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INTRODUCTION 
 
Cypermethrin (a pyrethroid, C22H19Cl2NO3) is globally among 
the most widely synthetic insecticides used for agricultural and 
domestic purposes. Cypermethrin has been identified as one of 
the important constituents of pesticides associated with human 
health risks. It is extensively used in cotton, fruit, and vegetable 
crops as well as in animal health, home and garden pest control 
worldwide [1]. 
 

Cypermethrin has been reported to posse neurotoxicity, 
immunotoxicity and endocrine disruption effects [2]. In the 
natural environment hydrolysis of ester linkage is the principal 
degradation route and leads to the formation of 3-
phenoxybenzoic acid (3-PBA) and cyclopropanecarboxylic acid 
derivatives [3].  Cypermethrin is readily absorbed through the 
soil surface due to its nonpolar nature, however, these 
metabolites are organic acids and are mobile in the soil [4]. 
Perhaps, 3-phenoxybenzoic acid (3-PBA) is also a potential 
toxicant and endocrine-disrupting chemical [5]. A current 
environmental concern is the contamination of the aquatic and 

terrestrial habitat due to the increased concentration of 
cypermethrin in the environment from agricultural field runoffs, 
manufacturing plants, leaching, accidental spills and other 
sources. Widespread occurrence of cypermethrin and 3-PBA has 
been reported in water bodies and sediments due to erosion and 
runoff from agricultural fields and nonagricultural applications 
[6]. Although there is quite a number of reports on the use of 
microorganisms for cypermethrin degradation, until present, 
there has been no report on the isolation cypermethrin-degrading 
bacteria from Northern Nigeria, even though the region is 
dominated by agricultural activities. This emphasizes the need to 
develop cost-effective strategies for the removal of toxic residues 
from the environment, hence the need to identify and characterize 
an endogenous microorganism with cypermethrin-degrading 
potential. 
 

This research screens a collection of previously isolated 
molybdenum-reducing bacteria for cypermethrin-degrading 
potential, and hence characterize the degradation potential of the 
candidate isolate. 
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 ABSTRACT 
The increasing use of cypermethrin in agricultural fields, household and industrial applications 
for effective pest control had increased the global burden of the pollutant over the years. 
Consequently, there is an urgent need to devise techniques to eliminate this pollutant from the 
environment. A bacterium capable of degrading cypermethrin has been successfully screened and 
characterized. The bacterium was grown in a mineral salt medium (MSM) supplemented with 
cypermethrin as its sole carbon and energy source at an optimum pH 7.5, temperature 40 ºC, a 
carbon source concentration of 4 g/L, optimum incubation time of 24 h and an inoculum size of 
400 µL. The potential of Morganella sp. to degrade cypermethrin makes it an important 
instrument for the degradation of cypermethrin. This knowledge may be useful for the 
optimization of environmental conditions for cypermethrin bioremediation and important for 
detoxification of cypermethrin polluted sites. 
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MATERIALS AND METHODS 
 
All media preparations (solid and broth) were made according to 
the methods of Yin et al. [7] and Ghani et al. [8] except otherwise 
stated. Cypermethrin (C22H19Cl2NO3) of analytical grade was 
obtained from Chemet Wets & Flows Pvt. Ltd. Ahmedabad, 
Gujarat, India. 
 
Screening of cypermethrin-degrading bacteria 
MSM Agar Preparation 
A total of seven (7) previously isolated molybdenum-reducing 
bacteria, were screened for their potential to degrade 
cypermethrin (pyrethroid). The bacterial isolates were inoculated 
on agar plates containing mineral salt medium (MSM) 
supplemented with 1000 mg/L cypermethrin. This medium was 
prepared by dissolving into a liter of distilled water (g/L): 1.0 
NH4NO3, 1.0 NaCl, 1.5 K2HPO4, 0.5 KH2PO4, 0.2 MgSO4 7H2O, 
15 agar and adjusted to pH 7 before autoclaving at 121 ºC, 115 
kPa for 15 min. The cypermethrin (as sole carbon and energy 
source) was dissolved in distilled water and autoclaved 
separately and added to the medium afterwards. The molten 
medium was allowed to cool to about 50 ºC before pouring into 
sterile disposable Petri dishes. Each of the 7 isolates was 
aseptically inoculated into fresh plates, sealed with masking tapes 
and incubated at 37 ºC for 48 h. After the required incubation, the 
colonies developed on the plates were examined using a colony 
counter. The plate with the highest growth was identified as 
cypermethrin resistant strain. 
 
