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ABSTRACT 
  

The study investigates the cost-effectiveness and environmental compatibility of 

using poultry litter effluent to remediate Pb and Ni-polluted soil, focusing on its 

microbial composition and potential for heavy metal remediation. Various 

bacterial and fungal species were identified, including pathogenic strains such as 

E. coli, Staphylococcus aureus, Salmonella enteritidis, Shigella, Bacillus sp., 

Klebsiella sp., Aspergillus fumigatus, Fusarium oxysporum, Mucor sp., Candida 

sp., Aspergillus niger, Penicillium sp., Trichoderma sp., and Saccharomyces sp. 

Microbial counts ranged from 5.36x106 to 1.60x108 CFU/ml for bacteria and 

1.03x103 to 8.36x104 CFU/ml for fungi. The efficiency of poultry litter effluent 

in reducing lead (Pb) and nickel (Ni) concentrations in soil samples was assessed. 

After remediation, Sample A showed a minimal decrease in Pb and Ni 

concentrations, while Samples B and C showed significant reductions. After 

treatment with poultry litter effluent, Pb and Ni levels decreased significantly 

(statistically significant at P < 0.05). This shows that Pseudomonas sp., 

Saccharomyces sp., Bacillus sp., Aspergillus sp., Penicillium sp., and Candida sp. 

can bioaccumulate and absorb Pb and Ni. The sample that was treated with 300 

ml of poultry litter effluent showed the highest efficacy in Pb removal, achieving 

a rate of 92%. On the other hand, the sample that was treated with 200 ml of 

poultry litter effluent showed an 81% decrease in Ni content. The study can serve 

as a reference for scholars studying bioremediation in polluted soils, as well as a 

strategic plan for NESREA and other global environmental protection 

organisations involved in the bioremediation of contaminated soil. 
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INTRODUCTION  

Human activities, which include industrialization, 

urbanization, technological advancements, and 

dangerous agricultural methods, have 

significantly accelerated pollution and 

environmental degradation (Priya et al., 2023). 

The ecosystem has been degraded by toxic 

chemicals and harmful heavy metals, leading to 

pollution of soil, surface water, and groundwater, 

posing a significant threat to all living forms on 

earth. Heavy metals are poisonous and cannot be 

broken down into innocuous substances by 

biological, chemical, or physical processes. 

Unlike organic substances, inorganic substances 

may persist in the environment for a long time 

and can only be converted into less harmful forms 

(Tayang and Songachan, 2021). At lower 

concentrations, heavy metals like iron, copper, 

and zinc are necessary for biological systems 

(proteins and enzymes) (Atigh et al., 2020). 

However, even at low concentrations, most heavy 

metals such as lead, mercury, arsenic, chromium, 

nickel, cadmium, and others are toxic and 

harmful to humans, plants, and animals (Igiri et 

al., 2018). Chronic human exposure to these 

metals can have fatal health implications, as 

indicated in Table 2.2. Inhalation of polluted air, 

ingestion of contaminated water, eating food 

grown on contaminated land, and contact with 

contaminated soil or industrial waste can all 

expose humans to heavy metals. The buildup of 

heavy metals from the surrounding soil and water 

can contaminate vegetables, cereals, fruits, fish, 

and shellfish. Heavy metal poisoning of soil is a 

global issue that requires collaboration between 

governments and scientific organisations (Bakshi 

and Banik, 2018). Heavy metals' health effects 

include cancer, organ damage, nervous system 

damage, stunted growth and development, and, in 

severe circumstances, death. Autoimmunity is a 

condition in which the human immune system 

assaults its cells as a result of lead and mercury 

exposure. Heavy metal exposure can cause joint 

illnesses such as rheumatoid arthritis and renal 

disease, as well as circulatory and brain system 

problems (Godleads et al., 2014; Xu et al., 2019). 

According to Jalilvand et al. (2019), there are 

approximately 5 million contaminated sites 

worldwide, encompassing 20 million hectares of 

polluted land, where heavy metal concentrations 

are higher than their geo-balance or regulatory 

norms. They go on to say that these heavy metal-

polluted locations have economic costs of around 

$20 billion per year. 

