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ABSTRACT 
Objective: This study focused on the assessment of trace metal element (MTE) contamination risks of soils in 
the Brazzaville vegetable belt, subject to intensification of cultural practices and urban expansion.  
Methodology and results: To determine the MTEs (Pb, Cd, Cr, Cu and Ni), 54 composite soil samples were 
collected systematically from 54 plots of 1 ha each at the three sites of Mayanga vegetable sector (Bikakoudi, 
Wayako and Mahouna). The concentrations of MTE vary between 50 and 125 mg.kg-1 for Pb, between 10 and 
15 mg.kg-1 for Ni, between 30 and 40 mg.kg-1 for Cu and between 0.4 and 0.8 mg.kg-1 for the Cd. The order of 
accumulation of MTE in the soils is Pb > Cu > Ni > Cr > Cd. The Pb and Cd contents at the Bikakoudi site are 2 
to 3 times higher than the values allowed by the European standard of European Commission Director General 
Environment (ECDGE, 2004) while the other trace elements have contents lower than the accepted amount (40 
mg.kg-1 for Pb, 20 mg.kg-1 for Cu, 15 mg.kg-1 for Ni, 30 mg.kg-1 for Cr and 0.4 mg.kg-1 for Cd). The 
contamination of certain plots is linked to the use of household waste sludge and to road and railway traffic that 
are close to these sites. The pollution indices show that nearly 40% of plots studied, on the Bikakoudi site, have 
low pollution values, to be monitored in order to limit the contamination risk of crop. 
Conclusion and application of results: The Bikakoudi site is the most exposed to the risks of pollution by MTEs. 
However, the potential ecological risk factor is very low for all the MTEs studied. In the future, studies should 
focus on speciation of MTEs and their transfer to cultivated plants. 
Keywords: Congo, Brazzaville, soils, urban market gardening, MTE mapping, pollution index. 
 
INTRODUCTION 
In developing countries, urban market gardening is 
helping to feed the growing urban populations, 
particularly in sub-Saharan Africa (Belantsi & 
Torreilles, 1999; FAO, 2012). As the soils in this 
zone are relatively poor in nutrients (Jones et al., 
2013), there is an intensification of cultivation 
practices characterized by the elimination of fallow, 

regular and unsustainable inputs of organic fertilizers 
(sludge and compost from household waste, 
livestock manure, agro-industrial by-products, 
sewage sludge), mineral fertilizers and the use of 
various pesticides (Denissov, 1977; Girard et al., 
2005; Compaoré & Nanéma, 2010). These practices, 
far from being ecological, not only contribute to 
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improving yields, but also contaminate the soil with 
metallic trace elements (MTE) contained in these 
fertilizers (Setyorini et al., 2002; Houot et al., 2009; 
Siti Norbaya et al., 2014). Indeed, regular use of 
fertilizers results in an accumulation of MTE in the 
surface horizons (ploughing horizon) and their 
transfer into crops or groundwater (Mbarki et al., 
2008; Tankari Dan-Badjo et al., 2014; Hodomihou et 
al., 2016). Brazzaville's market-garden belt provides 
at least 80% of the vegetables sold in the city 
markets. Unfortunately, with rapid population growth, 
agricultural production is relatively low due to land 
constraints and low soil fertility (Denis, 1974; Gaye, 
1986; Schwartz 1986; Samba & Moundza, 2007; 
FAO, 2012). The massive spreading of household 
waste sludge and mineral fertilizers to improve the 
fertility of sandy soils and increase yields could 

induce significant risks of soil contamination by 
MTEs (Matondo & Miambi, 1990; Boland, 2002; 
Ntangou, 2006). Furthermore, as a result of urban 
expansion, the proximity of physical communication 
infrastructures (road and rail traffic) to market 
gardening sites could also contribute to soil 
contamination by the fallout from exhaust gases from 
vehicles and locomotives rich in MTEs (Sétra, 2004; 
Tremel-Schaub et Feix, 2005; Meng et al., 2014; 
Tankari Dan-Badjo et al., 2014). Thus, the objective 
of this article is to determine the contents of MTEs 
(Pb, Cd, Cu, Cr and Ni) in the soils of market garden 
sites in Mayanga, which is part of the Brazzaville 
market garden belt, in order to assess the risks of 
crop /environment contamination and ecological 
impacts.  

