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Summary
Background Human dietary exposure to chemicals can result in a wide range of adverse health effects. Some 
substances might cause non-communicable diseases, including cancer and coronary heart diseases, and could be 
nephrotoxic. Food is the main human exposure route for many chemicals. We aimed to assess human dietary 
exposure to a wide range of food chemicals.

Methods We did a total diet study in Benin, Cameroon, Mali, and Nigeria. We assessed 4020 representative samples 
of foods, prepared as consumed, which covered more than 90% of the diet of 7291 households from eight study 
centres. By combining representative dietary surveys of countries with findings for concentrations of 872 chemicals 
in foods, we characterised human dietary exposure.

Findings Exposure to lead could result in increases in adult blood pressure up to 2·0 mm Hg, whereas children might 
lose 8·8–13·3 IQ points (95th percentile in Kano, Nigeria). Morbidity factors caused by coexposure to aflatoxin B1 and 
hepatitis B virus, and sterigmatocystin and fumonisins, suggest several thousands of additional liver cancer cases per 
year, and a substantial contribution to the burden of chronic malnutrition in childhood. Exposure to 13 polycyclic 
aromatic hydrocarbons from consumption of smoked fish and edible oils exceeded levels associated with possible 
carcinogenicity and genotoxicity health concerns in all study centres. Exposure to aluminium, ochratoxin A, and citrinin 
indicated a public health concern about nephropathies. From 470 pesticides tested across the four countries, only high 
concentrations of chlorpyrifos in smoked fish (unauthorised practice identified in Mali) could pose a human health risk.

Interpretation Risks characterised by this total diet study underscore specific priorities in terms of food safety 
management in sub-Saharan Africa. Similar investigations specifically targeting children are crucially needed.
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Introduction
In 2015, UN Member States adopted the Agenda for 
Sustainable Development,1 which will be assessed 
in 2030. However, the Sustainable Development Goals 
(SDGs) for zero hunger (SDG2), good health and 
wellbeing (SDG3), decent work and economic growth 
(SDG8), reduced inequalities (SDG10), and responsible 
production and consumption (SDG12) will not be met 
unless food is safe in developing countries.

The public health effect of foodborne diseases globally 
is unknown.2 Assessing long-term effects of chronic 
exposure to chemicals is a challenge. Studying the 
adverse effects of chemicals is complex because of the 
various exposure routes and the multiple causes of 
health outcomes. Many food chemicals, including heavy 
metals, mycotoxins, pesticide residues, and industrial 
contaminants, are associated with a series of non-
communicable diseases such as infertility, develop-
mental effects, neurotoxicity, nephrotoxicity, coronary 
heart disease, and cancer.3,4 For instance, aflatoxins, 

synergistically with hepatitis B virus, have the potency 
to increase the incidence of liver cancer.5 A much less 
highlighted, but nonetheless serious, result of exposure 
to mycotoxins is the possible contribution to child 
growth impairment and, therefore, to chronic malnutri-
tion.6–8 Stunting is now identified as a major global 
health priority and affects more than 160 million 
children globally.9 Low maternal stature, a result of 
retarded growth, has been associated in turn with 
increased fetal growth restriction and child mortality.10 
In addition to developmental neurotoxicity,11 lead expo-
sure can also increase risk of coronary heart disease.12

To ascertain the extent to which actual human dietary 
exposure to food chemicals is likely to harm consumers’ 
health, it is pertinent to assess risks by combining 
food contamination and food consumption data (dietary 
exposure) with available toxicological studies.13

The total diet study method is a harmonised approach 
recommended by national and international food 
safety authorities and agencies for assessing the dietary 
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exposure of populations to food chemicals. This 
methodological approach is cost-effec tive and more 
accurately characterises human exposure to food 
chemicals than do occurrence studies.14,15 Specific aspects 
characterise a total diet study, including the represen-
tativeness of the sampling and the preparation of the 
samples as consumed, so that it represents a pertinent 
public health risk assessment method, as far as food 
safety and nutrition are concerned.

We aimed to do a multicentre total diet study in 
sub-Saharan Africa to assess exposure levels to toxic 
substances resulting from the consumption of food. 
By comparing human dietary exposure levels with 
health-based guidance values or toxicological endpoints 
established by international scientific expert advisory 
bodies, the risk assessment to foods chemicals of public 
health concern in sub-Saharan Africa was characterised. 
We share our conclusions for consideration by policy 
makers with a mandate in terms of consumer health 
protection.