Preparation of Resting Cells 
A single colony was inoculated using a sterile wire loop into a 
freshly prepared mineral salt medium broth pH 7, supplemented 
with 1000 mg/L cypermethrin as the sole carbon source then 
incubated at 37 ºC for 48 h. Following the required incubation, 
the cells were centrifuged at 10, 000 × g for 20 min to get the 
pellet. The pellet was then suspended in a freshly prepared MSM 
without the carbon source and refrigerated for subsequent use. 
 
Characterization of Cypermethrin Resistant Bacterial 
Strain 
The growth of the bacterial strain was studied at different 
conditions such as pH, temperature, inoculum size, substrate 
concentration, incubation time by measuring the optical density 
(absorbance) at 600 nm in a spectrophotometer.  
 
Effect of Incubation Time  
The best incubation time for the isolate was determined by 
inoculating 2% (v/v) isolate (OD600 nm) into sterilized airtight 
bottles containing 10 ml of mineral salt medium supplemented 
with 1000 mg/L cypermethrin (substrate and sole carbon source) 
dissolved in distilled water at pH 7. An aliquot from the culture 
medium was taken at time intervals up to 72 h to 
spectrophotometrically measure the bacterial growth at 600 nm. 
Each assay was performed in triplicates for tests and control 
setup. 
 
Effect of Inoculum Size  
The effect of inoculum size was studied by varying the volume 
of inoculum from 50-800 µL (0.5-8% v/v) introduced into 10 mL 
MSM pH 7 and incubated at 37 ºC. The growth of the isolate on 
cypermethrin at various inoculum sizes was ascertained by 
spectrophotometrically measuring the OD at 600 nm.  
 
Effect of Substrate Concentration (Cypermethrin)  
 The effect of cypermethrin concentrations (sole carbon source) 
on its degradation by this isolate was carried out by varying the 
concentrations from 1000 to 5000 mg/L in the MSM inoculated 

with 2% (v/v) isolate (OD600 nm). The growth of the bacterium 
was studied by measuring the optical density (absorbance) at 600 
nm using a spectrophotometer. 
 
Effect of pH 
 In this study, the effect of pH was determined to ascertain the 
suitable optimum pH that supports cypermethrin degradation by 
this bacterium. The initial pH of the medium was adjusted to pH 
5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5 respectively using 3 M NaOH 
and 50% dilute HCl acid prior to autoclaving, after which the 
carbon source (cypermethrin) was then added. 2% (v/v) inoculum 
(OD600 nm) was added and incubated at 37 ºC for 72 h. The 
bacterial growth was observed by measuring the optical density 
at 600 nm spectrophotometrically. 
 
Effect of Temperature  
Temperature is an important parameter that affects the bacterial 
growth and degradation process. The effect of temperature on 
cypermethrin degradation by this isolate was determined at a 
range between 25 and 50 ºC in a cypermethrin containing MSM 
at pH 7 inoculated with 2% (v/v) and incubated 37 ºC for 72 h. 
The resulting growth was observed by measuring the optical 
density (absorbance) at 600 nm spectrophotometrically.  
 
Effect of Interacting Heavy Metal on Cypermethrin 
Degradation 
The effect of heavy metals interaction with cypermethrin 
degradation was conducted to ascertain the possible inhibition of 
the process by these metals, which often occur as co-
contaminants at the pollution site. A stock solution (100 ppm) of 
each metal Ag, Hg, Zn, Cu, Fe, Pb was separately prepared and 
a final concentration of 1 ppm was supplemented into MSM 
containing cypermethrin (1000 mg/L), at pH 7 inoculated with 
2% (v/v) and incubated 37 ºC for 72 h. The resulting growth was 
observed by measuring the optical density (absorbance) at 600 
nm spectrophotometrically. 
 
Effect of Shaking 
The effect of aeration on bacterial cypermethrin degradation 
under agitating and static conditions was studied to determine the 
factors that enhance the remediation process using an orbital 
shaker at 160 rpm. The microbial growth was measured by taking 
the optical density (absorbance) at 600 nm. All experiments were 
carried out in triplicate. 
 
