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Abstract

Aim: To evaluate the concentration of spent automobile battery that could cause potential toxic effect
on the microorganisms: Nitrobacter sp. and Nitrosomonas sp. in soil.

Study Design: The study employs experimental design, statistical analysis of the data and
interpretation.

Place and Duration of Study: Soil sample were collected from Agricultural, Research and
Development Farm of Rivers state University, Port Harcourt, Nigeria. Spent automobile batteries were
obtained from the mechanic workshop at lkoku, Mile 1, Port Harcourt, Rivers state. These samples
were transported in ice pack to the Microbiology Laboratory of Rivers State University, Port Harcourt,
Nigeria, within 24 hours for analyses.

Methodology: Toxicity test procedures were carried out by submerging ten grams of automobile
battery into sterile transparent plastic rubber containing 1000g of soil samples. Toxicity test was carried
out using six plastic rubbers containing automobile acid battery + soil (set-up samples). Each set-up
sample containing different toxicant concentration (0%, 6.5%, 12.5%, 25%, 50% and 75%) was
inoculated with 1ml of test organism using spread plate technique on Winogradsky media. The cultures
were incubated at 35°C for 18 to 24 hours. Thereafter, plates were counted at interval of Ohr, 4hrs, 8hrs,
12hrs and 24hrs. Median lethal concentration (LC50) was determined using SPSS version 20.

Results: The results showed increase in percentage logarithm mortality of Nitrosomonas species with
increased toxicant concentration and exposure time. The media lethal concentration (LCso) of the spent
motor battery used decreased in the following order; spent automobile battery in soil environment +
Nitrosomonas (36.80%) > automobile battery in Nitrobacter (47.49%). However, automobile battery in
Nitrosomonas had lower toxicity than the Nitrobacter.

Conclusion: The result revealed that hazardous chemical from battery can cause environmental hazard
which affect microorganisms in soil. Hence, Proper disposal of automobile spent battery should be
practiced to avoid environmental pollution that can be detrimental to plant and human health.

Keywords: Nitrobacter species, Nitrosomonas species, Soil, Spent automobile battery, Toxicity

1. Introduction

Man’s activity in the environment has led to the pollution of soil and environment mainly by
chemical contaminants. The presence of spent automobile battery in soil can affect the
quality of food, groundwater, micro-organisms’ activity and plant growth etc. (Baldrain,
2003) Bl Automobile batteries are electronic appliances used by man, in all human
endeavors in order to make life and work easier. Most times, people prefer to buy new
electronic device when their old device go bad, rather than repairing a faulty one, even when
their devices have reusable part, (Babu et al., 2007) BI. Anually, in Nigeria, there is increase
in the demand and consumption of these electrical and electronic devices due to the growing
population which in turn has led to the growing volumes of wastes generated from
automobile batteries (Mohan and Chaithanya, 2015) %, Nigeria is the highest producer of
this waste in West Africa (Monhart et al., 2011) %1, These wastes referred to as E-waste or
electronic waste, involves automobile battery which can be categorizes as hazardous waste
including; the lead-acid batteries, and alkaline batteries, magnesium, lithium ion battery etc.
(Prakash et al., 2010; Otsuka et al., 2012) [ %01, The automobile battery waste contains
hazardous components which may pose serious environmental concerns when disposed
without adequate treatment (Reber, 1999; Plette et al., 2018) [+ 421, Most of the batteries in
use, classified as either secondary batteries are termed rechargeable and are more heavily
used in commercial settings than the primary batteries which are non-rechargeable and these
usually contains: Nickel-cadmium, nickel metal hydride, lithium-ion, and lead-acid batteries.
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(Nrior and Gboto, 2017) B4, Continuous exposure of battery
in to the soil environment can cause detrimental effect not
only to man but soil micro-organism (Amadi et al., 2014) ™,
this could inturn bring about ecological imbalance,
biochemical activities and retard decomposition processes
(Douglas and Green 2015) [ Although, the automobile
battery industry has put in great efforts overtime to recycle
and replace toxic components of these electronic materials,
these batteries are burned or incinerated with other waste
constantly (UNEP, 2012) B8, The fumes pollute the air
when they are released into the environment and also pollute
our water bodies (Nrior and Obire, 2015) 81, When thrown
into 'dump’ areas, in our environment, their toxic ingredients
are left to seep into the soil, finally to groundwater, causing
massive and devastating damage to our natural ecosystem
(Green 2015) 1. Unfortunately, the effects of automobile
batteries on the soil and environments are negative. Battery
components can inhibit the growth of certain
microorganisms by interfering with enzymatic activity, like
the inhibition of Nitrogenase actively involved in Nitrogen
fixation (Jastrzebska, 2006). The inhibition of Nitrogenase
actively can reduce the amount of nitrogen available for
plants, thus reducing crop yield. Other important microbial
processes in the soil like: nutrient transformation,
degradation and decomposition of resistant components of
plant and animal tissues, bioremediation, humus formation,
surface blooming to reduce erosion losses, all which
depends on the equilibrium found among the different
groups of microorganisms present in the soil environment
(Spain, 2003; Saviozzi et al., 2017) 54 51 which are in turn
affected when high concentrations of these toxic waste are
present. As the toxic components in these batteries are
leached into the soil and groundwater, they contain some
metals including: mercury, lithium, cadmium, chromium,
and lead that are especially toxic to soil and environmental
organisms as well as humans (USEPA, 2004) 561, According
to (Manhart, et al., (2011) °, introducing these wastes in
large volumes, without proper environmental management
system in place, could negatively impact the environment,
indigenous microorganisms, plants and animals, as well as
the population and the economy at large. Furthermore, the
chemical components from the automobile batteries lead to
the selective pressure of species which are resistant to their
harmful effects. Soil contamination with batteries limits the
microbial biodiversity while it increases the abundance of
some bacteria species which are more resistant to changes in
the environmental homeostasis, (Landi, 2013) 271,
Nitrobacter, a genus of mostly rod shaped gram negative
demo-autrophic bacteria play an important role in the
nitrogen cycle by oxidation of nitrate in soil. Unlike plant
where electrons transfer in photosynthesis provides the
energy for carbon fixation. Nitrobacter uses energy from
oxidation of nitrite ions NO; into nitrite NO3 to fulfill their
energy needs (Nrior and Gboto, 2017) 34,

