
individual samples on the confidence interval for a given substance in a
food commodity. The width of half of the 95% confidence intervals for
estimates of mean x( ¯) concentrations obtained by the TDS approach was
calculated based on the given number of individual samples pooled (n)
and given ratio of true standard deviations (σ) and true mean (µ) (low
variability, σ :µ = 1:3 and high variability σ :µ = 1:1)

From Fig. 1, it can be observed that for both low and high varia-
bility, there was relatively little gain in precision when the number of
individual samples was increased from 12 to 15.

The adequate selection of representative individual samples to form
pooled samples is a major consideration in the sampling plan design

2 GEMS/Food database: https://extranet.who.int/gemsfood/. 3 http://www.trademap.org/tradestat/.
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(Tsukakoshi, 2011). In TDSs implemented in developed countries, it is
common that the allocation of individual samples is proportional to
market shares, which often refers to trademarks owned by known op-
erators and are clearly identifiable on supermarket shelves (Sirot et al.,
2009). In developing countries, this principle remains but needs to be
adapted to the local food supply and distribution context. For example,
most of the foods sold at the retail level in Africa, particularly locally
produced commodities, do not bear any distinctive sign, brand, batch
number, expiry date, or even a label. Food distribution mostly takes
place at daily or weekly markets, involving a large number of ever-
changing suppliers (Ingenbleek et al., 2017).

In case of commodities included in the TES food list but not in the
TDS food list, we identified the main exporters and used exported vo-
lumes as the sampling criteria. In other words, we used this information
to define, for each applicable criterion, the breakdown of the twelve
individual samples of equal size needed to obtain a weighted pooled
sample.

Some of the foods were common to both the TDS and TES food lists.
These foods were prepared as consumed according to the TDS metho-
dology as this approach is more cost-effective than sampling these foods
twice. By contrast, we collected and analysed additional samples of the
foods that were included in the TES food list but not in the TDS food list
(in other words, commodities primarily produced for export but not for
local consumption) as raw food commodities. Pooled samples were
subjected to various multianalyte screenings (Ingenbleek et al., 2017).

2.5. Selection of analytes

The breakdown of monitoring data submitted to GEMS/Food in-
cludes 24 food categories and 530 food items, which we matched with
the list of most exported food commodities from Benin, Cameroon,
Mali, and Nigeria (Table 1).

Next, we screened the GEMS/Food database to identify the chemi-
cals reported in these commodities. The objective of this analysis was to
determine, based on GEMS/Food data, the monitoring of chemicals
pertinent in each commodity of interest. As the GEMS/Food data are
heterogeneous, the following criteria were applied regardless of the
dataset submission date:

(1) Individual data were selected (aggregated data and data from TDSs
were excluded)

(2) Raw food commodities were selected (processed foods were ex-
cluded)

(3) Producer countries were selected (e.g. for cocoa beans)
(4) Outliers were excluded based on the boxplot method: a point be-

yond the upper outer fence was considered an extreme outlier and
excluded. The upper outer fence was estimated as the 75th per-
centile +3* interquartile range. It was chosen to exclude outliers

based on the final dataset (i.e. composite dataset) because most of
the time, the size of the country/year datasets were too small to be
regarded as a distribution. Only few outliers were excluded through
our method, and all of them seemed very extreme and discordant
with the chosen lognormal representation.

(5) Results below the limit of quantification were substituted by half of
this value. It is noted that this approach would deflate variance;
however, as the datasets were chosen because of their low censor-
ship, it was expected to be a small underestimation. It is recognized
that a more complex statistical approach, such as those proposed in
the NADA package for R, would have been more accurate.
However, the size of the datasets does not allow analysis of such an
approach systematically. This explains the reason why we selected a
rather simple approach that can be reused easily on most of the
datasets.

In practice, we applied this screening step to select the chemical/
food combination that met the above-mentioned criteria to the whole
GEMS/Food database with the R software (R Development Core Team,
2008).

