


Assessment of heavy metal contamination in millet seed cultivated in Senegal: Implication for Human health


[bookmark: _Hlk195798280]ABSTRACT
	A sample of hulled millet and an unhulled millet sample were collected from a rural area and their metal contents (Na, K, Mg, Ca, Cr, Fe, Ni, Cu, Zn, Cd, and Pb) were analyzed. The samples were wetly digested, and the metals were analyzed by atomic absorption spectroscopy. The Na concentration was measured between 44.7 and 64.5 mg/kg in the hulled millet (I) and unhulled millet (II) samples. Potassium was detected at concentrations between 2690.7 and 4519.5 mg/kg in I and II, respectively. The Mg concentration was measured between 905.0 and 1476.7 mg/kg in samples I and II. Calcium was found at low values ​​of 13.8 and 14.2 mg/kg in both I and II, respectively. Chromium, nickel and lead are completely absent in both millet samples. Iron concentrations in I and II are 10.6 and 16.9 mg/kg in I and II, respectively. Copper and zinc are between 0.9 mg/Kg (I) and 1.1 mg/Kg (II) for Cu and 14.2 mg/Kg (I) and 16.1 mg/Kg (II) for Zn. Cadmium is between 0.100 mg/kg and 0.200 mg/kg in samples I and II. According to this study, hulled millet has lower levels of all elements than unhulled millet, suggesting that the hull also contains metal. Since the Na/K ratio is less than 1, which is the recommended value, these millet samples could prevent high blood pressure. The Ca/Mg ratio, which deviates in both samples from the recommended value of between 1 and 2, is a handicap for consumption based mainly on millet grown in this rural area.
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Introduction
Millet is a nutritious cereal grown in Senegal and widely consumed by the entire population. This cereal constitutes the staple food in many rural areas. It is used in the preparation of porridge, bread, pancakes, or couscous accompanied by meat, fresh fish, or dried fish 1–6. Small industrial units ensure the transformation into flour and finished products. It is also consumed in urban areas, especially during major religious festivals. Although it is an important source of food in Senegal, its production has stagnated in recent years. Indeed, in traditional production areas, peanut cultivation is becoming increasingly widespread due to the financial resources attached to its production. The best land is reserved for cash crops to the detriment of millet food crops. It should be noted that millet cultivation is carried out only during the rainy season in the Sahel region 7,8. In addition, extreme weather phenomena (late arrival of rains, shorter duration of the rainy season, decrease in rainfall which limits access to water, wind carrying all kinds of dust) have a negative effect on yields which continue to decrease. Between 2016 and 2018 there was a slight increase in millet production, but between 2020 and 2021 the millet harvest experienced a drastic drop of 9.17% reaching 1,039,860 tones according to ANSD statistics 9. The use of fertilizers and manure remains marginal for this production, the sown areas of which are regularly decreasing. It has been reported that the use of manure helps improve soil quality by reducing heavy metal levels that can affect crops by inhibiting the photosynthesis process essential for plant growth 10. Indeed, heavy metals can replace the magnesium atom present in chlorophyll and prevent this molecule from playing its fundamental role in plant growth. Harvests can be contaminated by heavy metals such as lead, cadmium, zinc 11–13. This work aims to study the quality of raw millet and hulled millet with regard to heavy metal contamination and the presence of micronutrients useful for nutrition.	Comment by SALHA: good

Materials and methods
Instrumentation

All experiments were carried out using a Thermo Fischer Atomic Absorption 3000. The samples were run in triplicates and the values reported are mean of triplicates.

Reagents and standards

All solutions were prepared with distilled-deionized water (18MΩcm, Milli-Q, Millipore, Bedford, MA, USA). Sulfuric acid (H2SO4 , 98%), perchloric acid (HClO4 , 70%) and nitric acid (HNO3 ,65%), from Sigma-Aldrich France, were used in the procedure of digestion of the samples. The analytical solutions were prepared from standard solution dilutions 1000 gmL-1 of Na, K , Mg, Ca, Cr, Fe, Ni, Cu, Zn, Cd and Pb (Aldrich, France). All materials used were decontaminated in nitric acid solution 10% v/v by 24 h. Decorticated milled seeds (I) and non-decorticated millet seed (II) samples were purchased from the market of Dakar situated in the center of the town.

