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Assessment of heavymetal concentration in soil and plant and Evaluation of
Bioconcentration factor at LOUMBILA marketgardeningperimeters, Burkina
Faso

Abstract

Agricultural  soilqualitydeteriorationresultingfrom@niiincrease in the level of
heavymetalsisbecoming more and more pronounced, thusraising the question Ofthe
Safetystatus of humanhealth and fRE/€AVIFGAMENt. Determination of heavymetal concentration
in soils and plants from Loumbila marketgardening, and calculation of bioconcentration factor
wereundertaken. Heavy metalscopper (Cu), nickel (Ni), lead (Pb), chromium (Cr), cadmium
(Cd), and zinc (Zn) weremeasuredusingatomic absorption spectrophotometer (AAS) model
AANALYST 200 from PERKIN ELMER.

InNtREsoilwhere the pepperwasgrown, the concentration of chromiumwas 175 mg/kg,
whichishigherthan the concentration limitwhichis 150 mg/kg. Also, the concentrations of lead
in the soils of onion (118 mg/kg), green bean (118 mg/kg), carrot (178 mg/kg), and pepper
(135 mg/kg) wereabove the limitwhichis 100 mg/kg. The concentrations of chromium in
Onionleaves (3.72 mg/kg), onions (4.65 mg/kg), lettuce (4.89 mg/kg), green beans (5.89
mg/kg), and bellpeppers (3.56 mg/kg)were concentrations above the limitestablished by the
FAO/WHO, whichis 2.3 mg/Kg. The concentrations of lead in carrot, onionleaf, onion,
lettuce, green bean, and bellpepperwereabove the limitproposed by FAO/WHO.

The bioconcentration factors show that the onionleaf (0.731), onion (0.929), lettuce (0.876),
green bean (0.987), and bellpepper (0.858) are the plants ffiafaccumulate zinc and the carrot
(0.524)accumulates nickel.The bioaccumulation of the metals in the vegetable from
Loumbilamarket gardening decreased in the order of Onion > lettuce > green bean > bell
pepper > onion leaves > carrot.
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l. Introduction

In countries witnessing rapid industrialization, one of the most pressing environmental issues
challenging the global sustainable development agenda is environmental pollution due to
toxic metals. Metal pollutants gain entry into the air, soil, and water bodies via natural and
anthropogenic routes, including domestic and agricultural use, metals mining and smelting
activities, and other industrial productions [1].Rapid industrialization, inappropriate
utilization, and disposal of toxic trace metal-containing wastes, excessive use of fertilizers and
pesticides are the main causes of toxic trace metals in agricultural soils, which become
hazardous to human and environmental health. The main heavy that contribute to
environmental pollution, particularly in areas with high anthropogenic activities are lead (Pb),
cadmium (Cd), nickel (Ni), cobalt (Co), iron (Fe), zinc (Zn), chromium (Cr). The capacities of
heavy metal uptake and accumulation, mechanisms of metal concentration, exclusion, and



compartmentation vary among different plant species and also between various parts of
plants[2, 3].

The problem of contaminated soil on the perimeters of market gardeningis very worrying
today in urban cities In emerging countries. Heavymetals such as lead, cadmium, copper, zinc,
and mercury cannot be biodegradedand therefore persist in the environment for long periods.
The accumulationof heavy metals in the environment can affect human and animal health

[4]. Understanding the origin of heavy metal pollution, the phenomenon of accumulation in
soils, and their possible interactions with soil constituents is apriority in many environmental
studies. The accumulation of heavy metals inagricultural soils presents an increased risk of
food pollution and a potentialrisk to human health [5].

The use of wastewater can increase €rop productivity, but also increases the contamination of
heavy metals (Pb, Ni, Cd, Cu, Zn, Mn, Cr...) in the plants.The plants (Amaranthus,
Fenugreek, and Spinach) heavy metals concentrationsdepend on the soil concentration [6] [7].
The vegetable from the contaminatedsoil can accumulate high concentrations of heavy metals
and cause some seriousrisks to human health [8]. As an example, [9] John et al., show that
thevegetable and the soil from Kaduna city are polluted by Pb, Cd, and Cr [9]. The
concentration of Pb in cabbage, (10.51), lettuce (10.19), green pepper (9.44), hot pepper
(7.61), and ayoyo (9.05) from some parts of Accra were higher than theFAO/WHO maximum
recommended limit of 0.30 mg/kg for Pb [10].

