Assessment of soil pollution by \heavymetals in the marketgardening areas of Korsimoro

Abstract

The aim of thisstudywas to assessheavymetalsoil pollution in marketgarden areas in the commune of
Korsimoro. The analysisfocusedmainly on zinc (Zn), nickel (Ni), chromium (Cr), copper (Cu), lead
(Pb), cadmium (Cd), cobalt (Co), arsenic (As) and mercury (Hg). Composite

soilsamplesweretakenfrom hhe following horizons 0-20 cm horizons in the area. A total of 21

soilsamplesweretaken.  The  soilsampleswereanalysedusinginductivelycoupled  plasma  mass
spectrometry (ICP/MS) at the BUMIGEB [laboratory.

The enrichment factor (EF), contamination factor (CF), geoaccumulation index (lgeo) and pollution
load index (PLI) weredeterminedfrom the metal concentrations obtained.

The average concentrations of heavymetals khange as follows:

Cd>Co>Cr>2Zn>Ni>Cu>Hg>Pb>As.
The average concentrations of cadmium (587.039mg/kg), mercury (29.048mg/kg), nickel (60.037
mg/kg) and cobalt (575.956mg/kg) exceed the admissible limit values in agricultural soils.

The calculated |FC \alues show very high contamination of Co, Cd and Hg, considerable

contamination of Cu, Cr, Zn, Ni and As, and no contamination of Pb.

The EF wvalues show  verysevereenrichment  for cobalt (Co), followed by
overallextremelysevereenrichment for cadmium (Cd) and mercury (Hg).

The calculatedlgeoindicatesextreme cadmium, mercury and cobalt contamination.

The calculated PLI values are all greaterthan one. Theseresults show that all the soils are polluted.

The index determinationapproachmakesit possible to predict the extent of soil pollution by the
heavymetalsconsidered in ourstudy:.
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Introduction

Heavy metalssuch as lead, cadmium, mercury and manyothers are ubiquitous in ourenvironment as a
result of industrial use, intensive agriculture and variousotherhumanactivities. However, their
excessive presence in soilsrepresents a seriousenvironmental and healththreatthatis of growingconcern
to the scientificcommunity and decision-makersaround the world [1]. Soil contamination by
heavymetalsis a complexproblemwithpotentiallydevastatingconsequences, affecting not only the
health of terrestrialecosystems, but also the quality of drinking water, foodsafety and humanhealth [2].
The miningindustry stands out as one of the main sources of heavymetalsreleasedinto the
ecosystem([3]. Ore extraction and crushing, as well as mineral concentration and disposal, are major
causes of environmental pollution [4]. For example, high concentrations of heavymetals can
bedetected in the areas surrounding artisanal gold processing sites due to the release and dispersion of
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miningwaste in soils, crops and watercourses.In the commune of Korsimoro, marketgardeningtakes
place mainlyaround the dam, which has an estimated water capacity of 4687900 m*[5]. The
installation of artisanal gold processing sites couldcontribute to soil pollution in the marketgardening
areas of the study zone. The aim of thisstudyis to assessheavymetalsoil pollution in the marketgarden
areas of the municipality and to evaluateits impact on the environment. The heavymetalsincluded in
the study are chromium, cobalt, nickel, copper, zinc, arsenic, cadmium, mercury and lead. The
authoritiescould use the conclusions of thisstudy to formallyconsiderbanning the artisanal practice of
gold processingnearmarketgardening areas, whichwouldprevent the risk of poisoning people growing

on thesesoilsthrough the foodchain.
2. Materials and methods
2.1 Presentation of the study area

The study area islocatedapproximately 30 km from the town of Kaya, capital of the Centre-Nord

Region, and 70 km from ’puagadougouL Covering an area of 667km?*[6], the commune of Korsimoro is

one of eleven (11) communes in the province. The commune's main activities are farming,

livestockrearing and gold jpanning.

