








INTRODUCTION

Pesticides are chemical compounds which pollute our environment largely.  During the Second

World War, there was an increasing demand for food due to rise in human population. So there was in

need of using pesticides to increase the quantity of agricultural products by protecting them from pests

and supply to the increasing population. By the use of pesticides for long days, the persistence of them

has been strengthened and they are not easily  degradable in the soil and water.  India is primarily an

agriculture based country with more than 60-70% of its population dependent on agriculture and covers

maximum portion of its economy (Sachdeva, 2007).

Most of the pesticides become persistent pollutants because of their relative stable nature. Most of

the time, the extreme toxic nature results in the severe cases of pesticide poisoning, which is becoming

the  issue  of  concern,  nowadays.  The  environmental  awareness  has  increased  which  resulted  into

development of regulatory measures that help to remediate past mistakes and protect the environment

from future contamination and exploitation (Frazer, 2000).

For this reason, it is necessary to generate strategies for the bioremediation of polluted sites and

waste treatment. Nowadays different methods have been developed in order to reduce effects of pesticides

on the environment and health, for remediation of contaminated sites and for the treatment of pesticide

residues. (Ferrusquía et al., 2008).

The use of microorganisms (fungi or bacteria), either naturally occurring or introduced, to degrade

pollutants is called bioremediation (Pointing, 2001). Microbial metabolism is probably the most important

pesticide  degradative  process  in  soils  (Kearney,  1998)  and  is  the  basis  for  bioremediation,  as  the

degrading microorganisms obtain C,N or energy from the pesticide molecules (Gan and Koskinen, 1998).

Bifenthrin  [2-Methylbiphenyl-3-ylmethyl  (Z)-(1RS)-cis-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-

2,2-dimethylcyclopropanecarboxylate] is a synthetic derivative of pyrethrins found in Chrysanthemum

flower extracts and is used as an insecticide. Bifenthrin is neurotoxic and targets voltage-gated sodium

channels in neurons. Its low toxicity in mammals has resulted in widespread use both in agricultural and
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urban  applications.  Unfortunately,  bifenthrin  is  highly  toxic  to  aquatic  animals  including  fish  and

invertebrates.  The high toxicity  of bifenthrin in non target organisms has resulted in bifenthrin being

classified as a restricted use pesticide by the US Environmental Protection Agency (Riar, 2014).

Long term exposure to these kinds of pesticides may lead to some chronic diseases (Wang et al.,

2009b; Aksakal et al., 2010). Some of them are considered as a possible human carcinogens (Shukla et

al., 2002; Zhang et al.,2010). However, out of total pesticide applied to agricultural field, 0.1% reaches

the target pest and remaining affects the environment (Ardley, 1999).

All these factors together make pyrethroids potentially harmful to human health and ecosystem.

Therefore, it is necessary to develop remediation strategies to degrade and eliminate pyrethroid residues

from the environment. The present work is aimed with the degradation of  bifenthrin insecticide by using

indigenous fungi and bacteria isolated from contaminated soil.

Application of fungal technology for the cleanup of contaminants has shown promise since 1985

when the white rot species Phanerochaete chrysoporium was found to be able to metabolize a number of

important  environmental  pollutants  (Sasek,  2003).  This  ability  is  generally  attributed  to  the  lignin

degrading enzymatic system of the fungus, and a similar degrading capacity was later described for other

white rot fungal species (Sasek,2003).  In addition, these fungi are used in expensive and abundant ligno

cellulosic materials as a nutrient source. They can tolerate a wide range of environmental conditions, such

as temperature, pH and moisture levels (Maloney,2001) and do not require preconditioning to a particular

pollutant, because their degradative system is induced by nutrient deprivation (Barr and Aust,1994).

At  present,  bioremediation  conducted  on  a  commercial  scale  utilises  prokaryotes,  with

comparatively few recent attempts to use fungi and bacteria. Fungi and bacteria  represent a powerful

prospective tool in soil bioremediation as some species have already been patented (Sasek, 2003).

The microbial action in the environment causes the natural degradation of the pesticides which

might convert parent compounds to intermediates or comparatively less toxic compounds. However, the
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process of natural bioremediation is slow and needs to enhance the biodegradation of contaminants in the

environment by the action of the potential microorganisms.

3



SCOPE AND OBJECTIVES

Increasing environmental awareness has resulted in regulatory measures that aim to remediate past

mistakes and protect the environment from future contamination and exploitation. These measures intend to

preserve the environment and protect human health. Some of the pollutants are chemicals from pesticides,

which were banned when discovered that they were hazardous to human health. In our country, about 99 per

cent of the pesticides are imported in bulk and in concentrated form. They are diluted and/or mixed with

other chemicals by local manufacturers to obtain the formulation desired for local conditions. Unfortunately,

in many cases, these compounds are also persistent in nature. Long after their use has been discontinued,

these chemicals remain in soils as sediments where they can enter the food chain directly or percolate down

to the water table. Once in the groundwater, these pollutants can enter drinking water wells and cause health

problems. 

The above hazardous effects of pesticides draw attention towards its removal from the environment.

Although, various conventional methods such as chemical treatment, recycling, pyrolysis, incineration are

able to degrade persistent pollutants hazardous to human health as well as the environment, but they are less

efficient. The microbial action in the environment causes the natural degradation of the pesticides which

might convert  parent compounds to intermediates  or comparatively less toxic compounds. However,  the

process of natural bioremediation is slow and needs to enhance the biodegradation of contaminants in the

environment by the action of the potential microorganisms.

Thoothukudi is the agricultural district, irrigated mainly by the river Thamirabarani that flows from

Agasthiyar falls via Thirunelveli  and Srivaikundam and debouches its water to the Gulf of Mannar near

Punnakayal. It has been estimated that, of the total 11,78,083.06 hectare of cultivable land 50,654 hectare is

under vegetable crops. The land area under spices and condiments (Ginger, cardamom, etc.) is 20,461hectar.

Besides, 11,680 hectares of land are used for planting banana. All the farmers, with dearth of scientific

knowledge and lack of proper environmental  awareness and health  impact,  use unproductive amount of

pesticides to their crops to protect from various diseases caused by insects, pests, viruses etc. This situation

makes lot of environmental issues such as soil degradation, groundwater contamination and habitat loss. The
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literature  survey  indicates  that  soil  of  Thoothukudi  and  adjacent  districts  was  badly  affected  due  to

continuous usage of pesticides. Various strategies were applied to remediate the contaminated soil. But they

did not bring positive results particularly in developing countries. Recently, the alternative green methods of

remediation were successfully carried out. Many of these phytoremediation technologies were employed at

different  sites contaminated  with different  pesticides  as atrazine,  glyphosate,  cypermythrin.  However  no

substantial  works  have  been  done  to  remediate  the  pesticide  contaminated  soil  of  cultivable  land  of

Thoothukudi district. Keeping this in mind, the present study is carried out with the following objectives:

 Analysis of soil moisture content, pH, organic content, bulk density.

 Isolation and identification of  fungi and bacteria from garden soil and agricultural field soil.

 Determining the temperature effect on the growth of pesticide resistant fungi and bacteria.

 Compare the growth of fungal and bacterial isolates under different concentration of bifenthrin.

 Growing a candidate  species in natural  soil  extracts  and  estimating  pesticides  degradating

enzyme such as amylase, cellulase.

 Determining the heavy metal analysis of both the garden soil and agricultural field soil.
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REVIEW OF LITERATURE

Agriculture has been the main occupation in many countries. In India, more than 70% of the Indian

population  depends  on  agriculture  (FAO,  2003).  Over  the  decades,  farmers  have  switched  over  to

commercial farming where scientific pest management using several anthropogenic pesticides has played

very important  role.  Today, contribution of pesticides  is well  recognised and appreciated in agricultural

programmes. This has led to an increased food grain production that has shown a big leap from 52 million

tonnes in 1951- 1952 to 100 million tonnes in 1998- 1999 (Rai foundation, 2008). The population of India

has already crossed 1 million marks. 

Food requirements will be of the order of 300 million tonnes with respect to 143 million hectare

cultivated area in the country (Rai foundation, 2008). Hence, the use of agrochemicals like fertilisers and

pesticides  has  increased,  leading  to  their  accumulation  in  different  components  of  the  environment.

Although, pesticides have greatly increased agricultural production and saved millions of lives from insect

borne diseases, the use of certain pesticides has resulted in the pollution of the environment. About one third

of the world’s agricultural production is lost every year due to pests despite the pesticide consumption which

is more than two million tonnes. 