2.6. Predicting and building distribution of concentrations

From the list of most exported food per country, we generated a
distribution curve for each hazard of interest by applying a CV to the
mean concentration. In a situation where the true CV was unknown, i.e.
when adequate data are missing, we tested hypotheses based on a
statistical analysis. In order to build the most realistic distribution, we
derived this CV from different datasets from the GEMS/Food database.
The accuracy of the results was dependent on the quality of the avail-
able datasets.

We considered that the most suitable data source to extract a CV are
national monitoring data from the same country for the same food/
chemical dyad (scenario 1). When such data were not available, we
used data from the same geographical area either for the same com-
modity (e.g. African data for cadmium in cocoa) or another commodity
likely to be contaminated by the same chemical (African data for
aflatoxins in sorghum) (scenario 2). Finally, in the absence of reliable
data, considering that 12 individual samples of equal weight had been
pooled, we assumed similar ratios as above between true standard de-
viations and true mean (paragraph 2.4; Fig. 1) leading to theoretical
variability of 30% (low variability) and 100% (high variability) (sce-
nario 3).

We generated a log-normal distribution using the R software using
mean food chemical concentration from TES or TDS data and variability
derived from either scenario 1 and 2 (Table 2). For each distribution,

Fig. 1. 95% confidence interval around a sample mean (x̄ = 10) with high and
low variability.

Table 1
List of the most exported food commodities from Benin, Cameroon, Mali, and
Nigeria (13 items) in correspondence to GEMS/Food (25 items).

Regional TDS (RTDS) Food
subgroup

GEMS Food items

Banana Banana
Beef Cattle meat/Cattle, kidney/Cattle liver
Cashew nut Cashew nut
Chocolate Cocoa beans/Cocoa beverage/Cocoa

butter/Cocoa mass/Cocoa powder
Coffee Coffee (beverage)/Coffee beans/Coffee

beans (roasted)
Fresh/fermented milk Cattle milk/Fermented milk products
Mango Mango
Mutton/Goat Sheep kidney/Sheep liver/Sheep meat
Other miscellaneous Ginger, root
Other nuts/seeds Sesame seed/Sesame seed oil, edible
Poultry Poultry meat/Poultry offal
Rice Rice
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we added a cut-off line corresponding to the applicable Codex food
standard, which represents the potential percentage of the food pro-
duction volume that would be rejected from the international market.
Theoretically, the lognormal is infinite and, therefore, a percentage
expressed as null is strictly impossible. In practice, a simulation method
was used; therefore, the observed percentage described in some figures
for some food categories (e.g. Fig. 3 for cocoa bean and Fig. 4 for
poultry meat) was quoted as 0 or close to 0, which as a part of an
application exercise for risk assessment seemed to be an acceptable
representation. We discussed the distributions thereby generated from
the perspective of the safety of food supply compared to that of avail-
able international food standards. We also compared these distributions
among producing countries with the perspective of potential market
access.

3. Results

3.1. Export list

In total, we identified 13 foods as major contributors to the total
value of exported foods in the four countries:

• three food groups for Benin, i.e. rice, cashew nuts, and poultry meat
(61% of exports);

• three food groups for Cameroon, i.e. banana, coffee, and cocoa (89%
of exports);

• four food groups for Mali, i.e. mango, sesame seed, bovine and ovine
meat, and offal (87% of exports);

• five food groups for Nigeria, i.e. cashew nuts, sesame seed, milk,

Table 2
Description of individual contamination data per region and per food of interest reported in GEMS/Food contaminants.