Nitrosomonas is a genus of gram negative bacteria
belonging to the Beta Protein bacteria. It is one of the fine
genera of ammonia oxidizing and as an obligate chemo-
lithoautotroph, they use ammonia as an energy source.
Various species are naturally found in our environment and
also occur in soil, sewage disposal system and acquatic
environments like; oceans, lake, river) (Odokuma and
ljeoma, 2013) [,

Toxicity is the degree to which a hazardous substance or a
toxic component can cause damage to an organism. Toxicity
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can also be referred to the effect on a whole organism such
as an animal, a bacterium, plant on a structure of the
organism such as the cell (cytotoxicity) or an organ such as
the liver (hepatoxicity) ((Nrior and Obire, 2015) [,
Previous studies have shown that spent phone batteries
contained hazardous substances that are considered toxic to
the ecosystems at large. Other researches carried out by
Nrior and Ghoto (2017) B4, Kpormon and Douglas (2018)
(26 Awari et al., (2019) 1, have also revealed that these
microorganisms also have the capabilities to degrade
hydrocarbon polluted soil and environments. Therefore, this
research focus is to evaluate the concentration of spent
automobile battery that could cause potential toxic effect on
the microorganisms: Nitrobacter sp. and Nitrosomonas sp.
in soil in order to find out if these battery pose any toxic
effect on Nitrobacter and Nitrosomonas species.

2. Materials and Methods

A. Collection of Samples

Soil sample were collected at (1-10cm) depth from ten
points using hand glove, from Agricultural, Research and
Development Farm of Rivers state University, Port
Harcourt, Nigeria after using sterile trowel and shovel was
used to remove lumps and debris and transferred into sterile
plastic polythene bag, tied immediately to minimize
contamination. Whereas, spent automobile batteries were
obtained from the mechanic workshop at lkoku, Mile 1, Port
Harcourt and Rivers state. Samples were transported
immediately in ice pack to the Microbiology Laboratory of
Rivers State University, Port Harcourt, Nigeria, within 24
hours for analyses (Gupta et al., 2014; Nrior and Obire,
2015) (21331,

B. Pollution of Soil with Battery Acid

Before polluting the soil with automobile battery acid, about
five grams of the soil (unpolluted) was weighed and used to
isolate the microorganisms of the unpolluted soil samples.
The soil was then polluted with automobile battery acid and
mixed very well with sterile wooden spatula and kept for 21
days for proper acclimatization with the microorganisms
including isolates with capabilities of utilizing chemicals

and acidic components of batteries (Nrior and Obire, 2015)
[33],

C. Isolation and Enumeration of Microbial Isolates

Soil samples were immediately homogenized in order to
obtain a composite soil sample. Sodium chloride (8.5g) was
weighed using electronic balance and dissolved in 1000ml
distilled water. Serial dilution was done by dispensing 9ml
into different test tubes, autoclaved at 121°C for 15 minutes
(Giller et al., 2008; Landi et al., 20013; Nrior and Obire,
2015) [18, 27, 33].

1-Isolation and enumeration of bacterial isolates
Enumeration of microbial population from the soil sample
by the standard spread plate techniques was carried out.
After serially diluted samples 0.1ml aliquant of appropriate
dilution (dilution that produce colony counts of between 30-
300 colonies) was plated into the nutrient agar (NA) plates
and spread evenly using bent glass rod. The plates were
incubated inverted at 37°C for 24hrs. After incubation,
isolates were counted and plates yielding 30-300 colonies
were enumerated (Giller et al., 2008; Landi et al., 2013;
Odokuma and Oliwe, 2019) [*8.27. 371,
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2-Isolation and enumeration of fungal isolates

Isolation and enumeration of total fungi was done by serial
dilution, sterile normal saline (8.5g) of sodium chloride was
used as diluent for inoculation preparation. 1g of soil was
aseptically transferred into a sterile test tube containing 9
mis of diluent. This gives 107 dilution to 102 dilution.
Then, 0.1ml aliquant was plated into the already prepared
SDA plates and spread with glass spreader. The cultured
plates were incubated at 37°C for 3-5 days. After incubation,
emerging colonies that appeared on the Sabouraud Dextrose
Agar (SDA) plates were recorded as counts of total fungi
count for the soil sample respectively (Giller et al., 2008;
Landi et al., 2013; Odokuma and Oliwe, 2019) [8.27.37],

3-Isolation of test organisms (Nitrosomonas sp. and
Nitrobacter sp.)