2.2 Sampling

SoilsamplesweretakenbetweenDecember 2022 and January 2023 in khe Imarketgardening sites

identifiedaround the Korsimoro dam. A total of 21 soilsamplesweretakenfrom the 0-20 cm surface
horizon using a spiral auger. It shouldbenotedthateachsampleconstitutes a composite
samplethatwastakenfrom a rectangular plot 5 m long and 2 m wide, i.e. an area of 10 m2; this
corresponds to a rate of 0.1% per hectare (ha). At each point, 1 kg of soilwastaken and packaged in a
clean, well-labelled plastic bag and haken h‘.o the BUMIGEB laboratory for analysis. The

sampleswerenumbered S1 to S21.
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Figurel : Location of sampling sites
2.3. Preparation and analysis of samples

The samplestakenweredried at room temperature in the laboratory and in the sun, thenhomogenised

and placed in an oven at [105°C ffor 24 hours. Eachsamplewasthencrushed and sievedusing a 2mm

meshsieve. The sievedmaterialwasthenground to a very fine powderwith a diameter of 63 microns
using a certified SAULAS sieve. Mineralizationwascarried out with 0.5 g of sample by adding 7.5 [ml ]
of 35% concentratedhydrochloricacid and 2.5 ml of 70% concentratednitricacid on a hot plate and

cooled in ambient blﬂ The requiredquantity of eachsamplewasthentaken and run through the ICP/MS

for the determination of heavymetals.

The analysisfocusedmainly on zinc (Zn), nickel (Ni), chromium (Cr), copper (Cu), lead (Pb), cadmium
(Cd), cobalt (Co), arsenic (As) and mercury (Hg).

2.4. Methods for determining pollution intensity

The intensity of heavymetal contamination in soilswasassessedusing four indices : the enrichment
factor (EF), the geoaccumulation index (lgeo), the contamination factor (CF) and the Pollution Load
Index (PLI). Theirprincipleisbased on the comparison of measured values withreference values such as

the average content of elements in the earth'scrust.
2.4.1 Enrichment factor (EF)

The enrichment factor indicates the number of times an elementisenriched relative to the abundance of
thatelement in the referencematerial. The referencematerialused in ourstudyisiron (Fe). The calculation
of the EF wasdefined by relating the content of a contaminatingelement in the sample to the

concentration of an elementdeemed to berelatively immobile in thissample, comparedwith the same
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ratio found in the referencematerial. lIron (Fe) waschosen as the immobile referenceelement for
thiscalculation. This choiceishased on the factthatironisnaturallypresent in the water and sediments of
the study area. In addition, itis one of the referencematerialswidelyused in the literature[4,7].

The standardisedenrichment factor [8-10] isobtainedusing the followingrelationship:

M éci
- h/[Fe]éch

[M]ye
f/[Fe]ref

With EF: Enrichment factor; [M]_éch: concentration of metal M in the sample; [Fe]_éch:

EF =

concentration of iron in the sample; [M]_ref: concentration of metal M in the referencematerials;

[Fe]_ech: concentration of iron in the sample; [M]_ref: concentration of metal M in the

referencematerials; [Fe]_ref: concentration of iron in the referencematerials.

The EF values are interpretedaccording to the level of contamination (table 1) [11].

Table 1: Enrichmentlevelaccording to EF values

Valeurs [Niveau d’em‘ichissemend

FE> 50 Extremelysevereenrichment
25<FE <50 Very severeenrichment
10<FE<25 Severeenrichment
05<FE<10 Moderatelysevereenrichment
03<FE<05 Moderateenrichment
01<FE<03 Minor enrichment

FE <01 No enrichment

2.4.2 Contamination factor, CF

To assess the level of heavymetal contamination in soils, wecalculated the contamination factor. This
factor iscalculatedusing the geochemical background. The degree of contamination wasestimated in
relation to the relative contents of the continental crust[12] (UCC: Upper Continental Crust) of
Wedepohl (1995) (table 2).

Table 2: Relative contents of continental crust[12,13].

Elements Cr Co Ni Cu Zn As Cd Pb Hg

ucer 35,00 12,00 19,00 14 52 2,00 0,10 17,00 0,056

UCC : Upper Continental Crust

The contamination factor iscalculatedfrom the following formula [14-16] :
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WithCn the concentration of the metal in the sample; Bn the geochemical background. The

differentlevels of contamination according to FC values are shown in Table 3.