The concentration of cadmium (Cd), lead (Pb), and chromium (Cr) in vegetable species
(Telferia occidentalis, Talinum triangulare, Ocimumgratissimum, Celosiaargentea, and
Amaranthus Miridis) cultivated in Lagos farmlands and floodplains,were above standard limit
[11]. Heavy metals in plants can accumulate inthe human body and cause diseases such as
Colon, stomach, liver, lung, bladder,and kidney cancers [12] [13] [14].

Trace metal elements contained in wastewater are toxic and non-biodegradable substances
that accumulate in the soil and, depending on biogeochemical conditions,can lead to soil
degradation [15]. Studies show that even treated wastewateralso contains heavy metals that
can contaminate crops when used for irrigation[16].

Metal elements such as Fe, Zn, Mo, Cu, Co, and Cr are known to be essential elements in the
living organism. However, a high concentration can be potentiallytoxic [17].

Pollution can be due on the one hand to the use of wastewater for irrigationand on the other
hand to the proximity of the production sites of major urbantraffic axes and industries that
emit heavy metals [18]. The accumulation ofheavy metals in soil can be due to the irrigation
water and thereafter contaminatethe vegetable and fruit. Heavy metal concentrations in
thevegetable are differentfrom those of the fruits revealing the difference between their
capacities for accumulation

[19].

The contamination of soils, plants, and water by heavy metals constitutes an important public
health issue that requires more information on the varioussources of pollution gand the rate of
contamination. Preliminary studies onheavy metal pollution in the market gardening areas of
Ouagadougou and Loumbilahave revealed a deterioration in soil quality [20]. Concentration
values ofcertain metals (Cr, Mn, Ni, and Hg) in irrigation water were found to be above
standards. A high concentration of chromium was observed in tomatoes[21]. The alert
resulting from this study on the potential risk of pollution of agriculturalsoils and transfer of
pollutants into the food chain justifies the need to continuestudies on the market gardening
areas of Ouagadougou and Loumbila on otherplants.

The bioconcentration factor (BCF) for the heavy metals in the leafy vegetables decreased in
theorder of Cd (5.85) > Hg (3.83) > Fe (0.31) > Zn (0.11) > Cr (0) =Ni (0).The capacity
ofleafy vegetables to accumulate Fe, Cd, Zn, Cr,Ni, and Hg decreased in the order of
Amaranthus Spinesa> Corchorusolitorious> Brassica oleracea > Brassica rapa. In the non-



leafy vegetables, the BCF decreased in theorder of Hg (2.46) > Zn (0.12) > Fe (0.1) > Cd (0)
= Cr (0) =Ni (0).The capacity ofnon-leafy vegetables to accumulate Fe, Cd, Zn, Cr,Ni, and Hg
decreased in the order of Daucus carota >Raphanus sativus > Allium cepa ~ capsicum
annuum.The lowBCF for Cr and Ni in all vegetable species maybe due to the toxicity ofthe
crops[22].

Based on the work carried out on heavy metals in plants in West Africa (Ghana, Nigeria, etc.)
in general and in Burkina Faso in particular, this study focused on copper (Cu), chromium
(Cr), zinc (Zn), lead (Pb), nickel (Ni), and cadmium (Cd) in the most consumed plants [10]
[11] [20].

The objective of this studyis to estimate the concentration of heavy metals (Cu, Cr, Zn, Pb,
Ni, and Cd) in soil and vegetables at the Loumbila market gardening sites and evaluate
thebioconcentration factor.

1. Materials and methods
11.1.Study Area

In this study, the vegetable samples were collected in different agricultural areas at
theLoumbila market garden. Distance of 18 kilometers from Ouagadougou capitalcity of
Burkina, Loumbila market garden is expanding around the dam. Thedam is located at a
longitude of 01°24'07.4 West and a latitude of 12°29'35.8North with @ water capacity of 42.2
million cubic meters. It is used by marketgardeners to irrigate plants[23].

Columbia’s market gardening areas have a much-diversified production of vegetables, namely
onion, tomato, okra, zucchini, African eggplant, eggplant,pepper, bell pepper, lettuce,
cabbage, carrot, green bean, and potato. Marketgarden products from Loumbila can be found
in most markets in the city ofOuagadougou or exported to neighboring countries. These
reasons led to thechoice of the Loumbila market gardening areas to carry out this study, by
choosingthe most consumed vegetables in the city of Ouagadougou.

11.2. Samples and Sampling Techniques

The samples of soils and vegetables were collected from the market garden of Loumbila.

The agricultural soil sample was collected at three or four different points on the diagonal
profile of each site. The soils from the different points were mixed and kept in sterile plastic
bags.

