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ABSTRACT 
 
Aim: The aim of this study was to evaluate the toxicological effects of plastic composted soil on 
some nitrifying bacteria which are Nitrosomonas sp. and Nitrobacter sp. 
Methodology: Five plastic composted soil samples were collected from different locations within 
the Edo State Waste Management site located at Iyowa in Benin City which were merged to form a 
composite sample. Nitrosomonas sp. and Nitrobacter sp. were isolated from the soil samples. 
Plastic composted soil concentrations were prepared for LC50 and EC50 determination. Nitrobacter 
and Nitrosomonas acute toxicity test was carried out. Initial nitrite concentrations were determined 
and plates of Winograsky agar were immediately inoculated by spread plate techniques. Nitrite 
accumulation and utilization were also determined and inoculation by spread plate method was 
carried out from the various plastic composted soil concentrations after 1 h, 2 h, 3 h and 4 h time 
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intervals. Plates were incubated at room temperature (28+/- 2°C) for 24 h. The percentage inhibition 
of bacteria (Nitrosomonas sp. and Nitrobacter sp.) was determined using the probit regression 
analysis in Excel Microsoft.  
Results: The EC50 values for Nitrosomonas sp. are as follows; 0.52, 0.82, 1.11 and 1.23 with LC50 
values of 27.47, 24.14, 19.74 and 16.73. It was observed that the EC50 values were very low which 
increased gradually with time, this suggest that there was a high percentage inhibition of 
Nitrosomonas sp. thereby altering and reducing the percentage nitrite accumulation by the bacteria.  
The EC50 values for Nitrobacter sp. are 52.00, 81.72, 111.31 and 123.13 and LC50 values are 25.04, 
23.93, 15.94 and 13.39. The EC50 values for Nitrobacter sp. were high which indicates that there 
was high nitrite utilization by Nitrobacter sp. as the percentage inhibition gradually decreased with 
exposure time. The coefficient of determination showed that the bacteria response which could be 
either inhibition, utilization or accumulation greatly depends on the amount/concentration of the 
plastic contaminants present in the test soil sample. 
Conclusion: The result from this study shows that the EC50 determination was more sensitive 
than the LC50 determination for Nitrosomonas sp. and that the LC50 determination was more 
sensitive than the EC50 determination for Nitrobacter sp.  Also that the populations of Nitrosomonas 
sp. were more sensitive to the plastic contaminants than the populations of Nitrobacter sp. The 
results obtained from this study suggest that autotrophic transformation by nitrifying bacteria 
which enhances soil fertility may be hindered in an ecosystem polluted with plastics as nitrification 
processes will be altered. 
 

 
Keywords: Toxicity; nitrifying bacteria; plastic composted soil; nitrite inhibition; nitrite utilization and 

accumulation. 
 
1. INTRODUCTION 
 
Since the beginning of industrialisation, a great 
variety of anthropogenic chemical compounds 
have been synthesised for countless uses. Some 
chemical groups, such as organochlorides and 
nitroaromatic compounds, are purposefully 
synthesised, while the production and incineration 
of some other commodities, such as polyvinyl 
chloride (PVC) plastic, create undesired toxic 
by-products. After the chemical products have 
served their purpose, they often end up in the 
environment. The microbes responsible for 
recycling these wastes are seldom well 
equipped to degrade the new types of 
molecules, which are therefore biodegraded 
slowly, if at all. The final destination of persistent 
contaminants is often the soil, or if they pass 
through a water treatment plant, either sewage 
sludge or sediment at the bottom of rivers, lakes 
or the sea, where they may accumulate, thereby 
rendering the environment hazardous to life 
[1,2]. Plastic debris in landfill also acts as a 
source for a number of secondary environmental 
pollutants [3]. Pollutants of note include volatile 
organics, such as benzene, toluene, xylenes, 
ethyl benzenes and trimethyl benzenes, 
released both as gases and contained in 
leachate [4]. Soil contamination with inorganic or 
organic pollutants commonly reduces the 
diversity or evenness of soil bacteria [5-7]. The 

