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ABSTRACT 
 
Aim: The bioavailability and toxicity of plastic contaminants to soil and soil bacteria was 
investigated to detect the presence of plastic contaminants in the soil and to evaluate the toxic 
effects of plastic contaminants to soil and soil bacteria.   
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 together 
to form a composite sample. The physico-chemical characteristics of the soil samples were 
analysed. The soil was analysed for the presence of plastic components using the Perkin Elmer 
Gas Chromatograph model Auto-system XL. Nitrobacter acute toxicity test was carried out. The 
median effective concentrations (EC50) and the median lethal concentration (LC50) values were 
calculated using the probit analysis.    
Results: The gas chromatography revealed that the control soil sample had zero concentration for 
chlorobenzene, dichlorobenzene, and benzene. The physico-chemical analysis for the plastic 
composted soil and the control soil had electrical conductivity  245.00, 61.00 us/cm, chloride 66.15, 
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16.00 mg/kg, potassium 171.50, 4.27 mg/kg, nickel  1.00, 0.25 mg/kg,  vanadium 0.44, 0.23 mg/kg, 
and moisture 5.32, 7.21% and  total organic carbon 5.26, 71.0.% respectively. The bacteriological 
analysis for the plastic composted soil and the control soil had growth ranging from 1.0x 101±0.16 
to 4.0 x 102±0.11 cfu/g and 2.0 x 103±0.20 to 11.0 x 103±0.86 cfu/g respectively. The average 
turbidity result showed a normal bacteria growth curve when plotted for the control soil. There was 
significant difference (P<0.05) in the bacterial counts from the control soil sample. The toxicity 
analysis revealed higher percentage utilization of nitrite with EC50 values of 52.00, 81.72, 111.31 
and 123.13 and higher bacteria inhibition with LC50 values of 25.04, 23. 93, 15.94 and 13.39.  
Conclusion: The result obtained from this study suggest that autotrophic transformation by 
nitrifying bacteria which enhances soil fertility may be hindered in an ecosystem polluted with these 
plastics as nitrification process will be reduced. 
 

 
Keywords: Bioavailability; plastic contaminant; toxicity; soil bacteria; soil. 
 
1. INTRODUCTION 
 

The term “plastics” includes materials composed 
of various elements such as carbon, hydrogen, 
oxygen, nitrogen, chlorine, and sulphur. Plastics 
typically have high molecular weight. Plastics 
also called polymers are produced by the 
conversion of natural products or by the 
synthesis from primary chemicals generally 
coming from oil, natural gas, or coal [1]. The 
bioavailable fraction of plastic contaminant is its 
pool that might be absorbed by plants or soil 
organisms [2].  Plastic components are present 
in soil in various forms with different solubility 
and availability. Plastics bioavailability depends 
on its chemical behaviour, soil properties and the 
individual characteristics of the receptor 
(organism or plant). Among soil properties pH, 
cation exchange capacity and redox potential 
play the most important role [3]. However, most 
conventional plastics such as polyethylene, 
polypropylene, polystyrene, poly (vinyl chloride) 
and poly (ethylene terephthalate) are non-
biodegradable, and their increasing accumulation 
in the environment has been a threat to the 
planet. Bioavailability of plastic components     
can be evaluated with respect to their 
biodegradability. Microbes can only degrade a 
plastic contaminant that is available for their 
metabolism. The properties of plastics are 
associated with their bioavailability and 
biodegradability. Both the chemical and physical 
properties of plastics influence   the mechanism 
of biodegradation. The surface conditions 
(surface area, hydrophilic, and hydrophobic 
properties), the first order structures (chemical 
structure, molecular weight and molecular weight 
distribution) and the high order structures (glass 
transition temperature, melting temperature, 
modulus of elasticity, crystallinity and crystal 
structure) of polymers play important roles in 
making it available for  biodegradation processes 

