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Urban waste sites in Niger State, Nigeria, are signicant sources of heavy metal contamination, posing serious 

risks to soil health, water quality, food safety, and public health. This study assessed the remediation efciency 

of indigenous bacterial strains, Bacillus subtilis and Pseudomonas aeruginosa, in combination with 

Amaranthus hybridus for remediation of lead- and cadmium-contaminated soils at the Madalla dumpsite. Soil 

samples were treated with bacterial isolates obtained from the site and co-cultivated with A. hybridus under 

controlled conditions for 8 weeks. Results showed signicant reductions in lead and cadmium concentrations, 

improvement in soil pH, enhanced plant growth, and increased biomass yield. These ndings demonstrate that 

integrated microbial and phytoremediation offer a promising, cost-effective biotechnological approach for 

remediation of heavy metal-contaminated urban waste sites." 

Introduction

Rapid urbanization in Madalla area of Suleja 

Local Government has led to the expansion 

of unmanaged waste dumpsites, which 

serve as reservoirs for heavy metal 

contamination. These contaminants, 

including lead (Pb) and cadmium (Cd), 

degrade soil quality and pose ecological and 

public health risks. 

Soil contamination with heavy metals is 

signicant environmental concern (Ghosh 

et al., 2018). The increasing contamination 

of environment with heavy metals has 

emerged as a critical global issue, extending 

beyond Niger state. Toxic and persistent in 

nature, heavy metals, such as lead (Pb), 

cadmium (Cd), and mercury (Hg),  pose 

serious threats to both human health and 

ecological systems (Singh et al., 2018). These 

pollutants can originate from various 

sources, including improper waste disposal, 

v e h i c l e  e m i s s i o n s ,  l e a c h a t e  f r o m 

decomposing refuse, industrial activities, and 

agricultural practices (Alloway, 2013). 

A c c o r d i n g  t o    D a s  e t  a l .  ( 2 0 2 2 ) 

Industrialization and large scale human 

activities have signicantly contributed to 

environmental pollution. Emissions of dust, 

smoke, fumes, and toxic gasses are common 

such as   highly polluted industries, coal 

mines, cement, sponge iron, steel and 

ferroalloys plants as well as petroleum, and 

chemicals industries release. In addition, 

these industries release substantial 
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Heavy metals such as lead (Pb), cadmium 

(Cd), mercury (Hg), arsenic (As), chromium 

(Cr), and zinc (Zn) are non-biodegradable 

and persist in the environment for long 

periods, thereby posing signicant threats 

to terrestrial ecosystems and human health 

through b ioaccumulat ion and b io 

magnication (Nagajyoti et al., 2010). 

According to Ali et al., (2011) soil 

contamination by heavy metals has 

emerged as a signicant environmental 

concern globally, driven largely by rapid 

industrialization, urbanization, mining 

activities, and improper disposal of 

industrial and domestic waste. Lead and 

Cadmium are toxic metal elements to the 

environment and human beings which can 

accumulate in the human body and cause 

nerve and kidney diseases (Wu et al, 2019).  

Therefore, it is essential to adopt adequate 

and effective pollution control measures to 

mitigate the harmful impacts of these heavy 

metals

Conventional remediation techniques, such 

as excavation chemical treatments, and 

landlling, can be expensive and often 

transfer the problem from one site to 

another (Khan et al., 2004). In recent years, 

bioremediation has emerged as a promising 

approach for mitigating heavy metal 

quantities of organic and inorganic 

substances that are highly toxic cause 

irreversible damage to ecosystems and the 

environment,  

Heavy metal contamination in soil can have 

devastating effects on plant growth, soil 

microorganisms, and human health. For 

instance, exposure to Pb can cause 

cognitive impairment, developmental 

delays, and organ damage in humans 

(WHO. 2010). Similarly, Cd exposure has 

been linked to kidney damage, bone 

fractures, and certain types of cancer 

International Agency for Research on 

Cancer (IARC. 2012).

contamination in soil. Bioremediation utilizes 

living organisms or their byproducts to 

degrade or transform pollutants into less 

toxic forms (Gadd. 2010).