Aliquot (0.1ml) of the soil sample was pipetted and
transferred onto already prepared sterile Winogradsky agar
plates in duplicates. Uniformly spread with sterile glass
spreader (spread plate method) and incubated in inverted
position at 30°C for 72-96 hours. Creamy mucoid, flat
colonies were suggested of Nitrosonomas species. Gram
staining of the colonies revealed gram negative short rods
indication of Nitrosomonas (Griffiths et al., 2007; Douglas
and Nwachukwu, 2016) 2% 101, The colonies were aseptically
subcultured onto freshly prepared Winogradsky’s Agar
plates. Greyish, mucoid, flat colonies were suggestive of
nitrobacteria gram staining of the colonies revealed pear-
shaped organisms indicative of nitrobacteria (Griffiths et al.,
2007; Douglas and Nwachukwu, 2016) 2% 19, Suspected
Nitrosomonas and Nitrobacter species were used to
inoculate sterile Winogradsky broth containing ammonium
sulphate and sodium nitrite respectively and incubated at
30°C for 2-6 days. After 48hrs incubation, 1ml each of
sulfuric and dimethyl-haphthalamine, and a little zinc dust
were added to the respective medium. Nitrite production
from ammonium sulphate indicated by red colouration was
confirmatory of Nitrosomonas species. Nitrate production
from sodium nitrite indicated by red coloration was
confirmatory of Nitrobacter specie (Griffiths et al., 2007;
Odokuma and Oliwe, 2016) (2],

D. Characterization and ldentification of Pure Cultures
Sub-cultures were made on a freshly prepared Nutrient Agar
(NA) plate and sabourand dextrose Aga (SDA) plate by
streak plate techniques, to get discrete colonies and different
morphological tests were performed on the various isolates
(Cheesbrough, 2006) [ The different bacterial isolates
obtained from the different plates were macroscopically
examined and then biochemically tested, to identify the
organism to the species level, using Bergey’s manual of
determination bacteriology (Holt et al., 2004) 4. Whereas,
the growth portion of the fungal mycelia on the sabourand
dextrose Agar medium was cut and placed on a grease free
microscopic slide containing few drops of Lacto-phenol
cotton blue, and covered with a cover slip. The mycelium
was then examined under the microscope at a magnification
of X10 and X40 objective lens (Holt et al., 2004) 24,
Discrete colonies on the plates were aseptically preserved
by transferring into 10% (v/v) glycerol suspension
seperately, well labelled and stored as stock cultures for at
4°C  for further biochemical investigation/studies
(Cheesbrough, 2006; Nrior and Obire, 2015) [: 331,
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E. Preparation of Toxicity Test Procedure

The automobile batteries were aseptically chipped open and
ten grams was immediately submerged (toxicant) in sterile
transparent plastic rubbers containing hundred grams of soil
sample. The cover of the plastic rubber was placed on top in
order for air to penetrate. This served as stock toxicant soil
sample (Frankenberger and Tabatabai, 2001; Nrior et al., et
al., 2015) [3:33],

The toxicant test was carried out with six separate small
plastic transparent rubber containing (automobile acid
battery + soil). Each of the small plastic rubbers containing
different toxicant concentration (0%, 6.5%, 12.5%, 2.5%,
50% and 75%) was inoculated with about 1ml of the test
organism separately with separate sterile Pasteur pipettes
(Nrior and Obire, 2015) 31, The 0% served as the control.
Thereafter, one gram of the acid soil was transferred to 9mis
test tube containing normal saline for 10-fold serial dilution.
The dilution was made up to 10 dilution. Aliquot (0.1ml)
was plated out immediately after inoculation on already
prepared Winogradsky agar plate and spread evenly using
bent glass rod and then incubated at warn temperature (28+2
°C). The plates were counted at Ohr, 4hrs, 8hrs, 12hrs and
24hrs, recorded respectively and converted to Logarithm
base 10 (log10) (Frankenberger and Tabatabai, 2001; Nrior
etal., etal., 2015) 13331,

1-Percentage log survival of Nitrobacter sp. and
Nitrosomonas sp. in automobile batteries

The percentage log survival of Nitrobacter and
Nitrosomonas bacterial species isolate in the automobile
battery effluent used in the study was calculated using the
formular adopted from (Frankenberger and Tabatabai, 2001;
Nrior and Obire, 2015) '3 %3, The percentage log survival of
the bacterial isolate in the soil sample was calculated by
obtaining the log count in the toxicant concentration divided
by the log of the count in the zero toxicant concentration
and multiplying by 100 (Nrior and Obire, 2015;) (531,

Log C X 100
Percentage (%) log Survival =——

Logc 1)

Where;

Log C = Log of the count in each toxicant concentration
Log ¢ = Log of the count in the control (zero toxicant
concentration)

2. Percentage log mortality of Nitrobacter and
Nitrosomonas species in automobile batteries

The percentage (%) mortality of the test organism was
obtained by subtracting the value of the percentage (%)

survival from one hundred (100) (Nrior and Obire, 2015)
[33],

Percentage (%) log Mortality = 100 - % log Survival (2)

3. Determination of the Median Concentration (LC50) of
automobile batteries on Bacteria (Nitrobacter and
Nitrosomonas species

The mortality of the test organisms expressed as Median
Lethal Concentration (LC50) were used as a protocol to
monitor toxicity.
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The median lethal concentration of the toxicant in the soil
environments were determined by subtracting the value of
the highest concentration used from the total sum of
concentration difference and multiplied by the mean
percentage mortality divided by the control (Frankenberger
and Tabatabai, 2001; Amadi et al., 2014; Nrior and Gboto,
2017) [13,1, 31].

Thus;

Le LCio0 - Dose Diff. X mean% mortality
s0="

100 @3)

3. Results and Discussion

A. Results of Microbial counts and
suspected microbial Species

The bacterial and fungal counts of soil samples are
presented in table 1. The result showed that the unpolluted
soil sample had higher population of total heterotrophic
bacteria (THB) and total fungal (TF) counts than the
polluted soil sample. Nevertheless, the hydrocarbon
utilizing bacteria (HUB) counts and hydrocarbon utilizing
fungal (HUF) counts were more, in the polluted soil sample
than the unpolluted soil sample.

identification of
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The biochemical tests of bacterial isolates and their colonial/
morphological characterization are presented in table 2 and
3 respectively. While the macroscopic and microscopic
descriptions of fungal isolates are presented in table 4. This
was carried out in order to observe the presence and absence
of cultural characteristics like asexual reproductive
structures like sporangia, conidia, head, vegetative mycelia,
septate hyphae.