In India, pests cause crop loss of more than 6,000 cores annually, of which 33 percent is due to

weeds, 26 % by diseases, 20 % by insects, 10 % by birds and rodents and the remaining 11% is due to other

factors.  Pesticides  are  also  used  in  industrial,  domestic  and  marine  environments.  Pesticides  are  used

globally and extensively for the control of pests (Balaji et al., 2014). The regular monitoring and control of

pesticide usage in agriculture is very important because of the risks posed by pesticides on human, animal,

plant health and on the environment.  

India is one of the foremost countries in the  world to start large scale use of pesticides for the control

of insect pests of public health and agricultural importance. A total of 145 pesticides are registered for use in

India and production has increased to approximately 85, 000 tonnes (Gupta, 2004).
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In practice bioremediation of organ pollutants  in situ generally applies to contaminated soils. Two

approaches are recognised, biorestoration in which the physico-chemical nature of the soil (e.g. nutrients,

aeration) is altered to encourage indigenous microorganisms to degrade the pollutant and bio augmentation

in which a known degrading microorganism is introduced in the contaminated soil (with or without physico-

chemical alteration) (Pointing, 2001).

Since the earliest times, societies have used soil as a quick and convenient disposal route for waste

(Ashman and Puri, 2002), but recently it was found that contaminants in the soil can find their way to other

areas of the environment . This escape of contaminants is very serious, since other environmental niches

even more fragile than soil may become contaminated.  Soils are contaminated when they have elevated

concentrations of chemicals (usually as a result of human activity) compared with soil that are regarded as

being in pristine condition. Contamination becomes “pollution” once these elevated concentrations begin to

have an adverse effect on organisms (Ashman and Puri, 2002). 

Most soils are, to some extent contaminated by naturally occurring harmful or toxic elements, but not

all soils are polluted (Bridges, 1997). The most common soil pollutants include metallic elements and their

compounds, asbestos, organic chemicals, oils and tars, pesticide residues, explosives and asphyxiant gases

and radioactive materials (Bridges, 1997). These substances often arrive in the soil as a result of intentional

disposal,  such  as  spillages  and  from  atmospheric  fallout  (Bridges,  1997).  Among  these  contaminants,

pesticides  are  of  primary  importance  due  to  their  continuous  entry  into  the  soil  environment

(Sannino and Gianfreda, 2001).

The term “  pesticides”  embraces  an  enormous diversity  of  products  that  are  used in  number  of

different activities ( Mourato et al., 2000), especially agriculture, that currently accounts for 75% of the total

use of pesticides ( Buyuksonmez, 1999).Besides agricultural  application,  large amounts of pesticides are

used for maintaining urban plantings, hygienic handling and storage, control of vegetation beneath power

lines and along railways and roadways, mosquito and fly control, preservation of wood and control of mould

growth in paper mills. Moreover, pesticides have played a great role in reducing diseases such as malaria and
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typhus fever. It  has been estimated that the use of DDT saved approximately 5 million lives and prevented a

hundred million illnesses in the 1940’s (Buyuksonmez,1999).

Several hundred pesticides of different chemical nature are currently widely used for agricultural

purposes throughout Europe and USA (Barcelo, 1991), which resulted in mixed impacts on the one hand

utilization of pesticides produces on enormous increase in agricultural productivity (Kuo and Regan, 1999).

On the other hand, due to their widespread use, pesticides are currently detected in various environmental

matrices   such  as  soil,  water  and  air  (Barcelo,  1991)  and  there  is  great  concern  about  their  potential

environmental hazard(Sannino et al., 1999).

According to Tayade  et al.,  2013 about two million tonnes of pesticides are consumed per year

throughout the world and among the two million tonnes, 24% is consumed in USA, 45% in Europe and 25%

in rest of the world. Among the Asian countries, pesticide consumption is highest in China followed by

Korea, Japan and India. The usage of pesticide in India is about 0.5 kg/ha of which major contribution is

from organochlorine pesticides. This is due to increased insect pest attack caused mainly by the prevailing

warm humid climatic condition. Due to their biological stability and higher degree of lipophilicity in food

commodities pesticides pose a significant effect on human and animal health (Tayade et al., 2013) thus their

continuous use leads to their accumulation in soil as well as in water. The main cause of increasing demand

of pesticides is the promotion of high yielding varieties that marked the green revolution led to large scale

use of chemicals as pesticides to promote high yielding varieties so it is the main cause of increasing demand

of pesticides. At present, India is the largest producer of pesticides in Asia and ranks twelfth in the world for

the use of pesticides with an annual production of 90,000 tonnes. India had adopted the environment friendly

Integrated Pest Management (IPM) approach for combating pests and diseases as a cardinal principle of its

plant protection strategy (Rai foundation, 2008). 

Weeds have been a problem in agriculture since about 10,000 BC (Avery, 2006). They have always

represented one of the main limiting factors in crop production. Damages globally caused by weeds are

responsible for a loss of 13.2% of agriculture production or about 75.6 billions per year (Oerke et al., 1994).

Weeds represent the most important pest complex since they are relatively constant, whereas outbreaks of
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insects  and  disease  pathogens  are  sporadic  (Gianessi  and  Sankula,  2006).  Apart  from the  quantitative

damages caused by weeds due to competition with water, light nutrients and to the antagonism (parasitism

and  allelopathy),  weeds  are  able  to  cause  qualitative  indirect  damages  to  crop  yield  reduction  and

contamination  of  seeds  (Zvonko,  2007).  To  overcome the  problems  caused  by  weeds,  herbicides  have

largely replaced mechanical methods of weed control in agriculture. Herbicides provide more effective and

economical  means of weed control than cultivation,  hoeing, and hand pulling.  Thousands of ureas, also

called substituted ureas, have been tested as herbicides and many are in use today (Ware and Whitacre,

2004). They include linuron, diuron and monuron, fenuron-TCA, siduron and tebuthiuron. These herbicides

can  be  used  as  either  selective  or  non  selective  weed  killer.  Their  mechanism  of  action  is  to  inhibit

photosynthesis (Donaldson and Kiely, 2002). 

Pesticides have made a great impact on human health, production and preservation of foods, fibre

and other cash crops by controlling disease vectors and by keeping in check many species of unwanted

insects and plants. More than 55% of the land used for agricultural production in developing countries uses

about 26% of the total pesticides produced in the world (Dollacker, 1991). However the rate of increase in

the use of pesticides in developing countries is considerably higher than that of the developed countries.

Pesticides are necessary to protect crops and losses that may amount to about 45% of total food production

world wide (Tomlin, 1997). 

All pesticides whether applied directly or targeted at the above ground parts of the plant or the pests

themselves are liable to end up in the soil and in contact with soil organisms. Depending on the method of

application, between 30% and 90% of the pesticide directly reaches the soil (Fu¨ hr et al., 1991). The World

Health Organization (WHO) data shows that only 2 - 3% of applied chemical pesticides are effectively used

for preventing, controlling and killing pests, while the rest remains in the soil. The impacts of a wide range

of pesticides on specific groups of soil organisms, soil food webs and biological processes in soil are highly

variable, dependent on the type/amount of the pesticide, soil environment and the biotic groups examined.

The impact is not restricted to the target but has disruptive effects on the biological regulatory capacity of

the soil community, with damaging consequences for all soil functions (Kibblewhite et al., 2007). 
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When  the  pesticide  enters  in  contact  with  the  soil,  sorption  is  the  first  process,  including

adsorption/desorption phenomena. The first one permits fixation of the compounds to the soil particles, the

last one releases the pesticide into soil solutions. The sorption process is related very with the persistence

and pesticide degradation, because the physicochemical and biological characteristics of soils play a key role

(Madrigal-Monárrez et al., 2008). 

Pesticides enter the human body through ingestion, inhalation or penetration via skin (Spear, 1991).

But the majority of people get affected via the intake of pesticide contaminated food. After crossing several

barriers, they ultimately reach human tissues or storage compartments (Hayo and Werf, 1996). Although

human bodies have mechanisms for the excretion of toxins, however, in some cases, it retains them through

absorption  in  the  circulatory  system (Jabbar  and  Mallick,  1994).  Toxic  effects  are  produced  when the

concentration of pesticide in the body increases far more than its initial concentration in the environment

(Hayo and Werf, 1996). 

Pesticide exposure can cause a range of neurological health effects such as loss of coordination and

memory, reduced visual ability and reduced motor signalling (Lah, 2011). Long-term pesticide exposure

damages the immune system and can cause hypersensitivity, asthma and allergies (Culliney et al., 1992). 

Some organophosphorus pesticides (OPs) are highly toxic and are still widely used for pest insect

control. Wide use of OPs causes serious concerns over food safety and environmental pollution. In the recent

years, various bacterial strains were isolated and reported for biodegradation of OPs (Li et al., 2013).  