Remediation of polluted soils and sites is an 

important step in protecting the environment and 

living species, and it must be incorporated into 

the broader interdisciplinary scenario of strategic 

green transition. Several approaches are used to 

remediate polluted soil and water. However, these 

methods (physical, chemical, and thermal) are 

now regarded as obsolete since their sole 

remedial goal is to eliminate contaminants 

without regard for their adverse effects (Wan et 

al., 2019; Mishra et al., 2021; Dhaliwal et al., 

2020). Moreover, these procedures have proven 

to be exceedingly expensive in both energy and 

economic terms, as well as highly intrusive, 

further compromising the already precarious 

environmental condition (Song et al., 2019; 

Vocciante et al., 2021). The main goal of soil 

remediation is to produce an environment that is 

good for both ecological and human health 

(Wuana and Okieimen, 2011; Asrari, 2014; 

Henry et al., 2015). Given all of these 

consequences, there is a need for a more effective 

and environmentally friendly technique for 

remediating contaminated soils and water, and 

bioremediation may be the best alternative to the 

existing complex and challenging physical and 

chemical procedures.  This integrated strategy 

aims to enhance remediation outcomes, maximize 

social and economic benefits, and minimize 

environmental harm caused by remediation 

efforts (Grifoni et al., 2022).  

Bioremediation is the process of cleaning a 

contaminated environment by modifying 

enzymes while absorbing various harmful metals. 
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The process is environmentally friendly and 

novel for ecological restoration by using 

microorganisms with unique catabolic abilities 

and their byproducts, like biosurfactants and 

enzymes, to improve remediation effectiveness. 

Microorganisms interact with enzymes to break 

down complex compounds into simpler nutrients, 

mobilize metal ions, enhance pollution absorption 

by microorganisms, and facilitate bioremediation 

(Sharma and Kumar, 2021). Bioremediation is 

more effective than other methods for removing 

heavy metals due to its ecologically friendly 

characteristics, cost-effectiveness, and lack of 

labour and effort needed (Jeyakumar et al., 2023).  

The strategies employed in bioremediation 

include biostimulation, bioaugmentation, 

bioaccumulation, biosorption, phytoremediation, 

and rhizoremediation (Mshelia et al., 2023). 

Metals such as cobalt, selenium, zinc, cadmium, 

copper, vanadium, arsenic, chromium, mercury, 

nickel, iron, and lead are very toxic to humans 

and other living things. The removal of harmful 

substances from the environment is necessary to 

prevent adverse effects and recover valuable 

resources. Metals such as Pb, Cr, Cd, Hg, and Ni 

are more hazardous in their mixed or elemental 

states. Metals released into the environment can 

rapidly accumulate in human tissue or cells. 

Previous studies have detected heavy metals in 

the liver, muscle tissues, and gills of many fish 

species in contaminated maritime habitats. Metals 

may accumulate in many human body organs 

once they enter the food chain. Despite the 

widespread usage of heavy metals in 

manufacturing, anyone working in or living near 

these facilities is at high risk of exposure and 

contamination. Excessive quantities of heavy 

metals may have adverse effects on humans, 

other animals, and the environment (Sharma et 

al., 2021). 

MATERIALS AND METHODS 

Materials 

The materials used in this study consist of soil 

samples, poultry litter effluent, and distilled 

water. The investigation used laboratory-grade 

nickel in the form of (NiSO4, 6H2O), and lead in 

the form of (PbO). Some of the equipment used 

in the study includes the Microwave Digester 

Model: Master 40 by Sineo Chemistry 

Technology, China; Atomic Absorption 

Spectrophotometer Type 210VGP AAS by Buck 

Scientific, USA; Muffle Furnace Type FM 515 

by P-Select, Pizzato, Italy; and a 15-litre 

autoclave steriliser. 

Sample Collection  

Poultry Litter  

The researchers obtained poultry litter from the 

University of Maiduguri's poultry research farm, 

which is located at coordinates 11.802734
o
N, 

13.210522
o
E. 4 kg of poultry litter was measured 

and mixed with 20 litres of distilled water 

obtained from the University of Maiduguri 

Teaching Hospital Kidney Centre. We degraded 

the combination in the laboratory for a week to 

produce effluent. For the experiment, filtering the 

degraded poultry litter resulted in the collection 

of liquid waste.   