Methods
Food consumption data and concentration levels of 
chemicals
The total diet study method has been described else-
where.16 In brief, food consumption data were estimated 
as the daily amount of food (consumed in g per adult 
male equivalent per day) derived from previously existing 
household budget surveys generated by national statistics 

authorities in Benin, Cameroon, Mali, and Nigeria 
from 72 979 households. In total, 4020 food samples, 
representing at least 90% of each national total diet by 
weight, were obtained from a core list of 84 subgroups.16 
A food composite approach was taken, pooling 12 samples 
of the same core food to form 335 pooled samples.16 
Collection was done during a rainy season (October, 2017) 
and a dry season (November, 2018). Pooling of 12 sub -
samples is a cost-effective approach to estimate mean 
concentration levels, with limited effect on the CI.17 
Both the statistical basis for selection of the number of 
pooled samples and the principle of using mean 
concentration levels for estimating human chronic 
dietary exposure have been previously published.13–18 
Analytical performance, limit of detection (LOD), and 
limit of quantification (LOQ) typically become limiting 
factors for risk assessors. To avoid, as much as possible, 
uncertainties in estimates of human dietary exposure 
that could result from inclusion of censored data, testing 
laboratories with the lowest analytical limits were 
selected. Composites of foods prepared as consumed 
were tested by four accredited official laboratories 
(Laberca-Oniris, Inovalys, and Anses in France; and 
Boku in Austria) for 872 food chemicals that include 
470 pesticides, 295 mycotoxins and other secondary 
metabolites, 30 metals and trace elements, 20 polycyclic 
aromatic hydrocarbons, and 57 persistent organic 
pollutants, including polychlorinated dibenzo dioxins 
and furans, polychlorinated biphenyls, brominated flame 

Research in context

Evidence before this study
We did a systematic literature review to find previous food 
chemical contamination surveys done in Africa looking at the 
occurrence of pesticides in raw vegetables, aflatoxins in various 
raw food commodities, and polycyclic aromatic hydrocarbons in 
smoked fish. We searched PubMed using the raw food 
commodities and hazards as keywords, for reports published in 
English. Available estimates of human dietary exposure to food 
chemicals in Africa are mainly based on national food balance 
sheets aggregated at national level with food contamination 
data generated from targeted analytical plans. Considering the 
nature of these food consumption and contamination data, 
the quality of this evidence is too limited, sparse, and generally 
non-representative of the whole diet or of specific population 
groups. To address the actual situation in terms of quality and 
food safety, science-based evidence of human dietary exposure 
to food chemicals in Africa populations needs to be better 
recorded through a more refined risk assessment process, 
so that policy makers can implement corrective actions to 
ensure a better protection of consumer health.

Added value of this study
We did a systematic, multicentre, total diet study in four 
countries in sub-Saharan Africa based on foods prepared as 

consumed, which covered 90% of typical diets. State-of-the-art 
analytical techniques based on mass spectrometry screened 
872 analytes in foods with the lowest limits of determination 
currently available. This study is the first to estimate human 
dietary exposure levels from eight study centres based on 
harmonised household-based dietary data. The coverage of 
chemical compounds is also unprecedented in Africa.

Implications of all the available evidence
National food safety authorities from Benin, Cameroon, Mali, 
and Nigeria, in addition to the Food and Agriculture 
Organization of the United Nations and WHO international 
standard setting institution (Codex Alimentarius), gained an 
evidence-based risk assessment with respect to a wide range of 
chemicals in African foods. Human dietary exposure levels 
beyond safe toxicological thresholds mean that implementation 
of adequate policies, strategies, resources, and targeted 
risk-mitigation actions are needed. National and international 
roadmaps to better protect children and adults will be guided 
by the study results, although additional data might be needed 
to better and specifically protect the infant and young child in 
sub-Saharan Africa.
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retardants, perfluoro alkyl substances, and chlorinated 
flame retardants. The mean concentration levels of 
chemicals (exceeding 40 000 analytical results) in foods 
that we generated in the framework of this study were 
published elsewhere.19–23

Human dietary exposure
The number of households considered at each of the eight 
study centres (Littoral, Benin; Borgou, Benin; Duala, 
Cameroon; North Region, Cameroon; Bamako, Mali; 
Sikasso, Mali; Lagos, Nigeria; and Kano, Nigeria) depended 
on available data from household budget surveys. Only 
households with energy intakes included in the range 
1200–5100 kcal per adult male equivalent per day were 
considered (Littoral, 1490 households; Borgou, 1004; 
Duala, 890; North Region, 508; Bamako, 1318; Sikasso, 
1015; Lagos, 301; and Kano, 765).16 Estimated consumption 
of 84 core foods from each of the 7291 normal reporting 
households, expressed in units per kg of bodyweight, 
was multiplied by the mean occurrence of food chemical 
concentration levels with corresponding foods reported to 
be consumed by individuals at each study centre, using 
SAS software, version 9.4. When a laboratory test did 
not detect a chemical, the chemical concentration in 
the sample could have any value between zero and the 
LOD. Uncertainty attributable to non-detected and non-
quantified analytes was taken into consideration and 
reported in the human dietary exposure results by using 
zero for concentrations below the LOD and LOQ (lower-
bound scenario) and the LOQ for concentrations over the 
LOD and below the LOQ in the maximalist approach 
(upper-bound scenario).13 The contribution of main core 
foods to the human dietary exposure was calculated as 
the proportion of the sum of household exposures and was 
assessed for each study centre. Estimates of the contribution 
of core foods to the sum of a household’s dietary exposure 
was completed for each study centre and is, therefore, 
geographically specific.

