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Abstract 

 
Corn could accumulate toxic elements. To assess the potential for corn accumulation, plots were made and 

organised according to a completely randomised block. Increasing doses of waste 0, 20, 40 and 60t/ha 

constituted the various treatments. Heavy metal trace levels of soil samples before and after harvest and biomass 

were determined. The results of the analyses show that the waste produced was contaminated and contributed to 

increase the copper and zinc content of the pre-seeded soils from 18.22 to 26.25mg/kg and from 15.16 to 

63.92mg/kg of soil, respectively. In general, soil heavy metal levels are not above the contamination limit. 

However, at maize, the levels are higher than the contamination limit for human and animal consumption. Values 

range from 5.56mg/kg for cadmium, 27.75 to 30.06mg/kg for copper, 13.83 to 42.59mg/kg for lead, 18.78 to 

28.41mg/kg for zinc. So, corn is an accumulating plant. 
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Introduction  

For thousands of years, maize has played a very 

important role in human nutrition (Anihouvi et al., 

2016). Its average annual production was about 1,039 

million tons in 2018 (OECD/FAO, 2018). In Africa, it is 

an important food in people's diets and contributes 

almost half of calories and protein (Macauley and Tabo, 

2015). It is the first cereal consumed in Burkina Faso, 

(INSD, 2018). Its production requires fertile soil that 

Burkina Faso does not have. The high cost of chemical 

fertilizers, directs producers to use organic waste 

recognized as nutrient-rich, according to Ouattara 

(2014). However, this waste may contain trace elements 

(Ilboudo, 2014; Senou et al., 2018). These toxic 

components are very persistent over time and penetrate 

food chains more or less rapidly and directly, exposing 

humans to slow intoxication (Khan et al., 2014). 

 

Many authors have evaluated heavy metal levels in 

cultivated plants such as lemongrass, cassava, lettuce 

(Senou et al., 2014; Kalonda et al., 2015; Konaté, 

2018). Their results showed a bioaccumulation of 

toxic elements in the tissues of these consumed 

plants. However, very few studies have been carried 

out to assess the bioaccumulation potential of cereals 

and Zea mays in particular in the African sub-region. 

Recent studies have focused on the effect of heavy 

metals on agro-morphological parameters of maize 

(Hadi et al., 2010; Khan et al., 2014). This is the 

background to our study on the effect of increasing 

doses of waste on the bioaccumulation of trace metal 

elements (TRM) by Zea mays L. The main objective is 

to assess the absorption and bioaccumulation 

potential of cadmium, copper, lead and zinc by Zea 

mays. L. The work will consist of determining the 

levels of cadmium, copper, lead and zinc in the soil 

and in the various organs of maize. 

 

Materials and methods 

Study site 

The study was conducted in Bobo-Dioulasso 

(11°10'43'' north; 4°18'25'' west), a town in the 

western part of Burkina Faso in the Hauts Bassins 

region. The test is being carried out in an operating 

unit in the Sakabi vegetable area. The geographical 

coordinates of this unit are 11°12'16.789" north 

latitude and 4°16'50.1589" west longitude. The choice 

of this site was justified by the use of urban waste as 

the main source of fertilizer by producers. 

 

Waste identification device 

The experimental set-up was a completely 

randomized block (CRB) whose only factor studied 

was the amount of waste. The test consisted of four 

treatments which are: T0: no waste input; T1: 20t/ha 

or 20kg of waste/plot; T2: 40t/ha or 40kg of 

waste/plot and T3: 60t/ha or 60kg of waste/plot.  

 

These waste doses were chosen based on the results 

on the quantities of waste evaluated at four sites 

(Kodeni, Kuinima, Dogona and Colsama) by Sanou 

(2018). Our device consisted of a total of 24 

elementary plots arranged in six blocks or repetitions. 

The dimensions of each elementary plot were 4m × 

2.5m or 10m2. Each plot was composed of 35 pockets 

arranged in 5 lines. 