[4].  Plastic  debris  in  landfill  also  acts  as  a  
source  for  a  number  of  secondary  
environmental pollutants [5]. Pollutants of note 
include volatile organics, such as benzene, 
toluene, xylenes, ethyl benzenes and trimethyl 
benzenes, released both as gases and contained 
in leachate [6]. Soil contamination with plastic 
contaminants commonly reduces the diversity or 
evenness (even distribution of species) of soil 
bacteria [7,8,9]. Plastic contaminants occupy 
spaces in the soil and the degradation of plastic 
components depletes oxygen in the soil [8]. Also 
during the degradation of these plastic 
components, toxic chemicals are released into 
the soil which alter soil physico-chemical 
properties and affect soil fertility. Plastic 
contaminants are able to immobilise nutrients in 
the soil thereby making it unavailable for plants 
and microbes in the soil. Plastic debris and 
contaminants of large sizes can block or prevent 
the numerous activities of soil animals which help 
to improve soil fertility [7,8]. 
 
2. MATERIALS AND METHODS 
 
The aim of this research was to evaluate the 
bioavailability and toxicity of plastic contaminants 
to soil and soil bacteria. To detect the presence 
of degradation by-products of plastic 
contaminants in soil and to study the toxic effects 
of plastic contaminants to soil and soil bacteria.  
Five plastic composted soil samples (500 g each) 
were collected from different locations within the 
Edo State Waste Management site located at 
Iyowa in Benin City which were merged together 
to form a composite sample and another soil 
sample was collected in a farm land in Ekosodin 
community Ugbowo Benin-city which served as 
the control soil sample at a depth of 0-10 cm with 
a standard soil auger in plastic bags, tagged and 
was transported to the laboratory [10]. Ten 
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grams (10 g) of each of the soil sample was 
dissolved in 90 ml mineral salt broth which was 
used to evaluate the turbidity for 7 days in a 
shaker incubator. Duplicate plates of nutrient 
agar were inoculated with each of the soil 
samples and bacteria counts were recorded 
every day for the 7 days. The physico-chemical  
parameters of the soil samples were analysed 
which include: pH, temperature, total organic 
carbon, silt and sand composition, nitrate, 
Phosphorus, calcium, magnesium, sulphate, 
potassium, vanadium and moisture content of the 
soil samples [11]. The soil was analysed for the 
presence of plastic components using the 
PerkinElmer Gas Chromatography model Auto-
system XL [12]. For the acute toxicity test, 
concentrations of 100, 200, 300, 400 and 500 
mg/l of the plastic composted soil were prepared 
for the determination of the median lethal 
concentration (LC50) and 20, 40, 60, 80 and 100 
mg/l were prepared for the determination of the 
median effective concentration (EC50). A control 
experiment consisting of the NaNO2 diluent only 
(without the plastic composted soil) was set up. 
Nitrobacter acute toxicity test was carried out by 
inoculating 10 millilitres of Nitrobacter sp. into the 
test 250 ml volumetric flask containing the plastic 
composted soil. Nitrite concentration was 
determined and plates of Winograsky media 
were immediately inoculated by spread plate 
techniques. This was followed by nitrite 
determination from the various plastic composted 
soil concentrations after 1, 2, 3 and 4 h interval 
and was incubated. Percentage nitrite utilization 
for Nitrobacter sp. and percentage inhibition of 
bacteria growth was plotted against the test      
soil concentrations. The median effective 
concentrations (EC50) and the median lethal 
concentration (LC50) values were calculated 
using the probit analysis [13,14].  All results were 
subjected to the statistical analysis [15,16]. 
 
3. RESULTS AND DISCUSSION 
 
The physico-chemical analysis of both soil 
samples had  electrical conductivity 245.00, 
61.00 us/cm, chloride 66.15, 16.00 mg/kg, , 
potassium 171.50, 4.27 mg/kg, nickel 1.00, 0.25 
mg/kg, vanadium 0.44, 0.23 mg/kg, and 
percentage moisture 5.32, 7.21% and  total 
organic carbon 5.26, 71.0.%, for the plastic 
composted soil and the control soil sample 
respectively (Table 3). The high electrical 
conductively recorded in the plastic composted 
soil sample could be as a result of the presence 
of lots of elements released into the  soil samples 
from the degradation of plastic contaminants. 