Pesticides can be transformed because of biotic and abiotic processes, leading to changes in their

chemical  state  and ultimately in  their  toxicity  and reactivity.  Biodegradation of pesticides/  herbicides  is

greatly influenced by the soil  factors such as moisture,  temperature,  pH, and organic matter  content,  in

addition to microbial population and pesticide solubility. (www.AgriInfo.in, 2009). 

Organochlorine  pesticides  are  considered  persistent  pesticides.  These  pesticides  have  long

environmental half-lives and tend to bio accumulate in humans and other animals and thus biomagnify up to

70 000 times in the food chain. Because migratory birds and other animals are at the top of the food chain,

10



they carry these persistent compounds with them wherever they go and are then transferred to the very top of

the food chain, humans (Borga et al., 2001). 

Most organophosphorus compounds have a short half-life in the environment, as they are degraded

by microorganisms.  In general,  organophosphorus  compounds do not  adversely  affect  bacteria,  because

bacteria  do  not  possess  Acetylcholine  esterase  (AChE)  ,  (Singh  and  Walker,  2006).  Enhanced

biodegradation  of  organophosphorus  compounds  is  also  influenced  by soil  properties  and the  chemical

structure of the organophosphorus compounds. Alkaline soils have been shown to be conducive to a higher

degradation  level  of  OP  insecticides  (Singh  et  al.,  2005).  Organophosphorus  compounds  share  similar

chemical  structures,  and  therefore  soil  that  developed  enhanced  degradation  for  one  organophosphorus

compound also rapidly degraded other organophosphorus compounds, in a well-known phenomenon called

cross-enhanced degradation (Singh et al., 2005).

Pesticide degradation by microorganisms has been performed mainly with bacteria and a few studies

also have focused on fungi, actinomycetes, cyanobacteria, etc. This is mainly due to the fact that bacteria are

easy to culture in simple media and grow faster than other microbes; besides, bacteria are more susceptible

to genetic modifications, which give them an extra potential to increase their degradation capabilities. The

microbes metabolize pesticides through enzymatic and non enzymatic mechanisms. 

Enzymatic degradation of pesticides includes catabolic and co-metabolic transformation. Catabolic

transformation of pesticides is characterized by the complete metabolism of the compound and using it as a

sole source of energy and co-metabolism is a process of secondary metabolism where in the microorganisms

utilize a substrate for its growth and energy and incidentally metabolizes the other without any dependence

for energy from this process.

The non enzymatic  mechanism is  by  bringing about  change in  the  environment  (Gowrishanker,

2002). The enzymatic degradation of synthetic pesticides with microorganisms represents the most important

strategy for the pollutant removal, in comparison with non-enzymatic processes. Each degradation step is

catalyzed by specific enzyme produced by a degrading cell or enzyme found in the cell. Degradation of
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pesticide by either external or internal enzyme will stop at any step if an appropriate enzyme is not present.

Absence of an appropriate enzyme is one of the common reasons for persistence of any pesticide.

Metabolism of  pesticides  may involve  a  three-phase  process.  In  Phase  I  metabolism,  the  initial

properties of a parent compound are transformed through oxidation, reduction or hydrolysis to generally

produce a more water-soluble and usually a less toxic product than the parent. The second phase involves

conjugation  of  a  pesticide  or  pesticide  metabolite  to  a  sugar  or  amino  acid,  which  increases  the  water

solubility and reduces toxicity compared with the parent pesticide. The third phase involves conversion of

Phase  II  metabolites  into secondary  conjugates,  which are  also non-toxic.  In  these processes  fungi  and

bacteria  are  involved  producing  intracellular  or  extra-cellular  enzymes  including  hydrolytic  enzymes,

peroxides, oxygenases, etc. (Van Eerd et al., 2003).

The  chemical  structure  of  pesticides  being  variable,  individual  reactions  of  degradation–

detoxification pathways are versatile and include oxidation, reduction,hydrolysis,  and conjugation.  These

reactions are achieved through a number of different enzymes such as dehydrogenases (Bourquin, 1977;

Singh and Singh, 2005), dioxigenases (Nadeau et al., 1994; Van Eerd et al., 2003), cytochrome p450 (Castro

et al.,  1985; Jauregui  et al.,  2003), ligninases (Pizzul  et al.,  2009) and in the case of organohalogenate

compounds,  dehalogenases  (Franken  et al.,  1991; Sharma  et al.,  2006).  Conjugation with glutathione is

commonly used as a detoxification mechanism, especially in plants and insects, although this mechanism has

also been reported in bacteria (Vuilleumier, 2001; Wei et al., 2001; Chaudhry et al., 2002).

Bifenthrin,  a  non-alpha  cyano  pyrethroid  insecticide,  is  used  world  wide  against  a  range  of

agricultural  pests.  It  has moderate  acute toxicity,  as do most of the other pyrethroids recommended for

public health. Etofenprox (a non-ester pyrethroid) is classifed as unlikely to present acute hazard in normal

use. 

Bifenthrin  is  classified  by WHO as  moderately  hazardous (WHO 1998a).  The WHO/FAO Joint

Meeting on Pesticide Residues has allocated an “acceptable daily intake” for humans of 0- 0.02 mg/kg body

weight on the basis of the “no observed adverse effect level” of 1.5 mg/kg body weight/d from  1 year study

in dogs using a 100-fold safety factor (FAO 1992). Bifenthrin has a very low vapour pressure (1.81 10-7
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mmHg), a low water solubility (<1 μg/litre), and good stability to hydrolysis and photolysis (2 years at 50 ºC

under natural daylight). It is non-irritant to skin, virtually non-irritating to eyes on rabbits and presents no

skin sensitization on guinea pigs (Tomlin,2000).

Bifenthrin is effective for control of insect pets of cotton (Ali and Karim 1994), vegetables (Gupta et

al. 2009), fruits (Reddy and Rao 2002), and in public health for control of mosquitoes (Mittal et al. 2002). It

has  shown  good  bioefficacy  against  insect  pests  of  brinjal  (Sudhakar  et  al.  1998)  and  tomato

(Rushtapakornchai and Petchwichit 1996). Efficacy of different insecticides as foliar application was studied

against mustard aphid Lipaphis erysimi (Kalt) by Rana et al. (2007). All tested insecticides performed better

against aphid as compared to untreated plots and were at par with one another as compared to DC-Tron Plus

and check. Carbosulfan proved as the best with 94.34% aphid. Population reduction, followed by bifenthrin,

imidacloprid and DC-Tron Plus with 94.20, 92.66 and 53.42% reduction, respectively. Based on these risk

assessments,  EPA concludes  that  there is  a  reasonable  certainty  that  no harm will  result  to the general

population and to infants and children from aggregate exposure to bifenthrin residues. There are however, no

reports of the behavior and persistence of bifenthrin on pulse crops like chickpea (Cicer aretinum L) and

pigeon pea (Cajanus cajan L). The pulse crop is infested by a large number of insect pests, like pod borers,

aphids, jassids and pod fly, which results in loss in yield.

The synthetic pyrethriods have proved to be effective in the control of resistant insect pests of pulse

crops (Mukherjee et al. 2007).

Bioremediation is an innovative technology that is frequently being used for the clean-up of polluted

sites. This technology is cost effective and becoming an increasingly attractive clean-up technology. The

solid sludge, soil, and sediment as well as groundwater pollution can be treated by bioremediation. The rate

of the natural microbial degradation of contaminants is enhanced by bioremediation. This enhancement is

carried out by supplementing these microorganisms with nutrients, carbon sources or electron donors. The

process  can  be  carried  out  by  using  indigenous  microorganisms  or  by  adding  an  enriched  culture  of

microorganisms. Microbes utilize their inherent specific characteristics to degrade desired contaminant at a

quicker rate. The result of bioremediation is the complete mineralization of contaminants to H2O and CO2
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without  the  build-up of  intermediates.  For  effective  bioremediation,  microorganisms  must  enzymaticaly

attack the pollutants and convert them to less toxic products. An effective bioremediation can be achieved

only where environmental conditions permit microbial growth and activity; its application often involves the

manipulation of environmental conditions to allow microbial growth and degradation to proceed at a faster

rate (Lacey and Goettel, 1995; Vidali, 2001). Bioremediation processes can be broadly classified into two

categories,  ex situ and  in  situ.  The  ex situ bioremediation  technologies  involves  the use of bioreactors,

biofilters, land farming and some composting methods whereas in situ includes biostimulation, bioventing,

biosparging, liquid delivery systems and some composting methods. The low cost and its effectiveness are

the most positive parts of this technology.