The bacterial isolates were identified as: Bacillus sp.,
Staphylococus sp., Streptococcus sp., Pseudomonas sp.,
Achromobacter sp., Flavobacterium sp., and Micrococcus
sp., whereas the fungal were identified as: Penicillin sp.,
Rhizopus sp., Aspergillus sp., Fusarium sp. and Mucor sp.
The results obtained in this study revealed that the toxicants
have ability to affect microorganisms in the polluted soil
environment and interchangeably, the polluted soil
environment could be affected by the toxicants present in
the soil samples. This results concurs with research works
carried out by; Said and Lewis, (2001) °%; Frostegard, et al.,
(2003) [€: Saviozzi et al., (2017) 54:; Douglas et al., (2018)
Bl: Fagade and Adetutu, (2020) ' who isolated similar
bacterial species from soil and water samples analysed for
lethal concentration.

Table 1: Microbial counts of soil samples

Soil Sample Type | Total Heterotrophic Bacteria | Total Fungi| Hydrocarbon Utilizing Bacterial | Hydrocarbon Utilizing Fungi
Polluted soil 2.0x10* 1.0x103 8.1x10? 9.1x10?
Unpolluted soil 2.8 x 104 7.0x10° 6.0x10? 2.2x10?
Table 2: Biochemical test of the isolates
I(s:oolgge Glucose [ManitollLactaseMaltase/CatalaseOxidase[Motility| Vc;?s;f;;zlﬁur MFc:teZyl IndoleCitratelUrease| hf;?gf;is tolgg:]ce i?;‘;iﬁ;ﬁg
USS1 - + + + + + + - + - + - - - Bacillus sp.
UsS2 - + + + + + + - - - - + Micrococus sp.
USS3 + - - + + + + - - + - - Staphylococus sp.
USS4 + + + + + + - - - - + + + - Pseudomonas sp.
USS5 + + + + - + + - - - + + - - Achromobacter
PSS1 + + + + + + + - - + - - Staphylococus sp.
PSS2 + - - + + - + - - - - - Flavobactereria
PSS3 - + + + + + + - - - - + Micrococus sp.
PSS4 - + - + + + - - - + + + - Pseudomonas sp.
PSS5 + + + + + + + + - + - Bacillus sp.
PSS6 + + - - - + + + + + + - - Proteus sp.
Table 3: Colonial/Morphological characteristics of bacteria isolates
Isolate Code Colour Size Elevation| Margin | Form/Shape | Surface Appearnace | Surface Texture Organismi
USS1 Whitish gray Large Flat |Undulate| Irregular Rough Dry-wet Baciilus sp.
USS2 Bright yellow Small Convex | Entire Circular Smooth Buttery Micrococus sp.
USS3 Orange — golden yellow |Small-large| Convex | Entire Circular Smooth Dry-wet Staphylococus sp.
USss4 Cream/yellowish green |Small-large| Convex | Entire Circular Smooth Mucoid Pseudomonas sp.
USSs5 White- yellow Large Convex | Entire Circular Smooth Mucoid Achromobacterium sp.
PSS1 Cream - yellow Small-large| Convex | Entire Circular Smooth Mucoid Staphylococus sp.
PSS2 White - yellow Large Convex | Entire Circular Smooth Mucoid Flavobacterium sp.
PSS3 Bright yellow Small Convex | Entire Circular Smooth Dry Micrococus sp.
PSS4 Greenish - yellow Small-large| Convex | Entire Circular Smooth Mucoid Pseudomonas sp.
PSS5 Gray to white Large Flat  |Undulate| Irregular Rough Dry-wet Baciilus sp.
PSS6 Yellow Small Convex | Entire Circular Smooth Dry Proteus sp.
SSS1 Greenish-red Small Flat Entire Circular Smooth Mucoid Nitrobacater sp.
SSS2 White -red Small Convex | Entire Circular Smooth Mucoid Nitrosomonas sp.
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Table 4: Macroscopic and Microscopic description of fungi isolates

Isolates Code Fungi Macroscopic Description

Microscopic description

USSA Penicillium sp.

Radically furrowed blue-green validity growth | Septate hyphae, with branched conidiophoras bearing phialides.
with white periphery and reverse white colour

Conidia are arranged in chains on the phialides.

USSB Rphizophus sp. spots

White colony growth, with grayish to blackish

Septate branched sporangiophores, with round head sporangia.

USSC Fursarium sp.

White colony lawn like growth with reverse

Septate hyphae with presence of banana shaped septate conidia

yellow colour

yellow colour
USSD Mucor sp. White fluffy growth with reverse white colour Non-septatehyphase, with non-septate Sporangiophores
PSSA Fusariumsp White colony lawn like growth with reverse Septate hyphae with presence of banana shaped septate conidia.

PSSB Penicillium sp.

Radically furrowed blue-green validity growth
with white periphery and reverse white colour

Septate hyphae, branched conidiophoras with phialides with
conidia arranged in chains.

PSSC Mucor sp.