Food/chemical
combination

Cocoa/cadmium Poultry/lead Peanuts/aflatoxins Sorghum/aflatoxins

Country/Region Number of
samples

Mean
(mg/kg)

CV (%) Number of
samples

Mean
(mg/kg)

CV (%) Number of
samples

Mean
(mg/kg)

CV (%) Number of
samples

Mean
(mg/kg)

CV (%)

Africa 501 0.11 120 1080 4.5 280
Burkina Faso 366 5.6 280
Cameroon 42 0.13 50
Ethiopia 380 3.3 260
Mali 334 4.6 250
Nigeria 87 0.11 36
South East Asia 75 0.44 60 19,281 8.5 200
Western Pacific 28 0.16 210 135 4.8 470
Americas 474 0.58 120 389 0.002 170 1819 25 350
Europe 25 0.007 60 3684 1.8 640

*Other Nuts: Sesame seeds + Sesame oil
**Other Miscellaneous: Ginger root

0 10000 20000 30000 40000 50000 60000
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PAH Other Chemical Contaminants

Mycotoxins Heavy Metals

Fig. 2. Number of analytical results reported for each group of chemicals for each RTDS food sub-category in individual samples.

E. Armaroli, et al. Environment International 135 (2020) 105386

4



Cadmium in cocoa beans

Fig. 3. Simulated distribution of cadmium in cocoa beans in Cameroon and Nigeria compared to other GEMS/FOOD regional data and the Codex standard for
cadmium.

Lead in poultry meat

Fig. 4. Simulated distributions of lead in poultry meat in Benin compared to other GEMS/Food regional data and the Codex standard for lead.

E. Armaroli, et al. Environment International 135 (2020) 105386

5



ginger root, and cocoa (80% of exports).

Table 1 shows the correspondence between the most exported
commodities and the data in GEMS/Food database.

3.2. List of chemicals

We extracted analytical results corresponding to the list of the most
exported food commodities from the GEMS/Food database and grouped
the identified chemicals by category. The highest number of reported
analytical results were heavy metals, mycotoxins, polychlorinated bi-
phenyls (PCBs), and agricultural and veterinary chemicals. However,
we noted that detection and quantification rates of mycotoxins (27%)
and heavy metals (53%) observed in the database tended to be lower
than those of agricultural chemicals (79%) and PCBs (66%) (Fig. 2).

The methodology presented above was applied to estimate CVs for
each selected chemical/food combination. Table 2 describes the
number of individual data available from GEMS/Food, estimated mean,
and CV based on the substitution of non-detected results by half of the
reported limit of quantification for each available region for each
chemical/food combination.

Regarding heavy metals, the results showed that when looking at a
single country (scenario 1), the CVs were within the theoretical range of
variability (30% < CV < 100%). For example, CVs for cadmium in
chocolate were 36% and 50% for Cameroon and Nigeria, respectively.
However, when evaluating data for a region, the CVs were often higher.
CVs for cadmium in chocolate was 120% for both Africa and South
America. Similarly, for lead in poultry, CVs were 210% and 170% for
Western Pacific and Americas regions, respectively. This can be ex-
plained by the heterogeneity of geographical area (factors such as cli-
mate, mode of production, and agricultural practices). In conclusion,
when these CVs were used, there was a risk to overestimate the varia-
bility.

Regarding aflatoxins, the CVs were systematically 2–3-times higher
than the highest theoretical CV of 100% even for individual countries
(Table 2). Such results are expected as contamination by mycotoxins
varies highly with climate conditions, resulting in a skewed distribution
with high variability and high percentage of censored data (WHO,
2011, 2017). This result suggested that in this case, the use of a theo-
retical CV of 100% was insufficiently conservative for mycotoxins and
that other appropriate CV should be chosen to better characterise the
geographical/chemical situation as described in Table 2.

3.3. Simulated distribution of chemical concentrations in food commodities

As mentioned previously, we have shown only two examples to il-
lustrate the use of scenario 1 (CV extracted from GEMS/Food data from
the same country, cadmium in chocolate in Cameroon and Nigeria) and
scenario 3 (CV ranging from 30% to 100%, lead in poultry meat in
Benin). In both cases, the simulated distributions were compared with
the corresponding distributions from GEMS/Food.

We also presented a simulated distribution for aflatoxin con-
tamination in ready-to-eat (RTE) peanuts from the four African coun-
tries. Despite the fact that these countries do not significantly export
peanuts, the populations extensively consume this commodity
(Ingenbleek et al., 2017). This example provides a typical illustration of
how the TES approach helps in understanding and addressing the
market access issue.