The total organic carbon content recorded for the 
plastic composted soil was high also which is     
as a result of the release of carbon from     
carbon containing compounds from the plastic 
contaminants. The moisture content of the plastic 
composted soil sample recorded a low value; this 
is because soil water and oxygen are used up 
during combustion and degradation of these 
contaminants, thereby leaving the soil with low 
percentage moisture content [11]. It was 
observed that the plastic composted soil sample 
had a low pH value than the control soil sample 
[17]. The average turbidity result showed that 
there were growths recorded on the control soil 
sample with values ranging from 0.021±1.41 (ftu) 
to 1.061±2.30 (ftu) and the plastic composted soil 
sample had values ranging from 0.274±1.17 (ftu) 
to 1.682±0.16 (ftu) which seems to be higher 
than that of the control soil sample. This was 
because of the colour impartation from the plastic 
contaminants which affected the turbidity of the 
system. Each of the soil sample inoculated into 
the mineral salt broth were plated in nutrient agar 
plates for 7 days. The bacteria count obtained 
from the control soil sample follow a bacteria 
growth curve which corresponded with its 
turbidity values. The counts obtained from the 
plastic composted soil were few and did not 
really follow the bacteria growth curve pattern; 
the counts did not also correspond with its 
turbidity value (Fig. 3 and Table 4). Also the 
values were plotted and the growth from the 
control soil sample followed a bacteria growth 
curve pattern while the curve for the plastic 
composted soil did not really follow a normal 
bacteria growth curve (Fig. 3). T-test analysis 
was carried out on the turbidity values for the 
both soil samples and it was statistically 
significant (P<0.05). The gas chromatographic 
analysis revealed the presences of plastic 
contaminants in both soil sample (Figs. 4 and 5). 
The concentrations of the individual plastic 
contaminants were recorded and it showed that 
the control soil sample had zero concentrations 
for chlorobenzene, dichlorobenzene, and 
benzene (Table 1).  Most of these compounds 
are in the degradation pathway of lots of plastic 
components like Bisphenol A, Polyvinyl chloride, 
Phthalates, Organotins, Alkyltins, PCBs and Alkyl 
phenols as reported by [18]. 
 
Plastic contaminants have been shown to have 
acute effects on the biotic and abiotic 
components of the terrestrial environment [19]. 
The toxicity analysis of the soil showed that 
bacteria growth was inhibited with increase in 
plastic contaminant concentration and time. Fig. 
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1 represents the bacteria growth inhibition by 
several concentrations of the plastic composted 
soil for 1, 2, 3 and 4 h time intervals. Also the 
bacteria ability to utilize nitrite from the test 
plastic composted soil was investigated. At 
varying concentration from 1 to 4 h, the bacteria 
showed an increase in nitrite utilization and 

began to decrease in nitrite utilization across the 
increasing plastic contaminant concentrations 
with time (Fig. 2). The toxicity analysis revealed 
that there were higher percentage utilization of 
nitrite with EC50 values of 52.00, 81.72, 111.31 
and 123.13 and LC50 values of 25.04, 23. 93, 
15.94 and 13.39 which decreased with increased 

 
Table 1. Gas chromatography result for both soil samples 

 
Parameters  Plastic composted soil Control soil sample 
Methylene 197.45 0.54 
Hexane 87.45 0.26 
Chloroform 21.56 0.31 
Toluene 5.87 0.07 
Tetrachloroethylene 1.48 0.01 
Chlorobenzene 0.37 0.00 
Dichlorobenzene 0.15 0.00 
Benzene 0.11 0.00 

     
Table 2. EC50 and LC50 values 

 
Incubation time EC50 for nitrite utilization LC50 for 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. The physico-chemical analysis of both soil samples 

 
Parameters            Plastic composted soil sample  Control soil sample 
pH 4.60  5. 
EC, us/cm 245 61 
CL-, mg/kg 66.15 16 
SO4