Risk characterisation
Human dietary exposure levels were compared with the 
chemical hazard characterisation established by Joint 
Food and Agriculture Organization of the United Nations 
(FAO) and WHO Expert Committees, when available. 
Since 1956, the Joint FAO and WHO Expert Committee 
on Food Additives (JECFA) and the Joint FAO and WHO 
Meeting on Pesticide Residues (JMPR) have assessed 
and generated a series of health-based guidance values 
and benchmark dose limits, which are commonly used 
by food safety authorities as toxicological references for 
food risk-assessment. A situation at risk is generally 
considered to be of public health concern when human 
dietary exposure exceeds a health-based guidance value, 
or when a margin of exposure (ie, the ratio between a 
benchmark dose limit and an actual human dietary 
exposure level) is below a threshold of concern 
of 10 000.13–15 In the case of aflatoxin B1 and lead, the 

quantitative risk assessment approach based on human 
epidemiological evidence as proposed by JECFA was 
applied.24

Statistical analysis
We calculated the dispersion of human dietary exposure 
quartiles for each study centre (upper-bound approach) 
and presented these data as boxplots. Taking into 
consideration the variability of dietary exposure levels 
among study centres, and to facilitate comparison of 
diagrams, we excluded outliers from box-and-whisker 
representations. We calculated the distribution of human 
dietary exposure levels for mean and high-exposure 
levels (95th percentile) and health outcomes with a 
lower-bound and upper-bound approach. The minimum 
difference between the lower-bound and upper-bound 
scenarios can be explained by low analytical limits, or 
by the sensitivity of our analytical methods. This low 
difference justified the use (by default) of upper-bound 
exposure in boxplots, which is both conservative and 
unlikely to significantly overestimate the exposure. 
We present upper-bound data here, and lower-bound 
data are presented in appendix 2 (pp 1–8). We sum-
marised chemical hazards for which the degree of health 
concern could not be ruled out.

Role of the funding source
The funder had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
The first author and the corresponding author had full 
access to all data in the study and had final responsibility 
for the decision to submit for publication.

Results
From systematic screening of 872 substances in foods 
from eight study centres, 305 food chemicals were 
detected or quantified above the analytical limits (LOD or 
LOQ). For each of the eight study centres, we assessed 
the risk associated with dietary exposures to 68 detected 
chemicals, including alumi nium, arsenic, cadmium, 
mercury, lead, 11 mycotoxins, 13 polycyclic aromatic 
hydrocarbons, and 39 pesticides. These assessments were 
based on the availability of a toxicological reference and 
the priorities expressed by national stakeholders. Health-
based guidance values or toxicological endpoints used 
for the risk assessment of the 24 chemical compounds, 
which might represent a public health concern in one or 
more study centre, are shown in table 1.

The mycotoxin aflatoxin B1, the most potent aflatoxin, 
was assessed individually (figure 1A). JECFA estimated 
that a morbidity factor could be derived from aflatoxin 
B1 dietary exposure expressed in ng/kg bodyweight 
per day, multiplied by 0·3 for hepatitis B virus antigen 
bearers (HBAg-positive) and 0·01 for non-bearers 
(HBAg-negative).24 Application of these criteria to the 
national prevalence of HBAg25 led to an estimated 
morbidity factor within a range from 0·2 (Duala) to 

See Online for appendix 2
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23·9 (North Region) additional liver cancer cases per 
100 000 inhabitants (table 2).24 The main food contri-
butors to aflatoxin B1 exposure were maize followed by 
peanut and peanut oil.

Sterigmatocystin is an aflatoxin B1 precursor regarded 
as an emerging mycotoxin, which also presents 
genotoxic carcinogenic potency. Current knowledge 
does not enable estimation of the burden of liver cancer 
attributable to sterigmatocystin exposure. Because it is 
impossible to establish a toxicity threshold for genotoxic 
carcinogens, JECFA proposed the margin of exposure 
approach for assessing the safety of this type of 
chemical.24 In the case of sterigmatocystin, a ratio 
between a benchmark dose limit with 10% increase in 
adverse response (BMDL10) of 0·16 mg/kg body weight 
per day and an exposure level of highly exposed 
individuals (95th percentile) below 10 000 means that a 
human health risk cannot be ruled out.24 Margins of 
exposure below 10 000 were identified in households 
from several areas (table 2). The main contri butors to 
sterigmatocystin dietary exposure were maize, cotton 
seed oil, millet, sorghum, and rice. There are currently 
no Codex Alimentarius standards for sterigmatocystin.