Sampling was carried out at regular intervals and over the entire plot for eachtype of sample.
The different plants were sampled by separating the differentplant tissues (roots, leaves,
stems, and fruits) of each plant using a ceramic knifeto avoid contamination. To measure an
average concentration, at the plot level,the samples were mixed by family and constitute an
aliquot. Plant samples foranalysis of heavy metals were placed in plastic bags.

The vegetables were washed up with tap water thoroughly to remove the attacheddust
particles, soil, unicellular algae, etc. Then they were washed with distilledwater and finally
with deionized water. The washed vegetables were driedat room temperature to remove
surface water.



Carrot, onion leaves, onion, lettuce, green beam, and bell pepperwere collected during the
vegetable sampling.

11.3. Laboratory Analysis

The soils and vegetables samples were analyzed for heavy metals such as chromium (Cr), zinc
(Zn), lead (Pb), nickel (Ni), cadmium (Cd), and Mercury (Hg) using Atomic Absorption
Spectrometer, model PERKIN ELMER AANALYST 200.

Mechanical preparation consisted of sieving the soil samples through a certified 200 mesh (75
microns) sieve.The test portion used is one gram. The Soilsamples were weighed using a
PA214C balance from OHAUS PIONEER With""a précision of10“grams and &
capacityof200g.The mineralization consisted in mineralizing the samplesweighed by aqua
regia (2.5 mL of HNO; + 7.5 mL of HCI) at acontrolled temperature (water bath at 90 + 50°C)
for one hour. The acids used are of the analytical type.The solution obtained is consequently
brought to 100 mL by way of demineralized water with a conductivity of less than 2 uS / cm.
The vegetable sample (1 g) was weighed into a 100 ml volumetric flask and concentrated
acids of 10.0 mL of concentrated sulfuric acid were added to each sample. The samples
obtained after adding concentrated acid were gently on a hot plate, stirring occasionally until
the powder completely dissolved in the solution (about 10 to 15 minutes). Then 10ml of
distilled water was added and the whole was heated gently for a few minutes (5 to 10 mins).
Finally, the solution was left to stand for it to settle well and the filtrate was taken for
analysis.

The analysis results are valid based on the performance of the analysis methods used (limit of
detection and quantification, data of duplicates and reference materials inserted in the
chemical preparation of the samples, selectivity of the method, the robustness of the method,
data for control solutions, data for chemical blanks, etc.).

I11.4. Bioconcentration factor

Bioconcentration factor (BCF) is defined as the ratio of the metal concentration in theplant to
the metal concentration in the soil. BCF measures the heavy metal accumulation efficiency in
plants. When the BCF values @re greater than 1, indicates that the species is a
hyperaccumulator of heavy metals[1-3; 22; 24-25].

BCF = heavy metal concentration in plant

heavy metal concentration in soil

IIl.  Results and discussions
I11.1. Concentration of heavy metals in agricultural soils

Table 1 presents the concentrations of Cu, Ni, Cr, Cd, Pb, and Zn in some market gardening
soils at Loumbila. The soils were taken according to the plant produced. The soils for the



production of onions, green beans, lettuce, carrots, and bell peppersarethe subject of this
study.
Table 1: Concentration of some heavy metals in the market gardening soils of LOUMBILA

Concentration in ppm (mg/kg)

Cu Ni Cr Cd Pb Zn
S’?;Lﬁfboe';'gg and 34 29 83 ND 118 79
Soil of Lettuce 35 24 69 ND 46 80
Soil of bellpepper 33 22 66 ND 82 82
Soil of carrot 34 21 62 ND 178 90
Soil of pepper 51 19 175 ND 135 107
Average 37.4 23 91 ND 111.8 87.6
Limits values 100 50 150 3 100 300

The copper concentrations in the studiedsoilsvaryfrom 33 mg/kg to 51 mg/kg with an average
of 37.4 mg/kg. The copper concentrations obtained in thisstudywere all below the limit value
for copper in agricultural soils.

The studiedsoilspresent nickel concentrations whichwerebetween 19 mg/kg and 29 mg/kg
with an average of 23 mg/kg. The limit value for nickel in soilsis 50 mg/kg,
whichishigherthan the values obtained in thisstudy.

On the soilwhere the pepperwasgrown, the concentration of chromiumwas 175 mg/kg,
whichishigherthan the concentration limitwhichis 150 mg/kg. The othersoilshadchromium
concentrations below the limit. This high concentration of chromium insoil can lead to a high
concentration of chromium in the pepper.

In all soilsamplesanalyzed in thisstudy, the cadmium concentration wasbelow the
detectionlimit.