first drawback associated with disposal of plastic 
waste is the fact that landfill facilities occupy 
space that could be utilised for more productive 
means, such as in agriculture [3]. Plastic 
components of landfill waste have been 
shown to persist for more than 20 years [8]. 
This is due to the limited availability of oxygen in 
landfills; the surrounding environment is 
essentially anaerobic [9,10]. Generally, a 
combination of multiple stressors, such as 
different pollutants or contamination exerts 
especially high pressure on soil communities, 
and the combined negative effect may not be 
additive but rather synergistic [11]. In the case                
of soil bacteria, this general ecological principle 
does not seem to hold; prior stress has                      
been associated with both an increase in 
sensitivity and an increase in community 
resistance or resilience [5]. The production of 
persistent resting forms such as bacterial 
endospores under stressful conditions can result 
in increased resilience [5]. Dormancy in general, 
meaning minimal metabolic activity associated 
with minimal interaction with the environment, 
can deliver the same advantages and seems to 
be a common survival strategy for soil bacteria 
[12]. 
 
The genus Nitrosomonas and Nitrobacter 
belongs to a variety of nitrite-oxidizing bacteria 
which are responsible for the first and second 
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step of the nitrification process (oxidation of 
ammonia to nitrite and nitrite to nitrate). These 
bacteria were used to study the acute toxicity 
test of plastics composted soil on nitrogen 
transformation activities in the soil. Inhibition of 
these steps under uncontrolled conditions may 
lead to accumulation of ammonium and nitrite-
nitrogen which is toxic [13]. Plastic contaminants 
have been shown to have acute effects on the 
biotic components of the terrestrial environment 
[14]. The acute toxicity effect of soil composted 
with plastics was conducted since the 
nitrification process is a function of enzyme 
activity (ammonia monooxygenase, 
hydroxylamine oxidoreductase and nitrite 
oxidoreductase) and its measurement has been 
used as an indicator of pollution [15,16]. The 
decline in the Nitrobacter sp. counts as the 
concentration of the plastic composted soil 
increased could be due to the toxic effect of 
plastic contaminants as earlier reported by [17]. 
[16] also noted that high concentrations of 
elements released from plastics inhibit microbial 
activities by causing damage or inactivating one 
or more critical enzymes. Toxicity studies have 
shown that the toxicity of plastic composted soil 
on nitrifying bacteria depended on the contact 
time and plastic composted soil concentrations 
which is in line with the toxicity evaluation of 
different insecticides concentrations on 
Nitrobacter sp. [18]. This means that at low 
plastic composted soil concentrations the 
bacteria was able to adapt and oxidize nitrite 
which increased with time. Also at higher plastic 
composted soil concentration, the bacteria 
growth count and metabolism was retarded even 
up to a hundred percent which is as a result of 
the inhibition of enzyme activities by the toxicant 
[19]. This suggest that autotrophic 
transformation by nitrifying bacteria may be 
hindered in an ecosystem polluted with these 
plastics as nitrification processes will be 
reduced.    
 
2. MATERIALS AND METHODS 
 
The toxicity of plastic contaminants to soil 
nitrifying bacteria was investigated to evaluate 
the toxic effects of plastic contaminants to 
nitrifying bacteria in the soil. Five plastic 
composted soil samples were collected from 
different locations within the Edo State Waste 
Management site located at Iyowa in Benin City 
which were merged to form a composite sample. 
Nitrosomonas sp. and Nitrobacter sp. were 
isolated from the soil samples using the 
methods employed by [17].  

2.1 Preparation of Plastic Composted Soil 
Concentration for Nitrosomonas  and 
Nitrobacter  Toxicity Test 

 
For the determination of the median lethal 
concentration (LC50), plastic composted soil 
concentrations of 100, 200, 300, 400 and 500 
mg/l. The median effective concentration (EC50) 
of test soil was determined from soil 
concentrations of 20, 40, 60, 80 and 100 mg/l. A 
control experiment consisting of the NaNO2 
diluent only (without the plastic composted soil) 
was set up [18]. 
 
2.2 Nitrobacter and Nitrosomonas Acute 

Toxicity Test  
 
Ninety millilitres of the test plastic composted soil 
was put in 250 ml volumetric flask. Ten millilitres 
of the bacteria standard inoculums was 
aseptically inoculated. Nitrite concentration was 
determined [20] and plates of Winograsky agar 
were immediately inoculated by spread plate 
techniques [17]. This was followed by nitrite 
determinations and spread plate inoculation from 
the various plastic composted soil concentrations 
after 1 h, 2 h, 3 h and 4 h time intervals. Plates 
were incubated at room temperature (28+/- 2°C) 
for 24 h. The percentage inhibitions of bacteria 
(Nitrosomonas sp. and Nitrobacter sp.) were 
determined using the formula below [21].  
 

