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ABSTRACT 

Bioremediation is a method that employs diverse agents such as bacteria, fungus, algae, and higher plants 

to remediate heavy metals and explosive compounds in the environment. The goal of this study is to 

isolate and identify microorganisms that can bioremediate soil contaminated with heavy metals and 

explosive compounds, in the Military Firing Range, Kachia, Kaduna State. Standard methods involving 

microbiological, biochemical and molecular analysis of the 16s rRNA genes were employed in 

identifying bacteria isolated from the contaminated sites. Basic Local Alignment Search Tool (BLAST) 

searches of NCBI databases confirmed the presence of Lysinibacillus, Escherichia coli, Achromobacter 

spp, Enterobacter sp, and Bacillus subtilis. Sequence alignment and phylogenetic analysis were carried 

out using the MEGA version 11.0 Software. The mixed bacterial consortium observed high 

bioremediation potential (68.62%) compared to a single isolate whose bioremediation potential observed 

in decreasing order were Bacillus subtillis (55.1%), Enterobacter spp (54.80%), E. coli (54.1%), 

Arcobacter spp. (43%), Klebsiella pneumoniae (42.7%),  Lysinibacillus (37.8%)  and Achromobacter spp 

(31.5%). The result obtained shows that the bacteria isolated from munitions-contaminated areas were 

found to possess bioremediation capability against heavy metals and explosive compounds; 

trinitrotoluene (TNT), royal demolition explosive (RDX), and high melting explosive (HMX) from the 

military firing range contaminated soil. 

Keywords: Bacteria, Bioremediation, Explosive compound, Heavy Metals, 16s rRNA gene Analysis.

INTRODUCTION  

The rising rate of environmental pollution by 

ammunition/explosives as a result of their increased 

deployments in the face of rising military conflicts 

and training has undoubtedly been a source of 

significant worry for all nations. As a result, there is 

an immediate need to establish procedures for 

effective and efficient mediation mechanisms that 

will safeguard the impacted country from the 

dangers of ammunition/explosive toxic substances 

contaminating the environment. Many countries, 

including Nigeria, are yet to establish 

environmental regulations for trinitrotoluene 

(TNT), royal demolition explosive (RDX), and high 

melting explosive (HMX) (Fayiga, 2018; Kalsi et 

al., 2029; Tauqeer et al., 2021). Explosives are used 

by various military formations in test firing and 

training of military personnel at all military firing 

ranges across Nigeria, including the Nigerian Army 

School of Artillery (NASA) Kachia, Kaduna State, 

which is the subject of this research. The NASA 

training and firing range is used by the Nigerian 

Defence Academy (NDA), the Nigerian Air Force 

Base (NAF), the Nigerian Army School of Infantry 

(NASI), the Armed Forces Staff and Command 

College Jaji, and the Defence Industrial Corporation 

(DICON). So far, no current practice is being 

carried out by the Armed Forces of Nigeria for the 
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remediation of contaminated soil, aside from the 

routine cleaning and burning of munitions-

contaminated sites. 

To destroy hazardous wastes, chemical, mechanical, 

and thermal treatments (incineration) of lands and 

water bodies, have proven to be economically and 

environmentally unsustainable, prompting a shift in 

emphasis to biological methods that are cost-

effective, environmentally sustainable, and socially 

acceptable (Wang et al., 2021; Islam et al., 2020). 

Dust inhalation, soil ingestion, and skin absorption 

are the principal human exposure mechanisms for 

explosive contaminated soils (Singh et al., 2018; 

Sahakyan et al., 2019). Inhaling air and consuming 

farm products may enhance the likelihood of 

shooters transferring heavy metals and explosives 

from the range into their vehicles and homes on 

their hands, hair, skin, clothing, shoes, and firearm 

weapons. Wind interaction and rain runoffs flowing 

through the stream at the shooting range site also 

pollute the air, groundwater, soil, plants, animals, 

and other ecological characteristics within the site 

and its surroundings. To treat a contaminated site, 

the amount, consequences, and hazards that 

contaminants impose on ecological parameters and 

human health must be determined. The vegetation 

on polluted sites poses a major and urgent challenge 

since plant uptake would let munition components, 

transformation products, and plant-produced 

metabolites into food webs (Jena et al., 2017; 

Abdel-Shafy et al., 2018; Ramírez-García et al., 

2019; Futughe et al., 2020). To prevent the spread 

of contaminants and consequent harm to 

ecosystems, such locations must have their soil and 

groundwater cleaned up. Land farming, soil 

washing, and soil flushing were previously used to 

clean up contaminated soil containing heavy metals 

or volatile organic compounds (VOCs) (Koskei et 

al., 2017; Muñoz-Morales et al., 2021; Ossai et al., 

2020). Many alternative ways for removing and 

decomposing these xenobiotic chemicals have been 

devised using microorganisms in bioremediation. 

