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Evaluation of the degree of pollution in trace metal elements (TME) of the 

dam in the rural commune of Korsimoro, Burkina Faso. 

 

Abstract :  

The objective of this study was to evaluate the level of pollution in trace metal elements from 

the dam in the rural commune of Korsimoro. Thus, nine (9) water samples were taken at 

different points of the dam and analyzed at the laboratory of the Bureau of Mines and 

Geology of Burkina (BU.MI.GE.B). A total of eight (8) metallic trace elements including As, 

Cr, Mo, Mn, Hg, Pb, Se and Ni were characterized and quantified using inductively coupled 

plasma optical emission spectroscopy (ICP/OES) . The results reveal that if the contents of 

certain elements are low in certain samples, others on the other hand have sometimes very 

high contents of Hg and Se. For Hg, concentrations range from an average of 25.74 µg/kg to a 

maximum of 148.91 µg/kg against a threshold of 1 µg/kg recommended for water intended 

for irrigation. As for Se, its concentration ranges from an average of 14.67 µg/kg to a 

maximum of 37.01 µg/kg against a standard of 20 µg/kg for irrigation. Thus, the high 

concentrations of Hg and Se in the waters of the Korsimoro dam constitute a public health 

problem since they strongly contribute to the contamination of market garden products via the 

soil. Also, the animals which drink there as well as the resources fish (fish, shellfish, etc.) 

could be contaminated. And, by bioaccumulation and/or by biomagnification, humans at the 

end of the food chain can in turn be severely contaminated. Thus, it is imperative to find a 

solution, especially on the Hg pollution of the dam when we know that it constitutes a real 

public health problem with its excessively high content.  
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1. Introduction  

Market gardening is a very important activity which has experienced remarkable development 

over the last three decades in Burkina Faso. For arid and semi-arid areas where rainfall is 

variable and sometimes even very low, water reserves (ponds, dams, rivers, streams, wells, 

etc.) constitute real opportunities for this activity, especially in dry season [1]. In the rural 

commune of Korsimoro, a locality located approximately 70 km from the city of 

Ouagadougou, market gardening is booming around the dam which is the main water 

reservoir with an original capacity of 4.95x10
6
 m

3
 of water [2]. Apart from the silting and 

irregular rainfall which threaten the existence of this large water reservoir, gold panning also 

constitutes a real threat to the quality of the water in the dam. Indeed, open-air mining 

releases numerous constituents including trace metal elements (TME) or heavy metals which, 

through drainage or other more complex mechanisms, end up in the dam and threaten the 

health of populations via market garden products [3;4;5;6]. Indeed, studies have regularly 

established the correlation between the quality of market garden products and their production 

environment (soil, water, air) [7; 8; 9;10;11;12;13]. And, this contamination of market 

gardening areas can be natural or anthropogenic [14; 15;16]. Thus, the objective of this study 

is to evaluate the level of pollution in trace metal elements from the dam in the rural 

commune of Korsimoro. Also, the results of this work could help make data available in order 

to contribute to appropriate decision-making by the competent authorities. So, we constituted 
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nine (9) water samples at different points of the dam in order to characterize and quantify, 

using ICP/OES at the laboratory of the Bureau of Mines and Geology of Burkina 

(BUMIGEB), the concentrations of eight (8) trace elements: arsenic (As), chromium (Cr), 

molybdenum (Mo), manganese (Mn), mercury (Hg), lead (Pb), selenium (Se ), and nickel 

(Ni).  

2. Materials and methods  

2.1. Study zone  

Korsimoro, capital of the North-Central Region, is a rural commune with an area of 603.40 

km2 which has twenty-nine (29) villages. Its dam, completely developed in 1984, is its main 

water resource for market gardening which occupies approximately 231.8 hectares along the 

bank [17]. For this study, the nine (9) sampling points are shown in Figure 1. 

 

Figure 1: Study area: location of sampling points  

2.2. Physico-chemical parameters  

Nine (9) polypropylene bottles, with a capacity of 1.5 liters, were used for sample collection. 