Table 3 :Level of contamination according to CF values.

CF value Degree of Contamination
CF<1 Low contamination
I<CF<3 Moderate contamination
3<CF<6 Considerable contamination
CF>6 Very high contamination

2.4.3 Geoaccumulation index (lgeo)

whichisused to estimate contamination by comparingpre-industrial and recentmetal concentrations
[18]. This method, which has been used by [17] since the late 1960s, has been applied to several trace
metalstudies in Europe. It can alsobeapplied to the assessment of soil contamination. It

iscalculatedusing the followingequation :

Ty =1 Cn
géo — 082 (1‘ 5 % Bn>

Wherelgeo = geoaccumulation index; log2 = logarithm to base 2; n = elementunderconsideration;

Cn= concentration measured in the sample; Bn= geochemical background; 1.5 = geochemical
background exaggeration factor, whosefunctionis to takeaccount of natural fluctuations in the
geochemical background. A scale of values with six classes has been definedaccording to the intensity
of the pollution[17,19] .

Table 4: Pollution scaleassociatedwithlgeo values.

Values Pollution levels

lgeo< O Unpolluted
0<Tg<1 Unpolluted to moderatelypolluted
1 <Tge< 2 Moderatelypolluted
2<1g0<3 Moderately to highlypolluted
3<Ig< 4 Highlypolluted

4 <1g0<5 Highly to extremelypolluted

[ Comment [016]: third ?




lggo =5 Extremelypolluted

h’o] assess the level of soil contamination, wecalculated the PLI, whichgives a quantitative estimate of

the level of pollution of chemicalelements in a givensample. Its expression is [20,21]:

PLI = \[FC; X FCy X FC3 X+ v+ e+ X FC,,

where CF: contamination factor; n: number of metals. This method identifies twolevels of pollution in

the sample[22,23]. Thus, for PLI=1: no pollution and for PLI>1: presence oflpollution‘.

4. Results and discussion

4.1 Distribution of heavymetals in agricultural soils

Table 5 presents the results of heavymetal concentrations in soils in the study area.

Table 5: Average concentration (mg/kg) of heavymetals in ourstudy ’girea}

Elements Cr Co Ni Cu Zn As Cd Hg Pb
Average 136,387 575,956 60,037 53,653 77,381 9,499 587,039 29,048 19,598
Maximum 177,705 670,195 90,520 69,720 117,115 13,655 633,685 81,035 24,785
Minimum 100,340 448,735 30,265 38,785 65,645 6,835 557,720 3,975 15,835
Standard deviation 16,345 66,693 14,615 6,660 7,210 1,468 20,546 20,647 2,140
Limit [24] 150 2 50 100 300 40 2 1 100

Theseresults show that the concentrations (mg/kg) of the heavymetalsstudiedvary as follows:

The concentration of the metalchromium varies from 100.340 to 177.705mg/kg with an average of
136.387mg/kg. The average value isbelow the limit of 150mg/kg. The soilsstudied are not

contaminated by chromium.

Cobalt concentrations rangedfrom 448.735 to 670.195mg/kg, with an average of 575.956mg/kg. The
average value is 288 times higherthan the limit value of 2mg/kg. The soilsstudied are

contaminatedwith cobalt.

The average nickel concentration is 60.037 mg/kg. The average value ishigherthan the regulatorylimit

value for agricultural soils. All the soils in the study area are contaminated by the metal nickel.

The elementscopper, zinc, arsenic and lead have average concentrations of 53.653 mg/kg, 77.381
ma/kg, 9.499 mg/kg and 19.598 mg/kg respectively. The values do not exceed the limit values for
agricultural soils. Theseresultsconfirmthat the soilsstudied are not contaminated by copper, zinc,

arsenic or lead.
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The average cadmium concentration was 587.039mg/kg, with a maximum of 633.685mg/kg and a
minimum of 557.720mg/kg. All the soilsamplestaken in the study area have cadmium concentrations
above the limit value. The average cadmium concentration wasapproximately 294 times higherthan the

limit value. This value indicatesthat the soiliscontaminated by cadmium.