The breakdown of nitroaromatics via oxidative or 

reductive mechanisms has been extensively 

researched (Bhatt et al., 2021; Fernando et al., 

2019). Therefore, the goal of this study is to isolate 

and identify microorganisms that can bioremediate 

heavy metals and explosive compounds in 

contaminated environments in the Military Firing 

Range, Kachia, Kaduna State. 

MATERIALS AND METHODS 

Study Site 

The research was carried out at a permanent 

military shooting/training range 5 kilometres east of 

Kachia, Kaduna State. The range was founded in 

1965 and encompasses roughly 24.95 square 

kilometres of Longitudes 90 55' N and 70 58' E, 

elevation 732 meters above sea level (see map). The 

vegetation is Guinea Savannah and the topography 

of Futughe is undulating (Salawu et al., 1999) The 

impact area (where the munitions/explosives are 

fired) is a valley with around four large rocks that 

serve as targets for the fired munitions/explosives to 

land and explode. Annually, the Nigerian Defence 

Academy (NDA) Kaduna, the Nigerian Air Force 

(NAF) Kaduna, the Nigerian Army School of 

Infantry (NASI) Jaji, the Armed Forces Command 

and Staff College (AFCSC) Jaji, and the Nigerian 

Army School of Artillery (NASA) Kachia conduct 

five military exercises including the deployment of 

explosives. 

Sampling Points    

Locations 1, 2, 3, and 4 were chosen as sampling 

points for the study. The twin tiniest rocks nearest 

to the road are locations 1 and 2. While locations 3 

and 4 are significantly larger rocks heavily hit by 

munitions/explosives. There is a flat area between 

positions 1 and 2 where rain runoffs go to the 

waterway. (As depicted on the map and GPS 

coordinates). 

Small arms such as Kalashinokov, Fabrique 

Nationale Herstal (FN), Grenade, General Purpose 

Machine Gun (GPMG), Submachine Gun (SMG), 

and Pistols are fired from locations 1 and 2 about 

200 meters from the tabletop. The soil in locations 1 

and 2 is 50% silt, and the ground is flat, with trees 

and sewage that drains to the surrounding farmland. 

Location 3 is approximately 9000m from the 

tabletop and is located between 90 53' 44.71" North 

and 70 53' 17.87" East. Because of the extensive 

use of bombardment by artillery weapons, 166 mm 

nortwizer, and some military high equipment, the 

impact area of locations 3 and 4 are mostly rocks 

containing high concentrations of explosives, 

whereas location 4 is in front of location 3 and 

about 10,000m from the Table Top where heavy 

weapons are also fired. Various shrubs and 2 major 
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streams covered the distance between locations 3 and 4. 

Figure: 1 The study area is depicted on the map of Kaduna State above (Nigerian Army Shooting 

Range). [Source: NDA Kaduna Geography Department] 

 

Table 1: The sampling positions were recorded in degrees, minutes, and seconds (DMS) using a 

global positioning system (GPS). 

 

S/No. Location Northing’s           Easting’s Elevation 

1.    Kachia 9
o
52′24.42′′      7

o
57′18.61′′ 715m 

2.  Location 1&2 9
o
53′50.23′′  7

o 
53′54.53′′ 818m 

         3.           Location 3&4                            9
o
53′44.71′′ 7

o
53′17.87′′ 773m 

         4. Control                            9
o
53′47.63′′                      7

o
53′34.77′′                            644m 



32 

 

Soil Treatment and Sampling Technique 

Soil Sampling 

A soil iron auger was used to sample the soil in a 

specific sampling region. For this investigation, 

four locations within NASA's shooting/training 

range Kachia were chosen as sampling sites. To 

achieve representation of the area, each location 

was divided into three sections. 10 g of soil (0-30 

cm depth) with a 9cm diameter was collected from 

three separate positions within a location and 

harmonized to generate a composite sample at 

several sites. During both the dry and wet seasons, 

this sampling was carried out. All samples were 

sieved with a 63 (106m) mesh size laboratory sieve 

before being stored in black labelled polythene bags 

until they were tested. To preserve the original 

microbial activity, samples for microbial analysis 

were stored in a cool box refrigerated with an ice 

pack. 

Soil sample digestion for heavy metals and 

explosives analysis 

A pretreatment soil sample weighing 1.0g was 

correctly weighed and placed in a 100cm
3
 beaker. 

The sample was then mixed with 4.0cm
3
 of 70% 

HCLO4 and 2.0cm
3
 of concentrated HNO3, and the 

resultant mixture was baked at 100°C overnight. 

The white ash was dissolved in 2.0cm
3
 of 1.0m HCl 

before being filtered into a 50cm
3
 standard 

volumetric flask. The beaker was rinsed with 

modest amounts of double distilled water before 

being placed quantitatively into the flask. The 

resulting solution was diluted to the required 

concentration with double distilled water, then 

transferred to a clean dry plastic sample bottle, 

labelled, and stored for heavy metal and explosives 

examination. This protocol was followed for all of 

the samples taken at this location. The identical 

technique was used to make a blank, but without the 

soil sample (Ramos et al., 1994). 