2-, mg/kg 2.7 0.67 
NO3

-, mg/kg 34.79 0.73 
PO4

3-, mg/kg 24.01 0.18 
Na+, mg/kg 93.1 2.32 
K+, mg/kg 171.5 4.27 
Ca2+, mg/kg 19.85 1.89 
Mg2+, mg/kg 24.26 4.94 
Fe3+, mg/kg 17.4 3.11 
Zn2+, mg/kg 2.7 0.67 
Mn2+, mg/kg 1.49 0.37 
Cu2+, mg/kg 2.21 0.12 
Ni2+, mg/kg 1.00 0.25 
Cd2+, mg/kg 0.76 0.19 
V2+, mg/kg 0.91 0.23 
Cr6+, mg/kg 1.3 0.32 
Pb2+, mg/kg 0.44 0.11 
Sand, % 90   91 
Silt, % 8 6 
Clay, % 2 3 
Total carbon, % 5.26 0.71 
Total nitrogen, % 0.53 0.07 
Moisture, % 5.32 7.21 
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Table 4. Bacteria counts for both soil samples 
 
Time (Days) Control soil sample Plastic composted soil 
1 9.0 x103±0.19 No growth 
2 11.0 x103±0.54 2.0 x102±0.14 
3 11.0 x103±0.34 1.0 x102±0.60 
4 10.3 x 103±0.18 1.0 x101±0.16 
5 8.0 x 103±0.34 No growth 
6 8.0 x 103±0.11 No growth 
7 6.8 x 103±0.10 No  growth 

 

 
 

Fig. 1. Bacteria inhibition from 1 to 4 h 
 

 
 

Fig. 2. Nitrite utilization from 1 to 4 h 
 

exposure time and contaminant concentration 
showing a high inhibition of Nitrobacter growth. It 
was observed that through the process of plastic 
contaminants degradation, a lot of elements and 
harmful gases are released into the soil which 
adversely affects soil bacteria growth, soil 
properties and function. The acute toxicity effect 
of soil composted with plastics was conducted 
since the nitrification process is a function of 
enzyme activity and its measurement has been 

used as an indicator of pollution [20,21]. 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 [13].  
The results of the acute toxicity studies showed 
that the toxicity of plastic composted soil on 
Nitrobacter sp. depended on the contact time 
and plastic composted soil concentration which 
was similarly reported by [11] who studied the 
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toxicity of different insecticides concentrations on 
Nitrobacter sp. The EC50 values increased with 
increased in exposure time while the LC50 values 
decreased with increased exposure time      
(Table 2). This shows that at low plastic 
composted soil concentrations the bacteria was 
able to adapt and oxidize nitrite which increased 
with time (Fig. 2) and at higher plastic composted 
soil concentration, the bacteria growth and 
metabolism was reduced (Fig. 1) resulting to a 

decrease in the LC50 values. This is as a result of 
the inhibition of enzyme activities by the toxicant 
[22]. The comparison of the LC50 and EC50 
values showed that the LC50 is a more sensitive 
criterion for the determination of the acute toxicity 
of plastic composted soil. The results obtained 
from this study suggest that autotrophic 
transformation by nitrifying bacteria may be 
hindered in an ecosystem polluted with these 
plastics as nitrification processes will be reduced. 

 

 
 

Fig. 3. Bacteria growth curve for Plastic Composted Soil Sample (PCSS)  
and the Control Soil Sample (CSS) 

 

 
 

Fig. 4. Presence of plastic contaminants in the test soil 
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Fig. 5. Presence of plastic contaminants in the control soil sample 
 

4. CONCLUSION 
 
From this study, it was observed that plastic 
contaminants occupy space on land fill sites 
making the land unavailable for agricultural and 
other numerous purposes. It was also observed 
that plastics and its degradation by-products are 
greatly available and toxic to soil and soil 
bacteria. The results from this work indicates that 
uncontrolled plastic contaminants release into 
the soil environment will adversely affect soil 
nitrifying bacteria which will further alter the soil 
nitrification process and ultimately affect crop 
production. Further research into the production 
of biodegradable less toxic plastics, recycling 
and converting plastics waste into other useful 
areas will be a relief to the soil environment. 
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