The averagemercury concentration was 29.048mg/kg, with a maximum of 81.035mg/kg and a
minimum of 3.975mg/kg. All the soilsamplestaken in the study area have mercury concentrations
above the limit value. The averagemercury concentration isapproximately 29 times higherthan the

limit value. This value indicatesthat the soiliscontaminatedwithmercury.
The descendingorder of soil contamination by heavymetalsis as follows :

[Cd] > [Co] > [Cr] > [Zn] > [Ni] > [Cu] > [Pb] >[Hg] > [As].

4.2 Enrichment factor

The enrichment factor values for eachmetalcalculated at a depth of 0-20 cm are shown in Table 6.

Table 6 Calculation of enrichmentfactors in marketgardensoil

Elements Cr Co Ni Cu Zn As Cd Hg Pb

EF 2,134 37,307 2,310 2,867 1177 3,533 4550,741 417,094 0,876

The EF for the element lead (Pb) shows no enrichment (EF<1) in marketgardensoils.

The enrichmentfactors for the elementschromium (Cr), copper (Cu), nickel (Ni) and zinc (Zn) are
between 1 and 3, corresponding to minor enrichment of the soils by theseelements.

The soils in the study area show moderateenrichment for the element arsenic (As), and
verysevereenrichmentisnoted for cobalt (Co).

Overall, the FE values indicateextremelysevereenrichment for cadmium (Cd) and mercury (Hg).

Geoaccumulation indices for heavymetals in soils range from 0.935 to 1.759 for chromium, with an
average of 1.362. These indices vary for cobalt between 4.689 and 5.267, with an average of 5.035.
The Geo Index for nickel is 1.031. Copper has a Geo Accumulation Index rangingfrom 0.855 to 1.701,
with an average of 1.306. SomeTMEs, such as zinc, have a Geo Index rangingfrom -0.249 to 0.586,
with an average of -0.024. Arsenic varies from 1.188 to 2.186, with an average of 1.638. Cadmium has
an lgeorangingfrom 11.832 to 12.016, with an average of 11.905. The Igeo for mercury varies between
5.564 and 9.914, with an average value of 7.720. Lastly, the Igeo for lead varies between -0.687 and -
0.041, with an average of -0.391.
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Figure 2: Geoaccumulation index for heavymetals in soils in ourstudy area

The negativelgeo values (Igeo< 0) for certain metalssuch as lead (Pb) and zinc (Zn) show that the
soilsstudied are not polluted by thesemetals. The averagelgeo for chromium, nickel, copper and
arsenic isbetween 0 and 1 (0 < Igeo< 1), indicatingthat the soilismoderatelypollutedwiththesemetals.
The Igeo for cadmium (11.905), mercury (7.720) and cobalt (5.035) are significantlygreaterthan five
(Igeo>5) and indicateextreme contamination of the soil in the marketgardening area by thesemetals.
The results of the Igeoconfirmthose of the FE in the presentstudy. Heavy metal contamination

iscloselylinked to the use of chemical inputs for soil fertilisation.

4.4 Contamination factors

The contamination factors for the variousheavymetals in the soilsamples are shown in Table 7.

Table 7: Contamination factors for heavymetals in soilsfromourstudy area

Contamination factor

sol Cr Co Ni Cu Zn As Cd Hg Pb

Sol 1 4,589 57,775 4,487 4,349 5,733 5,733 5508,529 767,054 1,316
Sol 2 4,663 54,987 3,902 4,170 5,390 5,390 5579,216 112,500 1,236
Sol 3 3,241 53,183 3,184 3,646 5,578 5,578 5664,951 1447,054 1,155
Sol 4 3,872 54,224 4,017 4,005 5,190 5,190 5549,559 83,304 1,282
Sol 5 3,108 52,217 2,952 3,585 5,050 5,050 5724,363 768,125 1,190
Sol 6 4,077 53,916 3,619 3,862 4,933 4,933 5674,951 90,714 1,289
Sol 7 3,636 48,695 2,924 3,340 4,593 4,593 5817,157 786,518 1,070
Sol 8 3,719 53,126 3,651 3,731 5,110 5,110 5564,804 764,911 1,212
Sol 9 3,894 57,232 4,841 4,033 5,823 5,823 5467,843 85,000 1,458
Sol 10 4,058 57,022 3,833 3,817 6,828 6,828 5504,412 751,696 1,450