Soil Sample Preparation  

Soil samples were obtained at a depth of 7–15 cm 

behind the Environmental Engineering 

Laboratory, Faculty of Engineering, University of 

Maiduguri (11.813049
o
N, 13.205356

o
E). In order 

to get a uniform particle size, the soil sample was 

dried in the laboratory for 24 hours at room 

temperature and then sieved through a 2mm 

mesh. After being artificially contaminated with 

50g of laboratory-grade Pb, and Ni salts, the soil 

sample was air-dried for 24 hours. These salts 

were obtained from Park Scientific in 

Northampton, England; BDH Laboratory 

Supplies in Poole, England; and LobaChemie Pvt. 

Ltd. in Coloba, Bombay, India. The soil sample 

was put in a plastic container measuring 200mm 

in diameter and 150mm in depth. The containers 

were labelled A, B and C. Prior to introducing the 

abattoir and poultry litter effluents, a soil sample 

weighing 60g was obtained from each container 

for the purpose of determining the concentrations 

of heavy metals (Pb, and Ni) present in the soil 

samples.  

Bioremediation Process Setup 

Sample A (the control sample) was not exposed 

to poultry litter effluent. Sample B was 

administered 200 ml of poultry litter effluent, 

while Sample C was administered 300 ml of 
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poultry litter effluent. All the samples in the 

containers were kept in the laboratory at ambient 

temperature for three weeks. Subsequently, all the 

samples were exposed to air and watered with a 

set amount of distilled water, namely 200 ml 

every 5 days. Throughout the study, soil samples 

were collected every 7 days to examine the 

concentration of heavy metals in the samples. All 

analyses were conducted three times. 

Elemental Analysis with Atomic Absorption 

Spectrophotometer (AAS) 

Heavy metal levels in the samples were analysed 

using an atomic absorption spectrophotometer 

(AAS 210 VGP, Buck Scientific Company, USA) 

at the Yobe State University Department of 

Chemistry Analytical Laboratory, Yobe State. 

Measuring the absorbance determined the 

concentration of heavy metals in the soil sample. 

The equipment identified the heavy metals using 

absorption/concentration mode and recorded the 

result for each solution. We used the same 

analytical method to determine the amounts of 

heavy metals in both digested blank solutions and 

spiked samples. 

Microbiology Analysis 

Microbiological analysis was performed at the 

Department of Biological Sciences laboratory at 

the University of Maiduguri in Borno State, 

Nigeria. In order to isolate bacteria from the 

effluent sample, a 1 ml portion of the effluent was 

mixed with 9 ml of distilled water. The mixture 

was rapidly shaken, and the resulting solution 

was diluted sequentially in ten-fold increments. 

0.1 ml portions of the contents in each of the test 

tubes (10
-2

, 10
-3

, 10
-5

) were aseptically distributed 

onto petri dishes containing nutrient agar, eosin 

methylene blue agar, mannitol salt agar, and Mac 

Conkey agar. These agar plates were prepared 

following the instructions provided by the 

manufacturers. The plates were then incubated at 

a temperature of 37
o
C for a duration of 24 hours. 

In order to isolate fungi from the effluent sample, 

the same method as previously explained was 

used, using Sabouroud dextrose agar and 

incubating at a temperature of 30
o
C for a duration 

of 3 days. After the incubation period, colonies 

with distinct characteristics were chosen and sub-

cultured on nutrient agar for bacteria and 

Sabouroud dextrose agar for fungi in order to get 

pure samples. These samples were then used for 

the identification of the isolated bacteria and 

fungi. Additionally, the bacterial isolates were 

subjected to a series of tests, including catalase, 

methyl red, indole, oxidase, Voges-Proskauer, 

citrate, aerobic, and anaerobic tests, in order to 

identify them. The bacterial isolates were 

characterised and classified using their 

biochemical characteristics, using the approach 

outlined in Bergey's Manual of Determinative 

Bacteriology (Holt et al., 1994). The fungi were 

identified using their macroscopic and 

microscopic features, as well as references such 

as "Smith's Introduction to Industrial Mycology" 

(Onions et al., 1981) and "Introduction to Food-

Borne Fungi" (Samson and Reenen-Hockstra, 

1988). 

Determination of Total Bacterial and Fungal 

Counts 

Poultry litter effluent samples were diluted by a 

factor of ten up to 10
-5

 in sterile distilled water to 

count the bacteria and fungi present in triplicate. 

