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Abstract
Introduction: In microbial fuel cell technology, the substrate is consumed by microbes in anaerobic conversion of 

substrate to electricity. Bio-remediation of pollutants involves microbial environmental cleanup using green approach. 

Problem: The primary problems with pesticides are linked to the non-negligible proportion of the sprayed active 
ingredient that does not reach its intended target thereby contaminating environmental compartments persistently.

Objective: The primary objective of this study was to assess the potential of microbial fuel cell technology in bio-
remediation of lambda cyahlothrin, chlorpyrifos and malathion in Limuru loam soil.

Method: 
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Na. �e sample was further leached with 1N KCl, and the leachate is 
used for the determination of the CEC. Elements such as Na and K 
were being determined with a �ame photometer and Ca and Mg with 
AAS (atomic absorption spectrophotometer). CEC is determined by 
distillation, followed by titration with 0.01M HCl [4,5]. 

Microbial Fuel Cells Construction
Two 1.2 liter containers were prepared as anode and cathode 

chambers. Two small holes were made on the caps of the containers 
to insert the wire through. One end of the copper wire was attached 
to 5.7 cm long and 0.7 cm diameter graphite rod electrodes. A salt 
bridge was prepared using 2.5 litres of 1M NaCl, 3% agarose solution 
and lamp wicks. �e wicks were boiled in NaCl and 3% agarose 
solution for 10 minutes a�er which it was kept in the freezer at -4ºC for 
solidi�cation. �e solidi�ed salt bridge was passed through PVC pipes 
and attached to the chambers using an adhesive, which makes them 
leak-proof. �e electrodes used in this study were spent battery carbon 
rods stuck together using a zero-resistance copper wire as shown in 
�gure 1. �e carbon rods were obtained from batteries a�er which 
they we thoroughly cleaned using water and later scrub using a sand 
paper. �ey were then socked in concentrated Sulphuric acid for 24 
hours before stacking them together. �e electrodes had a 0.00399 m2 
operating surface area. �e assembly of the H-shaped MFC was done, 
as shown in �gure 1 as earlier described by Kamau et al., 2018. A digital 
voltmeter was attached to the copper wires from the cathodic and 
anodic chambers, and the voltage and current were monitored daily 
[6,7].

Bio-remediation studies
�e microbial bio-remediation study involved investigation of 

e�ciency of microbial fuel cells in degradation of lambda cyhalothrin, 
malathion and chlorpyrifos pesticide residues. �e anodic chamber 
was fed with 750 g loam soil (previously analysed) inoculated with 750 
mL bio-slurry from a running biogas digester spiked with 10 mL, of 100 
ppm lambda cyhalothrin, malathion and Chlorpyrifos and a mixture 
solution of lambda cyhalothrin, malathion and Chlorpyrifos [8,9]. �e 
degradation levels were determined by measuring the concentration of 
the pesticide a�er every 5 days for 90 days. �e Voltage and current 
generated were recorded on daily basis. �e degradation levels were 
determined by measuring the concentration of the pesticide a�er every 
5 days for 90 days. �e pesticides a�er degradation were extracted 
using the standard QuEChERS method [10]. �e sample extracts were 
placed onto a tray for automated GC/MS analysis as described by [11]. 
�e Voltage and current generated were recorded on daily basis. �e 
control experiment was run by loading the loam soil into the anodic 
chamber and reading the daily voltage and current for 90 days.

Results and Discussions
Loam soil properties

�e macro and micro properties of the loam soil used in this study 
is shown in table 1. From the analysis, the soil pH was in the range of 
6.5 -6.8 ±0.51 while the electrical conductivity of this soil was 0.03±0.01 
ms/cm.

�e loam soil was top soil collected about 1-2 cm deep. �e organic 
matter was removed from the surface before sampling. �e cation 
exchange capacity of the loam soil was 24.8±2.67 while carbon levels 
were 2.70±0.32%. �e microbes use carbon as source of nutrient 
and energy and therefore soil carbon is a very important parameter 
in soil analysis. Soil quality does not depend just on the physical, 
physico-chemical and chemical properties of soil but closely linked 
to the soil microbiological properties [12]. Microorganisms are 
vital for soil fertility and for the degradation of organic matter and 
pollutants in soils. Some of the important biosurfactant-synthesizing 
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trend is similar to what had been observed by Kinyua et al., 2022b and 
Imwene et al., 2021 in vegetable and fruit substrates. 

In bio-remediation of pollutants, the pesticide molecule serves as 
a carbon sources and therefore it’s broken down by micro-organisms 
in soil [18]. �e microbial activity is highly in�uenced by pesticide 
properties and environmental factors [20]. From the initial pesticide 
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may a�ect soil fertility [32] becomes a foreign chemicals major issue. 
Soil microorganisms show an early warning about soil disturbances by 
foreign chemicals than any other parameters.

�e fate and behavior of these chemicals in soil ecosystem is very 
important since they are degraded by various factors and have the 
potential to be in the soil, water etc. So it is indispensable to monitor 
the persistence, degradation of pesticides in soil and is also necessary to 
study the e�ect of pesticide on the soil quality or soil health by in depth 
studies on soil microbial activity [33]. Previous studies have on �pronil 
bio-remediation in the non-sterile clay loam soil, which resulted in the 
formation of metabolite, MB45950. �e degradation of �pronil in non-
sterile clay loam soil was mainly in�uenced by the soil microbes [34]. 
�e half-lives in non-sterile clay loam soil were 9.72 and 8.78 d at 25 
and 35ºC, respectively compared to 33.51 and 32.07 d at 25 and 35ºC, 
respectively in the sterile soil. �e microbial viability test showed that 
non-sterile clay loam soil had viable microorganisms throughout the 
experiment. Fipronil did not adversely a�ect the microbes once soil 
microbes adapted to the presence of �pronil in the clay loam soil [35].

A close positive correlation between soil microbial biomass, soil 
respiration and the degradation rate constant of metribuzin [36], 
linuron and glyphosate [37], alachlor Walker et al., 1992, 2,4-D and 
dicamba [38] was recorded in agricultural and forest soils. Metalaxyl 
and propachlor transformation rate constants positively correlated 
with basal, substrate-induced respiration and physico-chemical (pH, 
organic C and clay content) properties of soil [39]. In contrast, no 
correlations were found between microbial biomass and degradation 
of the pesticides 2,4-D and atrazine [40-42]. It was opined that this 
relationship might be useful for developing approaches for evaluating 
and predicting the fate of pesticides in di�erent ecosystems.

�e relationship between rimsulfuron [43,44], imazamox and 
ben�uralin [45] degradation and microbial biomass content was 
studied in a laboratory incubated clay loam soil under di�erent 
conditions of soil moisture, temperatures and also at di�erent initial 
dosages. �e relationship between pesticide degradation and microbial 
biomass C content gave parabolic curves (p<0.05 in all cases) under all 
conditions tested.

Conclusions
�e voltage generated from the pesticide doped loam soil showed 

an upward trend from day 0 to day 15 in lambda cyhalothrin and 
malathion and from day 0 to day 20 in chlorpyrifos and pesticide 
mixture a�er which constant readings were observed for three days 
with downward trends therea�er. �e maximum generated voltage 
was 0.537 V, 0.571 V, 0.572 V and 0.509 V in chlorpyrifos, lambda 
cyhalothrin, malathion and pesticide mix (MCL) respectively.  �e 
bioremediation levels for chlorpyrifos and malathion were 65.80% 
and 71.32%, respectively while no detectable, lambda cyhalothrin was 
observed a�er day 60 of the study.
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