Extraction of heavy metals from millet seed

Five grams of unhulled and hulled millet were weighed and collected in a Kjeldahl flask. Wet digestion was carried out with an acid mixture (3:2:1 nitric acid, perchloric acid and sulfuric acid) for 4 hours to obtain a clear solution. The samples were cooled to room temperature and the volume was made up to 100 mL with ultra-pure water. They are stored in the refrigerator in food grade polyethylene bottles previously washed with a 6N nitric acid solution.	Comment by SALHA: reference?

Table 1 : Analytical conditions and calibration curves for Na, K, Mg, Ca, Cr, Fe, Ni, Cu, Zn, Cd and Pb analysis by Atomic Absorption Spectroscopy.
	Mineral
	Wavelength (nm)
	Range of detection
	Correlation coefficient (R2)
	Calibration curve equation

	Sodium
	598
	0.02-0.8
	0.9960
	y = 123.66x +14.486

	Potassium
	766.5
	0.03-1.6
	0.9969
	y = 0.1621x +0.0096

	Magnesium
	285.2
	0.003-0.6
	0.9955
	y = 0.5648x +0.0109

	Calcium
	422.7
	0.005-4
	0.9918
	y = 0.0052x +0.0018

	Chromium
	357.9
	0.03-10
	0.9966
	y = 0.0133x +0.0029

	Iron
	248.3
	0.05-0.8
	0.9979
	y = 0.031x +0.0042

	Nickel
	232
	0.09-8
	0.9906
	y = 0.0451x +0.0173

	Copper
	324.8
	0.01-4
	0.9975
	y = 0.1418x +0.0078

	Zinc
	213.9
	0.005-1.6
	0.9958
	y = 0.2175x +0.0040

	Cadmium
	228.8
	0.004-1.8
	0.9971
	y = 0.1947x +0.0006

	Lead
	217
	0.1-12
	0.9992
	y = 0.0253x +0.0005
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	Hullet millet 
	Unhullet millet 
	PTWI for a 70-kg Individual (mg/week)
	LOD (mg/l)