Phytoremediation makes use of different 

plants   to   remove,  degrade,   contain,   or 

immobilise toxins from soil and water, such 

as metals, herbicides,  hydrocarbons, and 

chlorinated solvents (Ghosh et al., 2023). 

Bioremediation using microbes and plants to 

remove pollutants offers a sustainable 

alternative to conventional methods. This 

study explores the synergistic use of 

indigenous bacteria and Amaranthus. 

hybridus for detoxifying a known unmanaged 

dumpsite in Niger state. 

Complementary to microbial remediation is 

phytoremediation, Phytoremediation, uses 

specic plants to absorb sequesters, or 

stabilize heavy metals from contaminated 

soils (Li et al., 2024)). The use of plants to 

remove, stabilize, or degrade environmental 

contaminants among the various plants 

A  d e v e l o p i n g  t e c h n i q u e  c a l l e d 

phytoremediation which   refers to a group of 

technologies that use various plants as a 

method of extraction, containment, or 

destruction of heavy metals (Wuana & 

Okieimen, 2011).  Recently, this technology 

has drawn attention as a creative, affordable 

substitute for the more traditional treatment 

techniques employed at hazardous waste 

sites (Zhung et al., 2021)

Indigenous bacteria, particularly those 

isolated from contaminated environments, 

have demonstrated strong potential in the 

bioremediation of heavy metals due to their 

adaptive mechanisms such as biosorption, 

bioaccumulation, enzymatic detoxication, 

and production of metal-binding proteins 

(Wang et al., 2017). These bacteria are 

naturally acclimatized to local conditions and 

can survive high metal concentrations, 

making them efcient agents for in-situ 

bioremediation. (Sharma et al., 2020)
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To aid in the removal of both organic and 

inorganic pollutants from the environment, 

p a r t i c u l a r l y  f r o m  s o i l ,  v a r i o u s 

phytoremediation techniques have rapidly 

advanced in recent years. Despite this 

progress, much of the research has been 

conducted in controlled laboratory 

environments rather than under real-world 

eld conditions. In an effort to enhance the 

efciency of these phytoremediation 

studied showed that Amaranthus hybridus 

has emerged as a promising candidate due 

to its fast growth rate, high biomass 

production, deep root system, and 

remarkable tolerance to heavy metals 

(Shekhawat et al., 2015; Ite & Ibok, 2019). 

A. hybridus can accumulate signicant 

amounts of heavy metals in its tissues, 

thereby aiding in the extraction and 

stabilization of metals in contaminated 

soils.

The combined use of indigenous bacteria 

and A. hybridus presents a synergistic 

strategy that enhances the efciency of 

bioremediation. Plant-microbe interactions 

in the rhizosphere facilitate metal uptake, 

transformation, and stabilization while also 

improving soil structure and fertility (Ma et 

al., 2011; Khan et al., 2000). This integrated 

approach not only accelerates the 

detoxication process but also aligns with 

e c o l o g i c a l  a n d  s u s t a i n a b l e  l a n d 

management practices

Amaranthus hybridus a fast-growing leafy 

vegetable commonly found in Nigerian 

markets and farms, has shown the ability to 

accumulate metals from polluted soils while 

tolerating harsh condition (Okoro, 2023).  