(%) Inhibition =  
 
  N (control) --- N (sample)   X 100 
                N (control) 

 
N (control) = Number of colonies (cfu/ml) from 
the control sample. 
 
N (sample) = Number of colonies (cfu/ml) from 
the test soil sample. 

 
The percentage nitrite accumulation by 
Nitrosomonas sp. and percentage nitrite 
utilization by Nitrobacter sp. Were determined 
using the formula below. 
 

(%) Accumulation or Utilization =  
 

 C (control) --- C (sample)   X 100 
                C (control) 

 
C (control) = concentration of nitrite from the 
control sample. 
 
C (sample) = concentration of nitrite from the 
test soil sample. 



 
 
 
 

Atuanya et al.; BBJ, 13(4): 1-7, 2016; Article no.BBJ.26234 
 
 

 
4 

 

Using the probit regression analysis in excel 
Microsoft, the percentage inhibition values gotten 
for both bacteria were plotted against each of the 
test plastic contaminant concentration 
respectively. A dose response curve was 
prepared for the estimation of the lethal 
concentration (LC50) which is the plastic 
contaminant concentration required to kill 50% of 
the total number of bacteria (cfu/ml) in the test 
system. Also, the percentage nitrite accumulation 
and utilization values for Nitrosomonas sp. and 
Nitrobacter sp. were plotted against each of the 
plastic contaminant concentration respectively. 
From the dose response curve, the effective 
concentration (EC50) which is the plastic 
contaminant concentration that gives half (50%) 
of the maximum response was determined. The 
LC50 and EC50 values were calculated using the 
following equations generated by the values 
plotted, and each of these equations were 
selected depending on the one that best fits our 
dose response curve. 
 

Equation (1): Y = 1.485x + 1.466 
 
Equation (2): Y = 4.097ln(x) 2.173 
 
Equation (3): Y = 2.547 e0.249x 

 
For LC50 calculation, the value for Y in the 
equations above is the 50% value of the total 
number of bacteria killed. For EC50, calculation, 
the value for Y in the equations above is the 50% 
value of the total plastic contaminant 
concentration response. Each of these values 
was substituted for Y in the equations and the 
value gotten for X became our LC50 and EC50 
values respectively [21]. All results were 
subjected to statistical analysis [22].   
 

3. RESULTS AND DISCUSSION 
 
The results from this toxicity studies showed 
that the toxicity of plastic contaminants on 
Nitrosomonas sp. and Nitrobacter sp. depended 
on the contact time and plastic contaminant 
concentration, It was observed that there was 
an increase in the percentage inhibition of both 
bacteria (Fig. 1A and B) with increased plastic 
contaminant concentration and exposure time. 
There was an increase in nitrite accumulation 
and nitrite utilization at lower plastic contaminant 
concentration which began to decrease as the 
plastic contaminant concentration increased with 
exposure time (Fig. 2A and B) The EC50 values 
for Nitrosomonas sp. are as follows; 0.52, 0.82, 
1.11 and 1.23 with LC50 values of 27.47, 24.14, 

19.74 and 16.73. It was observed that the EC50 
values were very low which increased gradually 
with time, this suggests that there was a high 
percentage inhibition of Nitrosomonas sp. 
thereby altering and reducing the percentage 
nitrite accumulation by the bacteria (Table 1). 
The EC50 values for Nitrobacter sp. are 52.00, 
81.72, 111.31 and 123.13 and LC50 values are 
25.04, 23.93, 15.94 and 13.39. The EC50 values 
for Nitrobacter sp. were high which indicates that 
there was high nitrite utilization by Nitrobacter sp. 
as the percentage inhibition gradually decreased 
with exposure time. This means that Nitrobacter 
sp. could adapt to the plastic contaminant 
concentrations. The decrease of the LC50 values 
with exposure time shows that at the beginning 
there was a high inhibition of Nitrobacter sp. 
which corresponded to the low percentage nitrite 
utilization (Table 2). Increasing concentrations of 
organochlorine insecticides reduced total viable 
count of marine bacteria and treatment of B. 
subtilis with DDT resulted in alteration of 
membrane lipid composition [23,24]. The 
decrease in EC50 and LC50 with time may be 
attributed to increased water solubility with time. 
Aldrin at 100 µg/l and 200 µg/l inhibited the 
enzyme responsible for the metabolism of 
pentose and tricarboxylic acid cycle 
intermediates in Rhizobium sp. and nicotimamide 
adenine dinucleotide (NAD) dehydrogenase in B. 
subtilis and E. coli were inhibited by chlordane 
[19,25]. The coefficient of determination (r2) 
which shows the relationship between the plastic 
contaminant concentrations and the bacteria 
response indicates that the bacteria response 
which could be either inhibition, utilization or 
accumulation greatly depends on the 
amount/concentration of the plastic contaminants 
present in the test soil sample (Tables 3 and 4). 
 