White fluffy growth with reverse white colour

Non-septatehyphase, with non-septate Sporangiophores

B. Results of Log Survival count of Bacterial Species
with spent automobile battery in the soil environment
The log survival counts of Nitrobacter sp. and
Nitrosomonas sp. were tested when exposed to the spent
automobile batteries in the soil environments were
determined by adding the various toxicant concentrations of
the spent automobile batteries as follows; 6.5%, 12.5%,
25%, 50%, 75% which was inoculated with the test
organisms at interval of 4hrs from the start of Ohr, 4hrs,
8hrs, 12hrs, 24hrs and then, colonies were counted after
incubation, for each hour in order to show the toxicity of the
chemical content of the spent battery. Results were further
converted into logarithm value for simplicity and reported in
table 5 and 6 respectively.

C. Results of toxicity testing

The percentage log survival counts of toxicity test carried on
Nitrobacter and Nitrosomonas species with spent
automobile battery in the soil environment were calculated
and are presented in tables 7 and 8 respectively while, the
median lethal concentrations (LCso) of the bacterial species
on the spent automobile batteries were determined and
summarized in tables 9 and 10 respectively.

The result concurs with Nrior and Obire, (2015) [,
Kpormon and Duglas, (2018) [?1 observed simultaneous
reduction in the percentage logarithmic survival of test
organisms employed in the tri-aquatic environments after
exposure to the toxicant concentrations at 24 hours.

The toxicity results obtained in this study revealed that spent
automobile phone batteries can inhibit the activities of these
bacterial species. Researchers including Bishop, 2000 [,
Renella et al., (2002) *3; Douglas et al., (2018) I; Francis

(2020) [*2 have also, reported in their research work on
toxicity of spent phone batteries on microflora in marine,
brackish and freshwater ecosystems and that Nitrobacter
and Nitrosomonas species are key environmental organisms,
and that their biodegradation capabilities can be negatively
affected when exposed to chemicals from automobile
batteries in the soil and surrounding environments (Fritze,
2002; Jastrzbska, 2006) (4 251,

The results are also in agreement with researchers like:
Odokuma and Akponah, (2010) [, Rayner and Sadler,
(2009) 31; Lundoteats, (2011) [?81; Nrior and Gboto, (2017)
[31: who researched on; comparative toxicity of spent
mobile phone batteries (Samsung and Tecno) on bacteria,
observed and reported that toxicity can be altered or affected
by the chemical constituents of the medium, as well as the
environments. Other researchers including: Roane, (2001)
[471: Olajure and Ayodele, (2006) [8; Robinson, (2009) eI,
Rogers and Li, (2015) 8 further emphasized, that this may
be as a result of chemical reactions between the components
in the battery and the constituents found in the
environments.

This study also revealed that, spent automobile phone
batteries disposed into the surrounding environments could
get into the soil and water bodies, reduce the biodegradation
capabilities of organisms like; Nitrobacter sp. and
Nitrosomonas sp. and could constantly poses great toxicity
of environmental and public health concern in affected
areas, in Rivers State, Nigeria.

This fact supports the research works carried out by Rether
et al., (2002) [*9: Sosak-Swiderska, (2010) B31; Schierl et al.,
(2016) 521,

Table 5: Log Survivial count of Nitrobacter sp. with spent automobile battery in the soil

Toxicant concentration 0 Hour 4 Hour 8 Hour 12 Hour 24 Hour
0% 1.74 1.68 1.60 1.54 1.30
6.5% 1.66 151 1.44 1.30 1.14
12.5% 1.60 1.56 1.47 1.39 1.30
25% 1.68 151 141 1.30 0
50% 1.36 1.17 0 0 0
75% 1.30 1.25 1.23 0 0
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Table 6: Log Survivial count of Nitrosomonas sp. with spent automobile battery in the soil

Toxicant concentration 0 Hour 4 Hour 8 Hour 12 Hour 24 Hour
0% 247 2.17 2.07 2 1.74
6.5% 2.07 1.78 1.69 1.47 1.30
12.5% 2.35 2.14 2 1.80 1.60
25% 1.90 1.94 1.77 1.65 1.30
50% 2.30 1.80 1.60 1.56 1.30
75% 0.25 1.74 1.60 1.47 1.17
Table 7: % Log Survivial count of Nitrobacter sp. with spent automobile battery in the soil
Toxicant concentration 0 Hour 4 Hour 8 Hour 12 Hour 24 Hour
0% 100 100 100 100 100
6.5% 83.63 73.33 70 54.14 70
12.5% 80 82.22 75 71.42 100
25% 97.27 73.33 65 57.14 0
50% 41.81 33.33 25 0 0
75% 36.36 40 425 0 0
Table 8: % Log Survivals count of Nitrosomonas sp. with spent automobile battery in the soil
Toxicant concentration 0 Hour 4 Hour 8 Hour 12 Hour 24 Hour
0% 100 100 100 100 100
6.5% 40.54 40.66 41.66 30 35.71
12.5% 77.2 94 83.33 64 71.42
25% 27.02 58.66 50 44 35.71
50% 67.56 42.66 33.33 37 35.71
75% 60.81 37.33 33.33 30 26.78

Table 9: Median Lethal concentration (LCso) of automobile battery on Nitrobacter sp. in soil

LCso =LCioo - 2 Dose Diff. X mean% mortality

100

=75-2751.284
100

®3)

Dose Difference
%Mortality Mean Mortality Dose Difference > X
Mean % Mortality
0% 0 - - -
6.5% 148.86 29.772 6.5 193.576
12.5% 91.36 18.276 6 109.656
25% 217.22 43.444 12.5 543.050
50% 399.86 79.972 25 199.3
1705.7
0,
75% 341.14 68.228 25 $2751 284
=75-27.51284

LCso= 47.48716%

Table 10: Median Lethal concentration (LCso) of automobile battery on Nitrosomonas sp. in soil