The concentration of zinc in soils varies between 79 mg/kg and 107 mg/kg with an average of
87.6 mg/kg. The zinc concentrations in the studiedsoilswerebelow the limit of 300 mg/kg.

The results of thisstudy show that the concentrations of lead in the soils of onion, green bean,
carrot, and pepperwereabove the limitwhichis 100 mg/kg. These high lead concentrations in
soils can lead to high concentrations of lead in onions, green beans, carrots, and peppers. Lead
concentrations in lettuce and peppersoilswerebelow the limit.

The mean concentration of heavy metals in the agricultural soils samples from

Loumbilamarket gardeningdecreased in the order Pb > Cr> Zn > Cu > Ni > Cd.
111.2. Concentration of heavy metals in some plants

Table 2 presents the concentrations of Cu, Ni, Cr, Cd, Pb, and Zn in carrot, onionleaf, onion,
lettuce, green bean, and bellpeppersampledfromsomesoils of Loumbila.

Table 2: Concentrations of heavymetals in the studiedplants

Concentration in ppm (mg/kg)

Cu Ni Cr Cd Pb Zn
Carrot 17.6 11 1.3 ND 27.02 42.95
Onionleaves 16.4 11.16 3.72 ND 10.48 57.72
Onion 19.81 10.05 4.65 ND 11.52 73.37

Lettuce 16.9 5.09 4.89 ND 15.44 70.1




Green bean 16.06 8.58 5.89 ND 4.09 78

Bell pepper 19.65 7.01 3.56 ND 1.73 70.39
Average 17.74 8.82 4.00 ND 11.71 65.42
FAO/WHO safelimit 40 - 2.3 0.2 0.3 20

The concentrations of copper in the studied plants varyfrom 16.06 mg/Kg to 19.81 mg/Kg.
Allmeasuredconcentrations in the studied plants werebelow the limitestablished by the
FAO/WHO.

The concentrations of chromium in the studied plants varyfrom 1.3 mg/Kg to 5.89 mg/Kg.
Onionleaves, onions, lettuce, green beans, and bellpeppers have chromium concentrations
above the limitestablished by the FAO/WHO, whichis 2.3 mg/Kg. Carrots have a chromium
concentration lowerthan the limitestablished by the FAO/WHO. Consumption in large
quantities of onionleaf, onion, lettuce, green bean, and pepperfrom the study area can be the
cause of diseasessuch as stomach cancer, andintestine, ... [14].

Concentrations of lead in carrot, onionleaf, onion, lettuce, green bean, and
bellpepperwereabove the limitproposed by FAO/WHO. The high concentrations maybe due to
the high concentrations of lead observed in cropsoils. The lettucegrowingsoilhad a lead
concentration below the limitwhereas the lettuceleaves have a lead concentration above the
FAO/WHO limit. This high concentration of lead in
lettuceleavesmaybebecauselettuceisaccumulating lead. Consumption in large quantities of
theseproductsfrom the study area can be the cause of cardiovasculardisease (hypertension),
kidney damage [12], andliverdisease[14].

The concentrations of zinc in carrot, onionleaf, onion, lettuce, green bean, and
pepperwerehigherthan the limitproposed by the FAO/WHO although the concentrations in the
soilswerelower. These high concentrations of zinc in carrots, onionleaves, onions, lettuce,
green beans, and bellpeppers show that the studied plants were hyper-accumulators of zinc.
The mean concentration of heavy metals in the edible portionsof the vegetables decreased in

the order Zn > Cu > Pb > Ni > Cr > Cd.
111.3. Soil-plant concentration

Figure 1 presents a histogramcomparing the concentrations of copper, nickel, chromium,
cadmium, lead, and zinc in the carrot and its cultivation soil.



Figure 1: Concentration of heavymetals in the carrot and its cultivation soil

The concentration of lead was the highest in carrot cultivation soil, while zinc is the metalwith
the  highest  concentration in carrot.  Carrotsaccumulatelesschromiumthan  the
otherheavymetalsstudied.

Figure 2 presents a histogramcomparing the concentrations of copper, nickel, chromium,
cadmium, lead, and zinc in lettuce and itsgrowingsoil.

Figure 2: Concentration of heavymetals in lettuce and itsgrowingsoil

Zinc has a high concentration in lettuce and itsgrowingsoil. Chromium has a fairly high
concentration in soil, whileits concentration in lettuceis the lowest. This reflects a high
absorption of zinc and low absorption of chromium by lettuce.

Figure 3 presents a histogram of the concentrations of heavymetals in green beans and their
cultivation soil.