3.3.1. Cadmium in cocoa
The estimated CV for cadmium in cocoa from the GEMS database for

Cameroon and Nigeria were 50% and 36%, respectively. We used these
CVs to generate the simulated distribution of cadmium in cocoa beans
from these two countries (scenario 1).

Fig. 3 compares the simulated distribution of cadmium concentra-
tions in cocoa bean derivatives from Cameroon and Nigeria to the

distribution of the GEMS data for Africa and other regions, such as Asia
and South America, (Table 2) in the light of the Codex standard for
cadmium of 0.8 mg/kg in cocoa products (FAO/WHO, 2018).

The result showed that the simulated distribution thereby of cad-
mium contamination in cocoa beans produced in individual African
countries and the particular region had a lower mean and a narrower
distribution than those reported from other regions (Fig. 3). The per-
centage of the samples that exceeded the Codex ML for cadmium of
0.8 mg/kg in cocoa products was 0 for Cameroon, Nigeria, and Africa in
general, whereas it was 7.5% for the samples from Asia and 12% for
South American samples.

3.3.2. Lead in poultry meat
Owing to the lack of national data from African countries in the

GEMS/Food database and because lead occurs widely across food
commodities, we assumed theoretical CVs ranging from low variability
(CV = 30%) to high variability (CV = 100%) (scenario 3). We com-
bined the CVs together with the mean lead concentration quantified in
the TES poultry pooled sample of Benin to simulate the distribution of
lead concentration in poultry meat from Benin. Fig. 4 shows the si-
mulated distribution of lead concentration in poultry from Benin
compared to other GEMS/Food data from other regions of the world
(Table 2) in the light of the Codex standard for lead in meat of 0.1 mg/
kg (FAO/WHO, 2018).

The result showed that lead contamination level in poultry from
Benin that we simulated was lower compared to the levels recorded by
the GEMS database in other parts of the world. We noted that the
percentage of the samples that exceeded the Codex ML for lead of
0.1 mg/kg in poultry meat was null for Benin as well as for Americas
and Europe, whereas it was 23% for the Western Pacific region.

3.3.3. Aflatoxin in ready-to-eat (RTE) peanuts
The four aforementioned African countries produce and consume,

but do not significantly export peanuts. In order to illustrate the issue of
market access, we applied modelling of the contamination to the mean
occurrence of aflatoxin B1 (AFB1) in RTE peanuts obtained from the
four African countries.

We observed that the mean AFB1 concentrations in RTE peanut TDS
pooled samples from Cameroon, Mali, Nigeria, and Benin were 38, 59,
41, and 90 µg/kg, respectively (Ingenbleek et al., 2019).

Owing to the lack of national data from African countries in the
GEMS/Food database concerning AFB1 in RTE peanuts, and con-
sidering that the CVs for mycotoxins are higher and more hetero-
geneous in comparison to the maximum theoretical CV of 100%, as
mentioned previously, we used a CV of 280% corresponding to the CV
of the aflatoxin dataset on sorghum in various African countries
(Table 2) (Ssepuuya et al., 2018). With this scenario, the theoretical
percentage of samples that would exceed the ML for RTE peanut was
approximately 47% for Cameroon, 58% for Mali, 49% for Nigeria, and
71% for Benin (Fig. 5). Fig. 5 describes the distribution of AFB1 in RTE
peanuts consumed in Benin, Cameroon, Mali, and Nigeria in the light of
the Codex standard for total aflatoxins in RTE peanuts of 15 µg/kg
(FAO/WHO, 2018). We observed that AFB1 typically represents 76% of
total aflatoxins (Ingenbleek et al., 2019).

The result showed that the simulated contamination of AFB1 in RTE
peanuts from the four African countries had a proportion that exceeded
the current Codex standard. We noted that the theoretical percentage of
samples that would exceed the ML for peanut was higher than 45% in
the four countries. This result highlighted the urgent need for countries
to take appropriate mitigation measures to reduce aflatoxin content in
peanuts. Moreover, this study showed that the current aflatoxin levels
in RTE peanuts of the four countries were too high to allow access to the
global market.