 

Conduct of culture 

The soil was prepared by manual weeding. Before the 

waste was brought in, it was first removed from the 

waste (plastic bags, pieces of metal, stones, etc.) before 

being homogeneously mixed with the soil according to 

the experimental system. The sowing was also done 

manually according to gaps between the sowing lines of 

80cm and 30cm between the pockets. Each pouch 

received a seed sown at a depth of 3 to 5cm. 

 

The cultivation was maintained through manual 

weeding at the daba. Intakes of mineral fumes, i.e., 

NPK (14-23-14) and urea 46%, were made with 

reference to the doses of 200kg NPK/ha and 150kg 

urea/ha as recommended by (Sanou, 2007). Thus, 

4.8kg of NPK were used for all the plots, i.e. 200 g per 

elementary plot at a rate of 5.71 g per plot. The NPK 

was brought on the 15th day after sowing. As for urea, 

3.6kg were brought for all plots, applied on the 25th 

and 35th day after sowing. At the 25th JAS, 2.4kg 

were brought for all plots, i.e. 100 g per plot at a rate 

of 2.86 g per plot. At the 35th JAS, 1.2kg were 

brought, i.e. 50 g per plot at a rate of 1.43 g of urea 

per plot. Irrigation was carried out manually with 

watering cans every three days and as required. 
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Sampling 

Soil samples were taken diagonally from all 24 plots 

at 15cm depth, before sowing and at harvest. The 

waste was also collected. The samples of the plants 

were taken at the physiological maturity of the grains 

at 85 days after sowing. Three whole plants were 

uprooted individually per plot. 

 

Laboratory analysis 

The analysis was carried out at the BU.MI.GEB 

geochemistry laboratory and consisted of the 

determination of heavy metal contents (Cd, Cu, Pb and 

Zn) of substrates and plants through the flame atomic 

absorption spectrometer (Perkin Helmer Analyst 100). 

The operation was carried out according to the regal 

water attack protocol defined by French standard NF X 

31-415 and ISO standard II 466 respectively for the 

analyzes of substrate and plant samples. 

 
Statistical analysis 

The data was processed using XLSTAT software. The 

Shapiro Wilk test determined the normality of the 

data. An analysis of variance (ANOVA) at the 

threshold of 5% was carried out with the software R. 

 
Two indicators have been calculated 

Bioconcentration Factor (BCF) (Ghosh and Singh, 

2005): It is used to assess the accumulation potential 

of maize. When the BCF is less than 1, the plant is 

classified in the category of ordinary plants (non-

accumulating plants), but when it is greater than 1, it 

is accumulative and greater than 10, it is classified as 

hyperaccumulative. 

Bioconcentration Factor (BCF) =
[ETM]���

 [ETM]���	
 

 
The Pollution Index (PI) (Baize, 1994) : It determines 

the level of soil contamination with cadmium, copper, 

lead and zinc. When the value is greater than 1, the soi 

lis contaminated according to AFNO U44-41. 

Pollution Index (PI) =

[Cd]

2 
+

[Cu]

100 
+

[Pb]

100 
+

[Zn]

300 

4 
 

 
Results 

Heavy metal content in municipal waste and soil 

The results of the urban waste analysis showed 

contamination with cadmium (1,089mg/kg), copper 

(27,258mg/kg), lead (93,39mg/kg) and zinc 

(206,481mg/kg). These levels are lower than the 

French and German standards for all heavy metals 

studied except cadmium where the level is slightly 

above the German standards. However, these levels 

are relatively high, which shows that these wastes can 

be potential contaminants for soils. 

 

The atomic absorption spectrometer detected Cd in 

soils before sowing. In soils after harvesting, they 

varied significantly between 0.04mg/kg for the T0 

treatment and 0.61mg/kg of soil for the T3 treatment. 

 

Cu levels in soils before sowing increased after the 

addition of waste compared with the T0 control. They 

evolved in the same direction as the quantities of waste 

and varied between 18.22 and 26.25mg/kg. Post-

harvest soils ranged from 13.35 to 14.04mg/kg. 