For the fumonisin group of mycotoxins, JECFA proposed 
a provisional tolerable daily intake24 of 2 µg/kg body-
weight per day for the sum of fumonisins B1, B2, and B3 
(figure 1B). Fumonisins B1, B2, B3, and B4 (FUMtotal) were 
quantified to provide the exposure assessment and risk 
characterisation (table 2). This approach is conservative, 

but the fact that fumonisin B4, on average, only represented 
6% of FUMtotal means that the risk was not extensively 
overestimated when compared with the JECFA health-
based guidance value. The current Codex Alimentarius 
FUMtotal maximum limit of 2 mg/kg was never exceeded in 
maize samples,20 including in centres where exposure 
exceeded the provisional tolerable daily intake, which 
raises the question of whether protection is sufficient at 
the level of the standard. Maize contributed almost 
exclusively to the household’s FUMtotal dietary exposure.

Toxicological data for the nephropathy-inducing myco-
toxin ochratoxin A were assessed by JECFA, which 
retained a provisional tolerable weekly intake of 112 ng/kg 
bodyweight per week (figure 1C).24 In several centres, 
ochratoxin A exposure exceeded the provisional tolerable 
weekly intake for more than 20% of house holds (table 2). 
Main contributors to dietary exposure were maize, 
sorghum, rice, red palm oil, and peanut oil, for which no 
Codex Alimentarius standards applicable to ochratoxin A 
currently exist.

With no risk assessment for the mycotoxin citrinin 
from JECFA, the sub-Saharan Africa total diet study 
exposure data were compared with the European Food 
Safety Authority (EFSA)26 opinion on the safety of 
citrinin, which takes nephrotoxicity of this chemical into 
consideration. EFSA estimated that dietary exposure 
below 0·2 µg/kg bodyweight per day was of no health 
concern. In several centres, citrinin exposure exceeded 
the EFSA level of no concern for more than 30% of 

Health-based guidance value or 
toxicological endpoint

Toxicological adverse effect Animal 
species

Scientific 
expert body 
(report no)

Evaluation 
year

Aflatoxin B1 Morbidity factor of 0·3 ng/kg bodyweight 
per day (HBAg-positive) and 0·01 ng/kg 
bodyweight per day (HBAg-negative)

Liver cancer Humans JECFA (83) 2016

Sterigmatocystin BMDL10 of 0·16 mg/kg bodyweight per day Liver cancer Rodents JECFA (83) 2016

Fumonisins (sum of B1, B2, 
and B3)

Group PMTDI of 2 µg/kg bodyweight per day Nephrotoxicity and aflatoxin 
synergist

Rodents JECFA (83) 2016

Ochratoxin A PTWI of 112 ng/kg bodyweight per week Nephrotoxicity Pigs JECFA (68) 2007

Citrinin Level of no concern of 0·2 µg/kg bodyweight 
per day

Nephrotoxicity Rodents EFSA (10) 2012

Lead 0·6 µg/kg bodyweight per day loss of 1 IQ 
point (children)

Neurodevelopment Humans JECFA (73) 2010

Lead 1·3 µg/kg bodyweight per day for 1 mm Hg 
increase in blood pressure (adults)

Cardiovascular Humans JECFA (73) 2011

Aluminium PTWI of 2 mg/kg bodyweight per week Nephrotoxicity Rodents JECFA (74) 2011

Polycyclic aromatic 
hydrocarbons (sum of 
13 carcinogens and 
genotoxic compounds)

BMDL10 of 100 µg/kg bodyweight per day Forestomach squamous cell 
papillomas and carcinomas 
and alveolar and bronchiolar 
adenomas and carcinomas

Rodents JECFA (64) 2006

Chlorpyrifos ADI of 0·01 mg/kg bodyweight per day Neurotoxicity Humans and 
rodents

JMPR (178) 2004

Chlorpyrifos ADI of 0·001 mg/kg bodyweight per day Neurotoxicity Rodents EFSA (12) 2014

HbAg=hepatitis B virus antigen. FAO=Food and Agriculture Organization of the UN. JECFA=Joint FAO and WHO expert committee on food additives. BMDL10=benchmark 
dose lower confidence limit with increase in adverse response of 10%. PMTDI=provisional maximum tolerable daily intake. PTWI=provisional tolerable weekly intake. 
EFSA=European Food Safety Authority. IQ=intelligence quotient. ADI=acceptable daily intake. JMPR=Joint FAO and WHO Meeting on Pesticide Residues.