The various biological systems, as microorganisms, have been used to biotransform pesticides. The

bacteria and fungi are the major entities involved in the pesticide biodegradation. The fraction of the soil

biota,  when  continuously  applied  to  the  soil,  they  can  quickly  develop  the  ability  to  degrade  certain

pesticides. 

For certain soil microorganisms, these chemicals provide adequate carbon source and electron donors

(Galli,  2002), and thus establishing a way for the treatment of pesticide contaminated sites (Qiu  et  al.,

2007). The absence of the microbial  systems that has the pesticide degrading enzymes that leads to the

persistence of the pesticide in the soil. In such cases, where innate microbial population of the soil can not be

able to manage pesticides, the external addition of pesticide degrading microflora is recommended (Singh,

2008). Thus for bioremediation of other chemical compounds to whom any microbial degradation system is

known, the isolated microorganisms capable of degrading pesticides can be used (Singh and Thakur, 2006).

However, the transformation of such compounds depends not only on the presence of microorganisms with

appropriate degrading enzymes system, but also a wide range of environmental parameters (Aislabie et al.,

1995) such as; temperature, pH, water potentials and available nutrients. Some of the pesticides are readily

transformed by the microbes however, some are recalcitrant in nature (Richins et al., 1997; Mulchandani et

al., 1999). Additionally, some other aspects such as physiological, ecological, biochemical and molecular

play important roles in the microbial transformation of pollutants (Iranzo et al., 2001; Vischetti et al., 2002).
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There are various sources of microorganisms having the ability  to degrade pesticides.  Generally,

microorganisms that have been identified as pesticide degraders have been isolated from a wide variety of

pesticide contaminated sites. The soil is the medium that mostly gets these chemicals, when they are applied

to agricultural crops; additionally, the pesticide industry's effluent, sewage sludge, activated sludge, waste

water, natural waters, sediments, areas surrounding the manufacture of pesticides are also rich source of

pesticide degrader.

 In  different  laboratories  around  the  world,  presently  there  are  collections  of  microorganisms

identified and characterized for their  pesticides degradation ability.  The isolation and characterization of

pesticides degrading microorganisms that is able to give the possibility to count with new tools to restore

polluted environments or to treat wastes before the final disposition. Upon complete biodegradation of the

pesticide, the carbon dioxide and water are formed by the oxidation of the parent compound and this process

provides the energy to the microbes for their metabolism. The intracellular or extracellular enzymes of the

microbes play major role in the degradation of chemical compounds.

Fungal  bioremediation  subject  to  the  prevailing  temperature,  moisture  and  soil  conditions

(Kearney,1998). The soil pH, nutritional status and oxygen levels vary and may not always be optimal for

fungal growth or extracellular enzyme production for pollutant transformation (Singleton, 2001). Thus, the

kinetics of pesticides degradation in the field is commonly biphasic with a very rapid degradation rate in the

beginning followed by a very slow prolonged dissipation. The remaining resides are often quite resistant to

degradation (Alexander, 1994).

There are many reasons for organic compounds being degraded very slowly or not at all in the soil

environment, even though they are  biodegradable (Romantschuk et al., 2000). One reason could be strong

pesticides sorption to soil and therefore decreased bioavailability (Alexander, 1994). Another reason can be

the low temperatures in soil, particularly in northern parts of Europe and America where soil temperature

during a large part of the year are too low for efficient microbial degradation of contaminations. The same

may also be true for deeper soil layers (Romantschuk et al.,2000).
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Anaerobic conditions may also contribute because fungal degradation is very slow under oxygen

restrictions resulting in partial degradation with resultant toxic intermediates being formed (Romanstchuk et

al.,2000). Other factors that can contribute to pesticides degradation in soils include the chemical nature of

the pesticide,  amount  and type  of  soil  organic  matter,  community  structure  and activity,  soil  type,  pH,

pesticide concentration, pesticide formulation and presence of other pesticides (Shoen and Winterlin, 1987).

The  availability  of  water  in  soil  may  be  a  very  important  factor  affecting  the  success  of

bioremediation ,since water availability affects fungal growth and enzyme production      (Marin et al.,2001).

The carbon dioxide production also decreased in dry soil and remained high when the soil was wet, even

through MnP and laccase activities decreased. 

Soil is a complex matrix undergoing constant change in its component parts,chemical physical and

biological.  These  components  are  significantly  affected  by  environmental  factors  and  anthropogenic

management and influence (Harris and steer, 2003). Pollutants introduced into soil exert an influence on the

micro biota, which manifests itself in changes in enzyme activity, soil respiration, biomass and microbial

populations  (Baran  et  al.,  2004).  Soil  investigations   can  give  information  on  the  presence  of   viable

microorganisms as well as on the effect of pollutants on the metabolic activity of soil  (Margesin  et al.,

2000).

In some cases, contamination have a stimulatory effect on soil enzymes that results from the gradual

adaptation of microorganisms to the pollutants and the utilisation of xenobiotics as a source of carbon and

energy (Baran  et al.,  2004).  After  this  period of stress there is   an increase in respiratory intensity,  an

increase in  enzyme activity,  development  of microorganisms and a  gradual  decomposition  of pollutants

(Boopathy, 2000).

Since  the  fungal  bioremediation  process  depends  on  the  extent  to  which  the  fungal  inoculants

succeeds in colonising the contaminated soils, an interesting approach is to asses fungal growth in the soil.

Although  this is difficult, because of the problems of quantification which occur when trying to measure the

growth of filamentous fungi in such heterogeneous environments. For this reason, in studies with wood rot

fungi, indirect methods are often used. (Bennet et al., 2001).
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The oxidation of organic matter by aerobic organisms results in the production of carbon dioxide

(Harris and Steer, 2003). Respiration may increase in response to an increase in microbial biomass or as a

result of the increased activity of a stable biomass  (Harris and Steer, 2003). Mineralization measurements of

total carbon dioxide production provide useful information on the biodegradability potential of pesticides in

soil.   Hollender et al., (2003) showed that oxygen consumption and carbon dioxide production as well as the

kinetics of these processes are all  informative parameters  characterizing the whole microbial  respiration

potential and their nutrient limitation in soil samples.

Soil  respiration  is  determined  on  the  basis  of  either  carbon  dioxide  evolution  or  the  oxygen

consumption rate. The measurement of carbon dioxide  appears to be preferable as it has the advantages of

greater sensitivity due to low background concentration present in the atmosphere and enables measurements

for any length of time (Dilly, 2001).

Soil moisture is a key state variable in earth system dynamics (Famiglietti et al., 1998) and is critical

in hydropedologic studies (Lin et al., 2006a,b). “Where, when, and how” water moves through various soils

in different landscapes and how water flow impacts soil processes and subsequent soil moisture patterns

need to be better  understood in real-world landscapes (Lin  et al.,  2006b).  Soil  moisture has often been

reported to show spatial dependence as well as time stability (Shouse et al., 1995; Grayson et al., 2002; Zhao

et al., 2010). Spatial dependency is commonly characterized by geostatistical analysis, while time stability

analysis can be used to reveal persistent wet or dry sites within a landscape (Vachaud  et al., 1985; Lin,

2006). One way to account for both spatial patterns and time persistence is Empirical Orthogonal Function

(EOF)  analysis,  through  which  underlying  stable  patterns  of  soil  moisture  may  be  derived  from large

multidimensional  datasets  (Jawson and Niemann,  2007;  Korres  et  al.,  2010).  For  example,  Jawson and

Niemann (2007) showed that the spatial and temporal patterns of large-scale soil moisture can be described

by few main EOFs that were related to soil texture, topography, and land use.

Soil pH variations reduce the biodegradation rate by affecting cell membrane transport and the ability

of microorganisms to perform their cellular functions (Suthersan, 1999). Production of some organic acids
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during  the  biodegradation  process  (Suthersan,  1999)  and  the  alkaline  effects  of  some  added  nutrients

(Børresen and Rike, 2007) can alter the soil pH and limit further biodegradation. Therefore controlling soil

acidity and its pH level, and keeping it at  an optimum level while adding nutrients, is vital.  Adding an

adequate amount of powdered lime or other conditioners can properly adjust soil pH (Hodges and Simmers,

2006).

Soil enzyme activities are major candidates as early indicators of ecosystem stress and may function

as “sensors” since they integrate on the microbial status and on soil  physico- chemical conditions (Aon et

al., 2001). Their perturbations may sensitively predict soil degradation earlier than other slowly changing

soil properties, such as organic matter (Dick,1994). Quantification of the different pools of enzyme activity

in soil is desirable to assess the contribution that microbial  communities make to production of specific

enzymes and their relationship to changes in soil (Klose and Tabatabai,1999).