Bacterial plate counts were conducted on 

nutritional agar, while fungal counts were done 

on Sabouroud dextrose agar using the pour-plate 

method. Successive dilutions of 0.1 ml 

slaughterhouse and poultry litter effluent samples 

were pipetted onto sterile Petri dishes containing 

nutritional agar and Sabouroud dextrose agar for 

bacterial and fungal culture, respectively. The 

samples were then incubated at 37°C. The total 

number of bacteria and fungi was calculated 

using a colony counter and reported as colony-

forming units per millilitre (CFU/ml). 
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Bacteria colonies ranging from 30 to 300 were 

counted, with fewer than 30 considered too few 

to count (TFTC) and more than 300 considered 

too many to be counted (TMTC), according to 

Kurna et al. (2016). Fungal colonies between 10 

and 150 were counted, with fewer than 10 and 

more than 150 being disregarded, according to 

ESA (2012).  

Data Analysis 

Data collected from the study were subjected to a 

two-way repeated measures analysis of variance 

(ANOVA) using GraphPad Prism version 9.0 to 

compare the reduction in heavy metal levels in 

each sample examined, setting a significance 

threshold at 5%. 

RESULTS AND DISCUSSION 

Bacterial and Fungal Isolates 

Table 1 of this study lists the identified bacteria 

from poultry litter effluent sample. The bacteria 

were identified based on their colony form and 

biochemical tests, whereas the fungal isolates 

were identified based on their cultural, 

microscopic, and macroscopic properties.

Table 1: Morphological and biochemical observations of different bacteria isolated from poultry 

litter effluent sample. 

Form Circular Circular Circular Circular Circular Circular Circular Circular 

Surface Smooth Smooth Smooth Smooth Smooth Shiny Smooth Smooth 

Colour Yellow White 
Yellowis

h 
Colorless 

Greenis

h 
White 

Cream Whitish 

Margin Entire Entire Entire Entire Entire Entire Undulate Entire 

Elevation Flat Convex Raised Convex Convex Convex Raised Convex 

Opacity 
Transpare

nt 

Transpare

nt 
Opaque 

Transpare

nt 
Rough Moist 

Opaque Translucent 

Shape   rod rod cocci rod rod rod rod  rod 

Gram 

Reaction 
- - + - - - 

+  - 

Catalase + + + + + + +  + 

Oxidase - - - - + - -  - 

Citrate + - - - + + +  + 

MR + + + + + - +  - 

VP - - - - - + - + 

Indole + + - + - - + - 

Ae/An F F F F A F A F 

Bacteria 

Identified 

Salmonell

a 
enteritidis  

Escherichi

a-coli. 

Staphylo

coccus 

aureus 

Shigella 

sp. 

Pseudo

monas 

aerugin

osa  

Enteroba

cter sp. 

Bacillus 

sp. 

Klebsiella 

sp. 

Sample  PLE PLE PLE PLE PLE PLE PLE PLE 

*MR- Methyl Red, VP- Vogues Proskauer, PLE- Poultry Litter Effluent. 

Pseudomonas aeruginosa, Enterobacter sp., Staphylococcus aureus, Salmonella enteritidis, Shigella sp., Bacillus sp., 

Klebsiella sp., and E. coli were identified in the poultry litter effluent. While Aspergillus fumigatus, Fusarium 

oxysporum, Mucor sp., Candida sp., Aspergillus niger, Penicillium sp., Trichoderma sp., and Saccharomyces sp. were 

the fungi identified in the poultry litter effluent. Microbes, including E. coli, Staphylococcus sp., Enterobacter sp., 

Salmonella sp., Aspergillus niger, and Penicillium sp., are pathogenic. Several research investigations have identified 

pathogenic bacteria with comparable traits in poultry litter (Mshelia et al., 2023). 
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Enumeration of Bacteria and Fungi in Poultry 

Litter Effluent 

Table 2 shows the microbial counts in poultry 

litter effluent. The result shows that the bacterial 

count varied from 5.36x10
6
 - 1.60x10

8
 CFU/ml, 

whereas the fungal count ranged from 1.03x10
3
 - 

8.36x10
4
 CFU/ml. Furthermore, E-coli has the 

highest count of 3.35x10
8
 CFU/ml, while 

Staphylococcus sp. has the least count of 

2.14x10
7
 CFU/ml. Aspergillus niger has the 

highest fungal count of 8.36x10
4
 CFU/ml, while 

Candida sp has the lowest fungal count of 

1.03x10
3
 CFU/ml. 