Table 1: Health-based guidance values or toxicological endpoints used for risk assessment of 24 chemical compounds of concern
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households (table 2). The main citrinin dietary exposure 
contributor was maize. There is currently no Codex 
Alimentarius standard for citrinin.

Exposure to the mycotoxins zearalenone, deoxynivalenol, 
and nivalenol were also assessed and did not raise any 
public safety concern, according to risk characterisation 
data. Human dietary exposure did not exceed JECFA 
health-based guidance values.27

Looking at metals and trace elements, JECFA 
estimated that a lead dose of 0·6 µg/kg bodyweight per 
day was associated with a decrease of one intelligence 
quotient (IQ) point for children (figure 1D). In the case 

of adults, a lead dose of 1·3 µg/kg bodyweight per day 
could result in a blood pressure increase of 1 mm Hg.24 
Linear extrapolation of dietary exposure of households 
in Kano with JECFA toxicological endpoints suggested a 
mean loss of 2·4 (SD 1·4) and 4·4 IQ points for children 
exposed at the mean and 95th percentile exposures, 
respectively (table 2). Because the sub-Saharan Africa 
total diet study was not designed to specifically assess 
exposure for children, and JECFA estimates that children 
tend to have two to three times higher intake per 
bodyweight ratio than do adults, these results must be 
interpreted cautiously. Applying a correction factor of 

Figure 1: Dispersion of human dietary exposure to chemicals
Graphs show dispersion of human dietary exposure to aflatoxin B1 (A), fumonisins (B), ochratoxin A (C), lead (D), aluminium (E), and chlorpyrifos (F). Boxes represent the IQR, solid horizontal line the 
median, and whiskers represent 1·5 IQR. For fumonisins (B), JECFA provisional maximum tolerable daily intake is 2 µg/kg bodyweight per day (dotted line). For ochratoxin A (C), JECFA provisional 
tolerable weekly intake is 112 ng/kg bodyweight per week, corresponding to 16 ng/kg bodyweight per day (dotted line). For lead (D), JECFA estimate 1·3 µg/kg bodyweight per day for 1 mm Hg 
increase in blood pressure in adults (upper dotted line), and 0·6 µg/kg bodyweight per day for 1 IQ point loss in children (lower dotted line). For aluminium (E), JECFA provisional tolerable weekly 
intake is 2 mg/kg bodyweight per week, corresponding to 286 µg/kg bodyweight per day (dotted line). For chlorpyrifos (F), Joint FAO and WHO Meeting on Pesticide Residues acceptable daily intake is 
0·010 mg/kg bodyweight per day (upper dotted line); European Food Safety Authority acceptable daily intake was 0·001 mg/kg bodyweight per day (lower dotted line; revoked in 2019). FAO=Food 
and Agriculture Organization of the UN. JECFA=Joint FAO and WHO Expert Committee on Food Additives. IQ=intelligence quotient.
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three, the IQ loss would be 6·3 (SD 4·2) at the mean 
and would be 13·3 at the 95th percentile. The main 
contributors to lead dietary exposure were sorghum, 
millet, and cassava.

The provisional tolerable weekly intake of aluminium 
proposed by JECFA is 2 mg/kg bodyweight per week, 
corresponding to 286 µg/kg bodyweight per day in 
adults (figure 1E).24 In several centres, mean aluminium 
dietary exposure exceeded the JECFA provisional toler-
able weekly intake for more than 10% of households 
(table 2). Main contributors to aluminium dietary expo-
sure were maize, sorghum, and millet cassava.

According to the sub-Saharan Africa total diet study 
data, total arsenic, cadmium, and mercury exposures did 
not pose any major public health issue based on the 
comparison of dietary exposures with JECFA health-
based guidance values.

Benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluo ran-
thene, and chrysene, and nine other polycyclic aromatic 
hydrocarbons are genotoxic carcinogens that were 
detected in sub-Saharan Africa total diet study samples.20 
Because of scarcity of specific toxicological studies for 
each polycyclic aromatic hydrocarbon congener, JECFA 
recommended using the surrogate approach, with 
BMDL10 of 100 µg/kg bodyweight per day for the sum 
of 13 genotoxic polycyclic aromatic hydro carbons.24 The 
margin of exposure (95th percentile) in all geographical 
areas was less than 10 000 (table 2), which meant 
that risk was ubiquitous through out the eight study 
centres. The main contributors to polycyclic aromatic 
hydrocarbon exposure were smoked fish and various 
edible oils, including red palm oil and peanut oil. The 

Codex Alimentarius does not currently regulate the 
concen tration of polycyclic aromatic hydrocarbons in 
foods.