Effect of Cypermethrin on Molybdate reduction  
In this experiment, the use of cypermethrin as an electron donor 
(sole carbon) source for bacterial molybdate reduction to 
colloidal molybdenum blue (Mo-blue) was tested in this strain. A 
slight modification of the method of Ghani et al. [8] was used to 
prepare low phosphate-molybdate medium (LPM) containing in 
a litre of distilled water, 3 g (NH4)2SO4, 0.5 g MgSO4.7H2O, 5 g 
NaCl, 2.42 g Na2MoO4.2H2O, 0.71 g Na2HPO4, 0.5 g yeast 
extract and 1.0 g cypermethrin (with glucose as control) were 
dissolved and the medium was adjusted to pH 7.0 prior to 
autoclaving at 121 °C, 115 kPa for 15 min. Cypermethrin was 
separately autoclaved and added to the medium afterwards. 
 
Statistical Analysis 
Data are expressed as mean ± SD of triplicate determinations, 
differences between means were analyzed via one way ANOVA 
with Turkey’s post hoc using INSTAT GraphPad v 3.10 
statistical software. 
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RESULTS AND DISCUSSION 
 
Screening of Cypermethrin-Degrading Bacterium 
Several previously isolated and cultured bacterial strains were 
screened for their ability to use cypermethrin as the sole carbon 
and energy source. The result shows that Morganella sp. had the 
best cypermethrin-degrading potential by exhibiting higher 
tolerance to cypermethrin and faster growth in the MSM 
supplemented with cypermethrin (1000 mg/L) on agar plates for 
48 h of incubation at 37 ºC and pH 7 (Table 1). Thus, the strain 
was selected for characterization work. Furthermore, this is the 
first report on bacterial cypermethrin degradation from Nigeria, 
and perhaps from the genus Morganella. 
 
Table 1. Screening of cypermethrin-degrading bacteria from isolated 
molybdenum-reducing cultures. 
 

Isolates Colony count 
(CFU/ml) 

A 170 
B 150 
C 94 
D 120 
E 170 
F 142 
G 36 

 
Effect of Incubation Time on Cypermethrin Degradation in 
MSM 
Cypermethrin degradation by Morganella sp. at different 
incubation periods was evaluated within 0 h-72 h at 24 h interval. 
The optimum incubation period was found to be at 24 h (Fig. 1), 
with a significant decrease in the bacterial growth and activity 
observed after 24 h of incubation. This is possible as a result of 
nutrient depletion and an increase in the number of cells 
overweighing that of the living cells, due to the metabolic 
activities occurring in the medium. 
 

 
Fig. 1. Effect of incubation time on cypermethrin degradation by 
Morganella sp. Data represents mean ± standard deviation of triplicates. 
 
Effect of Inoculum Size  
Inoculum size is an important factor that influences bacterial 
degradation activity, as appropriate cells volume facilitates the 
rate of degradation of cypermethrin. In this study, cypermethrin 
degradation by Morganella sp. was inoculated ranging from 50 - 
800 µL. The result (Figs. 2 and 3) indicated that as the inoculum 
size increases, the growth and degradation also increase until the 
optimum was attained at 400 µL. However, a significant decrease 
in growth was observed at inoculum size higher than 400 µL 
following 24 h incubation at 35 ºC and pH 7. This could be due 
to competition for the limited nutrient and antagonistic inhibition 
by metabolic substances that are synthesized by the indigenous 
microorganism [10].  

Furthermore, the effect of various inoculum sizes over time 
shows that the growth and degradation of cypermethrin were 
optimum at 24 h of incubation in most of the tested inoculum, 
except for 200 and 800 µL inoculum sizes which revealed a 
linearized growth pattern rather than the usual dome-belled 
shaped, and with no significant difference (p<0.05) between all 
the inoculum tested.  
 

A higher initial inoculum could compensate for the initial 
population decline and survivors could multiply and degrade 
cypermethrin. Another possible reason for enhanced degradation 
with the increase of inoculum amount could be due to the fact 
that the survival microorganisms might use dead microbial 
structures as a source of the nutrient. 

 

 
Fig. 2. Effect of inoculum size on cypermethrin degradation potential of 
Morganella sp. after 24 h incubation. Data represents mean ± standard 
deviation of triplicates. 
 