Rinsed several times with water from the dam, each bottle was filled and fixed with nitric acid 

[18]. The physicochemical parameters were measured in situ using an electronic multimeter. 

These are essentially the temperature (T), the hydrogen potential (pH) and the electrical 

conductivity (EC) which can affect the mobility and bioavailability of metallic trace elements 

[19; 20].  

2.3. Preparation of samples for analysis  

The water samples were acidified in situ with nitric acid (HNO3). Thus, once in the 

laboratory, only the necessary quantity of each sample was taken to determine the eight (8) 

trace metal elements using an ICP/OES.  
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3. Results and discussion  

3.1. Assessment of physicochemical parameters  

In this paragraph, we assess the physicochemical parameters of the water samples taken. 

Thus, before analyzing the physico-chemical parameters by sampling point, we assess the 

average physico-chemical parameters such aspHmoy, ECmoy, Tmoy which respectively indicate 

the average hydrogen potential, the average electrical conductivity and the average 

temperature of the different measurements. The reference standard used to assess these three 

parameters is that of Morocco for water resources intended for irrigation [21].  

3.1.1. Average physicochemical parameters  

Table 1: Averages of physicochemical parameters 

Parameters Minimum Maximum Average Standard 

Deviation 

Moroccan standard 

for irrigation 

𝐩𝐇𝐦𝐨𝐲 6.69 7.15 6.90 0.16 6.5 à 8.4 

𝐂𝐄𝐦𝐨𝐲 (µS) 37.18 125.9 67.37 42.59 12 (25°C) 

𝐓𝐦𝐨𝐲 (°C) 15 28.6 24.61 5.70 35 

The hydrogen potential of the dam water is between 6.69 and 7.15 with an average of 6.90. 

Thus, this interval complies with the Moroccan standard for irrigation which is 6.5 to 8.4. As 

for the average electrical conductivity, it is between 37.18 µS and 125.9 µS with an average of 

67.37 µS. For temperature, it is between 15°C and 28.6°C with an average of 24.61 which is 

lower than the standard of 35°C. Thus, we can assume that the influence of these three water 

parameters on mobility and bioavailability is less or even negligible.  

3.1.2. Physico-chemical parameters for each sampling point  

Table 2: Physico-chemical parameters by sampling point 

Parameters P1 P2 P3 P4 P5 P6 P7 P8 P9 

pH 6.71 6.81 6.89 6.9 6.97 6.84 7.15 7.13 6.69 

CE 39.26 39.98 42.67 37.18 37.61 37.37 125.9 125.1 121.3 

T(°C) 28.5 28.5 28.6 28.6 28.2 27.7 18.9 15 17.5 

In table 2, we see that all the hydrogen potential values belong to the standard range which is 

6.5 to 8.4. Also, the values of electrical conductivity and temperature comply with the 

recommended thresholds which are respectively 12µS and 35°C.  

3.2. Assessment of concentrations (µg/kg) in ETM of samples  

In this part, we assess the concentrations of ETMs in the water samples. So, before discussing 

the concentrations of these elements in each sample, we say a word about the average 

concentration of each trace element in the dam. The reference standard used to assess these 

levels of trace elements is that of Morocco for water resources intended for irrigation.  

3.2.1. Average concentration of trace metal elements in the dam  

Table 3: Extrema of concentrations of metallic trace elements and standards (µg/kg) 
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Heavy metal As Cr Mo Mn Hg Pb Se Ni 

Average 4.45 5.26 73.96 67.86 25.74 11.52 14.67 7.02 

Minimum 0 1.08 0 44.49 0 0 0 1.67 

Maximum 34.24 8.04 314.37 103.21 148.91 34.01 37.05 14.52 

Standard 

Deviation 

11.33 2.57 112.23 24.18 47.47 14.24 14.4 4.81 

Standard[21 ; 

22 ; 23 ; 24] 