 
MATERIAL AND METHOD  
Location and characteristics of study sites: The 
Mayanga market gardening cooperative, set up in 1990 
by Agri-Congo society, is located in southwest of 
Brazzaville, between 4° 15' and 4° 16' south latitude and 
15° 11' and 15° 12' east longitude, on the right bank of 
Djoué river. The climate of the Mayanga sector, similar to 
that of Brazzaville, is of the lower-Congo or Guinean-
Sudanese type, characterized by two seasons: a rainy 
season from October to May with a decrease from 
January to February, and a dry season from June to 
September. The annual rainfall is about 1 400 mm. The 
average temperature is about 25°C with thermal 
amplitudes not exceeding 5°C (Samba-Kimbata, 1978). 

The original vegetation that covered the site of Brazzaville 
city and its surroundings consisted of forests and 
savannahs. Savannahs are divided into two subgroups: 
the first, characterized by Hypparhenia diplandra and 
Bridelia ferruginea, grows on more clayey soils, while the 
second in Loudetia demeusii and Hymenocardia acida is 
typical of sandy soils (Makany, 1976). The forests, of 
mesophilic and tropophilic types, more or less degraded 
and secondarized, are found in the hilly areas bordering 
Brazzaville city while the gallery forests border the rivers 
(Makany, 1976). The Mayanga sector comprises three 
sites (Figure 1) which were the subject of this study: 
Bikakoudi (28 ha), Wayako (12 ha), and Mahouna (6 ha). 
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Figure 1: Location of the Agri-Congo vegetable sector from Mayanga to Brazzaville (Congo). 
 
Pedological characteristics of the sites: The soils of 
Bikakoudi and Wayako market garden sites derived from 
sands of the Batéké plateaux and those of Mahouna site 
were developed on arkosique sandstones from the Inkisi 
series (Desthieux, 1993; Alvarez et al., 1995). They are 
divided into three types: Arenosols, which dominate the 
sites of Bikakoudi and Wayako, Ferralic Arenosols, 
observed on the site of Mahouna and Fluvisols, which are 
found at the bottom of the slope. Arenosols are 
chemically poor, with a sandy texture overall profile, 
without coarse, porous elements and an unclear 
structure. Ferralic Arenosols have a sandy texture on the 

surface and sandy-clayey in depth, with a relatively well-
developed structure and porosity. Fluvisols develop along 
the Djoué River and are associated with Arenosols and 
Ferralic Arenosols (Denis, 1974; Gakosso, 2015; Nguila 
Ntsoko, 2015).  
Sample collection: Sampling is carried out 
systematically using a 100 m square mesh grid with 
plough boards to a depth of 20 cm (Roberto & Fabriozo, 
2009; Girard et al., 2011; Tankari Dan-Badjo et al., 2014). 
In each plot, five samples are taken and mixed to form a 
composite sample (Figure 2). The samples are then 
packed in polyethylene bags. 
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Figure 2: Location of soil sampling points 
 
Sample preparation and metal analysis: The samples 
are dried in the laboratory at room temperature (25°C) for 
two weeks before being sieved through a 2 mm mesh 
sieve. For the determination of the MTEs, the samples 
were mineralized with aqua regia and hydrofluoric acid. 
The MTEs assay was performed by atomic emission 
spectrometry with inductively coupled plasma (ICP-AES). 
Data processing: The statistical analysis of the data was 
done using Excel and SPSS software. For soil 
contamination maps, each sampling point is 
georeferenced and processed by QGIS software. The 
spatial distribution of the contents of each MTE was 
obtained by weighted inverse distance interpolation (IDW) 
(Valladares et al., 2009) for the determination of the 
pollution risk; the pollution index (PI) of each sample was 
calculated based on the following formula: 