Explosive Analysis. 

The research was carried out at NARICT in Zaria. 

The soil extracts were deposited into GC 

autosampler trays that were continually chilled by 

flowing 0
o
C glycol/ through the trays, and the 

extracts were evaluated by gas chromatography 

employing a micro-electron capture detector (GC-

ECD). The results were acquired on an HP-6890 

GC equipped with a microcell Ni
63

 detector at 280 

degrees Celsius using the basic process indicated in 

EPA SW-846 method 8095 (Draft) (EPA 2000b). 

At 250
o
C, direct injection of µL of soil extract was 

done into a purged packed input port fitted with a 

deactivated Restek Uniiner. The primary analysis 

was performed on a 6 m x 0.32mm ID-fused – 5% 

silica column with a 1.6-µm layer thickness 

(Phenyl) – methyl – siloxane (RTX – 5 from 

Restek). The temperature of the GC oven was 

programmed as follows: 100
o
C for two minutes, 

100
o
C minutes ramp to 260

o
C, and two-minute 

hold. The carrier gas, helium, was employed at a 

frequency of 11 ml/minute (linear velocity of 

approximately 90 cm/sec). Nitrogen was used as the 

ECD make-up gas, and it flowed at a rate of 40 

ml/minute. If a peak for a certain signature 

molecule was identified in the retention window, 

the extract was reanalyzed on a confirmation 

column, 6-MX 0.53 – mm ID with a 0.1-mm film 

thickness of 50% cyanopropylmethyl-50% 

phenylmethyl-polysiloxane (RTX -225 from 

Restek). If analytical concentrations were obtained 

from the main column determination, except they 

appear to be in coalition with another chemical, in 

such situations reported amounts were taken from 

the confirmation column determination.      

Isolation of TNT, RDX and HMX Degrading 

Bacteria from contaminated soil 

Thirty grams of soil from positive screening tests 

were placed in flasks and amended with one % 

(1%) cometabolite (Sodium acetate) and 5 

millilitres of distilled water. The flasks were sealed 

and incubated at 28°C. After one week, samples of 

acetate primed sterile water were plated on Basal 

Salts medium supplemented with 15g/L yeast 

extract that cannot solidify media Nutrient Agar and 

the Nystatin, a cometabolite, were used at 

concentrations of 21 g/L and 61 g/ml to inhibit the 

growth of fungi. For two weeks, the plates were 

incubated at 28°C. From each plate, a representative 

colony was chosen and then introduced to a liquid 

culture medium containing 100 mg/L TNT, where 

they were cultured for 10 days at 28°C on a rotary 

shaker set to 150 rpm. Blog identification was used 

to identify bacteria isolates (7 sets of biochemical 

tests in liquid for metabolic characterisation) and 

validated using Bergey's Manual of Systematic 

Bacteriology (Ainsworth et al., 1973).  
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Isolation and Identification of Possible Heavy 

Metals Tolerant Bacteria 

The soil sample solution was inoculated onto 

nutrient agar and Mackonkey Agar plates 

containing various quantities of heavy metals in salt 

form, such as lead chromate (vi) (Pb cr 04), nickel 

chloride (Ni.Cl3), cadmium nitrate (Cd No3). 

Manganese (iv) oxide (Mn 02), Cobalt aluminates 

(C0 O- Al2 03), Chromium Chloride (crd3), Iron 

arsenosulfide (Fe A5
5
), and Arsenic Trichloride (A5 

c3). The plates were incubated for 24-48 hours at 

300°C. To obtain pure cultures of each tolerant 

strain, the bacteria were separated and subcultured 

into nutrient agar plates (Pandey and Sharma, 

2003). Furthermore, the morphology of the isolates 

was observed. Cells of the isolates were gram 

stained and observed under the microscope. The 

biochemical tests of citrate, coagulase, catalase, 

oxidase, motility indole ornithine agar, methyl red, 

urease, TSI, and nitrate reduction were carried out 

(Nalinee et al., 2013; Madigan et al., 2009; Brooke 

et al., 2007; Prescott et al., 2002;). 

Isolation of genomic DNA from bacteria 

Bacteria with demonstrated bioremediation capacity 

(as well as effective strains of these bacteria) were 

chosen, and DNA was extracted. DNA from 

isolated bacteria strains was recovered from 1ml of 

bacteria culture, which was pelleted for two minutes 

of centrifugation at 12,000 rpm. After being treated 

with lyse solution and proteinase K, the pellet was 

incubated at 60°C for 30 minutes. Nucleic acid was 

precipitated with isopropanol by centrifuging it at 

10,000 rpm for 10 minutes, then dissolved in 0.1ml 

of a TE buffer after being washed with 1ml of a 

70% (v/v) ethanol solution. The quality and amount 

of DNA were determined using agarose gel 

electrophoresis (Jyothi et al., 2012; Thenmozhi et 

al., 2013). 