100 100 - 200 1 5000 20 200 

It can be seen that mercury is practically present in all samples. We note that its maximum 

concentration is 148.91 µg/kg with an average of 25.74 µg/kg, or 25 times more than the 

standard for irrigation water. Also, the minimum value of selenium is zero against a maximum 

of 37.05 µg/kg with an average of 14.67 µg/kg which is lower than the standard of 20 µg/kg 

for irrigation water. Moreover, the average concentrations of As, Cr, Mn, Pb, Se and Ni are 

below the recommended thresholds for each trace element. Finally, the maximum 

concentrations of ETM in the nine sampling points show that, with the exception of Hg and 

Se, the Korsimoro dam is not polluted in As, Cr, Mn, Pb, and Ni. 

 

 
Figure 2: Average concentrations of metallic trace elements in the Korsimoro dam  

Figure 2 below shows that the level of contamination of the dam by metallic trace elements is 

not uniform. Indeed, we note that As has the lowest average concentration of 4.45 µg/kg 

compared to a maximum concentration of Mo of 73.96 µg/kg. Thus, the order of 

contamination in metallic trace elements of the Korsimoro dam is as follows: 

Mo>Mn>Hg>Se>Pb>Ni>Cr>As. 

3.2.2. Concentrations of trace metal elements per sample  
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The histograms below highlight the content of each trace metal element in the nine samples. 

Indeed, Figures 3 to 10 allow us to better understand the level of pollution in ETM of the 

Korsimoro dam. 
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Figure 3: Arsenic concentration by sampling point Figure 4 : Chromium concentration by 

sampling point 
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Figure 5 : Molybdenum concentration by sampling 
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Figure 6 : Manganese concentration by 

sampling point 
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Arsenic (As): Apart from points P2 and P3 which have respectively 5.81 µg/kg and 34.24 

µg/kg of As, the seven (7) other water samples from the dam have zero contents of this 

element. Thus, the concentration of As is not uniform throughout the dam. Better, these As 

levels observed in samples P2 and P3 are lower than the recommended standard for water 

intended for irrigation which is 100 µg/kg.  

Chromium (Cr): Cr is present in all water samples analyzed at fairly low concentrations. Its 

minimum content is observed at point P8 and the maximum at point P1 with values of 1.08 

µg/kg and 8.04 µg/kg respectively. Despite the presence of this element in the nine samples, 

its concentration is well below that recommended for water intended for irrigation, which is 

100 µg/kg. Thus, a study of the sediments and environment around the dam could provide a 

more plausible explanation for the origin of Cr in Korsimoro Dam. In total, the order of 

contamination of the Cr dam is as follows: P1>P2>P4>P9>P5>P3>P6>P7>P8.  
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Figure 7 : Mercury concentration by sampling 

point 

Figure 8 : Lead concentration by sampling point 
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Molybdenum (Mo): The concentration of Mo is zero in samples P5, P6, P8 and P9. The 

maximum content is observed at the P3 sampling point of the dam with a value of 314.37 

µg/kg. Also, samples P1, P2, P4 and P7 have respectively 103.16 µg/kg, 197.97 µg/kg, 30.96 

µg/kg and 19.16 µg/kg as molybdenum concentrations.  

Manganese (Mn): We see that Mn is present in all the samples measured. Its minimum 

content being 44.49 µg/kg for sample P6 compared to a maximum of 112.92 µg/kg for sample 

P9. However, all samples have levels that are below the threshold of 200 µg/kg. In summary, 

the order of contamination of the analyzed samples is as follows: 

P9>P7>P1>P8>P2>P4>P5>P3>P6. 

Mercury (Hg): With the exception of P7 which has a zero concentration of Hg, its content in 

the eight (8) other water samples taken from the Korsimoro dam turns out to be very high. 