IP=  

where Ci is the concentration of the considered MTE of 
each sample, Si is the normative threshold content of the 

considered MTE and n is the total number of studied 
MTEs (Funtua et al., 2014; Meng et al., 2014; Tankari 
Dan-Badjo et al., 2014; Karimi & Nazari, 2015). The 
thresholds used for our study are those of the German 
Soil Protection Ordinance (BBSchV, 1999 cited by 
ECDGE, 2004). According to this standard, the limit 
contents of MTEs allowed in sandy soils are 40 mg.kg-1 
for Pb; 0.4 mg.kg-1 for Cd; 15 mg.kg-1 for Ni; 30 mg.kg-1 
for Cr; and 20 mg.kg-1 for Cu. There are three IP classes: 
IP < 0.5 (unpolluted soils), 0.5 ≤ IP < 1 (slightly polluted 
soils) and IP ≥ 1 (polluted soils). To assess the 
environmental risks of each MTE present in soil, the 
ecological risk factor (Er) was calculated for each site 
based on Häkanson's (1980) MTE toxicity coefficients. It 
is based on the following formula: 
Eri = IPi .Ti 
With IPi = pollution index of each MTE and Ti its toxicity 
coefficient. 
The toxicity coefficient values set by Häkanson for each 
MTE are as follows (Häkanson, 1980; Banu et al., 2013; 
Wang et al., 2013; Mugoša et al., 2016): 2 for Cr and Ni; 5 
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for Cu and Pb; 30 for Cd. To distinguish the different 
contents of potential ecological risk, five classes are used: 
Eri < 40 (low), 40 ≤ Eri < 80 (moderate), 80 ≤ Eri < 160 
(moderate), 160 ≤ Eri < 320 (considerable) and Eri ≥ 320 

(very high). Pearson's correlation was applied to soil MTE 
contents to look for sources of contamination (Banu et al., 
2013; Mugoša et al., 2016). 

 
RESULTS  
Average contents of MTEs in soils: Overall, the order 
of MTEs accumulation in soils is Pb > Cu > Ni > Cr > Cd; 
the Bikakoudi site has the highest average MTE contents 
(Figure 3). Mean Pb contents vary between 13 and 30 
mg.kg-1, with the lowest and highest values observed at 
the Mahouna and Bikakoudi sites respectively. The same 

trend is observed with Cu and Ni whose contents are from 
2 to 10 mg.kg-1 and 3 to 7 mg.kg-1 respectively. In the 
soils of Bikakoudi, Pb, Cu and Ni contents are 2 to 5 
times higher than in the Mahouna site, which recorded the 
lowest contents of these MTEs.  

 

   

 
d  

e 
Figure 3: Average MTE contents in soils in the Mayanga sector 
 
The contents of Cr and Cd vary respectively between 4 
and 7 mg.kg-1 and between 0.1 and 0.4 mg.kg-1, with the 
lowest contents observed in the Wayako site soils and the 
highest in the Bikakoudi site soils. For the latter two 
MTEs, the difference in concentrations between sites is 
not too great (< 1.5). The contents of Pb, Cu, Ni and Cr 
are well below the thresholds set by the German Soil 
Protection Ordinance (BBSchV, 1999 cited by ECDGE, 
2004) in sandy soils for these elements which are 
respectively 40 mg.kg-1 for Pb, 20 mg.kg-1 for Cu, 15 
mg.kg-1 for Ni and 30 mg.kg-1 for Cr. On the contrary, Cd 

contents in Bikakoudi soils are close to the limit value of 
0.4 mg.kg-1. 
Spatial distribution of MTEs in soils: The spatial 
distribution of MTEs in the vegetable soils of Mayanga 
shows that 80% of the surface area of Bikakoudi site has 
soil contents below the accepted limit (40 mg.kg-1) while 
8% of the surface area of the site reveals Pb contents 
between 40 and 75 mg.kg-1 and only 2% of the surface 
area is affected by the highest Pb concentrations, 
between 75 and 125 mg.kg-1. On the Wayako site, 2.5% 
of the area has soils with Pb contents between 4 and 75 
mg.kg-1 while the Mahouna site has 2.3% of its area 