In Fig. 6, the distribution of aflatoxin B1 in RTE peanuts in other
regions from the GEMS/Food database has been displayed. We ob-
served that the percentage of exceedance of the current Codex standard
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for Americas, South East Asia, Western Pacific, and Europe was 58%,
14%, 5%, and 2%, respectively.

4. Discussion and conclusions

This study showed that worldwide data collected and compiled in
the GEMS/Food database may be useful for developing countries to
identify the chemicals that are more likely to occur in a certain food and
to obtain a statistical description of their distribution. This information
can either help to prioritize monitoring programmes to protect public
health or serve to assess a particular food value chain with the intention
to gain access into the international market.

Moreover, the GEMS/Food data can be used to estimate the varia-
bility (CV) of contamination. Combining this CV with a robust mean
concentration generated by TDS or TES approach represents an inter-
esting tool to predict the distribution of chemicals at the country level.
It seemed that to select a relevant CV, the considered dataset should
have been obtained from a single country and a single chemical. Our
results showed that when a CV could not be derived from the data in the
GEMS/Food database for the same hazard and from the same country, it
seemed preferable to use a range of theoretical CVs to simulate dis-
tribution. Further work is needed to support CVs of 30% and 100% to
represent low and the high variability, respectively, around a mean
value. However, we have already shown that these CVs are not ade-
quate to describe the variability of aflatoxins. Higher CVs should be
used to simulate the distribution of this contaminant.

It is critical to emphasize that designing a statistically meaningful
sampling plan to obtain a mean concentration estimate within a rea-
sonably narrow confidence interval around the true mean concentra-
tion is a pre-requisite to use the results of a TDS or TES. When the
censorship rate of the data is too high, the CV observed from the pro-
posed method (middle bound) can be underestimated. In this case,
depending on the size of the data available, a more appropriate statis-
tical method, such as distribution fitting, should be considered. Under
these conditions, a TDS or TES approach combined with CVs is a
powerful tool to simulate the distribution of chemical contamination in
food commodities.

Finally, we observed that for cadmium in cocoa and lead in poultry,
the simulated distribution of contamination were lower for Africa than
those for Asia and Americas. These results are unexpected and incon-
sistent with the overall dietary exposure and burden of foodborne dis-
ease estimated recently by WHO (Gibb et al., 2015). Our hypothesis is
that exported commodities may be less contaminated than food pro-
duced only for local consumption. To support this assumption, we also
showed that the mean and simulated distribution of aflatoxin B1 in RTE
peanuts from Africa was much higher than that in other regions and
were above the Codex ML. Hence, we can again argue that this higher
contamination may be due to bad climatic conditions or bad agri-
cultural practices. This is where simulated distribution can be used to
identify a need for mitigation and/or monitoring via further surveys.
However, for cashew nuts, we observed that all results of whole dis-
tribution for aflatoxin concentration are below the level of detection of

Aflatoxin B1 in ready-to-eat peanuts

Fig. 5. Simulated distribution of AFB1 in ready-to-eat peanuts in the four African countries (using a CV of 280%) compared to the Codex standard for total aflatoxin
in ready-to-eat peanuts.
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0.1 µg/kg from the TDS of Sub-Saharan Africa (Ingenbleek et al., 2019).
As mentioned above, cashew nuts are largely produced to be exported,
whereas peanuts are primarily consumed locally. Further work is
needed to confirm a possible positive effect of accessing international
market as an incentive to implement good agricultural practices.

By developing, improving, and promoting the use of global tools like
the TDS, TES, and GEMS/Food database, FAO and WHO are supporting
the implementation of a risk-based approach for food safety. The
methodology requires significant investments in terms of human re-
sources and analytical capability to obtain the data needed for our tool.
This is in relation to both obtaining the data required for TDS and for
other countries submitting their data to the GEMS/Food database.
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