Table 2: Bacterial and Fungal count for poultry litter effluent. 

S/No. BACTERIA CFU/ml FUNGI CFU/ml 

1 Salmonella enteritidis 2.61x10
8
 Aspergillus niger 8.36x10

4
 

2 Bacillus sp. 5.36x10
6
 Fusarium oxysporum 7.09x10

3
 

3 Escherichia-coli. 3.35x10
8
 Aspergillus fumigatus 6.45x10

5
 

4 Staphylococcus aureus 2.14x10
7
 Mucor sp. 4.82x10

3
 

5 Klebsiella sp. 3.14x10
8
 Penicillium sp. 4.73x10

3
 

6 Shigella sp. 4.41x10
7
 Trichoderma sp. 8.0x10

4
 

7 Pseudomonas aeruginosa 1.60x10
8
 Candida sp. 1.03x10

3
 

8 Enterobacter sp. 2.75x10
8
 Saccharomyces sp. 6.91x10

3
 

*CFU/ml; Colony Forming Unit/Milliliter.  

Lead (Pb) Polluted Soil Remediation 

The initial Pb content in sample A was 

38.28±0.04 mg/kg; however, it was slightly 

reduced to 35.24±0.07 mg/kg in week 1, 

32.15±0.07 mg/kg in week 2, and 29.13±0.07 

mg/kg in week 3 (Table 3). 

 

Table 3: The mean standard deviation concentration for Lead in soil remediated with poultry litter effluent. 

Sample Id   
Initial Conc. Week 1 Week 2 Week 3 

 ̅±SD  ̅±SD  ̅±SD  ̅±SD 

A - Control 38.28±0.04 35.20±0.07 32.15±0.07 29.13±0.07 

B – 200ml PLE 38.75±0.17
a
 28.11±0.21

b
 18.78±0.34

c
 9.35±0.11

d
 

C – 300ml PLE 39.05±0.85
a
 28.54±0.67

b
 19.29±0.66

c
 3.09±5.35

c,d
 

* PLE Poultry Litter Effluent 

*Values with different superscripts within a row are significantly different (P < 0.05). 

Before remediation, the Pb concentration in 

sample B was 38.75±0.17 mg/kg, and after 

remediation, the concentration was significantly 

reduced to 28.11±0.21 mg/kg in week 1, 

18.78±0.34 mg/kg in week 2, and 9.35±0.11 

mg/kg in week 3. The reduction in Pb 

concentration in the sample might be related to 

research by Farhan & Khadom (2015) and Alori 

et al. (2018) that indicated Pseudomonas sp. and 

Saccharomyces sp. can be used to remediate Pb-

polluted soil due to the bacteria's Pb 

accumulation potentials. In sample C, a 

substantial reduction was seen in the first, second, 

and third weeks following remediation with 

poultry litter effluent compared to the Pb initial 

concentration (39.05±0.85 mg/kg, 28.54±0.67 

mg/kg, 19.29±0.66 mg/kg, and 3.09±5.35 mg/kg). 

The decrease in Pb concentration in the sample 

was consistent with the research of Ramasamy et 

al. (2011) and Njoku et al. (2020), which found 

Bacillus sp. and Aspergillus fumigatus to be 

viable biosorbents for removing Pb from 

contaminated soil. Staphylococcus sp. can uptake 

Pb through biosorption by 88.33% of 1000µg/ml 
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to 1600µg/ml, as stated by Aslam et al. (2020); 

Enterobacter sp. can remove up to 85% of the 

50ppm concentration of Pb in 96 hours, according 

to Aisami et al. (2020); and Espinoza-C et 

al. (2021) reported a 69.33% to 90.23% removal 

of Pb by Saccharomyces sp. Luna et al. (2016) 

also observed that Candida sp. produces 

biosurfactant with Pb removal efficiencies of 

79%. According to Godleads et al. (2014), 

bacteria that can survive in the presence of high 

concentrations of lead use a number of different 

strategies to avoid being poisoned by the metal. 

These strategies include the use of an efflux 

mechanism, extracellular sequestration, 

biosorption, precipitation, morphological changes 

to the cells, increased production of siderophores, 

and intracellular lead bioaccumulation. 

There was a small decrease in the concentration 

of Pb within the control sample (A) from 8% at 

week 1, 16% at week 2, and 24% at week 3. 