b c 
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where soils have contents between 40 and 100 mg.kg-1 
(Figure 4a). Concerning Cu, the soils of Bikakoudi site 
have contents below the limit value (40 mg.kg-1) 
nevertheless; it is observed that 8% of the surface of the 
site has soils with higher contents of Cu, between 20 and 
40 mg.kg-1. At the Wayako and Mahouna sites, 100% of 
their areas have low Cu contents, below 20 mg.kg-1 
(Figure 4b). The spatial distribution of Cd concentrations 
shows that the highest concentrations (0.4 to 0.8 mg.kg-1), 
higher than the standard (0.4 mg.kg-1), are observed over 
26% of the surface area of Bikakoudi site. 100% of the 
areas of Wayako site have Cd contents below 0.40 
mg.kg-1 but 92% of the areas have contents between 0.20 
and 0.40 mg.kg-1, therefore close to the threshold used. 

98% of the areas of Mahouna site have Cd contents 
below 0.20 mg.kg-1; on the remaining 2% of the site, the 
highest contents (0.60 to 0.80 mg.kg-1) of Cd were 
observed, far exceeding the accepted threshold (Figure 
4c). With a threshold set at 15 mg.kg-1, the highest Cr 
concentrations are found over an area of nearly 4% of 
Bikakoudi site, while all the points at the Wayako site and 
92% of the points at Mahouna have Cr concentrations of 
less than 10 mg.kg-1 (Figure 4d). Although the contents of 
Ni vary from one site to another, they are well below the 
standard of 15 mg.kg-1. The total area of Wayako site has 
Ni contents below 5 mg.kg-1, while the highest contents 
close to the threshold (10 to 15 mg.kg-1) are observed on 
8% of the areas of Bikakoudi and Mahouna (Figure 4e). 

 

   

  

 

Figure 4: synoptic map of soil contamination by MTEs 
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Environmental risks: The spatial distribution of the 
overall pollution index (PI) shows that 44% of Bikakoudi 
sites are unpolluted, 50% of the plots are slightly polluted 
and 6% of the site area is polluted, with an IP > 1 (Figure 
5). At the Wayako and Mahouna sites, soils are slightly 
polluted at 8% and 10% of the area respectively. The 

soils of Bikakoudi site thus present high risks of 
environmental pollution. The potential ecological risk 
factors (Er) are generally low (< 40) for all MTEs however, 
Cd has the highest values compared to the other four 
MTEs (Table 1). 

 
 

 
Figure 5: Spatial distribution of the MTE pollution index in the sites studied 

 
Table 1: Ecological risk factors for contamination according to sites 

Sites 
Toxicity Coefficients of MTEs (Eri) 

Pb Cd Ni Cr Cu 
Bikakoudi 3.7 28.5 0.4 0.9 1.2 
Mahouna 1.6 8.5 0.2 0.7 0.2 
Wayako 2.2 20.2 0.2 0.5 0.6 

 
Identification of sources of contamination: All the 
MTEs studied have positive correlations between them 
but with different contents of significance (Table 2). 
Positive correlations at 1% significance level exist 
between Ni-Pb, Ni-Cd, Ni-Cu and Ni-Cr, but the strongest 

coefficients (r > 5) are between Ni-Cd and Ni-Cu. This 
indicates that the MTEs studied could have common 
origins but are distributed at different contents for each 
source. 

 
Table 2: Correlation between MTE accumulated in Mayanga market gardening soils (n=55) 

Metal Pb Cd Ni Cr Cu 
Pb 1     
Cd 0.25 1    
Ni 0.45** 0.56** 1   
Cr 0.38** 0.17 0.38** 1  
Cu 0.47** 0.47** 0.67** 0.32* 1 