Analysis of variance (ANOVA) at the 5% cut-off showed 

a significant difference in Cu levels between treatments 

for pre-sowing soils, while Cu levels in post-harvest 

soils did not vary statistically between treatments. 

 

The Pb content in the soils before sowing is zero 

except for the T2 treatment where it recorded a 

concentration of 0.72mg/kg of soil. In post-harvest 

soils, Pb levels were high relative to the control and 

ranged from 12 to 32.39mg/kg soil. They have evolved 

in line with the amount of waste. ANOVA at the 5% 

threshold showed a significant difference in Pb levels 

for both pre-sowing and post-harvest soils. 

 

The Zn contents of soils before sowing are between 

15.16 and 63.92mg/kg of soil and between 4.74 and 

16.01mg/kg for soils after harvest. Both pre-sowing 

soils and post-harvest soils recorded their minimum 

contents in the T1 treatment and their maximum 

contents in the T2 treatment. Analysis of variance at 

the 5% threshold showed a significant effect of urban 

waste on heavy metal contents of pre-sowing and 

post-harvest soils. Unlike Cd and Pb, which increased 

in soil after harvest, Cu and Zn levels decreased. 

 
Urban and soil pollution index 

Pollution indices for soils before sowing and after 

harvesting are less than 1 in all treatments. This 
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indicates that the soil is not contaminated beyond the 

limit established by AFNOR U44-41. However, a 

general study of these values reveals that soils after 

harvesting are more contaminated than soils before 

sowing. Also, these indexes tend to increase with the 

amount of waste brought in. 

 
Potential for heavy metals to bioaccumulate in 

different organs of maize 

Root analysis showed zero Cd levels in all treatments 

except T3 which recorded 1.13mg/kg DM. For Cu, the 

contents varied between 6.07 and 36.07mg/kg of DM, 

respectively, for treatments T3 and T1. Pb, like Cd, 

recorded zero levels in all treatments except T3 which 

had a concentration of 103mg/kg DM. For Zn, the 

contents varied between 42.97 and 66.57mg/kg of DM 

for treatments T0 and T2 respectively. The ANOVA test 

at the 5% threshold showed that urban waste 

significantly influenced the levels of ETM in the roots. 

 

Table 1. Heavy metal contents in urban waste. 

 

Heavy metal content (mg/kg of 
waste) 

Cd Cu Pb Zn 
Waste 1.089 27.258 93.39 206.481 
AFNOR U44-
41 Standards 

2 100 110 300 

French standards 3 300 180 600 
German standards  1 75 100 300 

 

Table 2. Pollution index for heavy metals in soil. 

 
T0 T1 T2 T3 

SAS 0.04 0.05 0.08 0.06 
SAR 0.05 0.07 0.12 0.14 

SAS: pre-sowing soils SAR : post-harvest soils T0 : no 

waste input T1 : 20kg waste input T2 : 40kg waste 

input T3 : 60kg waste input. 

 

Table 3. Heavy metal contents (mg/kg DM) in roots, stems, leaves and grains of maize. 

Organs Treatments 
Heavy Metal Contents 

Cd Cu Pb Zn 

Roots 

T0 0.00a ± 0.00 29.13ab ± 16.67* 0.00a ± 0.00 42.97a ± 4.37* 
T1 0.00a ± 0.00 36.07b ± 17.87** 0.00a ± 0.00 45.87a ± 0.45* 
T2 0.00a ± 0.00 20.97ab ± 21.68* 0.00a ± 0.00 66.57b ± 3.44* 
T3 1.13b ± 0.21** 6.07a ± 5.03* 103.0b ± 49.70** 63.27b ± 4.97* 