Indeed, the concentrations of Hg in samples P1, P2, P3, P4, P5, P6, P8 and P9 are respectively 

34.25 µg/kg, 20.08 µg/kg, 13.28 µg/kg, 6, 08 µg/kg, 2.70 µg/kg, 3.36 µg/kg, 2.99 µg/kg and 

148.91 µg/kg. All these concentrations are above the recommended standard for water 

resources intended for irrigation which is 1 µg/kg. The maximum concentration is observed at 

sampling point P9 with a value of 148.91 µg/kg, almost 148 times more than the 

recommended standard. In summary, the order of mercury pollution in the dam is as follows: 

P9>P1>P2>P3>P4>P6>P8>P5; with an average of 25.74 µg/kg. Thus, the water from the 

Korsimoro dam turns out to be polluted with mercury. These excessive levels of Hg in the 

dam constitute a real threat to the health of populations when we know that market garden 

products (vegetables, leaves, fruits) are contaminated via the soil. Volatile as it is, once on the 

ground, this metal can be inhaled by market gardeners and cause serious health problems, 

especially for children and pregnant women. Indeed, in its vapor form, the toxicity of Hg is 

first expressed via the respiratory tract, then dissolves in the plasma, blood and hemoglobin in 

order to attack the kidneys, the brain and the nervous system. The abundant presence of Hg in 

the dam can be justified by the fact that it is widely used by gold miners to search for the 

precious metal in the locality without precaution.  

Lead (Pb): With the exception of samples P7, P8 and P9, lead is present in all water samples 

analyzed. Thus, the presence of this metal in the Korsimoro dam is in places with 

concentrations well below the recommended threshold for water intended for irrigation which 

is 5000 µg/kg. The maximum lead concentration is observed at sampling point P4 with a 

value of 34.01 µg/kg. Which means that the lead contamination of the Korsimoro dam is low 

and localized. However, with the help of the phenomenon of bioaccumulation, the presence of 

this element in the soil, through irrigation, can in the long run constitute a health problem 

through market garden products and also a threat to children who have pica. Ultimately, the 

order of lead contamination in the dam is as follows: P4>P3>P5>P6>P2>P3.  

Selenium (Se): The Se content is zero in samples P1 and P6. We note that it is sample P4 

which has the highest concentration of 37.01 µg/kg. Also, we note 29.48 µg/kg, 30.83 µg/kg, 

16.50 µg/kg, 5.97 µg/kg, 2.86 µg/kg and 9.34 µg/kg respectively the concentrations of Se for 

sampling points P2, P3, P5, P7, P8 and P9. Thus, we note that samples P2, P3 and P4 have 
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concentrations higher than the recommended standard for irrigation which is 20 µg/kg. We 

can therefore assume that in places, the bar 

4. Conclusion  

The results of this study reveal that the average physicochemical parameters (pH, electrical 

conductivity and temperature) and per sampling point comply with Moroccan standards for 

water intended for irrigation. Also, with the exception of Hg, we note that the average 

concentrations of As, Cr, Mn, Pb, Se and Ni are lower than the recommended standards for 

water intended for irrigation. In fact, the average concentration of Hg is 25.74 µg/kg, or 25 

times more than normal. In addition, the diagnosis of the contents of all the nine (9) sampling 

points shows that apart from P7, the other points are highly polluted in Hg; are respectively 

34.25 µg/kg, 20.08 µg/kg, 13.28 µg/kg, 6.08 µg/kg, 2.70 µg/kg, 3.36 µg/kg, 2.99 µg/kg and 

148.91 µg/kg for sampling points P1, P2, P3, P4, P5, P6, P8 and P9 of the dam. In addition, 

points P2, P3 and P4 are polluted in Se with respectively 29.48 µg/kg, 30.83 µg/kg and 37.01 

µg/kg as concentrations against a standard of 20 µg/kg for water 'irrigation. We can conclude 

from the above that the very high concentrations of Hg and Se in the Korsimoro dam 

constitute a public health problem since they strongly contribute to the contamination of 

market garden products via the soil [12;25]. Also, the animals that drink there as well as the 

fishery resources (fish, shellfish, etc.) could be contaminated [26]. And, by bioaccumulation 

and/or by biomagnification, humans at the end of the food chain can in turn be severely 

contaminated [27;26;28;29;11;8]. Thus, it is imperative to find a solution, especially on the 

Hg pollution of the dam when we know that it constitutes a real public health problem with its 

excessively high content. 