Dose Difference
% Mortality Mean Mortality Dose Difference > X
Mean % Mortality
0% 0 - - -
6.5% 311.49 62.298 6.5 404.937
12.5% 110.5 22.1 6 132.6
25% 284.43 56.886 12,5 711.075
50% 283.44 56.688 25 1417.2
1558.75
0,
75% 311.75 62.35 25 $-3819.625
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Fig 1: Percentage logarithm survival of Nitrobacter species with spent automobile battery in soil environment
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Fig 2: Percentage logarithm survival of Nitrosomonas species with spent automobile battery in soil environment

The result obtained during the lab work reveal that certain
substances in automobile battery used to power mobile
phones are relatively toxic in Nitrosomonas than
Nitrobacter species. Similar observation have been reported
Wang, (2004). Hence, during the research, it was observed
that automobile battery proved to be more lethal to
Nitrosomonas than in Nitrobacter species and that, the
longer the organism are being exposed to these toxicant the
more lethal it becomes to them.

The result of the log survival count shows the sensitivity of
the organism (Nitrosomonassp) to the toxicity of automobile
battery. The sensitivity tests showed variation toxic level.
Spent automobile motor battery in soil environment with
Nitrosomonas (36.80%) > automobile battery in Nitrobacter
(47.49%). The media lethal concentration (LCsp) of the
spent automobile battery used, decreased signifying the

~57 ~

lower the LC50 the more toxic the toxicant concentration.
Conclusively, spent automobile battery in Nitrosomonas has
the lowest toxicity.

Figures 1 and 2 show the relationship of the lethal toxicity
of Nitrobacter sp. and Nitrosomonas sp. at various toxicant
concentrations (6.5%, 12.5%, 25%, 50%, 75%) when
exposed to spent automobile batteries at various time
interval of four hourly (Ohr, 4hrs, 8hrs, 12hrs, 24hrs).
Conclusively, the toxicity of spent automobile battery on
Nitrosomonas sp. in soil is more toxic having the lower
LC50 (LC50 36.8037%) than the toxicity of spent
automobile battery on Nitrobacter sp. in soil is more toxic
having the higher LC50 (LC50 = 47.4871%). This result
shows that the bacterial specie; Nitrosomonas extract higher
mortality rate than the bacterial specie; Nitrobacter.
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4. Conclusion and Recommendation

The result reveal that the hazardous chemical from the
battery can cause environmental hazard which affect the
nitrobacter and nitrosomonas. Exposure of these chemical
can cause a variety of serious health issue in humans if
released into the environment. The automobile phone
battery are very toxic to Nitrobacter which is used as an
environmental pollution monitor. And at such its
concentration in the soil environment should be monitored.
Waste automobile battery are capable of inducing oxidative
damage and denaturation of microorganism as well as
weakening the bioremediation capacity of microbes and
destructing ion regulatory, affecting the formation of DNA
as well as protein.

Battery contains toxic substances such as nickel, cadmium
and mercury hence, precautions such as proper disposal of
automobile spent battery which involves battery recycling,
should be taken.

Recycling of batteries is good for the environment as it
keeps them out of landfill, where heavy metals may leak
into the ground, causing soil and water pollution and
endangering microorganisms. Lead acid battery waste
should be returned to a local household hazardous waste
collection program for management rather than to dispose in
a trash or discharged directly into the environments or water
bodies. Also, the manufacturer’s facility should provide a
strategy in monitoring and controlling of automobile battery
waste such as availability of landfill should be covered with
a thin layer or clay to avoid chemical in the battery to leach
into the ground water thereby leading to pollution.
Furthermore, in solving e-waste problem, the government
should provide an environment protection agency (EPA) for
proper management of e-waste and adequate investigation
possibilities for improved e-waste management systems.

5. Acknowledgement
Not available

6. Author’s Contribution

This work was carried out in collaboration among all
authors. Author RRN designed the study, wrote the protocol
and wrote the first draft of the manuscript. Author AGP
performed the statistical analyses. Authors AGP and AVG
carried out the literature searches of the study. Author AVG
edited and proofread the manuscript. All authors read and
approved the final manuscript.

7. Conflict of Interest
Not available

8. Financial Support
Not available

9. References

1. Amadi EN, Kiin KD, Kpormon LB, Robinson VK.
Microbial flora and nutritional composition of adult
palm-wine beetle. International Journal of Current
Microbiology and Applied Science. 2014;3(11):189-
192.

Awari VG, Ogbonna DN, Nrior RR. Bio-stimulation
Approach in  Bioremediation of Crude Oil
Contaminated Soil Using Fish Waste and Goat Manure.
Microbiology =~ Research  Journal  International.
2020;30(1):33-46.

~ 58 ~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

www.microbiojournal.com

Baldrain P. Interactions of heavy metals with white-rot
fungi Enzyme. Journal of Microbial technology.
2003;32(1):78-91.

Baldrain P. Effect of heavy Metals on Saprotrophic Soil
Fungi.Soil Heavy Metals. Environmental Toxicology
and Chemistry Journal. 2010;19:263-279.

Behu B, Parande A, Basha C. Electrical and Electronics

Waste: A Global Environmental Problem. Waste
Management and Resources Programme.
2007;25(4):307-318.

Bishop PL. Toxic Effect of Heavy Metals.

Environmental Toxicology and Chemistry Journal.
2000;19:600-607.

Cheesbrough M. Medical laboratory manual for tropical
countries. ELBS. 2006;7:312-315.