Polymerase Chain Reaction Amplification of 16s 

rRNA Gene 

For each isolate, a PCR reaction combination 

including tenfold PCR buffer, 25 millimetres of 

magnesium chloride, and 25 millimetres of dNTPs, 

10 pm/µl Primer concentrations, and template DNA 

was employed to amplify the 16s rRNA gene. The 

lab net thermal cycler was used to optimize the 

PCR settings. The PCR program began with a 5-

minute denaturation stage at 94
o
C, followed by 35 

cycles of 94
o
C for 45 seconds, annealing (1 minute 

at 55
o
C), and a 10-minute extension step at 72

o
C. 

All reaction mixtures were kept at 40
o
C until it was 

time for analysis (Kloos et al., 2006). Gel 

electrophoresis was used to further characterize 

each isolate's amplified 16s rRNA gene. 

16s rRNA Gene Sequence Determination Each 

isolate's amplified 16s rRNA gene was processed 

for sequencing and characterisation. The ABI Prism 

DNA sequencer was used to evaluate the 

sequencing Kit (Applied Biosystems) that came 

with the package (ABI). As described by (Jyothi et 

al., 2012. the gene sequences obtained from each 

isolate in this study were compared to established 

16s rRNA gene sequences in the Gene Bank 

database and a phylogenic tree was constructed 

using mega software version 11.0. 

Bioremediation Potential of Bacterial Isolates to 

explosive compounds (TNT, RDX and HMX) 

Nutrient broth and soil solution were added in a 

ratio of 4:1.8 set of 250ml flask were Set for the 

work. The broth and soil solution was sterilized in 

an autoclave at 121
o
C for 15 minutes. 120ml of 

nutrient broth and 30ml of the sterilized solid 

solution was added to each of the nine flasks. The 

first flask was left uninoculated, but the second 

flask up to the ninth flask was inoculated with the 

isolated bacteria from explosive/munitions 

contaminated soil which are Achromobacter spp., 

Bacillus spp., Lysinibacillus spp., Enterobacter spp, 

Escherichia spp., Enterobacter spp. and Arcobacter 

spp. The ninth flask was inoculated with a mixed 

culture consortium (MCC) of the bacteria. The 

experiment Setup was left to stand for 14 days and 

the microremediation was measured by taking the 

optical density (O.D) reading at 595nm from 0hrs – 

14 days at regular intervals of 2 days against the 

control (Usman et al., 2012). 

Bioremediation Potential of Bacterial Isolates to 

Heavy Metals  

The soil sample solution was sterilized in an 

autoclave at 121 degrees Celsius for 15 minutes. In 

each of the nine conical flasks, 100ml of the 

sterilized soil solution was poured. The first flask 

was left uninoculated with bacteria (Control), while 

the second, third, fourth, fifth, sixth, seventh, eighth 

and ninth flasks were inoculated with; 

Achromobacter spp., Bacillus spp., Lysinibacillus 

spp., Enterobacter spp, Escherichia spp., 
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Enterobacter spp. and Arcobacter spp.  In the ninth 

flasks, a mixed culture consortium (MCC) 

comprising bacteria was inoculated. After 24 hours, 

the concentrations of Cadmium, Chromium, Nickel, 

Zinc, Cobalt, Iron, Lead, Copper, and Arsenic were 

detected using an Atomic Absorption 

Spectrophotometer (AAS). 

Bacterial Biodegradative Activity by 

Turbidometry 

The task required nine sets of 250ml flasks. The 

broth was sterilized in an autoclave for 15 minutes 

at 121 degrees Celsius. Each of the nine flasks 

received 120ml of nutrient broth inoculated with a 

1% munitions/explosives concentration. The first 

flask was left uninoculated with bacterium isolates, 

whereas the second, third, fourth, fifth, sixth, 

seventh, eighth and ninth flasks were all inoculated 

with the isolated bacteria, which included 

Achromobacter spp., Bacillus spp., Lysinibacillus 

spp., Enterobacter spp, Escherichia spp., 

Enterobacter spp. and Arcobacter spp. The ninth 

flask was inoculated with a mixed culture 

consortium of the seven bacteria and was monitored 

by obtaining the Optical Density (O.D) 

measurements at 595nm from 0hrs- 14 days at 

regular intervals of 2 days against mineral salt 

medium as blank (Jyothi et al., 2012). 

Statistical Analysis 

The data for the study were analyzed using general 

descriptive statistics and one-way analysis of 

variance (ANOVA) at the 95% confidence level of 

significance. If there were any significant 

differences. The different experimental groups were 

compared using Duncan's Multiple Range Test. The 

statistical analysis was performed using (SPSS), the 

Statistical Package for Social Scientists and 

Microsoft Excel.  

RESULTS  

Table 2 shows the Bacterial Counts (X10
3
) of 

NASA Shooting Range Kachia. The bacterial loads 

of the soil were 30+35.59 & 30+30.59 CFU/ml in 

both locations (1) meter & (2) 0 meter, and 1 + 0.33 

&1+0. 12 CFU/ml in both locations (4) 200 meter 

& 400 meter, respectively. Locations (1 & 2) 0 

meters had the highest bacterial load (30+35.59 & 

30+30+59 CFU/ml-1), while locations (4) 200 & 

400 meters had the lowest (1+0.33 & 0+0 CFU/ml-

1) (-1). Meanwhile, the control sample was 3.67 + 

2.49. 