Probabilité (5%) 0.039 0.028 0.003 0.011 

Stems 

T0 0.00a ± 0.00 18.03 ± 6.55* 29.0b ± 8.53* 22.03b ± 6.91* 
T1 0.00a ± 0.00 17.40 ± 5.33* 0.00a ± 0.00 10.63a ± 3.50* 
T2 0.00a ± 0.00 20.67 ± 7.86* 0.00a ± 0.00 18.43ab ± 6.65* 
T3 14.1b ± 9.22** 19.37 ± 6.46* 0.00a ± 0.00 14.6ab ± 3.64* 

Probability (5%) 0.0001 0.694 0.003 0.018 

Leaves 

T0 0.00a ± 0.00 25.33a ± 2.15* 49.33b ± 1.03** 36.9b ± 3.57* 
T1 0.04a ± 0.02 25.07a ± 4.38* 65.67c ± 25.87** 27.87a ± 7.28* 
T2 0.00a ± 0.00 31.3b ± 4.23** 0.00a ± 0.00 37.03b ± 4.46* 
T3 0.51b ± 0.45* 36.47c ± 5.07** 0.00a ± 0.00 32.37ab ± 3.21* 

Probability (5%) 0.042 0.036 0.0016 0.022 

Corn 

T0 0.00 ± 0.00 52.63c ± 4.88** 0.00a ± 0.00 19b ± 5.83* 
T1 0.00 ± 0.00 42.67b ± 0.93** 5.00a ± 0.89* 11.1a ± 1.97* 

T2 0.00 ± 0.00 36.80a ± 2.44** 51.33b ± 4.93** 20.53b ± 4.22* 

T3 0.00 ± 0.00 37.51a ± 5.82** 137.33c ± 21.21** 19.5b ± 3.53* 
Probability (5%) − 0.013 0.0001 0.009 

All organs 

T0 0.00a ± 0.00 30.06 ± 9.03** 27.17b ± 15.79* 28.17b ± 7.01* 

T1 0.01a ± 0.02* 27.75 ± 5.57* 22.47ab ± 8.77* 18.78a ± 5.63* 

T2 0.00a ± 0.00 28.39 ± 5.52* 13.83a ± 2.36* 28.41b ± 7.95* 

T3 5.56b ± 3.46** 28.05 ± 1.44* 42.59c ± 5.14** 25.06ab ± 1.12* 

Probability (5%) 0.008 0.376 0.005 0.020 

Seuil de toxicité pour l'homme 
(CODEX STAN 193-1995; OMS, 
2004) 

0.1 9 0.2 15 

Seuil de toxicité pour le bétail 
(Meschy F.. 2007; Commission 
européenne, 2013) 

1 30 30 250 

 

*: Values within the range of critical concentrations for human consumption 

**: Values within the range of critical concentrations for animal consumption. 

T0 : no waste input ; T1 : 20kg waste input ; T2 : 40kg waste input ; T3 : 60kg waste input. 
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Fig. 1. Soil Cd content (mg/kg soil). 

 

  

Fig. 2. Soil Cu content (mg/kg soil). 

 

 

Fig. 3. Soil Pb content (mg/kg soil). 

  

Fig. 4. Soil Zn content (mg/kg soil). 

SAS: pre-sowing soils; SAR: post-harvest soils; T0: no 

waste input; T1: 20kg waste input; T2: 40kg waste 

input; T3: 60kg waste input. 

 

 

Fig. 5. Bioconcentration factors for Cd in different tre

atments. 

 

  

Fig. 6. Bioconcentration factors for Cu in different tr

eatments. 
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Fig. 7. Bioconcentration factors for Pb in different tre

atments. 

 

 

Fig. 8. Bioconcentration factors for Zn in different tr

eatments. 

The bioconcentration factors (BCFs) are expressed as 

the means for each sample. 

T0: no waste input; T1: 20kg waste input; T2: 40kg 

waste input; T3: input of 60kg of waste. 