Similarly, indigenous soil bacteria such as 

Baci l lus subti l is  and Pseudomonas 

aeruginosa are known to support plants 

growth under stress by modulating metal 

bioavailability producing growth promoting 

substances, and improving soil structure 

(Juwarkar, 2018).  

methods, researchers have increasingly 

investigated the combined use of soil-

dwelling bacteria with plants. These 

microorganisms include degradative 

bacteria, plant growth-promoting bacteria, 

a n d  o t h e r  t y p e s  t h a t  s u p p o r t 

phytoremediat ion through di f ferent 

mechanisms. This overview highlights the 

role of bacterially assisted phytoremediation 

in addressing both organic and heavy metal 

pollutants, aiming to shed light on bacterial 

contributions and to support future eld 

applications. (Glick. 2010)

Soil sample collection  

This study focuses on the collaborative use of 

Amaranthus hybridus and native soil 

bacteria to remediate lead (Pb) and cadmium 

(Cd) contamination at a major dumpsite in 

Madalla, Niger State with the following 

s p e c i  c  o b j e c t i v e s ,  A s s e s s  t h e 

phytoremediation capacity of A. hybridus  in 

heavy  metal contaminated soil, evaluate the 

bioremediation enhancement   of  Bacteria 

inoculation in heavy metal contaminated soil, 

and  to assess the synergistic effect of 

indigenous Bacteria and A.hybridus in 

bioremediation of Cd and Pb. 

Soil samples were collected from the madalla 

dumpsite, located near a primary school. 

Previous heavy metal assessment of the soil 

indicated elevated levels of Cd and Pb due to 

electronic, medical, mechanical and battery 

waste dumped at the site which are potential 

sources of heavy metals.

Treatment 2: Soil + Amaranthus hybridus 

only

Four treatments were set up in randomized 

plots of (1m × 1m):

Treatmen 3: Soil + bacterial consortium (B. 

subtilis and P. aeruginosa)

Treatment 1 (Control): Contaminated soil 

only

Treatment 4: Soil + A. hybridus + (B. subtilis 

Methodology
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Heavy metals (Pb, Cd) content in the soil, 

were analyzed before and after the 

treatment using Atomic Absorption 

Spectrophotometer AAS following the 

procedure  outline by the Association of 

Analytical Chemist for acid digestion of the 

sample (AOAC, 1996)

and P. aeruginosa) Soil pH was analyzed using a digital pH 

meter. 

Plant biomass was measured by dry weight 
0after oven-drying at 65 Cfor 48hours

Bacteria were isolated from the dumpsite, 

cultured in nutrient broth and applied at 10 

^8CFU/g soil concentration.

Results 

Table 1:  Heavy Metal

Treatment  Pbmg/kg 

before  

Pb mg/kg  

after  

  Cd 

mg/kg 

before  

Cd mg/kg 

after  

Reduction 

Pb mg/kg  

Reduction  

Cd mg/kg  

T1 98.4  93.2  2,8 2.5 5.2 0.3 

T2 87.3  70.8  4.6 2.9 7.3 1.7 

T3 86.7  80.3  3.7 2.3 6.7 1.4 

T4 87.6  30.8  3.9 1.1 56.8  2.0 

 The result on table 1 showed that there was a signicant reduction in lead and cadmium in all the 
treatment, when compared with the concentration before treatment

Table 2. Soil pH and Plant Biomass

Treatment  Initial Ph Final pH Biomass ( g DW)  

T1 5.4 5.2 - 

T2 5.2 6.0 41.9 

T3 5.1 6.3 - 

T4 5.0 6.9 57.5 

 In table 2 soil pH increased in biologically active plots, enhancing metal bioavailability and plant uptake

Discussions 

The combination of A. hybridus and 

indigenous bacteria however signicantly 

reduced Pb and Cd levels, outperforming 

single-treatment options. Soil pH increased 

in biologically active plots, enhancing metal 

bioavailability and plant uptake. The 

biomass yield of A. hybridus was highest in 

T 4 ,  s h o w i n g  g o o d  t o l e r a n c e  a n d 

The results of this study showed that there 

was a signicant reduction in lead and 

cadmium in all the treatments, when 

compared with the concentration before 

treatment

accumulation capacity. This supports the 

effectiveness of integrative bioremediation in 

Madallah dump site.