 

Table 2: Bacterial Isolates from Twelve Sampled Locations in NASA Shooting Range Kachia, 

Kaduna State. 

 

Location Bacterial Count (X10
3 

CFU/ML)       

Location Bacterial Count (X10
3 

CFU/ML)       

Location (1) 0 meter                -    30+35.29                                  Location (3) 20 meter   - 24.33+20.07 

Location (1) 20 meter            -    4+2.94                                      Location (3) 40 meter - 12.331+13.91 

Location (1) 40 meter            -    27.33+36.04                             Location (4) 0 meter               - 11.33 +5.79 

Location (2) 0 meter                 -   30+30.59                                  Location (4) 20 meter               - 1 +0.33 

Location (2) 20 meter            -  2+1.41                                       Location (4) 40 meter         - 1+0.12 

Location (2) 40 metre        - 3.67+3.77       Control                                    - 3.67 + 2.49 

Location (3) 0 metre        - 12+16.971   
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Table 3: Gram Stain Results, Morphological and Biochemical Characterization of Microbial Isolates from NASA's Kachia Kaduna 

Shooting Range 

G-

Stai

n 

Shap

e 

Surface Colour Margi

n 

Opacit

y 

Cat

ala

se 

Cit

rat

e 

Ur

eas

e 

Ox

ida

se 

Lo

c 

Ind

ole 

Nit

rat

e 

Me

thy

l 

red 

Mot

olitu 

Triple 

Sugar 

Iron 

Voyages 

Prausker 

Probable 

Bateria 

Isolates  

                  

G- Cocc

i 

Smoot

h 

Whit

e  

Entire Transpare

nt 

+ + - - + + + - - - + Klebsiella 

pneumoni

ae 

G+ Rod Shiny  Whit

e  

Entire Transaren

ts 

- + - + + - + - + - + Bacillus 

subtilus 

G+ Rod Shiny Whit

e  

Entire MoIst - - + - + - + - + - + Lysinibaci

llus 

G- Cocc

i 

Smoot

h 

Whit

e  

Raise  Transpare

nt 

+ - - - + + + + + + - Escherich

ia 

coli 

G- Rod Smoot

h 

Grey  Swimmi

ng 

Transpare

nt 

+ +  + -  +  -  +  -  +  - +  Enterobac

ter 

cloacae 

G- Rod Smoot

h 

Whit

e  

Entire Transpare

nt 

+ - + + - - + - + + - Achromob

acter spp. 

G- Rod Smoot

h 

Whitis

h  

Entire Transpare

nt 

+ + + + - - + + + - - Arcobacte

r spp. 

+ = Positive (means present)   - = Negative (means absent) 
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The Gram stain, morphological, and biochemical 

characteristics of microbial isolates from the 

Twelve Study sites are shown in Table 3 above. 

Escherichia coli, Enterobacter, Klebsiella, 

Achromobacter spp. and Arcobacter spp. were 

among the Gram-negative isolates. Only Bacillus 

and Lysinibacillus spp. were gram-positive. All of 

the isolates' colonial morphologies were examined 

for characteristics such as shape, texture, size, 

colour, margin elevation, and opacity. The colonies 

of bacterial isolates were mostly Rod, with only a 

few cocci. Bacterial cells were discovered to have 

smooth, rough, glistering, and shiny surfaces. The 

majority of the colonies chosen visually based on 

naked-eye observation were whitish, green, or grey. 

The entire, rice and swimmy margins of isolated 

bacterial colonies were discovered. The colonies 

were mostly opaque, transparent, and moist, 

according to the investigation.  

Amplification of the 16srRNA Gene from 

Bacteria Isolates 

On agarose gel, isolates from each munition 

contaminated site, a 16s rRNA gene band size of 

100b was observed for each bacteria. (plate 1). 

Meanwhile, the identity of the isolates was further 

confirmed by 16s rRNA sequencing and BLAST 

(plate V).   The results of a BLAST search of NCBI 

databases were used to align the bacterial 16s rRNA 

gene sequence. Lysinibacillus, Escherichia coli, 

Achromobacter, Enterobacter, and Bacillus spp. 

had 99 % result similarity, while Arcobacter and 

Klebsiella spp. had 98% similarity. Different 

bacteria strains involved in munition/explosive 

degradation were highlighted as a result of this 

research. 

 

Plate 1: agarose gel analysis of 16s rRNA gene Amplification of DNA extracted from the isolated 

munition/Explosive Degrading Bacteria 

KEY: 

Lane of 100bp-DNA marker (ladder) 

Lane 1: Enterobacter spp.  

Lane 2: Lysinibacillus spp.  

Lane 3: Bacillus spp.  