Références  

 

[1] Cissé, G. (1997). Health impact of the use of polluted water in urbanagriculture: case of 

marketgardening in Ouagadougou (Burkina Faso). Thesis, Ecole Polytechnique Fédérale de Lausanne. 

[2] BRL-Engineering. (2001). Rehabilitation of the Korsimoro perimeter.59p. 

[3] Neathery M.W. & Miller W.J. (1975). Metabolism and toxicity of cadmium, mercury and lead in 

animals. A review. J. DairySci., 58, 1767-1781. 

[4] A. Yatribi, A. N. (2000). Fractionation and mobility of heavymetals in 

soilreceivingtannerywastewater. journal of water sciences, rev.Sci.Eau, pp. 203-212. 

[5] Mr. Gérard Miquel (2001). Report on the effects of heavymetals on the environment and health. 

No. 261 SENATE. 

[6] EuropeanParliamentaryAssembly-Committee on Social Affairs, Health and Family. (2011). Report 

on the healthrisks of heavymetals and othermetals. http://assembly.coe.int. 

[7] Annabi A.B., Nehdi A., Hajjaji N., Gharbi N. & El-Fazâa S. (2007). Impact of lead toxicity on the 

activity of antioxidant enzymes and plasma bilirubinlevels in adult rats. C.R. Biologies, 330, 

581-588. 

[8] Bouchouata O., J. B. (2011). Study of contamination by heavymetals of irrigation water and 

marketgardening in the M'nasra zone (Gharb, Morocco). Science Lib Editions Mrsenne, pp. 

3.1-11.3. 

[9] Benguella B., B.H. (2002). Cadmium removalfromaqueous solution by chitin: 

Kinetic and Equilibriumstudies. Wat. Res., 136, pp. 2463-2474. 

[10] Matias Miguel SalvarredyAranguren. (2008). Thesis on heavymetal contamination of surface 

water and sediments of the Milluni Valley (Bolivian Andes) by miningwaste. Geochemical, 

mineralogical and hydrochemicalapproach. PhD from the University of Toulouse. 



 

Page 9 sur 10 
 

[11] HananKassaoui, Mustapha Lebkiri, Ahmed Lebkiri, El Houssine Rifi, Alain Badoc and Allal 

Douira. (2009). Bioaccumulation of heavymetals in tomatoes and 

lettucefertilizedwithsludgefrom a wastewatertreatment plant. Bul.Soc.Pharm.Bordeaux, 148, 

77-92. 

[12] Tanouayi G. et al. (2015). Metallic contamination of surface water and groundwater in the 

phosphate mining area of Hahotoe-kpogame (southern Togo): case of cadmium, lead, copper 

and nickel. Larhyss Journal, ISSN 1112-3680, nº21, March 2015, pp.25-40. 

[13] David Darius ADJE., P. M. (2019). Study of organic pollution of the Okedama River in the 

Municipality of Parakou. Africa SCIENCE, pp. 299-305. 

[14] Stumm, W.M. (1996). Aquaticchemistry-Chemical equilibria and rates in natural waters. John & 

Sons, New York. 

[15] Chappuis. (1991). traceelements in medicine and biology. Lavoisier Tee & Doc Palis 

[16] E. Diangone, Y. Yao Alexis N’guessan, L. Kala Marie-Claude Toalo, M. Sylvain, and C. Aoua. 

(2020). “Evaluation of Metal Pollution of Surface Sediments of the Potou Lagoon during Low 

Water Period (Ivory CoastCoast)”, Eur. Sci. J. ESJ, vol. 16, no. 33, Nov. 2020, doi: 

10.19044/esj.2020.v16n33p70. 

[17] Gael Ndanga. (2011). Agricultural water management and economy of users of the Korsimoro 

dam (Burkina Faso):Current situation and avenues for reflection. Report. 54p. 