 

The Cd contents of the stems were zero in all 

treatments except in the T3 treatment where it was 

14.1mg/kg of DM. However, the Cu contents varied 

between 17.40 and 20.67mg/kg of DM, respectively, 

for the treatments T1 and T2. At Pb level, the levels 

were zero in all treatments except for T0 which 

recorded a value of 29.0mg/kg DM. As for Zn, the 

contents varied between 10.63 and 22.03mg/kg of 

stem DM, respectively, for treatments T1 and T0. 

Heavy metal contents of stems showed a significant 

change at the 5% threshold with the exception of Cu 

where the analysis of variance did not show a 

significant difference between treatments. 

 

The Cd contents of the leaves are zero in all the 

treatments except in the T3 treatment where it is 

0.51mg/kg of DM. At the Cu level, they varied 

between 25.07 and 36.47mg/kg of DM, respectively, 

for treatments T1 and T3. These contents tend to 

increase with the amount of waste. For Pb they 

oscillated between 0.0mg/kg of DM for the T0 

treatment and 65.67mg/kg of DM for the T1 

treatment. For Zn, the contents varied between 27.87 

and 37.03mg/kg DM, respectively, for treatments T1 

and T2. Overall, the analysis of variance at the 5% 

threshold showed that urban waste doses influenced 

leaf heavy metal contents. 

 

The atomic absorption spectrometer did not detect Cd 

in maize grains. At the Cu level, the contents are 

between 36.80 and 52.63mg/kg of DM, respectively, 

for the treatments T0 and T2. These contents tend to 

decrease as the amount of waste increases. The Pb 

contents, unlike that of Cu, increased with the 

amount of waste, they varied between 0 and 

137.33mg/kg of DM respectively for the treatments 

T0 and T3. At the Zn level, they varied between 11.1 

and 20.53mg/kg of DM, respectively, for treatments 

T1 and T2. Apart from Cd, all the other metals 

experienced a significant variation (p˂0.05) in their 

contents between the different treatments. 

 
Bioconcentration factors (BCFs) 

At Cd, BCFs were nil in all treatments except T3 whic

h recorded a value of 6.44. For Cu, BCFs ranged from 

1.77 to 2.34 for treatments T3 and T0, respectively. At

 the Pb level, BCFs varied between 0.41 and 1.86 for tr

eatments T2 and T3, respectively. As for Zn, the BCFs 

variedbetween 2.23 and 5.03 respectively for the treat

ments T2 and T1. Analysis of variance at the 5% cut-

off showed a significant difference in BCF between 

treatments for all metals. For eachheavy metal, BCFs 

were greater than 1 in all treatments except Cd which 

recorded BCFs less than 1 in treatments T0, T1 and T2 

and Pb which recorded BCF less than 1 in treatment 

T2. As a result, maize was classified as accumulating 

plants of Cd, Cu, Pb and Zn. 
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Discussion 

Heavy metal content in municipal waste 

The analysis of heavy metals in waste revealed fairly 

high levels of Cd, Cu, Pb and Zn. However, they are 

below the standards (Table I). These results could be 

explained, on the one hand, by the embryonic state of 

our industries, which pollute less than developed 

countries, and, on the other hand, by the absence of 

mining sites near Bobo-Dioulasso. The heavy metal 

contents measured in the waste are comparable to 

those obtained by Yé (2007) which had characterized 

urban waste from the town of Bobo-Dioulasso. But 

they are low compared to those obtained by Ilboudo 

(2014) in the same city. These differences in our results 

may be due to the nature of the waste. However, there 

is a risk of accumulation of these trace metal elements 

due to the regular spreading of waste in the fields. This 

is because heavy metals can gradually accumulate in 

the soil to toxic levels even if the levels of heavy metals 

in the waste supplied are low. 

 

Effects of different doses of urban waste on soil 

contamination 

Analysis of heavy metals from soils before sowing of 

T0 treatments revealed relatively high Cu and Zn 

contents and zero Cd and Pb contents. The Cu and Zn 

present in these soils could originate from some of the 

parent rock. Indeed, according to Baize (2000), heavy 

metals exist naturally in soils because they are 

present in the mother rock, which releases them as a 

result of the erosion and alteration phenomena to 

which it is subjected. On the other hand, they could 

come from organic amendments made a few years 

earlier. Our results are in agreement with those of 

Dauguet et al. (2010) which showed in France quite 

high Cu and Zn contents and very low Cd and Pb 

contents on soils polluted by waste. 