 
Fig. 3. Effect of various inoculum size on cypermethrin degradation rate 
by Morganella sp. Data represents mean ± standard deviation of 
triplicate.  
 
Effect of Cypermethrin Concentration as carbon Source  
The carbon source introduced into a bacterial growth medium 
serves as the microorganism’s chief source of nutrients and 
energy required for its metabolic activities, growth and survival. 
Thus, it is important to study the optimum carbon source 
concentration that enhances the degradation activity of the 
bacteria. The effect of cypermethrin concentration as the sole 
carbon source on its degradation was tested at concentrations 
ranging from 1000 to 5000 mg/L. The results (Figs. 4 and 5) 
showed the optimum cypermethrin concentration to be at 4000 
mg/L with a significant increase and decrease (p<0.05) above 
1000 mg/L and 4000 mg/L respectively after 24 h incubation at 
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37 ºC, pH 7. Morganella sp. was found to optimally utilize 4000 
mg/L as its sole carbon source which contradicts the findings of 
Tallur et al. [9]; Akbar et al. [10] that reported 1000 mg/L and 
100 mg/L as optimum respectively. This shows that a more 
cypermethrin-tolerant bacterium has been isolated, which may be 
attributed to the inherent characteristics of the soil from which 
the bacteria was isolated.  

 
At low cypermethrin concentration, the rate of microbial 

activity was faster compared to the higher concentrations, which 
might be due to the toxicity of the cypermethrin that occurs at 
higher doses. Similarly, the fact that microbial growth and 
degradation starts slowly (lag phase) and requires acclimatization 
in the medium before the rapid degradation occurs at higher 
concentrations. 

 

 
 
Fig. 4. Effect of cypermethrin concentration as sole carbon source on 
cypermethrin degradation potential of Morganella sp. after 24 h 
incubation. Data represents mean ± standard deviation of triplicates. 
 

 
 
Fig. 5. Effect of various cypermethrin concentration on cypermethrin 
degradation rate by Morganella sp. Data represents mean ± standard 
deviation of triplicates. 
 
Effect of initial pH on Cypermethrin Degradation 
The pH is the measure of the alkalinity or acidity of a medium. It 
is an important factor that significantly affects microbial growth 
and their detoxification ability [12]. Microorganisms have pH at 
which they attain optimum degradation, the result of this study 
(Figs. 6 and 7) reveals that Morganella sp. was able to degrade 

cypermethrin over a pH range. However, the optimum pH for the 
degradation of cypermethrin by Morganella sp. was pH 7.5 with 
a significant decrease (p<0.05) at pH below or above 7.5. Similar 
results were reported by Zhang et al. [13] who reported 
efficiently rapid cypermethrin degradation by two Serratia sp. at 
high pH while it was relatively low at acidic pH conditions. 
Relatedly, the results indicated that the degradation of 
cypermethrin was liable to happen at neutral and alkaline 
conditions. It may be due to the fact that acidic conditions 
increased cypermethrin stability and its resistance to chemical 
microbial degradation [11]. Another possible reason for the 
reduction in cypermethrin degradation in lower pH is that the 
acidic conditions may decrease the activity of the enzyme(s) 
involved in cypermethrin degradation [11].  
 

 
Fig. 6. Effect of pH on cypermethrin degradation by Morganella sp. after 
24 h incubation. Data represents mean ± standard deviation of triplicates. 
 
 

 
 
Fig. 7. Effect of various initial pH on cypermethrin degradation rate by 
Morganella sp. Data represents mean ± standard deviation of triplicate.  

 
Effect of Temperature 
Temperature is the measure of the degree of hotness or coldness. 
It is an important parameter for microbial growth and activity. 
The effect of temperature on cypermethrin degradation by 
Morganella sp. during incubation temperatures ranging from 25 
– 45 ºC. After incubation for 24 h the best temperature for the 
degradation was found to be at 40 ºC (Figs. 8 and 9) with a 
significant decrease (p<0.05) in degradation when compared to 
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the degradation activity at 25, 30, 35 and 45 ºC. This finding 
deviated from those previously reported by [15-17]. This is 
possible because those reports were from degradation activities 
in the regions with very cold temperatures and while Morganella 
sp. was isolated from the temperate region. 
 