	Na
	45.1 ± 0.012
	64.500± 0.002
	14000 13
	0.030

	K
	3500.9 ± 0.0001
	4519.5 ± 0.015
	24500 14
	0.2

	Mg
	1250.4 ± 0.0101
	1476.7 ± 0.102
	2940 15
	0.0008

	Ca
	11.80 ± 0.002
	14.2 ± 0.0052
	8400 15
	0.0007

	Cr
	0.000
	0.000
	1.63116,17
	0.005

	Fe
	14.9 ± 0.006
	16.9 ± 0.002
	392 16,17
	0.001

	Ni
	0.000 
	0.000
	2.450 16,17
	0.0012

	Cu
	0.9 ± 0.002
	1.1 ± 0.000
	245 16,17
	0.001

	Zn
	14.2 ± 0.004
	16.1 ± 0.005
	490 16,17
	0.001

	Cd
	0.01 ± 0.001
	0.02 ± 0.000
	0.490 16,17
	0.0004

	Pb
	0.000
	0.000
	1.750 16,17
	0.005


Results and Discussion
Levels of mineral in millet seeds
Both samples contain important minerals at varying levels (Table 2). Hulled millet contains less sodium than unhulled millet with contents of 45.1 mg/Kg and 64.5 mg/Kg (Table 2). This content of hulled millet is in the range [39.60 mg/Kg-44.8 mg/Kg] reported for two millet varieties grown in northern Cameroon 18. The plant based food are generally low in Na element as reported by Olaofe et al. 19. The potassium concentration is the highest with values of 3500.9 mg/Kg and 4519.5 mg/Kg, respectively, for hulled and unhulled millet. Potassium is the most abundant mineral. This fact is corroborated by the results of other researchers who indicated that potassium is the most abundant mineral in agricultural products 20. These potassium contents are comparable to the values obtained (2766.8 mg/Kg – 3287 mg/Kg) for varieties cultivated in the north of Cameroon 18. Sodium and potassium are important minerals for proper metabolism. They are necessary for maintaining the osmotic balance of body fluids, body pH, proper functioning of the muscular and nervous systems, glucose absorption, and normal protein retention during growth 21. The sodium/potassium ratio is an important factor in the prevention of high blood pressure. A Na/K ratio of less than 1 is recommended. In both our samples, the Na/K ratios were well below the recommended value (0.013 for I and 0.014 for II). This suggests that hulled or unhulled millet may have the potential to prevent high blood pressure.	Comment by SALHA: Nice work, atleast put it into meaningful paragraphs that are seen do not compile it all in one place
The calcium concentrations of the two samples are very close: 11.8 mg/Kg for hulled millet and 14.2 mg/Kg for unhulled millet. This mineral is the least present. The levels found for both samples are lower than those reported (100.22 mg/Kg – 112.23 mg/Kg) for several varieties grown in China 22. The magnesium concentration is 1250.4 mg/Kg for hulled and 1476.7 mg for unhulled millet . These values are comparable to the value of 1129.71 mg/Kg reported for a variety of millet grown in China 23. The calcium and magnesium contents indicate that millet can contribute to ensuring the necessary daily intake of these two micronutrients. Calcium and magnesium are micronutrients essential for the development and maintenance of normal bones and teeth. Both contribute to normal muscle function and energy metabolism while playing an important role in cellular metabolism. A Ca/Mg ratio between 2 and 1 is recommended for a good balance. The Ca/Mg ratio are lower than the recommended value of 1 (0.0094 for I and 0.0096  for II). This suggests that a diet exclusively based on our two samples is not recommended or should be supplemented. 
Human exposure to chromium can occur in several ways: through food or drink consumption, through breathing or through skin contact. Absorption of less than 200 g per day is essential for certain metabolisms such as lipids or carbohydrates. Absorption of large quantities can lead to more or less serious disturbances such as dermatitis, kidney damage, attacks on the respiratory, nervous or blood systems 24. In this study, the chromium levels in millet samples were found to be zero for both hulled and unhulled millet and below the permissible level set by WHO (2011) which is 1 mg/kg 25. The absence of Cr in these hulled and unhulled millet crops makes both forms of millet suitable for human and animal consumption.
Iron is an essential nutrient for the growth and development of living organisms. It is present in several molecules of the biological system and its deficiency induces a malfunction of these molecules 26. The excessive presence of iron is associated with the development of certain types of diseases such as cancers, diabetes, heart or liver diseases 27. The two samples of hulled and unhulled millet have iron concentrations of 14.9 mg/Kg and 16.9 mg/Kg, respectively, indicating that 11.85% of the iron is concentrated on the protective film of millet seeds. These values are lower than the limit value of 392 mg/Kg, defined by WHO /FAO 28, the iron concentration is not of concern from the point of view of toxicity of hulled and unhulled millet used for consumption.
Nickel toxicity is assessed based on the state of the element, the solubility of the chemical matrix and the form of exposure 29. Damage may be noted irreversible in internal tissues causing certain types of cancers or on the skin 30. The most noted effect is allergic contact dermatitis 31. In this study, the complete absence of Ni in both hulled and unhulled millet was noted. Although the WHO has not established any standards for this metal, some authors have estimated the daily dietary intake of nickel between 70 μg and 400 μg 32.
Exposure to copper, which is an essential element for many biological processes, can lead to health risks when levels are very high. Irreversible complications can be observed during copper poisoning 33. Biological development requires the presence of many enzymes containing the element copper 34. Both hulled and unhulled millet samples have similar copper concentrations of 0.9 mg/Kg and 1.1 mg/Kg, respectively. Most of the copper is concentrated inside the seed and not on the seed pellicle. These values are lower than the limit value of 20 mg/Kg, defined by WHO /FAO 35, the copper concentration is not of concern from the point of view of toxicity of hulled and unhulled millet used for consumption.
Although essential for human metabolism, zinc is dangerous at high levels. Zinc is essential for many physiological functions. Several metalloenzymes contain zinc which is essential for their functioning such as in enzymatic catalysis 36. Ingestion of massive doses of zinc over a short period induces acute toxicity depending on the mode of contact. Exposure to low doses over longer periods is also harmful to health 37. 
In this study, the zinc levels of both hulled and unhulled millet samples had similar concentrations of 14.2 mg/kg and 16.1 mg/kg, respectively. Most of the zinc is concentrated inside the seed and not on the protective film of millet seeds. These levels are well below the limit of 50 mg/kg recommended by the WHO. The zinc concentration of these samples does not pose any particular risk for the consumption of this cereal.
Cadmium metal, which is not essential for metabolism, is slowly eliminated if ingested and is highly toxic. Its presence in crops is a major concern. Cadmium poisoning can cause serious damage to the lungs, kidneys, and skeleton 38.  In this study, the cadmium concentrations in hulled and unhulled millet were 0.01 mg/Kg and 0.02 mg/Kg, respectively. The cadmium concentration in unhulled millet was 2 times higher than that in hulled millet. We believe that half of the cadmium is present on the surface of the seed and that hulling removes 50 % of the initial content. However, these values are lower than the value set by the WHO which is 0.490 mg/Kg 39. There is no risk for human or animal consumption of the millet crops studied in this work.
Lead is a toxic element and is known to cause severe anemia, kidney damage, nervous system and liver damage. It can also negatively affect the reproductive system by causing decreased and impaired sperm in men and miscarriages in women 40. The results show that the lead levels in hulled and unhulled millet are 0.000 mg/kg. This value is lower than the limit value of 1 mg/kg recommended by the WHO 39.