Soil microorganisms (bacteria and fungi) are the main source of enzyme and despite their relatively

low  concentration,  they  play  a  crucial  role  in  nutrient  cycling  in  soil  (Aon  et  al.,  2001).  Many  soil

microorganisms depend on the  effective  production  of  their  extracellular  enzymes to  supply  them with

nutrients (Harris and Steer, 2003). Because of their extracellular nature, enzymes are often trapped in soil

organic  and  inorganic  colloids  and  some  soils  will  therefore  have  a  large  background  of  extracellular

enzymes not directly associated with the microbial biomass (Harris and Steer, 2003). The overall activity of

a single enzyme may depend on enzymes in different location including intracellular enzymes from viable

proliferating cells and accumulated or extracellular enzymes stabilized in clay minerals and or complexes

with humic colloids (Burns, 1982).

Several  studies  have  examined  the  effect  of  pesticides  on  the  activity  of  enzyme  in  soils  with

different origins (Sannino and Giafreda, 2001). Despite the numerous reports on this topic and the efforts to

find  reliable  relationships  between  measured  effects  and  properties  of  soil,  chemical  characteristics  of

pesticides, and/ or classes of enzymes, no general conclusions can be drawn (Sannio and Giafreda, 2001).

Little  knowledge exists on the impact  that inoculation with fungi has on enzymes production especially
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under different water potential regimes. Many microorganisms have been reported with cellulosic activities

including  many  bacterial  and  fungal  strains  both  aerobic  and  anaerobic.  Chaetomium,  Fusarium

Myrothecium,Trichoderma. Penicillium, Aspergillus,  are some of the reported fungal species responsible for

cellulosic  biomass  hydrolysation.  Cellulolytic  bacterial  species  include  Trichonympha,  Clostridium,

Actinomycetes,  Bacteroides  succinogenes, Butyrivibrio  fibrisolvens,  Ruminococcus  albus,  and

Methanobrevibacter  ruminantium ( Milala,   Shugaba,  et  al., 2005,  Schwarz,  2001) Cellulase  due  to  its

massive  applicability  has  been  used  in  various  industrial  processes  such  as  biofuels  like  bioethanol

(  Ekperigin,  2007,  Vaithanomsat  et  al.,  2009  )  triphasic  biomethanation  (Chakraborty.,  et  al.,  2000)

agricultural and plant waste management (Lu,  Wang, Nie et al., 2004 ,  Mswaka and Magan, 1998) chiral

separation and ligand binding studies ( Nutt, et al., 1998)

Amylase activity in biodegradation of xenobiotic compounds with lignin-like structures has already

attracted considerable interest (Trejo-Hernandez  et al., 2001), and its biodegradative properties have been

studied exhaustively for different contaminants. This enzyme is a copper-containing phenoloxidase involved

in the degradation of lignin (Pointing, 2001) and it oxidises phenol and phenolic lignin sub- structures (Tuor

et al., 1995). The catabolic role of fungal amylase in lignin biodegradation is not well understood (Heggen

and  Sveum,  1999;  Trejo-Hernandez  et  al.,  2001),  but  some  successful  applications  of  this  enzyme  in

decontamination have been reported. For example dye decolouration by Trametes hispida (Rodriguez et al.

1999),  degradation  of  azo-dyes  by  Pyricularia  oryzae (Chivukula  and  Renganathan,  1995)  and  textile

effluent degradation by  Trametes versicolor have been attributed to amylase activity. Duran and Esposito

(2000) also reported that amylase from Cerrena unicolor produced a complete transformation of 2,4 DCP in

soil colloids. 

 Other enzyme activities which are involved in key reactions of metabolic processes of soils (i.e.

organic matter decomposition, nutrient cycling) are useful in order to provide a better picture of the status of

soil processes when affected by pollution. Some of these have been shown to be sensitive to soil quality

(Acosta-Martinez  et  al.,  2003).For  example  β-glucosidase  and  phosphomonoesterases  catalyse  reactions

involved in the biogeochemical transformations of C, N, P and S (Taylor et al., 2002) and are likely to be an
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essential  component  of  any  assessment  of  substrate  mineralization  (Taylor  et  al.,  2002).  β-glucosidase

activity is involved in the final step of cellulose degradation, that provides simple sugars for microorganisms

in soils (Costa-Martinez  et al., 2003). β-glucosidase is the third enzyme in a chain of three enzymes that

breaks down labile cellulose and other carbohydrate polymers (Boerner and Brinkman, 2003).

As  the  major  components  of  organic  matter  consist  of  cell  wall  polymers  and  reserve

polysaccharides, enzymes such as cellulase are of crucial importance as primary agents for decomposition

(Wirth and Wolf,  1992).  The growth of wood decay fungi,  especially  under natural  conditions  requires

control  of  their  nitrogen economy,  involving regulation  of  proteolytic  activities  for  intracellular  protein

turnover, extracellular digestion of protein sources and modification of proteins through limited proteolysis

(Staszczak et al., 2000). The protein turnover is involved in basic cellular functions such as the modulation

of  the  levels  of  regulatory  proteins  and  adjustment  to  stress.  In  recent  years  it  has  become  clear  that

proteolysis plays an essential  role in response to stress conditions such as high temperatures or nutrient

deprivation (Hilt and Wolf, 1992). 

Soil microbial communities are among the most complex, diverse and important assemblages in the

biosphere. Because of such a high level of diversity, soil microbial communities are among the most difficult

to phenol typically and genetically characterize   (Zhou et al., 2004). They are a keystone of the function and

structure of soil (Harris and Steer, 2003). 

The soil microbial biomass has been defined as the part of the organic matter in soil that constitutes

living organisms smaller than 5-10 µm3. These microorganisms largely bacteria, fungi, algae, and nematodes

are important to soil nutrition through their role in decay of plant and other organic matter in the soil and as

nitrifiers (McEwen and Stephenson, 1979). Anything that disrupts their activity could be expected to affect

the nutritional quality of soils and would thus have serious consequences (McEwen and Stephenson, 1979). 

Therefore changes to the metabolic profiles of soil microbial communities could have potential use

as early indicators of the impact of management or other perturbations on soil functioning and soil quality.

Soil analyses of the total microbial counts in the contaminated soil can provide useful information on soil

biological activities and the extent to which the indigenous microbial population has acclimatised to the site
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conditions (Balba et al., 1998). In addition a comprehensive knowledge of the diversity of the autochthonous

microbial  communities  of  natural  ecosystems  and  their  degradative  potential  is  very  important  when

assessing the strategy and outcome of bioremediation (Stahl and Kane, 1993).It also gives information on

whether  the  microbial  populations  will  be  capable  of  degrading  pollutants  quickly  enough  or  whether

supplementing starter cultures will be useful (Wunsche et al., 1995).

The effect of temperature on the biodegradation of pesticide depends on the molecular structure of

the pesticide. Temperature affects solubility, adsorption and hydrolysis of pesticides in soil. The activity of

soil  microorganisms  is  stimulated  with  the  rise  in  temperature.  The  maximum  growth  and  activity  of

microorganisms in soils  are reported at  25ºC to 35ºC of temperature.  It  has been also reported that the

pesticide degradation is optimal at temperature range of 25ºC to 40ºC. At lower temperature, the persistence

of various pesticides in the soil is found to be higher (Alexander, 1977; Jitender, 1993; Soulas, 1997).

The problem of heavy metal contamination in the environment is widespread. Taken up by plants,

heavy metals may enter the food chain, and therefore, humans can also be exposed to them (Intawongse and

Dean 2006). A recently published WHO/FAO report recommends consumption of minimum of 400 g of

fruit and vegetables per day (excluding potatoes and other starchy tubers) for prevention of chronic diseases

such as heart diseases, cancer, diabetes, and obesity, as well as for prevention and alleviation of several

micronutrient deficiencies, especially in less developed countries (WHO 2004).

Heavy metals are widely distributed in the environment and are considered significant chemical food

contaminants. The group of heavy metals includes both elements essential for normal metabolic processes,

called micronutrients (Fe, Mn, Cu, Zn, Mo), which in excessive quantities are more harmful to plants than to

animal bodies, as well as elements such as As, Hg, Pb, or Cd, which already at low concentrations are very

harmful to humans and animals, while affecting plant growth and development to a lesser extent. According

to their toxicity to living organisms, the heavy metals can be arranged in the following order: 

Hg > Cu > Zn > Ni > Pb > Cd > Cr > Sn > Fe > Mn >Al (Wang et a.l., 2003; Pueyo et al., 2004;

Filipiak-Szok et al.,2015).
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 The maximum levels of heavy metals  in foodstuffs of plant origin should be set  at the strictest

possible  level  that  is  reasonably  achievable  by  good practices  of  agricultural  industry,  and taking  into

account  the  risks  associated  with  food  consumption.  For  contaminants  that  are  considered  genotoxic

carcinogens, or in cases where the current exposure of the population or the most vulnerable population

groups is close to or exceeds the tolerated uptake, the highest permitted levels should be set at the lowest

reasonably achievable level.