Douglas S, Green DI. Microbial Communities found in
Diesel Contaminated Soil. International Journal
Physical and Applied Sciences. 2015;2(4):38-48.
Douglas SI, Nrior RR, Kpormon LB. Toxicity of Spent
Phone Batteries on Microflora in Marine, Brackish and
Freshwater Ecosystems. Journal of Advances in
Microbiology. 2018;12(2):1-10.

Douglas SI, Nwachukwu EU. Effect of spent laptop
battery waste on soil Microorganisms, International
Journal of Current Microbiology and Apply Science.
2016;5(11):867-876.

Fagade OE, Adetutu MA. Lead solubilization and
accumulation by Two Strains of Pseudomonas Species,
obtained from a battery manufacturing Factory’s
effluent. Nigerian Journal of Microbiology. 1999-
2020;13:39-46.

Francis AJ. Microbial Dissolution and Stabilization of
Toxic Metals and Radionuclides in mixed Wastes.
Experientia. 2020;46:840-851.

Frankenberger WT, Tabatabai MA. Amidase Activity
in Soil, IV. Effects of Trace Elements and Pesticides.
Americal Journal of Soil Science  Society.
2001;45(6);1120-1124.

Fritze H, Perkiomki J, Saarela U. Effects of Cd-
containing Wood Ash on the Microflora of Coniferous
Forest  Humus.FEMS  Microbiology = Ecology.
2002;32(1):43-51.

Frost T, Sullivan N. World Stationary Lead Acid
Battery Markets.Research Overview.Retrieved Avrticle.
2016;20:43-58.

Frostegard A, Tunlid A, Baath E. Phospholipid fatty
acid composition, biomass, and activity of microbial
communities from 2 soil types experimentally exposed
to different heavy-metals. Journal of Applied and
Environmental Microbiology. 2003;59(11):3605-3617.
Giller KE, Nussbaum RE, Chaudri AM, McGrath SP.
Rhizobium meliloti is less sensitive to heavy metals
contamination in soil than Rhizobium
leguminosarumby, trifolii or Rhizobium. Loti. Soil
Biology/ Biochemistry. 2013;25(2):273-278.

Giller KE, Witter ET, McGrath SP. Toxicity of heavy
metals to Micro-organisms and microbial processes in

Agricultural ~ Soils: A review, Soil Biology/
Biochemistry. 2008;30(10-11):1389-1414.
Green IT. Sustainable Information Technology.

Batteries for IT systems in buildings, Environmental
Development Issues Bulletin. 2015;34:1-12.

Griffiths BS, Diaz-Ravina MR, Ritz KT, McNicol JW,
Ebblewhite NE, Baath E. Community DNA


file://server/test/microbiojournal.com/issue/1%20Vol/1%20issue/www.microbiojournal.com

Journal of Advances in Microbiology Research

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

hybridization and % G+C profiles of microbial
community heavy metals polluted soils. FEMS
Microbiology Ecology. 2007;24(2):103-112.

Gupta SK, Stadelmann FX, Hani HN, Rudaz A.
Interrelation of Cd-ion concentrations and the growth
and activities of microorganisms in two growth media.
Toxicology and Environmental Chemistry. 2014;8(2-
3):173-184.

Haanstra L, Doelman P. Glutamic acid decomposition
as a sensitive measure of heavy metal pollution in soil.
Soil Biology/ Biochemistry. 2021;16(6):595-600.
Harter RD, Naidu RD. Role of metal-organic
complexation in metal sorption by soils. Advanced
Agro-technology. 2015;55:219-264.

Holt JG, Kreig NR, Sneath PH, Stanley JT, Stanley ST.
Bergey’s Manual of Determinative Bacteriology.
Baltimore, USA: William and Wikins, 2004, 23-38.
Jastrzbska E. The effects of contamination with
fungicides on microorganisms’ count. Pollution Journal
of Natural and Applied Scences. 2006;21(20):487-498.
Kpormon LB, Douglas SI. Comparative
ecotoxicological assay of E-waste (phone battery) on
some aquatic normal flora. Journal of Advance in
Biology and Biotechnology. 2018;17(2):2394-1081.
Landi |1, Badalucco |, Pamare F, Namipieri P.
Effectiveness of antibiotic to distinguish the
contribution of fungi and bacteria to net nitrogen
mineralization, nitrification and respiration. Soil
biology and biochemistry Pergamum Press, Great
Britain; c2013. p. 17-71.

Lundoteats S. Recycling and Disposal of Electronic
Waste and  Environmental Impact.  Swedish
Environmental Protection Agency Report; c2011. p.
6417-6518.

Manhart A, Osibanjo O, Aderinto, Prakash S. Informed
e-waste Management in Lagos, Nigeria — Socio-
economic impacts and feasibility of International
recycling cooperation. Final Reports of Components of
the UNEP SBC E-waste Africa project; c2011.

Mohan RA, Chaithanya SM. E-waste generation and its
management. A Review. International Journal of
Advanced Technology Engineering and Science.
2015;3(1):468-480.

Nrior RR, Gboto B. Comparative toxicity of spent
mobilephone batteries (Samsung and Tecno) on
Nitrobacter species. Journal of Environmental Science,
Toxicology and Food Technology. 2017;11(8):37-44.
Nrior RR, Kpormon LB. Comparative Eco
toxicological analysies of spent phone batteries on
Pseudomonas sp. In tri aquatic environment. Current
Journal of Applied Science and Technology.
2018;27(6):1-11.

Nrior RR, Obire O. Toxicity of domestic washing
bleach (Calcium hypochloride) and detergents on
Escherichia coli. Journal of International Society of
Comparative Education, Science and Technology
(ICEST). 2015;2(1):124-135.