Lane 6: Escherichia spp.  

Lane 9: Achromobacter spp.  

Lane 10: Arcobacter spp.  

Lane 11: Klebsiella spp. 
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Figure 2: Neighbour-Joining Tree showing Phylogenetic Affiliation of 16S rRNA sequences obtained 

from soil contaminated with explosive compounds (TNT, RMX, HDX) and heavy metals from NASA 

firing range Kachia 

 

Bioremediating Potentials of Bacterial Isolates to 

Heavy Metals. 

When compared to the control and values obtained, 

certain bacteria isolates showed different 

percentage reductions of heavy metals. 

Lysinibacillus reduced lead concentration by 

26.8%, Achromobacter spp by 13%, E. coli by 

55.7%, Klebsiella pneumonie by 43.7%, Bacillus 

subtilis by 56.1%, and Arcobacter spp. by 44%. 

66.5% had Enterobacter spp., and 76.4%, had 

MBC. Lysinibacillus reduced cadmium to 25.6 %, 

Achromobacter spp. to 25.86%, and E. coli to 22%. 

K. pneumoniaee was reduced to 16.3%, and B. 

subtillis was eliminated. Arcobacter spp.. was 

found to be 14.14%, Enterobacter spp. was found 

to be 21.2 %, and MBC was found to be 99.9%. 

Lysinibacillus reduced zinc by 38.8%, 

Achromobacter spp by 32.5%, E. coli by 39.1%, K. 

pneumoniaee by 36 7%, B. subtillis by 39%, 

Arcobacter spp. by 31.5%, Enterobacter spp by 

36.5%, and MBC by 38.9%. Lysinibacillus reduced 

cobalt to 31.4%, Achromobacter spp to 31.8%, E. 

coli to 30.6%, K. pneumoniaee to 31%, B. subtilis 

to 99.9%, Arcobacter spp. to 31.3%, Enterobacter 

spp to 31.6%, and MBC to 99.9%. Lysinibacillus 

reduced to copper by 30.8%, Achromobacter spp by 

9.1%, E. coli by 23 %, K. pneumoniae by 28.6%, B. 

subtilis by 33.3%, Arcobacter spp. by 3.1%, 

Enterobacter spp by 11.1%, and MBC by 33.4%. 

Lysinibacillus had a 31% reduction in manganese,  

Achromobacter spp. had a 17%, reduction, E. coli 

had a 33%, reduction, K. pneumoniae had a 10%, 

reduction, B. subtilis had a 19 %, reduction, 
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Arcobacter spp. had a 26%, reduction, Enterobacter 

spp had a 35%, reduction, and MBC had a 52%, 

reduction. Nickel was reduced by 23.21%, in 

Lysinibacillus, 29.19%, in Achromobacter spp, 

15.1% in E. coli, and 20.1%, in K. pneumoniae. B. 

subtilis has a 23.6%, prevalence, Arcobacter spp.. 

has a 22.19%, prevalence, Enterobacter spp. has a 

14.9%, prevalence, and MBC has a 39.3 %, 

prevalence. Lysinibacillus reduced chromium levels 

by 11.6%, Achromobacter spp by 21.7%, E. coli by 

41.5%, K. pneumoniae by 10.8%, B. subtilis by 

46.3%, Arcobacter spp. by 41.3%, Enterobacter 

spp by 13%, and MBC by 50.3%. Lysinibacillus 

reduced arsenic to 14.85%, Achromobacter to 7%, 

E. coli to 12.1%, K pneumonia to 12%, B. subtilis 

to 21.1%, and Arcobacter spp. to 13.9%. MCC was 

found to be 21.5% and Enterobacter spp. was found 

to be 6.96%. All of the bacteria isolates reduced 

heavy metals more effectively than the control 

group. In decreasing order, the best isolates for 

heavy metal reduction were Bacillus 

subtilis>Enterobacter spp>E. coli >Arcobacter 

spp.>Klebsiella pneumoniae >Lysinibacillus 

>Achromobacter spp. Overall, the mixed culture 

consortium has the highest and most noticeable 

percentage reductions of each heavy metal analyzed 

in this study. According to the Duncan Multiple 

Range Test,     in both dry and wet seasons, the 

ANOVA test for total explosive contents reveals a 

significant difference (P<0.05) for all locations 

Figure. 3: Bioremediation Potential of Bacterial Isolates to Heavy 
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Lb= Lysinibacillus, Achr = Achromobacter spp., 

Ec= Escherichia coli, Klp= Llebsiella pneumonia, 

Bs= Bacillus subtilus, Arc= Arcobacter spp., Ent= 

Enterobacter Spp, MBC=Mixed BacteriaCulture. 

Growth Potential of Explosive Utilizing Bacteria 

(Explosive by Turbidometry) 

Table  4  shows the optical density reading of 

biodegrading activity of each bacterial isolate on 

mineral salt medium (MSM) broth with 11% 

exposure to explosives compounds. The bacteria 

Lysinibacillus spp, Achromobacter spp, E. coli, 

Klebsiella pneumoniaee, Bacillus subtilis, 

Arcobacter spp., and Enterobacter spp were found 

to be able to degrade explosives. The results of the 

analysis show that after 14 days of incubation, there 

is a significant difference in the overall growth rate 

reading at 595nm. 