[18] IGCC/UNIDO/UNDP/UNEP/GEP/NOAA/NEPAD. (2009). Marine pollution monitoring manual. 

A training manual for coastal and marine pollution monitoring for the GCLME region. 

GuineaCurrent Large Marine Ecosystem Project. 

[19] Grafe M., S. D. (2005). Kinetics of zinc and arsenateco-sorption at the goethite-water interface. 

Geochimica et Cosmochimica Acta, 69 n° 19, pp. 4573-4595. 

[20] Nordstrom, D.A. (2000). Negative PH and extremelyacidic mine Water fromIronMountain, 

California. Environmental science and technology, pp. 34 (2): 254-258. 

[21] State Secretariat to the Ministry of Energy, Mines, Water and Environment, S.E.E.E. (2007). 

Department of Water Research and Planning. Water quality standards for irrigation. Rue 

Hassan Benchekroun, Agdal-Rabat, Web: www.water.gov.ma 

[22] FAO. (1985). Water Quality for Agriculture. Food and Agriculture Organization, Rome, Italy 

http://www.fao.org/3/T0234E/T0234E00.htm. 

[23] Ngweme Georgette N., Emmanuel K. Atibu, Dhafer Mohammed M. Al Salah, Paola M. 

Muanamoki, Guillaume M. Kiyombo, Crispin K. Mulaji, Jean-Paul Otamonga, JohnW. Pal. 

(2020). Heavy metal concentration in irrigation water, soil and dietaryriskassessment of 

Amaranthus viridis grown in peri-urban areas in Kinshasa, Democratic Republic of the Congo. 

WatershedEcology and the Environment 2 (2020) 16-24; journal homepage: 

www.elsevier.com/locate/wsee 

[24] Matech F., F. Zaakour, K. Moustarhfer, Z. Chemsi. (2014). “Concentrations of trace 

metalelements in soilsirrigated by wastewaterpouredinto OUED MERZEG (CASABLANCA -

MOROCCO)”, European Scientific Journal October 2014 edition vol.10, No.29 ISSN: 1857- 

7881 (Print) e - ISSN 1857-7431, 2014. 

[25] Bambara Telado Luc et al. (2021). Assessment of Agricultureuralsoil pollution at Ouagadougou 

and Loumbila, Burkina Faso. IOSR Journal of Environmental Science, Toxicology and Food 

Technology (IOSR-JESTFT) e-ISSN: 2319-2402,p- ISSN: 2319-2399.Volume 15, Issue 5 Ser. 

II, PP 49-57 www.iosrjournals.org 

[26] ABBE, K. (2004). Assessment of the consequences of the discharge of phosphate wasteinto the 

sea:study 

of the bioaccumulation of sometoxicelements by marine animal species: case of cadmium 

and lead, GEE Memory, ESTBA. University of Lomé, Togo. 



 

Page 10 sur 10 
 

[27] Sedki A. (1995). Ecotoxicologicalstudy of the contamination of twoterrestrialfoodchains in the 

peri-urban palm grove of the wastewaterspreading zone of the city of Marrakech. ThesisDoct. 

State, Univ. Cadi Ayyad, Fac. Sci. Semlalia, Marrakech, Morocco.140p. 

[28] Rada A., (1996) - Study of metal contamination of soils in the wastewaterspreading area of the 

city of Marrakech (Morocco): contribution of the geochemical background and anthropogenic 

contributions in the transfer of cadmium into a soil-plant system. ThesisDoct. State. Univ. 

Cadi Ayyad, Fac. Sci., Semlalia, Marrakech, Morocco, 153 p. 

[29] Wang, Q.R., Cui, Y.S., Liu, X.M., Dong, Y.T., Christie, P. (2003). Soil contamination and plant 

uptake of heavymetals at polluted sites in China. J. Approx. Sci. Health Part AToxic/Hazard. 

Subst. Approximately. Eng. 38, 823-838. 