Figure 3: Concentration of heavymetals in green beans and theirgrowingsoil

Lead has a high concentration in greenbeansoil but a low concentration in fhélgféénbean. Zinc
has a high concentration in green beans and isvery close to the soil concentration. This
reflects a high absorption of zinc and low absorption of lead by the green bean.

Figure 4 presents a histogram of the concentrations of heavymetals in the pepper and its
cultivation soil.

Figure 4: Concentration of heavymetals in bellpepper and itsgrowingsoil

Zinc has a high concentration in the pepper and its cultivation soil. Lead has a fairly high
concentration in soil, whileits concentration in pepperis the lowest. This reflects a high
absorption of zinc and [6W absorption of lead by the bellpepper.

Figure 5 presents a histogramcomparing the concentrations of copper, nickel, chromium,
cadmium, lead, and zinc in the onion, theseleaves, and its cultivation soil.



Figure 5: Concentration of heavymetals in onion, onionleaves, and growingsoil

Onion-growingsoil has a high lead concentration and a low nickel concentration. Onionleaves
have a high zinc concentration and a lowchromium concentration. Onion has a high zinc
concentration and a lowchromium concentration. This reflects a high absorption of zinc and
low absorption of chromium by the onion and theseleaves. The onionaccumulates more
copper, chromium, lead, and zinc thantheseleaves. As for onionleaves, theyaccumulate more
nickel.

The results of soil and plant concentrations show that zinc is the heavymetalthataccumulates
the most in onionleaf, onion, lettuce, green bean, and pepper. Lead and
chromiumaccumulateless in moststudied plants.

111.4. Bioconcentration factor

Table 3: heavymetal Bioconcentration factor

Cu Ni Cr Pb Zn
Carrot 0.518 0.524 0.021 0.152 0.477
Onion 0.583 0.347 0.056 0.098 0.929
Onionleaves 0.482 0.385 0.045 0.089 0.731
Lettuce 0.483 0.212 0.071 0.336 0.876
Green Bean 0.472 0.296 0.071 0.035 0.987
Bell pepper 0.595 0.319 0.054 0.021 0.858

Table 3presents the bioconcentration factors of copper, nickel, chromium, lead, and zinc in
carrot, onionleaf, onion, lettuce, green bean, and bellpepper.

The carrot has a bioconcentrationfactor that wvariesfrom 0.021 to 0.524. The most
accumulative metal in the carrotwasanickel.

The bioconcentration factor ranges from 0.056 to 0.929 in gniens and ranges from 0.045 to
0.731 in onionleaves. The most accumulative metal in the onionand the leavesis zinc, which



has a bioconcentration factor close to one in the fruit. This reflects a strongtransfer of zinc
from the soil to the plant.

In lettuce, the bioconcentration factor ranges from 0.071 to 0.876. The
mostaccumulatingmetal in lettucewas zinc.

Green beans have a bioconcentrationfactor that varies from 0.035 to 0.987. The most
accumulative metal in the green beanis zinc, which has a bioconcentrationfactor roughlyequal
to one. This reflects a strongtransfer of zinc from the soil to the green bean.

The bioconcentration factor varies from 0.021 to 0.858 in bellpepper. The most accumulative
metal in bellpepperwas zinc.

The bioconcentrationfactors show that the onionleaf, onion, lettuce, green bean, and pepper
are the plants ghataccumulate zinc and the carrotaccumulates nickel.

The bioaccumulation of the metals in the vegetable from Loumbilamarket gardening

decreased in the order of Onion>lettuce>green bean >bell pepper >onion leaves>carrot.
IV.  Conclusion

This study has revealedthat the concentrations of lead in the soils of onion, green bean, carrot,
and pepper are above the limitwhichis 100 mg/kg. These high lead concentrations in soils can
lead to high lead concentrations in onions, green beans, carrots, and peppers. Lead
concentrations in lettuce and peppersoils are below the limit.

The values of the bioaccumulation show that the onionleaf, onion, lettuce, green bean, and
bellpepperwere the plants thataccumulate zinc and the carrotaccumulates nickel.

The mean concentration of heavy metals in the agricultural soils samples from
Loumbilamarket gardening decreased in the order Pb > Cr> Zn > Cu > Ni > Cd.The mean
concentration of heavy metals in the edible portionsof the vegetables decreased in the order
Zn > Cu > Pb > Ni > Cr > Cd.For the individual vegetables, the bioaccumulation of the metals
in theedible parts decreased in the order of Onion>lettuce>green bean >bell pepper >onion
leaves>carrot.
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