Intake of heavy metal

Weekly intakes of metals through consumption of I and II were calculated assuming a daily consumption of 75 g of milled (Table 3). Tolerable Maximum Weekly Intake (TMWI) (70 Kg body weight) is calculated using the method described in the literature 41.  The results are presented in Table 3. The maximum intake reached 5565 g per week of iron for consumers of I and 8875.5 g per week for users of II. The maximum intake of copper and zinc are, respectively, 472.5 and 7455 g per week for I and 577.5 and 8452.5 g per week for II. The weekly doses of cadmium are not significant : 5.25 and 10.5 g per week for I and II, respectively. Comparing the provisional tolerable weekly intakes (Table 3) of FAO/WHO and other organizations 42,43 and the doses found in the study, it can be concluded that the consumption of decorticated and non-decorticated millet will not affect human health.


Table 3. Possible maximum intake of heavy metal through the consumption of decorticated millet (I) and non-decorticated millet (II).
	Sample
	I
	II

	Fe (μg/week)a
	7822.5
	8875.5

	% of PTWI
	1.99
	2.26

	Cu (μg/week)a
	472.5
	577.5

	% of PTWI
	0.19
	0.24

	Zn (μg/week)a
	7455
	8452.5

	% of PTWI
	1.52
	1.75

	Cd (μg/week)a
	5.25
	10.5

	% of PTWI
	1.07
	2.14


aCalculated using the level in each sample (Table 2) and assuming an average daily consumption of 75 g of milled for a personal weight of 70 Kg.
  
Conclusion
In conclusion, the periodic assessment of metal concentrations in millet crops in Senegal and the creation of quality control criteria for cereals, due to contamination with undesirable minerals, are important in terms of food safety for these consumer products. In addition, it is necessary to conduct a comprehensive risk assessment of toxic elements in future studies to assess risks to consumer health. In the study, it was identified that heavy metals are present in relatively low quantities and do not pose health problems, both for hulled and unhulled millet, for consumers. Therefore, it seems necessary to extend the study to all areas where this cereal is grown. Indeed, areas close to major traffic routes, which are often more contaminated with heavy metals, can produce crops at high risk of accumulation of heavy elements that are dangerous to the health of millet consumers. Despite the levels found in this study, monitoring must be carried out on all harvests of the different cereals grown and consumed in Senegal.	Comment by SALHA: Does this mean that  this study has not found any significant  effect of the minerals?
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Figure 1: Calibration curves for determination of Na, K, Ca, Mg, Cr, Fe, Ni, Cu, Zn Pb and Cd.
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