While looking at the rate decrease of Pb in 

samples B and C spiked with poultry litter 

effluent from week 1 to week 3 after remediation, 

the decrease is bigger, going from 27% to 92% 

(Fig. 1). 

 
Fig. 1: Percentage decrease in lead concentration at different weeks. 

 

At week 1, samples B and C had a Pb 

concentration reduction of 27% each. At week 2, 

sample B has a reduction of 52% in Pb levels, 

while sample C has a reduction of 51%. At week 

3, after remediation with the effluent, samples B 

show a 76% drop in lead levels, while sample C 

has the highest lead content reduction of 92%. 

Nickel (Ni) Polluted Soil Remediation 

One of the heavy elements utilised to pollute the 

soil samples was Ni. The initial mean±SD Ni 

content in sample A was 41.80±0.20 mg/kg, 

39.55±0.23 mg/kg at week 1, 37.44±0.19 mg/kg 

at week 2, and 35.29±0.04 mg/kg at week 3 

(Table 4).  

Table 4: The mean standard deviation concentration for Nickel in soil remediated with poultry litter 

effluent. 

Sample Id   
Initial Conc. Week 1 Week 2 Week 3 

 ̅±SD  ̅±SD  ̅±SD  ̅±SD 

A - Control 41.80±0.20 39.55±0.23 37.44±0.19 35.29±0.04 

B – 200ml PLE 44.33±0.90
a
 28.23±0.92

b
 22.74±1.01

c
 8.45±7.32

b,c,d
 

C – 300ml PLE 45.95±4.78
a
 29.67±3.93

b
 23.98±3.46

c
 12.63±1.63

c,d
 

* PLE Poultry Litter Effluent                                                                                                     

*Values with different superscripts within a row are significantly different (P < 0.05). 
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The Ni concentration in sample C was 

44.33±0.90 mg/kg before remediation; following 

remediation, the concentration dropped 

significantly (P < 0.05) to 28.23±0.92 mg/kg, 

22.74±1.01 mg/kg, and 8.45±7.32 mg/kg in 

weeks 1, 2, and 3, respectively. Aspergillus sp. 

can bioaccumulate and biosorped Ni, as stated in 

two separate studies by Tastan et al. (2010) and 

Pundir et al. (2018). Aspergillus sp. may have 

contributed to the reduction in Ni concentration 

in the soil sample after remediation by being 

present in the poultry litter effluent. The initial 

concentration of Ni in sample E was 45.95 ± 4.78 

mg/kg. After remediation, the concentration 

significantly dropped in weeks 1, 2, and 3, with 

mean±SD values of 29.67±3.93 mg/kg, 

23.98±3.46 mg/kg, and 12.63±1.63 mg/kg, 

respectively. The bioremediation potentials and 

presence in the effluent of microorganisms 

Bacillus sp., Penicillium sp., and Candida sp. in 

the bioaccumulation and biosorption of Ni, as 

mentioned by Anahid et al. (2011) and Ghosh et 

al. (2022), can be attributed to the reduction in 

concentration of Ni in the soil sample remediated 

with the poultry litter effluent. The ability of 

microorganisms like Bacillus sp., Aspergillus 

niger, Penicillium sp., and Candida sp. to 

bioaccumulate and biosorb Ni has been studied 

by Tastan et al. (2010), Anahid et al. (2011), 

Pundir et al. (2018), and Ghosh et al. (2022). 

This can be explained by the fact that the 

concentration of Ni in the soil samples that were 

cleaned up with the effluents went down. Bacillus 

sp. can uptake Ni up to 50µg/ml to 150µg/ml 

intracellularly (bioaccumulation) and by passive 

phenomenon (biosorption), as mentioned by 

Goyal et al. (2019), while Penicillium sp. has the 

capability to uptake 7.5µg/l of Ni in 140 minutes, 

according to Sundararaju et al. (2020). 

The percentage reduction in Ni concentration in 

soil samples after three weeks of remediation 

with poultry litter effluent is shown in Fig. 2. 

 
Fig. 2: Percentage decrease in nickel concentration at different week. 