 
Fig. 8. Effect of temperature on the cypermethrin degradation by 
Morganella sp. after 24 h incubation. Data represents mean ± standard 
deviation of triplicates. 
 
 
 

 
 
Fig. 9. Effect of temperatures on cypermethrin degradation rate 
potential of Morganella sp. after 24 h incubation. Data represents mean 
± standard deviation of triplicates. 
 
Effect of Interacting Heavy Metals 
Heavy metals are essential for microorganisms because they are 
utilized as a trace element. However, some heavy metals can 
become toxic for microorganisms at higher concentrations. Six 
heavy metal salts mercury oxide, zinc oxide, copper oxide, 
ferrous chloride, lead oxide, and silver nitrate were used for this 
study (Fig. 10) Cu, Zn, Fe and Pb have been seen to exert a 
significant inhibitory effect (p<0.05) on the degradation of 
cypermethrin, while Ag has the least significant inhibitory effect 
on the cypermethrin degrading potential of Morganella sp.  
 
 

The tolerance level of Morganella sp. to Ag on cypermethrin 
degradation was further evaluated by varying the concentrations 
of Ag (1 – 10 ppm). The result (Fig. 11) showed a significant 
inhibition (p<0.05) relative to the control. Heavy metal 
contamination of soils is widespread and may influence pesticide 
degradation [18]. Metal presence may inhibit the degradation of 
organic pollutants by exogenously added microorganisms [19]. 
In such cases it would be of advantage to add metal-resistant 
bacteria to the site, to protect the metal resistant pollutant 
degrading bacteria from metal toxicity [20]. 
 

 
Fig. 10. Effect of interacting heavy metals (0.5 ppm) on cypermethrin 
degradation by Morganella sp. Data represents mean ± standard deviation 
of triplicates.  
 

 
 
Fig. 11. Effect of various Ag concentrations on cypermethrin degradation 
rate by Morganella sp. 
 
Effect of Shaking 
The degradation of cypermethrin was subjected to agitation and 
aeration on an orbital shaker incubator at 160 rpm for 24 h, the 
result was compared to that of the experiment incubated in a 
static incubator which revealed that agitation and aeration 
enhanced the microbial degradation cypermethrin as shown in 
Table 2. Interestingly, the fact that agitation and aeration 
enhance the degradation activity of this bacterium could possibly 
reflect that the isolate is an aerobic microorganism. 
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Table 2. Effect of shaking incubation on cypermethrin degradation by 
Morganella sp.  
 
Incubation 
Time (h) 

0         6 24 

Shaking 
Incubation 

17647.27±3486.52 50477.56±7222.86a 24801.57±5246.48b 

Static 
Incubation 

17647.27±3486.52 21860.36±1075.35a 72576.39±14424.06b 

Note: Values are represented as mean± standard deviation n=3, values on the same column 
bearing same superscript are significantly different (p<0.05). 
 
Screening of cypermethrin as a carbon source for 
molybdenum reduction 
The potential of cypermethrin serving as a carbon source for 
molybdenum reduction the results showed that it can be used as 
a carbon source for molybdenum reduction. However, glucose is 
a more suitable carbon source for molybdenum bioremediation. 
ANOVA analysis showed that there is a significant difference 
between glucose as a carbon source and cypermethrin (p<0.05) 
(Fig. 12). This is an added advantage to solving the 
environmental pollution caused by cypermethrin and the same 
that of molybdenum. 
 

 
 
Fig. 12. Screening of cypermethrin as a carbon source for molybdenum 
reduction. Data represents mean ± standard deviation of triplicates. 
 
CONCLUSION 
 
A bacterium with the ability to degrade cypermethrin has been 
characterized, this study revealed that Morganella sp. has the 
potential to optimally utilize 4 g/L of cypermethrin as a sole 
carbon and energy source under 24 h of incubation at a pH 7.5 
and temperature 40 ºC. The rate of degradation of cypermethrin 
by Morganella sp. was stimulated when the growth media was 
subjected to aeration and mechanical agitation, the rate of 
degradation was optimally stimulated at an inoculum size of 400 
µL. The heavy metal tolerance of Morganella sp. to Ag, Pb and 
Fe would be of advantage for its better survival in cypermethrin 
contaminated sites co-contaminated by these heavy metals. 
Hence, this isolate could be a better candidate for future 
bioremediation of cypermethrin. 
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