Sol 11 3,525 52,046 3,649 3,516 4,873 4,873 5587,157 779,107 1,263
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Sol 12 4,090 54,144 3,871 4,364 5,448 5,448 5581,373 76,250 1,119

Sol 13 3,722 39,064 1,849 2,895 3,458 3,458 6103,137 812,411 0,990
Sol 14 3,391 39,920 2,110 3,073 3,913 3,913 6100,833 812,143 1,044
Sol 15 2,867 40,929 2,014 4,876 3,688 3,688 6002,500 811,964 1,061
Sol 16 3,400 38,684 1,618 3,565 3,418 3,418 6212,598 70,982 1,076
Sol 17 3,483 41,319 2,218 2,712 3,663 3,663 5996,275 791,875 0,931
Sol 18 4,755 49,691 3,635 3,394 4,223 4,223 5768,235 101,161 0,985
Sol 19 4,341 41,030 1,946 2,923 3,770 3,770 5943,922 87,232 0,972
Sol 20 5,077 56,273 4,017 4,519 4,660 4,660 5541,176 89,911 1,088
Sol 21 4,324 47,202 3,083 4,416 4,408 4,408 5967,941 803,125 1,023
Minimum 2,867 38,684 1,618 2,712 3,418 3,418 5467,843 70,982 0,931
Maximum 5,077 57,775 4,841 4,876 6,828 6,828 6212,598 1447,054 1,458
Average 3,897 49,651 3,211 3,752 4,750 4,750 5755,282 518,716 1,153

Heavy metal CF values for lead rangedfrom 0.931 to 1.458, with an average of 1.153. The
soilsamplestaken are moderatelycontaminatedwith lead.

The [FC values obtained for Cu, Cr, Zn, Ni and As wererespectively 3.752, 3.897, 4.750, 3.211 and

4.750. These values indicatethat the contamination isconsiderable. However, therewasvery high
contamination of Co, Cd and Hg. Generallyspeaking, the soilisseverelycontaminatedwith cobalt,
cadmium and mercury. There is a risk of thesemetalsbeingtransferred to plants and groundwater,

withharmfulconsequences for the environment and humanhealth.

4.5 Assessment of the PLI of the soils in ourstudy

Figure 3 shows the histograms of the [pollutantload indices for the soils in the study area.
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Figure 3: Pollution load index soil in the study area
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Analysis of the histogram (Figure 3), showing the variation in PLI in the 21 soilsamples, shows PLI

5, Conclusion

This studyassessed the Degree of Contamination in zinc, nickel, chromium, copper, lead, cadmium,
cobalt, arsenic and mercury in the marketgardening areas of Korsimoro. The resultsobtained for the

twenty-one (21) soilsamples show that the concentration values are veryvaried.

Theyvaryaccording to the metallicelement. The average concentrations of the heavymetals cobalt,

cadmium, nickel and mercuryexceeded the referencelimit values, suggesting contamination.

The results of the FE calculations show a verysevereenrichment for cobalt (Co) and thenindicate an

extremelysevereenrichmentoverall for cadmium (Cd) and mercury (Hg).

The results of the contamination factor calculationshowed a high level of Cd, Co and Hg

contamination, indicating an anthropogenicorigin.

In addition, the extent of metal pollution in the soilwasassessedusing the PLI calculation. The
resultsobtained show thatsoils in the study area are contaminated by metallicpollutants. The minimum
PLI is 7.89 and the maximum is 14.26. This index, greaterthan 1, indicates a high level of pollution.

Contamination of thesesoilscould pose a risk of poisoningthrough the foodchain for people who use

them to growtheircrops, as well as a risk of contamination of groundwater.
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