The  exposure  to  cadmium,  lead,  and  methylmercury  compounds  is  especially  dangerous  during

prenatal development and infancy, as it causes irreversible changes in the central nervous system. Lead also

causes cardiovascular diseases, disrupts heme biosynthesis and vitamin D metabolism, causes kidney and

liver dysfunctions and disorders of the immune and the reproductive systems, and disrupts iron, zinc, and

copper metabolism.

Cadmium is carcinogenic,  neurotoxic and nefrotoxic,  and causes skeletal disorders, liver damage,

cardiovascular  diseases,  dysfunctions  of  the sexual  glands,  and disrupts  a  mineral  balance  in  the  body.

Mercury and especially  the methylmercury  compounds,  accumulates  mainly in the brain tissue,  causing

damage to the central nervous system, especially the developing foetal brain. In adults, it causes hearing,

speech, and visual disorders, cardiovascular diseases, and limb muscle paralysis. Arsenic has carcinogenic,

neurotoxic  (hearing  disorders),  and  genotoxic  effects,  and  causes  cardiovascular  diseases,  peripheral

vascular  disorders,  anemia,  and  dysfunctions  of  the  reproductive  system  (Wojciechowska-Mazurek  et

al.,2008; Shaheen et al.,2016).

Lead is a metal belonging to group IV and period 6 of the periodic table with atomic number 82, 

atomic mass 207.2, density 11.4 g cm−3, melting point 327.4º C, and boiling point 1725º C. It is a natural 

occurring, bluish grey metal usually found as a mineral combined with other elements, such as sulphur (i.e., 

PbS, PbSO4), or oxygen (PbCO3), and ranges from 10 to 30mg kg−1 in the earth’s crust (USDHHS, 2003) 

Typical mean Pb concentration for surface soils worldwide averages 32mg kg−1 and ranges from 10 to 67mg

kg−1 (Kabata-Pendias and Pendias, 2002). Lead ranks fifth behind Fe, Cu, Al, and Zn in industrial 

production of metals. About half of the Pb used in the U.S. goes for the manufacture of Pb storage batteries. 
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Other uses include solders, bearings, cable covers, ammunition, plumbing, pigments, and caulking. Metals 

commonly alloyed with Pb are antimony (in storage batteries), calcium (Ca) and tin (Sn) (in maintenance-

free storage batteries), silver (Ag) (for solder and anodes), strontium (Sr) and Sn (as anodes in electro 

winning processes), tellurium(Te) (pipe and sheet in chemical installations and nuclear shielding),Sn 

(solders), and antimony (Sb), and Sn (sleeve bearings, printing, and high-detail castings) ( Manahan, 

2003).Under anaerobic conditions a volatile organolead (tetramethyl lead) can be formed due to microbial 

alkylation (GWRTAC, 1979). Lead(II) compounds are predominantly ionic (e.g., Pb2+SO4 2−), whereas 

Pb(IV) compounds tend to be covalent (e.g., tetraethyl lead, Pb(C2H5)4). Some Pb (IV) compounds, such as 

PbO2, are strong oxidants. Lead forms several basic salts, such as Pb(OH)2・2PbCO3, which was once the 

most widely used white paint pigment and the source of considerable chronic lead poisoning to children who

ate peeling white paint. Many compounds of Pb(II) and a few Pb(IV) compounds are useful. The two most 

common of these are lead dioxide and lead sulphate, which are participants in the reversible reaction that 

occurs during the charge and discharge of lead storage battery.

In addition to the inorganic compounds of lead, there are a number of organolead compounds such as

tetraethyl lead. The toxicities and environmental effects of organolead compounds are particularly 

noteworthy because of the former widespread use and distribution of tetraethyl lead as a gasoline additive. 

Although more than 1000 organolead compounds have been synthesized, those of commercial and 

toxicological importance are largely limited to the alkyl (methyl and ethyl) lead compounds and their salts 

(e.g., dimethyldiethyl lead, trimethyl lead chloride, and diethyl lead dichloride).Inhalation and ingestion are 

the two routes of exposure, and the effects from both are the same. Pb accumulates in the body organs (i.e., 

brain), which may lead to poisoning (plumbism) or even death. The gastrointestinal tract, kidneys, and 

central nervous system are also affected by the presence of lead. Children exposed to lead are at risk for 

impaired development, lower IQ, shortened attention span, hyperactivity, and mental deterioration, with 

children under the age of six being at a more substantial risk. Adults usually experience decreased reaction 

time, loss of memory, nausea, insomnia, anorexia, and weakness of the joints when exposed to lead (NSC, 

Lead Poisoning, National Safety Council, 2009).

Copper is a transition metal which belongs to period 4 and group IB of the periodic table with atomic
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number 29, atomic weight 63.5, density 8.96 g cm−3, melting point 1083º C and boiling point 2595º C. The 

metal’s average density and concentrations in crustal rocks are 8.1 ×103 kgm−3 and 55mg kg−1, 

respectively (Davies and  Jones, 1988) Copper is the third most used metal in the world (VCI, Copper 

history/Future, Van Commodities Inc., 2011). Copper is an essential micronutrient required in the growth of 

both plants and animals. In humans, it helps in the production of blood haemoglobin. In plants, Cu is 

especially important in seed production, disease resistance and regulation of water. Copper is indeed 

essential, but in high doses it can cause anaemia, liver and kidney damage, and stomach and intestinal 

irritation. Copper normally occurs in drinking water from Cu pipes, as well as from additives designed to 

control algal growth. While Cu’s interaction with the environment is complex, research shows that most Cu 

introduced into the environment is, or rapidly becomes, stable and results in a form which does not pose a 

risk to the environment. In fact, unlike some man-made materials, Cu is not magnified in the body or 

bioaccumulated in the food chain. In the soil, Cu strongly complexes to the organic implying that only a 

small fraction of copper will be found in solution as ionic copper, Cu(II). The solubility of Cu is drastically 

increased at pH 5.5 ( Mart´ınez and Motto, 2000), which is rather close to the ideal farmland pH of 6.0–6.5 

( Eriksson,  Andersson, and Andersson, 1997).

Due to  their  properties  such as  toxicity,  persistence  and non-biodegradation,  contamination  with

metals has become a serious and widespread environmental threat, particularly in urban areas (Yang-Guang

et al., 2016). The problem of heavy metals stems out not only from their toxic properties but also from their

ability to accumulate in the body, as it is a case with all elements listed above. At low levels of exposure   to

these elements, clinical signs do not manifest immediately and their effects can be observed only at the

physiological or biochemical level (Wojciechowska-Mazurek et al., 2008).

24



MATERIALS AND METHODS

The pesticide used  for the present study is Bifenthrin. It is collected from the local market, and it is handled

with care.

Common Name : Bifenthrin

IUPAC Name : 2-methyl-3-phenylbenzyl (1RS)-cis-3-(2-chloro-3,3,3- trifluoroprop-1-enyl)-    2,2-

dimethylcyclopropanecarboxylate

C.A. Name : (2-methyl[1,1'-biphenyl]-3-yl)methyl (1R,3R)-rel-3-[(1Z)- 2-chloro-3,3,3-trifluoro-1-

propenyl]-2,2- dimethylcyclopropanecarboxylate 

Chemical Family : Pyrethroid 

Structural Formula : 

Empirical formula : C23H22ClF3O2 

Molecular Weight : 422.88 

C.A.S. No. : 82657-04-3 

Physical State : Off-white waxy solid

 Melting Point : 79.6 

Odour : Weak aromatic 

Density : 1.26 g/l at 20ºC 

Vapour Pressure : 0.0178 mPa at 25ºC
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Flash Point : 151ºC 

Explosion Hazard : Not explosive or oxidizing 

Solubility in water : 0.001 mg/l at 20 ºC 

Stability : Stable pH 5 to pH 9 at 25ºC. Hydrolysis occurs at elevated temperatures e.g. DT50 20 mins

at pH 4, 90ºC.

Collection of soil:

Garden soil was collected from the college campus and two different agriculture fields. Soil

was collected from the Vedanatham village,  Tuticorin for the purpose of isolation of pesticides resistant

fungi and bacteria using enrichment technique, with varying concentration of pesticides (Bifenthrin) in the

medium.  The collected samples were brought to the laboratory for analysis. Before analysis, the collected

samples were air dried, ground and passed through a 2mm pore size sieve and stored in sealed plastic bags at

room temperature. The pysico chemical characters of the soils were analysed using standard methods. The

duplicate soil samples were used for remaining experimentation.