The reduction of Ni in samples B and C spiked 

with poultry litter effluent is significant, ranging 

from 35 to 81 percent from week one to week 

three after remediation. At week 1, sample C 

shows the smallest percentage loss (35%), 

whereas sample A has the highest percentage 

decline (36%). At week 2, Sample C has the 

lowest percentage decline (48%), while Sample A 

has the highest percentage decline (49%). Sample 

C had a 73 percent reduction in Ni after 

remediation with the effluents, whereas sample A 

had an 81 percent reduction after week 3.  
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Efficacy of Poultry Litter Effluent in 

Bioremediation 

To assess the effectiveness of poultry litter 

effluent in the bioremediation of polluted soil, the 

concentration of heavy metals in the soil was 

initially noted. Before treatment, the 

concentrations of lead and nickel in the soil 

ranged from 38.75±0.17 mg/kg to 39.05±0.85 

mg/kg for lead and 44.33±0.90 mg/kg to 

45.95±4.78 mg/kg for nickel, respectively. After 

it was remediated with the effluent, the 

concentration dropped to 3.09±5.35 mg/kg and 

8.45±7.32 mg/kg. The samples remediated with 

poultry litter effluent showed a 92% and 81% 

reduction in lead and nickel concentrations. From 

the study, it was observed that poultry litter 

effluent was effective in the bioremediation of 

lead and nickel-polluted soil, and it was noted 

that this efficacy was increasing over time. 

However, further increasing the remediation time 

will also enhance the effectiveness of the 

bioremediation process. The lower amount of 

lead and nickel in the soil samples that were 

remediated with poultry litter effluent is due to 

the bioaccumulation and biosorption abilities of 

the microorganisms found in the effluent, 

including Saccharomyces sp., Pseudomonas 

aeruginosa, Rhizopus sp., Bacillus sp., 

Enterobacter sp., Aspergillus fumigatus, 

Staphylococcus aureus, Aspergillus niger, 

Penicillium sp., Candida, and Salmonella 

enteritidis. The findings of this study are in 

agreement with the research findings of Tastan et 

al. (2010), Anahid et al. (2011), Ahemad and 

Malik (2012), Farhan and Khadom (2015), 

Moukhtari et al. (2018), and Ho et al. (2018). 

Pundir et al. (2018), Ghosh et al. (2022), Hu et 

al. (2023) and Wróbel et al. (2023) found that 

these microorganisms have the potential to be 

useful sources of and effective tools for 

bioremediation of heavy metal-polluted soil. 

CONCLUSION 

This study aimed to evaluate the effectiveness of 

poultry litter effluent in bioremediating polluted 

soil. The soil had high concentrations of lead and 

nickel before treatment, which dropped after 

being remediated with the effluent. The results 

showed a 92% and 81% reduction in lead and 

nickel concentrations, respectively. This was due 

to the bioaccumulation and biosorption abilities 

of microorganisms found in the effluent, 

including Saccharomyces sp., Pseudomonas 

aeruginosa, Rhizopus sp., Bacillus sp., 

Enterobacter sp, Aspergillus fumigatus, 

Staphylococcus aureus, Aspergillus niger, 

Penicillium sp., Candida, and Salmonella 

enteritidis. The bacterial and fungal species 

identified are both beneficial and pathogenic 

strains, with varying population densities. 

Significant reductions in lead and nickel 

concentrations over a three-week period 

demonstrated the remediation potential of the 

poultry litter effluent. The highest efficacy in lead 

removal was achieved with 300 ml of effluent, 

resulting in a 92% reduction. The study provides 

novel insights into the potential use of microflora 

derived from poultry litter effluent for soil 

bioremediation in heavy metal contamination 

cases. The study can serve as a reference for 

scholars studying bioremediation in polluted soils 

and a strategic plan for NESREA and other global 

environmental protection organisations involved 

in the bioremediation of contaminated soil. 

Limitation and Future Prospects 

Although there have been many well-established 

research papers, the use of poultry litter effluent 

and microbes to remove heavy metals is mostly 

limited to laboratory settings. The main 

impediment and disadvantage of this technology 

is its restricted capability for large-scale 

production and commercialization. In order to 

enhance productivity and accomplish sustainable 

development objectives, it is essential to advance 

the integration of technology in bioremediation. It 

is crucial to carry out progressive and exploratory 

research in this setting, which entails 

comprehensive investigations on molecular-level 

remediation processes and models. Also, there is 
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a need to study the long-term effects of poultry 

litter effluent on soil health and the microbial 

diversity of the effluent. 
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