 

In addition, the addition of the waste resulted in the 

presence of heavy metals in the soil, except for Cd and 

Pb, where they did not vary significantly. These 

results could be explained by the fact that the waste 

contained low levels of Cd and Pb to contaminate the 

soil to a level detectable by the Atomic Absorption 

Spectrometer (AAS). As for the Cu content, it 

increased with the amount of waste. The extra Cu 

could come from the urban waste brought in. These 

findings are consistent with the results of Senou et al. 

(2012) which showed an increase in the content of Cu 

following the doses of waste provided. At Zn levels, 

concentrations did not vary in the same direction as 

the waste doses. The Zn case may be answered by the 

heterogeneity of the distribution of Zn in soil, which 

supports Yé (2007) who found in his research that the 

heavy metal content of the soil was not necessarily a 

function of the amount of waste delivered. After 

harvesting, soil Cd and Pb levels increased while 

those of Cu and Zn decreased, and additional Cd and 

Pb could come from irrigation water, which would 

contain significant amounts of these metals. 

According to a study conducted by Youssao et al. 

(2011) In Benin, surface run-off water is charged with 

dissolved trace metals that can contaminate soils as 

they pass through or when used for irrigation. 

 

The decrease in the concentration of Cu and Zn could 

be explained on the one hand by the leaching of 

metals towards the deep horizons. Indeed, according 

to Adriano (2001) (cited by Huynh, 2009), Cu and Zn 

are the most soluble and mobile among the four 

metals studied. This is consistent with Ilboudo 

(2014), which showed an increase in the availability of 

metals in the deep horizons of soil amended with 

solid urban waste. On the other hand, this decrease 

could be explained by the phytoextraction of heavy 

metals by maize. Soil metal levels are in line with 

international standards. This could be justified by the 

fact that the concentrations of heavy metals contained 

in the waste used are not beyond the limit set by the 

French and German standards. Our results are 

consistent with those of Ilboudo (2014), which 

analyzed the effect of different types of waste on the 

availability of heavy metals in soil and found that all 

soils were low in heavy metals compared to standards 

(AFNOR NF U44-041, 1985) (Table 1). However, our 

results are not in agreement with those of Lock and 

De Zeeuw (2001), which showed that  

 
Conclusion and recommendations 

The primary objective of this study is to evaluate the 

absorption and bioaccumulation potential of heavy 

metals in maize (Zea mays). 
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The results showed that the input of urban waste 

significantly increased the Cu and Zn content of the 

soils before sowing, unlike Cd and Pb, whose contents 

did not vary significantly compared to the T0 control. 

At post-harvest soil level, the levels decreased for Cu 

and Zn while they increased for Cd and Pb. However, 

these levels are below the contamination limit. In 

plant tissues, in addition to Cd, which is absent in the 

grains, all the organs of maize have accumulated 

heavy metals. For each organ, heavy metal contents 

varied with waste doses except for Cd and Cu where 

contents remained for grains and stems, respectively. 

Comparison of these levels with the standards shows 

contamination of the grains with Cu, Pb and Zn 

beyond the contamination threshold for human 

consumption. Animals are exposed to contamination 

risks only for Cu and Pb. Of these concentrations, the 

calculated bioconcentration factors (BCFs) show a 

significant uptake of these heavy metals (BCF˃1) by 

maize, which makes it possible to classify it among 

the accumulating plants. 

 

This study allowed us to know the potential for 

bioaccumulation of Cd, Cu, Pb and Zn by maize grown 

on soil amended with urban waste. The results 

obtained could positively influence decision-making 

when the State or NGOs intervene in sites directly 

using urban waste and help find appropriate solutions 

towards sustainable agriculture. 
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