Soil analysis of field soil and garden soil:

 Moisture  content,  Soil  pH,  Organic  matter  and  Bulk  density   of  soils  are  analyzed  by

respective procedures.

Isolation of Bifenthrin resistant Fungi and Bacteria:

10g of garden soil, black and red soil were suspended in 250ml nutrient medium supplemented

with 50 mg/L Bifenthrin and incubated at 30ºC on plate form shaker at 200 rpm. After 5 days of incubation,

5ml culture was used to inoculate into the nutrient medium containing 100mg/L of Bifenthrin. Subsequently

five  rounds  of  enrichment  process  were  carried  out  in  nutrient  medium  supplemented  with  higher

concentration of Bifenthrin (150 mg/L, 200 mg/L and 250 mg/L). The enrichment culture technique was

used for the isolation of fungal and bacterial strains capable of utilizing Bifenthrin as a sole source of carbon
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and energy. Enriched medium was serially diluted and 0.1ml of aliquots was plated on nutrient agar plates

supplemented with 250 mg/L Bifenthrin for the isolation of resistant fungal cultures.  

The  petridishes  were  observed  on the  6th day  to  9th day  for  the  appearance  of  resistant  colonies.

Morphologically  different  types  of  colonies  were  streaked  for  their  purification  on  nutrient  agar  plates

containing 250 mg/ L Bifenthrin.  

Purification of fungal and bacterial isolates:

The  isolated colonies in the 5th round of experiment (pesticides bifenthrin resistant fungi and bacteria)

were picked up with the help of sterilized wire loop and were streaked on potato dextrose/nutrient  agar

medium containing 250 mg/L of bifenthrin Each isolated strain was streaked at least 3 to 4 times on agar

plates containing 250 mg/L bifenthrin for purification. The isolated and purified fungal  and bacterial strains

were stored under refrigeration after preparing slants. 

Identification of fungal  and bacterial isolates:

The identification of fungi and bacteria exhibiting the activity of  bifenthrin degradation was carried

out based on its colony characters and microscopic observations.

Enzyme production:

Amylase:

100ml of  potato dextrose/nutrient agar medium is mixed with   0.5g starch  and inoculated the medium

with  fungal  and  bacterial  growth  in  150mg/ml  bifenthrin.  After  the  growing  of  fungi  potassium  iodine

0.25g/12.5 ml and iodine 0.125g/12.5 ml were  added and  excess of the solution was removed. After the

observation of enzyme activity the zone will form.

Cellulase:

For the production of cellulase, required materials are Berg’s medium,CMC agar medium, Whatman

no.1 filter paper,0.1% aqueous Cango red, 1M NaCl.
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Composition of Berg’s medium

Sodium nitrate     2 g

Magnesium sulphate 0.5 g

Dipotassium hydrogen phosphate 0.05 g

Ferrous sulphate 0.01 g

Calcium chloride 0.02 g

Manganese sulphate 0.02 g

Agar 20 g

Distilled water 100 ml

pH 7 g

Composition of CMC agar medium

Carboxy methyl cellulose 1 g

Procedure

Berg’s agar plates are prepared, allowed to solidify and labelled 0.1 ml of samples are spread over

Berg’s  agar  plates.  Then  the  plates  are  overlayed  with  cellulose  paper  (Whatman  no.1)  and  incubated

overnight. Yellow colour colonies are observed and the filter paper are subcultured in CMC agar plates and

incubated for 24 hours. After incubation, 0.1% aqueous Congo red is added and left for 20 minutes. The plates

are washed with 1M sodium chloride and observing a zone of inhibition around the colonies.

Study on effect of temperature on pesticide resistance fungal growth:

 To study the stability of bifenthrin resistant fungal and bacterial isolates, an experiment was conducted

in an Erlenmeyer flask containing bifenthrin in 100 ml nutrient/ potato dextrose agar . After sterilization by

autoclaving,  the  flasks  were  cooled  and inoculated  with  the  respective  fungal  and  bacterial  cultures  and
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maintained at different temperatures (15°C, 35°C, 45°C and 55°C). After 8 days, 100ml of culture was drawn

and centrifuged at 3000rpm for 10 minutes and OD was taken. The optical density was taken at 600nm using

UV – spectrophotometer. Non inoculated control was taken as a blank.

Determination of Heavy metals in sample soils:

1000ppm stock standard solutions  of the heavy metals   Cu,  Cd, and Pb  were used to prepare

calibration standard and spiking standard solutions. Double distilled water was used throughout the study.

The glassware  and polyethylene  containers  used for  analysis  were washed with tap water,  then soaked

overnight in 10% (v/v) HNO3 solution and rinsed several times with double distilled water to eliminate

absorbance due to detergent.

Preparation of sediment extract:

Wet digestion method was used for digestion of the soil samples. 0.5 g of each of the air-dried,

ground, and sieved soil samples was accurately weighed in a digestion tube. Few drops of distilled water and

2ml of concentrated Nitric acid and 2ml of Perchloric acid were added. Thoroughly agitated, contents were

heated gently on hot plate and cooled. Then 21ml of diluted sulphuric acid it was added and boiled for 15

minutes. After cooling, filtered with whatman paper no.44 and diluted with 250 ml of distilled water.

Analysis of heavy metal:

The instrument was calibrated using calibration blank and three series of working standard solutions

of each metal to be analyzed. The digested samples were determined for the concentrations of heavy metals

(Cu, Cd, and Pb) using flame atomic absorption spectrophotometer Final concentrations of the metals in the

soil samples were calculated using the following formula,

where V = Final volume (50 ml) of solution, and M = Initial weight (0.5 g) of sample measured.
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RESULTS AND DISCUSSION

Physico-chemical identification of soil

In the present study, garden soil contaminated with pesticides and its physico chemical properties such

as soil pH, moisture content, bulk density and organic matter were estimated. The selected garden soil was

used for the purpose of isolation of pesticides resistant bacteria using enrichment technique,  with varying

concentration of bifenthrin in the medium.

The selected soils for isolation of pesticides resistant fungi and bacteria were analysed for their physico

chemical characteristics  and the results obtained were  presented ( Table -1).

Selection of  pesticides resistant fungi and bacteria through enrichment technique 

The selected soils were subjected to enrichment technique with pesticide bifenthrin. At each round of

enrichment process, the fungal and bacterial species were observed from bifenthrin contaminated soil by serial

dilution  method.  Different  fungal  and  bacterial  colonies  were  observed  in  potato  dextrose/nutrient  agar

medium. In the first round of enrichment (50mg/ ml) in potato dextrose/ nutrient agar medium, showed many

types of fungal colonies and bacterial colonies. In the second round of enrichment experiment, the fungi and

bacteria,  highly  sensitive  to  bifenthrin  were  not  grown.  Subsequent  rounds  showed  the  reduction  in  the

number of colonies. At the end of fifth round of enrichment technique, only three isolated colonies of fungi

and bacteria  were detected in each type of soils. These six colonies were considered as  pesticide resistant

fungi and bacteria. Plate 1- 3 showed the bifenthrin resistant bacteria and plate 4-6 showed bifenthrin resistant

fungi.

Purification of  pesticide resistant fungi and bacteria

Each isolated strain in the 5th round of enrichment technique was pure cultured by streaking at least 3 to 4

times on potato dextrose/nutrient agar plates with the wire loop streaking method for purification. The results

obtained were shown in (plate 7-12).
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Identification of fungi and characterization of bifenthrin resistant fungi and bacteria 

 Based on the colony characterization and microscopic observation, the fungal colonies in 5 th round of

enrichment  technique  were identified  as  Aspergillus  niger  ,  Aspergillus  flavus  and  Aspergillus  ochraceus

(plate 13-15). Bacterial colonies identified as Aeromonas veroni, Pseudomonas aeruginosa and Pseudomonas

putida. Macroscopically Aspergillus niger fungus can be identified growing on substrates producing colonies

of  yellow to white hyphae, turning black with the formation of conidia. Microscopically,  Aspergillus niger

can be identified by its hyaline, septate hyphae. Asexual conidiophores can be identified by being long and

globose tip with  hymenial layer of structures, each “ ejecting” its own spore.  Aspergillus flavus   colonies

coloured greyish green but sometimes pure yellow becoming greenish in age and scleotia produced by about

50 % of  isolates  at  first  white,  becoming  deep  reddish  brown,  sclerotia  spherical  usually  400-800μm in

diameter. Structures bearing conidia 400 μm to 1mm or more long.    Aspergillus ochraceus  colonies are light

to golden yellow coloured, sclerotia sometimes produced, white when young, later pink to purple, colonies are

40 -50 mm in diameter plane.