From systematic screening of 470 pesticides in total 
diet study food samples from sub-Saharan Africa, 
39 pesticides were detected,21 mainly organophosphate 
pesticides and pyrethroids. The 95th percentile dietary 
exposures to detected pesticides never exceeded 70% of 
JMPR acceptable daily intake, with the maximalist 
upper-bound hypothesis.27 Exposure to chlorpyrifos in 
four households (in Bamako) exceeded the 2004 JMPR 
acceptable daily intake of 0·010 mg/kg bodyweight per 
day (figure 1F) because of the massive contribution of 
smoked fish, in which chlorpyrifos is not permitted by 
the Codex Alimentarius. The household with the most 
exposure had 27% of the JMPR acute reference dose of 
0·100 mg/kg bodyweight per day (table 2). Toxicological 
evidence, which was not available at the time of the 
JMPR assessment, led the EFSA to establish (in 2014) 
an acceptable daily intake of 0·001 mg/kg bodyweight 
per day.28 Dietary exposure to chlorpyrifos (the EFSA 
acceptable daily intake) was, thus, exceeded by 62% of 
households in Bamako and by 22% of households in 
Sikasso. Since our evaluation and in view of peer-review 
done by the EFSA that raises uncertainties about 
genotoxic concerns, the European Commission voted for 
the withdrawal of chlorpyrifos from the EU market for 
2020.29 No household was exposed to chlorpyrifos in 
excess of the JMPR or EFSA acceptable daily intakes in 
Benin, Cameroon, and Nigeria.

Other food chemicals, including dioxins, poly chlori-
nated biphenyls, brominated flame retardants, and 

Benin Cameroon Mali Nigeria

Littoral Borgou Duala North Region Bamako Sikasso Lagos Kano

Aflatoxin B1, ng/kg bodyweight per day 394 
(234; 847)

134 
(70; 261)

4 
(3; 10)

526 
(360; 1117)

41 
(28; 89)

12 
(6; 23)

10 
(10; 32)

37 
(40; 125)

Sterigmatocystin, ng/kg bodyweight per day 6·4 
(3·6; 13·4)

4·1 
(2·8; 9·6)

1·3 
(1·0; 3·5)

11·3 
(6·9; 23·2)

9·9 
(9·2; 29·8)

10·1 
(6·9; 24·3)

5·5 
(3·8; 12·3)

4·0 
(3·1; 10·0)

Fumonisin (sum of B1, B2, B3, B4), ng/kg 
bodyweight per day

3450 
(2209; 7615)

3222 
(1670; 6260)

566 
(719; 1764)

6826 
(5287; 16 169)

286 
(127; 522)

460 
(218; 878)

855 
(1323; 3658)

2352 
(2888; 8656)

Ochratoxin A, ng/kg bodyweight per week 71·1 
(58·1; 185·8)

88·0 
(71·8; 228·0)

11·2 
(6·3; 23·8)

93·5 
(57·0; 190·0)

27·2 
(16·5; 62·0)

83·3 
(73·3; 226·6)

15·5 
(7·4; 29·3)

78·0 
(82·6; 243·5)

Citrinin, ng/kg bodyweight per day 2341 
(1532; 5228)

2767 
(1469; 5499)

180 
(297; 655)

263 
(196; 615)

23 
(10; 41)

67 
(46; 160)

71 
(78; 225)

169 
(173; 544)

Lead, µg/kg bodyweight per day 0·27 
(0·24; 0·72)

0·53 
(0·38; 1·22)

0·34 
(0·26; 0·88)

0·27 
(0·18; 0·53)

0·37 
(0·42; 1·22)

0·20 
(0·19; 0·60)

0·68 
(0·39; 1·43)

1·24 
(0·75; 2·65)

Aluminium, µg/kg bodyweight per week 457 
(271; 905)

2358 
(2109; 6688)

643 
(637; 1915)

1480 
(837; 2879)

1167 
(801; 2703)

734 
(330; 1331)

650 
(362; 1316)

787 
(403; 1613)

Polycyclic aromatic hydrocarbons (sum of the 
13 carcinogens and genotoxic compounds), 
ng/kg bodyweight per day

14 
(10; 34)

40 
(72; 169)

9 
(9; 27)

14 
(18; 50)

26 
(23; 70)

26 
(16; 56)

10 
(8; 24)

9 
(10; 27)

Chlorpyrifos, ng/kg bodyweight per day 71 
(57; 177)

8 
(4; 16)

56 
(35; 123)

37 
(25; 78)

2161 
(2316; 6970)

631 
(495; 1595)

34 
(27; 75)

28 
(32; 91)

Data are mean (SD; 95th percentile).  

Table 2: Human dietary exposure levels
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per fluorinated compounds, were detected at low concen-
trations.24 Human dietary exposure to these chemicals is 
not presented here.

Figure 2 shows the risk characterisation scorecard, 
summarising the chemical hazards for which degree of 
health concern could not be ruled out.