The overall result also showed that from the 8th to 

14th day, the growth rate increased significantly 

– Arcobacter and Achromobacter had Lag, 

exponential, stationary, and death phases. The 

growth rates of Lysinibacillus, E. coli, and MBC 

were exponential, stationary, and death phases, 

respectively, whereas Bacillus subtilis, Klebsiella 

pneumoniaee, and Enterobacter spp. were 

stationary, exponential, and death phases. 

Bacteria from the genus Lysinibacillus, 

Achromobacters spp, E. coli, Klebsiella 

pneumoniae, Bacillus subtilis, Arcobacter spp., and 

Enterobacter spp were found to have degrading 

activity on explosive compounds, then the mixed 

bacteria consortium MBC were all potent degraders 

of explosive, with values of optical density of 

0.192, 0.128, 0.098, 0.095, 0.097. Bacterial growth 

was slow between 0 and 2 days. Meanwhile, 

Lysinibacillus, E. coli, and Bacillus subtilis were 

the bacterial species with the highest number of 

individuals on day 12. According to the Duncan 

Multiple Range Test, the Anova test for total 

Explosive Contents reveals a significant difference 

for all locations (P<0.05). 

  

 

Figure. 4: The Growth Rate (Optical Density Values) of Bacterial Isolates in 1% Explosive Mineral 

Salt (Basal Salt Medium) Mean. 
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Table 4: The Growth Rate (Optical Density Values) of Bacterial Isolates in 1%   Explosive Mineral 

Salt (Basal Salt Medium) (mg/kg-1). 

Means on the same column having different superscripts are significantly different (p<0.05) 

According to Duncan multiple range test. 

DISCUSSION 

The seven bacterial isolates (Table 3) obtained from 

heavy metals and explosive contaminated soil in 

this study were found to be similar to the study 

which was carried out by Kafizadeh, et al., (2011) 

and Thompson, crocker et al., (2005); where 

bacteria strains belonging to 10 genera were 

isolated and identified as follows; Lysinibacillus, 

Achromobacter, Escherichia, Klebsiella, Bacillus, 

Arcobacter and Enterobacter spp. In the same 

manner, research carried out by Philip et al.,(2000), 

and Gunasakaran et al.,(2003) on soil polluted with 

toxic metals and explosives recorded the presence 

of Bacillus spp. Enterobacter spp and Klebsiella 

were found to have biodegradative potentials on 

copper, zinc, lead, chromium, cadmium, nickel, 

cobalt, and Arsenic. This also conforms with the 

findings of Raja (2006) who reported that 

Arcobacter showed tolerance to Pb, Cd, Cr and Ni. 

while, E. coli and Enterobacter had the highest rate 

of degrading cyclic nitramines, TNT, RDX and 

HMX as the sole nitrogen, or carbon and energy 

source. Cunningham et al., (1994). Relatively few 

bacterial genera have been observed to mineralize 

the nitramine rings (Rosser et al., (2002); 

Thompson, Crocker et al., (2005).  

Microorganisms have developed many different 

strategies to remove and degrade these Xenobiotics 

compounds and oxidative or reductive pathways for 

the degradation of nitroaromatics. There are seven 

bacterial isolates with maximum tolerance trend for 

lead, cadmium, Zinc, Cobalt, Copper, Manganese, 

Nickel, Chromium and Arsenic. This work 

conformed with that of Raijbanshi (2008) who 

isolated E. coli, Klebsiella spp, Enterobacter spp, 

Bacillus spp, and Arcobacter spp., as heavy metal 

tolerant bacteria in the treatment of plants in Nepali. 

Also Duniya et al., (2015) isolated Bacillus spp, E. 

coli, Klebsiella spp, Enterobacter spp, and 

Achromobacter spp. Among the seven bacteria, 

isolates Bacillus showed maximum tolerance to 

heavy metals. Then followed by E. coli, Arcobacter 

spp., Klebsiella pneumoniae, Lysinibacillis and 

Achromobacter spp respectively. This finding is in 

agreement with Philip et al., (2000): Gunasekaran 

et al., (2003) report revealed that Bacillus spp 

showed maximum tolerance to Zinc, Copper, 

Cadmium, Nickel, Lead, Arsenic. Meanwhile, the 

bacterial isolates from the explosive contaminated 

soil in this study were found to be similar to the 

study which was carried out by Kitts, Cuttingham et 

al., (1994) and Kafizadeh et al., (2011) respectively 

where bacteria strains belonging to 10 genera were 

Bacterial Species            OD Values in Days          

  