The results demonstrated that Amaranthus 

hybridus was effective in accumulating Pb 

and Cd from the contaminated soil, 

consistent with previous ndings (Anolie et 

al, 2006). The bacteria treatment enhanced 

phytoextraction, likely by increasing 

bioavailability of metals and promoting plant 

growth (Glick, 2010). The combined 

treatment (T4) showed the highest reductions 

in heavy metals concentrations and increase 

plant biomass. Bacil lus subti l is  and 
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pseudomonas aeruginosa are known to pose 

metal tolerant and plant growth promoting 

traits such assiderophore production, pH 

modulation and biolm formation, which 

contribute to their bioremediation potential 

(Rajkuma et al., 2012)

Study by Wu et al. (2018) found that the 

combination of Bacillus sp. and Brassica 

juncea_ resulted in a 65% reduction in Pb 

concentrations in contaminated soil. In this 

study, it was observed a 56.8% reduction in 

Pb concentrations, in T4 suggesting that a 

combination of A. hybridus, B. subtilis and 

P. aeruginosa may be a more effective 

hyperaccumulators   for Pb and Cadmium 

remediation.

The results of this study demonstrated the 

potential of combining bacteria and A. 

hybridus for the bioremediation of heavy 

metal-contaminated soil. The signicant 

reduction in Pb and Cd concentrations in 

soil treated with bacteria and A. hybridus 

(Table 1) can be attributed to the synergistic 

relationship between these organisms. 

Similar studies have also reported 

enhanced bioremediation efciency using 

plant-bacteria combinations (Kumar et al., 

2019; Ma et al., 2016).

Another study by Khan et al. (2020) 

r epo r t ed  tha t  t h e  i nocu l a t i on  o f 

Pseudomonas sp. enhanced the Cd uptake 

capacity of Solanum nigrum by 30%. In this 

study, it was   observed that a 45% increase 

in Cd uptake by A. hybridus when 

inoculated with Bacillus sp.

The mechanisms underlying this synergy 

include metal solubilization which involves 

bacteria solubilizing heavy metals, making 

them more available for plant uptake, Plant 

growth promotion Biomass PGPB which can 

enhance plant growth, increasing biomass 

and metal uptake, Metal accumulation: that 

involves A. hybridus accumulating high 

concentrations of heavy metals in its 

tissues.

These mechanisms contribute to the 

signicant reduction in heavy metal 

concentrations observed in this study. 

Conclusion

The integration of   indigenous bacteria 

strains such as B. subtilis and P. aeruginosa 

with the locally available plant A. hybridus 

offers a practical, low-cost solution for 

remediating heavy metal contaminated soils 

in Madalla Niger state.  This eco- friendly 

method not only improves metal removal and 

restores soil health but also holds strong 

potential for adoption in environmental 

policies and urban waste management 

strategies, aimed at rehabilitating polluted 

sites and safeguarding public health.

Based on the ndings of this study, several 

recommendations are proposed to enhance 

the practical application of the approach 

investigated. Further research is essential to 

rene and optimize the method for effective 

eld use. It is also important to conduct 

larger-scale experiments to evaluate its real-

world effectiveness. Particular attention 

should be given to identifying the most 

suitable bacterial strains, plant species, and 

environmental conditions that can improve 

bioremediation efciency. Additionally, 

mechanistic studies are needed to explore the 

molecular interactions between bacteria and 

plants that facilitate the removal of heavy 

metals from contaminated environments. 

Expanding eld trials to include other native 

plant species would provide a broader 

understanding of the approach's versatility 

and effectiveness. Authorities should 

e n c o u r a g e  c o m m u n i t y - b a s e d 

phytoremediation initiatives, especially in 

waste-prone areas, to foster local engagement 

and sustainable environmental management. 

Finally, integrating bioremediation strategies 

into Madalla's waste management policies 

and urban planning would ensure a more 

Recommendations
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