Discussion
The generation of data for the occurrence of chemicals 
in food in sub-Saharan Africa is not, as such, a new 
finding; our previous work has described chemical 
concen tration patterns in food.19–23 However, use of dietary 
data representing, by weight, more than 90% of foods 
prepared as consumed by households in eight study 
centres, the precise analytical results attributable to 
various applications of mass spectrometry, and the wide 
range of analytes covered by this study are unprecedented 
in Africa.

For many of the chemicals analysed in this study, 
human dietary exposures were below levels of toxicological 
concern thought to present risk of adverse effects. This 
finding is instrumental in focusing efforts towards the 
chemicals for which a risk cannot be ruled out.

High exposure to several mycotoxins, polycyclic 
aromatic hydrocarbons, lead, and aluminium were 
identified in several study centres. In the case of Mali, 
regardless of the choice of using the JMPR or the EFSA 
acceptable daily intake as reference, the magnitude of 
exposure attributable to use of chlorpyrifos in smoked 
fish might indicate potential acute toxicity incidents. 
Although the total diet study method is not adequate for 
completion of acute exposure assessments, we can 
assume (based on the fact that consumers can eat in a 
day all the quantity of fish reported over a 15-day period) 
that some household exposures might have exceeded 
the JMPR daily acute reference dose of 0·100 mg/kg 
bodyweight per day for chlorpyrifos.

Potential adverse health effects to people caused by 
chemicals in food in Africa need addressing. Reducing 
exposure to mycotoxins can generally be achieved by field 
controls and by improving postharvest handling of food 
commodities, including application of basic good hygiene 
practices and adequate drying and storage conditions. 
Reduction of polycyclic aromatic hydro carbons in smoked 
fish and edible oils can be achieved by using adequate food 
preparation processes, including choice of combustion 
sources and moderate heating temperature and time. The 
intentional use of a pesticide in smoked fish should, 
theoretically, be easy to mitigate. However, with respect 
to mycotoxins, polycyclic aromatic hydrocarbons, and 
chlorpyrifos, it is essential to understand the important 
part played by insufficient education, poverty, fear of food 
loss, and the associated potential loss of income from 
changing current practices. Although achieving SDG2, 
SDG3, SDG8, SDG10, and SDG121 will be necessary to 
address the issue of high food chemical exposure, addi-
tional efforts will still be needed. Therefore, although 
technically possible, addressing the safety issues caused by 
these food chemicals remains challenging.

In the case of high lead and aluminium dietary expo-
sures, both identification of their sources and remedial 
policies remain challenging. First, it is necessary to 
identify through additional research whether a geo-
logical, environmental, or a particular food process is 
the main reason for the high level of exposure to lead in 
Nigeria and to aluminium in Benin and Cameroon. To 
investigate these issues, soil and other environmental 
samples and raw food commodities (before and after 
various processing stages, including drying and milling) 
will need to be tested. Moreover, some artisanal kitchen 
utensils made from recycled aluminium are likely to 
increase the lead and aluminium content of foods, 
particularly when preparing acidic foods such as 
tomato.22

Figure 2: Risk characterisation scorecard
Scorecard summarises the chemical hazards for which health concern could not be ruled out. PMTDI=provisional maximum tolerable daily intake. PTWI=provisional 
tolerable weekly intake. IQ=intelligence quotient. FAO=Food and Agriculture Organization of the UN. JMPR=Joint FAO and WHO Meeting on Pesticide Residues. 
ADI=acceptable daily intake. EFSA=European Food Safety Authority.

Liver cancer cases per 100 000 per year

Margin of exposure (95th percentile)

Exposure >PMTDI

Exposure >PTWI

Exposure >level of no concern

IQ point loss

Blood pressure increase (mm Hg)

Exposure >PTWI

Margin of exposure (95th percentile)

Exposure >JMPR ADI (2004)

Exposure >EFSA ADI (2014)