0 2 4 6 8 10 12 14 16 

Lysinibacillus 0 0.021
bcd

 0.037
abc

 0.038
b
 0.054

b
 0.080

a
 0.199

b
 0.115

a
 0.098

a
 

Achromobacter 0 0.001
d
 0.010

dc
 0.016

cd
 0.053

b
 0.036

c
 0.63

a
 0.072

e
 0.066

f
 

Escherichia coli 0 0.034
abc

 0.056
a
 0.061

a
 0.069

a
 0.073

b
 0.098

b
 0.099

c
 0.078

c
 

K. pneumonia  0 0.06
a
 0.024

cd
 0.031

cb
 0.043

c
 0.050

d
 0.069

c
 0.080

d
 0.069

f
 

B. subtilis 

 

0 0.04
ab

 0.05
ab

 0.05
ab

 0.030
e
 0.072

b
 0.078

c
 0.084

c
 0.080

b
 

Arcobacter spp. 0 0.01
cd

 0.031
bcd

 0.043
ab

 0.045
c
 0.054

d
 0.059

c
 0.067

f
 0.061

g
 

Entrobacter Spp. 0 0.03
bc

 0.04
abc

 0.05
ab

 0.036
d
 0.063

c
 0.078

c
 0.097

b
 0.068f 

MBC 

 

0 0.020
bcd

 0.029
bcd

  0.043
ab

 0.057
b
 0.070

b
 0.075

c
 0.118

a
 0.073

e
 

Control 

 

0 0.000
d
 0.002

e
 0.004

d
 0.007

f
 0.007

f
 0.001

d
 0.004

g
 0.001

h
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isolated indigenously and identified as follows: 

Bacillus, Citrobacter, Escherichia, Klebsiella, 

Enterobacter, Achromobacter, Survey et al., 2004). 

Bacteria are known to mineralize explosives by 

primary reduction of the nitro group that is 

amenable to the reduction of electrons. It is the 

combination of these oxidants together with the 

carbon skeleton that gives an explosive the 

capability for explosive autocatalytic oxidation 

A mixed bacterial consortium observed high 

bioremediation potential (68.62%) compared to a 

single isolate (Table 4) whose bioremediation 

potential observed in decreasing order were 

Bacillus subtillis, Enterobacter spp,  E. coli,  

Arcobacter spp.,  Klebsiella pneumoniae,  

Lysinibacillus and Achromobacter spp in the 

following order as  (55.1%),  (54.80%), (54.1%),  

(43%) (42.7%),  (37.8%)  and,  (31.5%)  

respectively. MBC showed high percentage 

degradation of an explosive which might be 

attributed to the synergistic effect between the 

catabolic enzymes in the seven bacteria isolates. 

These findings are similar to the result obtained by 

Duniya et al., {2015} whose research reported 

biodegradation rates at 97% by MBC. 

In this result, Achromobacter spp and Arcobacter 

spp experienced lag, exponential, stationary and 

death phases which are the main four phases of 

growth, contradicting the finding of Ojima et 

al.,(2004), Usman et al.,(2012) and Oaikhena et 

al.,(2015) who reported that bacteria isolates did 

not exhibit lag phase of growth. Lysinibacillus, E. 

coli and MBC growth rate observed was 

exponential, stationary and death phase while 

Bacillus subtilis, Klebsiella pneumoniae and 

Enterobacter spp exhibited stationary, exponential 

and death phases (These findings correspond 

favourably with Usman et al., (2012). In this study, 

the ability of the isolated organism to degrade the 

munition/explosive compound and heavy metals in 

the sample of the military firing range sites suggests 

that they harbour the relevant degrading gene in the 

bacteria genomic DNA (Cowan et al., 2007). 

CONCLUSION 

Based on the growth rate and patterns of isolated 

bacteria on MSM broth inoculated with 1% 

munitions, it was discovered that microbial strains 

isolated from contaminated soil and 

molecular identified can be effective heavy metal 

and explosives compound degraders. The findings 

show that the munitions/explosives contaminant 

harms soil properties. This level of contamination 

shows high levels of heavy metals and explosives, 

particularly TNT, RDX, HMX, and PTEN, in 

comparison to NESREA and EPA permissible 

levels, affecting agricultural law, local stream 

irrigation, surface and underground water, and 

posing a threat to human health and the 

environment. The ability of the microorganism in 

this study to biodegrade suggests that they have a 

gene involved in the degradation of heavy metals 

and explosive compounds. Heavy metal and 

explosive residue concentrations were much higher 

in soils collected from the Study Sites than in soils 

collected from the control site. This revealed that 

military activities such as shooting ranges and 

training can result in the release of toxic metals and 

explosives, contaminating the environment. When 

compared to other metals and explosives, lead (Pb) 

and RDX had the highest concentrations, indicating 

their recalcitrant nature. 

The findings of this study show that the 

bioremediation ability of munitions in bacteria is 

higher in mixed microbial communities than in 

single pure isolates. As a result, the isolated bacteria 

spp were capable of bioremediation of munitions 

contaminants to varying degrees and could be used 

as consortia for bioremediation of heavy metals and 

explosive compound contaminated soils. 
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