Obire O, Anyanwu EC, Okigho RN. Saprophytic and
crude oil degrading fungi from cow dung and poultry
droppings as bio remediating agents. Journal of
Agricultural Technology. 2008;4(92):81-89.

Odokuma LO, ljeomah SO. Tolerance of Bacteria to
Toxicity of Heavy Metals in the New Calabar River.
Global  Journal of  Environmental  Sciences.

~59 ~

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47,

48.

49,

50.

www.microbiojournal.com

2013;2(2):128-132.

Odokuma LO, Akponah EA. Effect of Nutrient
Supplementation on biodegradation and metal uptake
by three bacteria in crude oil impacted fresh and
brackish waters of the Niger Delta. Journal of Cell and
animal biology. 2010;4(1):1-18.

Odokuma LO, Oliwe SI. Toxicity of substituted
benzene derivatives to four chemolithotropic bacteria
isolates from New Calabar Rivers, Nigeria. Global
Journal of Environmental Sciences. 2019;3(4):72-76.
Olajure HA, Ayodele ET. Level of Heavy Metal in Soil
and Water. Environmental International Journal.
2006;23:91-101.

Oliveira A, Pampulla M. Effects of Long-term Heavy
Metal Contamination on Soil Microbial characteristics.
Journal  of  Bioscience and  Bioengineering.
2006;102(3):157-161.

Otsuka M, Itai T, Asante K, Muto M, Tanabe S. Trace
element contamination around the e-waste recycling
site at agbogbloshie, Accra City, Ghana. Journal of
Interdisciplinary Studies on Environmental Chemistry
and Environmental Pollution Ecotoxicology.
2012;6(6):161-167.

Prakash S, Manhart A, Amoyaw-Osei Y, Agyekum O.
Socio-economic assessment and feasibility study on
sustainable waste management in Ghana. 2010;105:34-
56.

Plette AC, Van-Riemsdijk WH, Benedetti MF.
Competitive binding of protons, calcium, cadmium and
zinc to isolated cell walls of a gram-positive soil
bacterium. Journal of Environmental Science and
Technology. 2018;30(6):1902-1910.

Rayner MH, Sadler PJ. Cadmium accumulation and
resistance mechanisms in bacteria. In: Poole, R.K.
Gadd, G.M. (Eds.), Metal-Microbe Interactions.
Specific  Publications on Society for General
Microbiology, 2009, 39-47.

Reber HH. Threshold levels of cadmium for soil
respiration and growth of  spring  wheat
(Triticiumaestivum L), and difficulties with their
determination. Biology Fertile Soils. 1999;7:152-157.
Renella GE, Chaudri AM, Brookes PC. Fresh additions
of heavy metals do not model long-term effects on
microbial biomass and activity. Soil Biology and
Biochemistry. 2002;34(1):121-124.

Robinson BH. E-waste: An assessment of global
production and environmental impacts. Sciences for
Total Environment. 2009;408(2):183-191.

Roane TM, Josephson KI, Pepper Il. Dual-bio
augmentation strategy to enhance remediation of
contaminated soil. Current Journal of Applied Science
and Technology. 2001;67(7):3208-3215.

Rogers JE, Li SW. Effect of metals and other inorganic
ions on soil microbial activity, soil dehydrogenase
assay as a simple toxicity test. Bulletin on
Environmental Contamination and  Toxicology.
2015;34(1):858-865.

Rother JA, Nilbank JW, Thonton IN. Effects of Heavy
metal addition on ammonification and nitrification in
soil contaminated with cadmium, lead and zinc. Plant
soil. 2002;69:239-258.

Said WA, Lewis DA. Quantitative assessment of the
effects of metals on microbial degradation of organic
chemicals. Applied and Environmental Microbial


file://server/test/microbiojournal.com/issue/1%20Vol/1%20issue/www.microbiojournal.com

Journal of Advances in Microbiology Research www.microbiojournal.com

Ecology. 2001;57(5):1498-1503.

51. Saviozzi A, Leviminzi R, Cardeli R, Riffaldi R. The
influence of heavy metals on carbon dioxide evolution
from a TypicXerochrept Soil.Water, Air, Soil Pollut.
2017;93:409-417.

52. Schierl R, Fottlein A, Hohmann E, Trubenbach D,
Kreutzer K. Einfuss von saurerheregnung und Kakung.
International Journal of Applied and Environmental
Microbial Ecology. 2016;56:93-112.

53. Sosak-Swiderska B. Effect of heavy metals on soil
fungi.EGU General Assembly 2010.Held 2-7" May, in
Vienna, Austria, Geophysical Res. Abstracts.
2010;12:14357.

54. Spain A. Implication of Microbial Heavy Metal
Tolerance in the Environment. Reviews in
Undergraduate Resouces. 2003;2(1-6):1-6.

55. United Nation Environmental Programme (UNEP).
Urgent need to prepare developing countries for surge
in e-wastes. Rocketing sales of cell phones, gadgets,
appliances in China, India, elsewhere forecast.
2012;612:6471-64809.

56. United States Environmental Protection Agency
(USEPA). Risk Assessment Guidance for Directive for
Super-fund Remediation and Technology Innovation,
U.S. Washington, D.C. Last edited Wikipedia.
2004;44(1):1-25.

How to Cite This Article

Renner NR, Ginika AV, Praisejah AG. Toxicity of spent automobile
battery on Nitrobacter and nitrosomonas species in soil. Journal of
Advances in Microbiology Research. 2020;1(2):51-60.

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-Non Commercial-Share
Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows
others to remix, tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new creations are
licensed under the identical terms.

~60~


file://server/test/microbiojournal.com/issue/1%20Vol/1%20issue/www.microbiojournal.com