High concern Low concern

Aflatoxin B1

Sterigmatocystin

Fumonisins

Ochratoxin A

Citrinin

Lead

Lead

Aluminium

13 polycyclic aromatic hydrocarbons

Chlorpyrifos

Chlorpyrifos

21·8

11 899

74%

17%

98%

1·2

0·6

0%

2924

0%

0%

7·4

16 611

75%

27%

100%

2·0

0·9

45%

590

0%

0%

0·2

45 927

4%

0%

31%

1·5

0·7

4%

3735

0%

0%

23·9

6896

75%

34%

62%

0·9

0·4

27%

2001

0%

0%

2·0

5369

0%

0%

0%

2·0

0·9

14%

1425

0%

62%

0·6

6596

0%

30%

1%

1·0

0·5

0%

1796

0%

22%

0·4

13 058

12%

0%

7%

2·4

1·1

0%

4226

0%

0%

1·4

16 050

39%

23%

31%

4·4

2·2

1%

3657

0%

0%

Littoral Borgou
Benin

Duala North
Region

Cameroon
Bamako Sikasso

Mali
Lagos Kano

Nigeria



Articles

e299 www.thelancet.com/planetary-health   Vol 4   July 2020

Some existing Codex Alimentarius food standards (eg, 
for aflatoxins and chlorpyrifos) have not been met, 
according to our total diet study results. This finding 
highlights that adequate action needs to be taken to 
improve and monitor the application of available codes of 
practice and good postharvest practices. Additionally, the 
absence of Codex Alimentarius standards applicable to 
some major exposure contributors is noted. Food stan-
dards and regulations indicating the maximum chemical 
concentrations in food commodities are necessary to 
enable issues related to food contamination to be tackled. 
Our total diet study findings have highlighted that 
new standards are needed for aflatoxin B1 in maize, 
for ochratoxin A in edible oils, rice, and sorghum, for 
sterigmatocystin in maize, millet, and sorghum, for 
citrinin in maize, and for polycyclic aromatic hydro-
carbons in smoked fish and oils. Exposure to fumonisins 
exceeded the health-based guidance value, although the 
concentration of fumonisins in maize (the main contri-
butor) was below the Codex Alimentarius maximum 
limit; these findings imply that the protective level of this 
standard is insufficient in the African context and needs 
to be addressed at the appropriate level.

Our study has several limitations. First, the number of 
study centres was low (two per country), which limits 
robust interpretation of the national situation. Second, 
for the aflatoxin B1 quantitative risk assessment, we 
considered only one value for the prevalence of HBAg-
positive per country, which was from the same source 
(a worldwide systematic review).25 We acknowledge that 
other data sources exist and that intracountry variation 
of hepatitis B prevalence was not captured in our 
assessment. Third, use of household-based dietary data, 
without individual food consumption data, means 
insufficient specificity in assessing children’s dietary 
exposure. Moreover, toxicology is an evolving science, 
so the hazard characterisation, including thresholds of 
toxicological concerns, are likely to vary, to the rhythm of 
research outcomes. In particular, the study of additive, 
synergistic, or antagonistic effects of combined expo-
sures to chemicals is only currently at its dawn. This 
study nonetheless provides useful data until additional 
toxicological data are available.

On June 7, 2019, the UN celebrated the first ever World 
Food Safety Day, conveying as a key message that food 
safety is everybody’s business.30 Food safety is a cross-
cutting aspect of health and development, which can be 
affected by multiple direct and underlying causes. The 
first ever multicentre total diet study done in sub-Saharan 
Africa, a powerful and yet cost-effective method, has 
highlighted several potential health concerns associated 
with 24 food chemicals, with different magnitudes in the 
various geographical areas under study.

Although this total diet study can serve to identify areas 
of concern to public health, remediation will depend on 
the willingness and ability of all stakeholders to leverage 
these results into actions at a national and international 

level, to improve public health in sub-Saharan Africa and 
beyond. Such efforts need to be coordinated and engage 
the international community, as well as national, regional, 
and local decision makers, to establish and enforce 
suitable food safety standards.

First, a strong commitment is urgently needed from all 
members of the Codex Alimentarius commission, which 
is the FAO and WHO institution in charge of setting 
international food standards, and to establish or revise 
those standards or codes of practice that have been 
identified as missing in this study. Among others, the 
Codex Alimentarius might consider lowering maximum 
limits for fumonisins in maize, regard edible oils as 
contributors to mycotoxins and polycyclic aromatic 
hydrocarbons, and request that JECFA assess citrinin 
toxicological data and propose a health-based guidance 
value. According to EFSA conclusions addressing uncer-
tainty about geno toxicity (leading to the withdrawal of 
chlorpyrifos from the EU market in 2020), the Codex 
Alimentarius committee on pesticide residues might 
also consider the opportunity to request that JMPR 
assess toxicological data and establish if an update of the 
current toxicological status of chlorpyrifos is necessary.

Second, national food safety authorities, in conjunction 
with national and international partners from the health, 
agriculture, and trade sectors, are invited to draft national 
roadmaps, including a selection of risk-mitigation options, 
and to extensively communicate their conclusions to 
national leaders. Multisectoral road maps provide the 
feasibility and legitimacy to mobilise resources through 
consensual support of national stakeholders and dev-
elopment partners. Roadmaps, among other things, can 
incorporate production and dissemination of adequate 
educational materials for promotion of good agricultural 
and hygiene practices and access to laboratory facilities for 
food contamination monitoring and surveillance.

Third, it is primarily the role of governments to 
regulate and enforce national food standards to improve 
the safety of the food supply and to act to protect the 
health of consumers in sub-Saharan Africa. Food safety 
is, however, a collective responsibility.30
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