  **. Significant correlation from 0.01; *. Significant correlation from 0.05. 
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DISCUSSION  
Variation in spatial distribution of MTEs in soils: 
Spatial variation in MTEs contents from one point to 
another on the same site is a characteristic of 
anthropogenic contamination because soils should 
theoretically have the same metal concentrations due to 
their common geological origin (Sétra, 2004; Tankari Dan-
Badjo et al., 2014; Hodomihou et al., 2016). Three factors 
explain this spatial variation in MTEs: farming practices, 
farm ages, and the existence of anthropogenic activities, 
sources of MTEs, around market gardening sites (Boland, 
2002; Smith, 2009; Wang et al., 2013; Mugoša et al., 
2016). Because MTE concentrations are cumulative and 
persistent in soils, Bikakoudi site, in operation since 1990, 
has accumulated more MTE than the other sites put into 
operation 7 years later. The existence of polluted areas at 
Bikakoudi and Mahouna sites could be explained by the 
high input of poorly sorted muck of household waste (82 
t/ha) rich in MTE (Girard et al., 2005; Mbarki et al., 2008; 
Compaoré & Nanéma, 2010; Alackys Ampossi, 2018). At 
Bikakoudi site, land use has gradually evolved from north 
to south of the site, which would explain the pollution 
gradient showing decreasing contents of MTE from north 
to south of the site (Elbana et al., 2013; Meng et al., 2014; 
Tankari Dan-Badjo et al., 2014).  
Soil contamination sources: The correlation between 
the accumulated MTEs in Mayanga vegetable soils shows 
that Cu has the same significant correlation with Pb and 
Cd (r = 0.47), but the latter two are not significantly 
correlated (r = 0.25). This observation suggests that 
agricultural practices are not the only sources of 

contamination. With urban expansion around sites, 
human activities, such as road and railway traffic, can 
contribute to soil contamination by MTEs (Sétra, 2004; 
Salah et al., 2013; Meng et al., 2014; Siti Norbaya et al., 
2014; Tankari Dan-Badjo et al., 2014; Mugoša et al., 
2016). Nevertheless, due to the age of the farms and the 
low doses of mineral fertilizers applied (1.2 t/ha), the MTE 
contents in all sites are still at an acceptable level 
according to the accepted limit thresholds for soils 
(ECDGE, 2004; Girard et al., 2005; Siti Norbaya et al., 
2014; Tankari Dan-Badjo et al., 2014). 
Environmental risk assessment of MTEs: A 
comparative analysis of the MTE contents at the sites 
reveals that Bikakoudi is the site most exposed to the 
risks of environmental pollution and the very high risk of 
crops bioaccumulation. The bioaccumulation 
phenomenon would be favoured by the soils physico-
chemical characteristics (low acid pH and CEC, sandy 
texture) which make them very sensitive to the mobility of 
MTE (Manouchehri & Bermond, 2010; Ondo, 2014; 
Hodomihou et al., 2016; Yallo Mouhamed, 2016). 
Furthermore, because MTEs are persistent in the natural 
environment, over time they can accumulate in soil and 
become potentially toxic to living organisms (Girard et al. 
2005; Khan et al. 2007; Smith 2009; Elbana et al. 2013; 
Uriah & Shehu 2014; Mugoša et al. 2016). For this 
reason, precautions must be taken to prevent the risk of 
MTEs accumulation in the market gardening soils of 
Brazzaville.  

 
CONCLUSION  
The determination of MTEs in the market gardening 
sector of Mayanga showed that the soils of Bikakoudi and 
Mahouna sites accumulated Pb in high contents (from 
100 to 125 mg.kg-1), largely exceeding the thresholds 
allowed by the standard used (40 mg.kg-1). There are also 
Cd contents above the accepted threshold (0.4 mg.kg-1) 
on certain plots at the Bikakoudi site. The spatial 
distribution of the MTEs shows that the northern areas of 
Bikakoudi site and the southern areas of Mahouna site 
are the most contaminated. The sources of contamination 
of these sites would be the intensification of farming 

practices and atmospheric inputs from MTE by human 
activities and road and rail transport. In relation to the 
calculated pollution index, Bikakoudi site is the most 
exposed to the risks of pollution by MTEs. However, the 
potential ecological risk factor is very low for all the MTEs 
studied. However, precautions must be taken, through the 
practice of reasoned fertilization techniques, to limit the 
risk of accumulation of these MTEs in the soil. In the 
future, studies should continue on these sites, focusing on 
speciation of MTEs and their transfer to cultivated plants. 
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