Comparison of the LC50 values of Nitrosomonas 
sp. and Nitrobacter sp. suggests that the 
percentage inhibition of Nitrosomonas sp was 
higher than that of Nitrobacter sp. and the EC50 
values of Nitrobacter sp. were higher than that 
of the Nitrosomonas sp. There was a higher 
percentage utilization of nitrite by Nitrobacter 
sp. compared to percentage nitrite 
accumulation by Nitrosomonas sp. Xylene was 
more toxic to Nitrosomonas sp. than Nitrobacter 
sp.  Although both bacteria may have similar 
cell wall morphology as Gram-negative rods 
[26,27], the difference in response of these 
bacteria to plastic contaminants may be due to 
genetic differences [28]. Comparison of the 
LC50 and EC50 of plastic contaminants for 
Nitrosomonas sp. and Nitrobacter sp. revealed
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Fig. 1. Bacterial inhibition for four hours. (A) Nitrobacter sp. inhibition in plastic composted 
soil concentration (mg/l) from 1 to 4 hrs. (B) Nitrosomonas sp. inhibition in plastic composted 

soil concentration (mg/l) from 1 to 4 hrs 
 

 
 

Fig. 2. Nitrite utilization/accumulation by the bacteria in four hours. (A) Nitrobacter sp. nitrite 
utilization in plastic composted soil concentration (mg/l) from 1 to 4 hrs. (B) Nitrosomonas sp. 

nitrite accumulation in plastic composted soil concentration (mg/l) from 1 to 4 hrs 
 
that the EC50 values for Nitrosomonas sp.              
were significantly lower than its LC50 values. 
Also the LC50 values for Nitrobacter sp. were 
significantly lower than its EC50 values. This 
indicated that the EC50 determination was more 
sensitive than the LC50 determination for 
Nitrosomonas sp. which is in conformity with 

earlier reports of [17] and that the LC50 
determination was more sensitive than the EC50 
determination for Nitrobacter sp. [29]. This 
results shows that the populations of 
Nitrosomonas sp. were more sensitive to the 
plastic contaminants than the populations of 
Nitrobacter sp. [18]. 
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Table 1. EC50 and LC50 values for 
Nitrosomonas  sp. 

 
Incubation 
time 

EC50  
(Nitrite  
accumulation) 

LC50 
(Percentage  
inhibition) 

1 h 0.52 27.47 
2 h 0.82 24.14 
3 h 1.11 19.74 
4 h 1.23 16.73 

 
Table 2. EC50 and LC50 values for Nitrobacter  

sp. 
 

Incubation  
time 

EC50  
(Nitrite  
utilization) 

LC50  
(Percentage  
inhibition) 

1 h 52.00 25.04 
2 h 81.72 23.93 
3 h 111.31 15.94 
4 h 123.13 13.39 

 
Table 3. R2 values for Nitrosomonas  sp. 

regression equations   
 

Incubation 
 time 

Nitrite  
accumulation 

Percentage  
inhibition 

1 h 0.816 0.974 
2 h 0.996 0.823 
3 h 0.930 0.941 
4 h 0.987 0.905 

 
Table 4. R2 values for Nitrobacter  sp. 

regression equations 
 

Incubation time Nitrite 
utilization 

Percentage  
inhibition 

1 h 0.816 0.954 
2 h 0.996 0.872 
3 h 0.930 0.918 
4 h 0.987 0.974 

          

4. CONCLUSION 
 
Given that both bacteria are very important 
bacteria in the nitrification process, the results 
obtained from this study suggest that 
autotrophic transformation by nitrifying  bacteria 
which enhances soil fertility may be hindered in 
an ecosystem polluted with plastics as 
nitrification processes will be altered. 
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