Effect of temperature on the growth of bacterial and fungal isolates in pesticide added  PDA/nutrient

medium

The growth response of fungal and bacterial cultures in nutrient broth amended with bifenthrin at room

temperature  and under shaking condition was found to be varying significantly.The growth response was

monitored by measuring the absorbance of cultures at 600 nm for a period of 15 days.  Majority of the growth

was found to be maximal in 8th day of incubation. For bifenthrin, the highest growth was recorded in 8th day

of  incubation  (0.441).  The  OD values  ranges  from 0.219 to  0.560 and finally  decreased  in  16th  day of

incubation  (0.450).Growth  rates  increased  in  Pseudomonas  aeruginosa compared  with  other  bacteria.

Similarly bifenthrin amended fungi had OD values from 0.392 to 0.492, 0.402 to 0.559. OD values decreased

in 16th day of incubation to 0.323, 0.492 and 0.559 respectively shown in  (Table 2). Growth rates increased

in   Aspergillus  flavus compared  to Aspergillus niger and  Aspergillus ochraceus.
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Regarding the  effect of temperature on growth rates, the isolates showed better growth, 2.9 mm at

15ºC on 7th day. In fact, some of the species used in this study have optimal growth at 35ºC, with growth rates

at optimum conditions of 7.0 ± 0.5 mm per day But, because 15ºC is environmentally more relevant to U.K.

and other European countries, where low temperature in soil can be a limiting factor to microbial degradation

of soil contaminants  the subsequent screening test, to evaluate fungal tolerance to pesticides, was carried out

at 15ºC. Lower growth rates do not necessarily imply lower enzyme production,important in the context of

degradation of xenobiotics, but the fungi has to grow well for colonisation establishment. The direct  objective

measurement of fungal growth in soil is difficult since the hyphae stick to the solid substrate  therefore the

quantification of fungal colonisation must examine different parameters on metabolic activity and enzyme

activity. 

Enzyme production

The enzyme activity of fungi and bacteria analysis were carried out. 

Amylase

Fungi and bacteria tested for amylase activity based on starch iodine method indicated that bacteria

produce more amylase  than  fungi and it was identified  by the decolourization of  iodine stain. (plate -15-20)

(fig-1). Pseudomonas aeruginosa showed maximum amylase activity than other bacteria and fungi.

Cellulase

Fungi and bacteria tested for cellulase activity based on the congo red method indicated that fungi

produce more cellulase  than bacteria and it was identified by the decolouration of congo red stain (plate-21-

26). (fig -1) Aspergillus niger showed maximum cellulase activity than other bacteria and fungi.

Enzyme  activities  are  involved  in  processes  important  to  soil  function,  such  as  organic  matter

decomposition  and  synthesis,  nutrient  cycling  and  decomposition  of  xenobiotics.  In  the  current  study,

cellulase and amylase activities were assessed, in order to study the response of fungal and bacterial inoculants

to a mixture of pesticides in soil. This group of enzymes should represent the responses of a diverse microbial

assemblage (fungal inoculants and native soil flora) to a wide range of substrate types and more importantly to
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the contaminating pesticides. For biodegradation to take place, the fungal and bacterial inoculants introduced

in the soil and/or the native soil microflora must be able to produce degradative enzymes, that remain active in

the contaminated soil.

Concentraction of heavy metals in the soil samples

The concentrations of heavy metals in the soil samples are shown in figure 1-4 and table 3-5.The data 

revealed that all the analyzed metals accumulated by the soil at different concentrations. The result in figure 

1 revealed  that the concentration of copper (Cu) ranged between  64mg/kg to 65mg/kg.  The concentration 

of copper was high in the field red soil. Cadmium (Cd) was the abundant element in the soil samples studied,

shown in figure 2. The cadmium content of soil in all the sampling sites were almost similar, that is 72 

mg/kg to 73mg/kg. The high level of cadmium might be due to the use of cadmium-containing phosphate 

fertilizers and contamination from cadmium-containing dusts. Results of lead (Pb) concentrations ranged 

from 62 mg/kg  to 63mg/kg, that was shown in figure 3. The relatively high levels of lead might have 

resulted from accumulation of lead through air pollution such as automobile exhaust fumes and from some 

pesticides, such as lead arsenates applied during cultivation. Comparative study of  heavy metals was shown 

in figure 4. All the metals were relatively high in the field  red soil.
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SUMMARY AND CONCLUSION

Persistant  organic  pollutants  are  becoming  an  increasing  global  concern.  Developed  nations  have  the

capacity to find alternatives and high cost cleaning up treatments for these harmful pollutants. Government

of  developed nation  already banned several  of  these persistent  pesticides  as  a  cleanup mechanism.  But

developing nations like India still rely mainly on clean hazardous chemicals for the pest control. There is no

proper regulatory mechanism to use these pesticides leading to potential harm to the environment and human

health as well. Hence, there must be some assistance to implement alternatives to clean up the contamination

that these chemicals caused.  

Bifenthrin is the organophosphorus pesticide identified by the UN treaty as the potential hazardous

pesticide  of greater concern, as it is  capable of persisting in the environment quite a long time and can cause

so many metabolic disorders to human being. However, chemicals are under constant use by farmers of

developing  countries,  particularly  in  India.  Remediation  projects  have  been  conducted  at  numerous

pesticides contaminated soil. Incineration and low temperature thermal desorption are proven and frequently

used methods for the remediation of these sites that gaining no positive results. So, the bioremediation and

phytoremediation are the innovative alternatives that are gaining support as many bioremediation strategies

have  been  successfully  reported.  Many  of  these  successful  phytoremediation  technologies  have  been

employed at different sites contaminated with different pesticides such as atrazine, glyphosate, cypermythrin.

Keeping this in mind the present study was aimed to understand bioremediation potential of selected fungi

and bacteria and their enyzme activities to remediate toxicns. The study involves the collection of literature

survey related  to pesticides  usage of local  farmers  and the extent  of contamination  of these fields with

persistant pesticides such as bifenthrin. Before the bioremediation projects was begun, all the soil specific

phytochemical parameters were surveyed and that revealed the continuous application of these pesticides and

other chemical fertilizers rendered the soil unproductiveness for further cultivation. The array of literature

also indicated that agricultural land of Thoothukudi district was contaminated with pesticides like bifenthrin

at the range between 50mg/L to 250 mg/L.
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Hence the bioremediation potential study under lab conditions were done by using these pesticides at

the concentration between 50mg/L and 250 mg/L. Further investigation was started with isolation of resistant

fungal  and  bacterial  strains  from  soils  supplemented  with  pesticide  such  as  bifenthrin  at  different

concentrations that coincides to the level of contamination in the natural field. 

This trial involves enrichment technique. After 5 rounds of enrichment technique,  totally 3 different

fungal strains  and 3 different bacterial strains resistant to selected pesticide were reported. The identified

fungi  were  Aspergillus  niger, Aspergillus  flavus  and  Aspergillus  ochraceus and  bacterial  strains  were

Aeromonas veroni, Pseudomonas aeruginosa and Pseudomonas putida .

        In order to understand the physical condition, that is the themperature effect on growth of these

fungi  at different incubation temperatures such as 15ºC, 35ºC, 45ºC and 55ºC were selected, and the OD of

the culture broth was measured at 600 nm, after 48 hours of incubation at respective temperatures. The highest

growth rate was seen in            Pseudomonas aerugionsa bacteria and Aspergillus flavus fungi. Of the six

strains, fungi and bacteria  tested for amylase activity based on starch iodine method indicated that all bacterial

strains showed more activity than the fungal strains as their  zones were  measured.Of the six strains, fungi

and bacteria tested for cellulase activity based on the congo red method indicated  that fungal strains showed

more activity than the bacterial strains as  zone were measured.

Enzyme  activities  are  involved  in  processes  important  to  soil  function,  such  as  organic  matter

decomposition  and  synthesis,  nutrient  cycling  and  decomposition  of  xenobiotics.  In  the  current  study,

cellulase and amylase activities were assessed, in order to study the response of fungal inoculants to a mixture

of pesticides in soil. This group of enzymes should represent the responses of a diverse microbial assemblage

(fungal  inoculants  and native  soil  flora)  to  a  wide  range of  substrate  types  and more  importantly  to  the

contaminating pesticides. For biodegradation to take place, the fungal inoculants introduced in the soil and/or

the native soil microflora must be able to produce degradative enzymes, that remain active in the contaminated

soil.

The concentrations of heavy metals in soil samples have been determined. The study indicated that 

the soils served as the potential source of the heavy metals like Cu, Cd, and Pb in the environment. The 
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significance of  increase in the elemental concentrations may be due to application of various types of 

pesticides and fertilizers  in the vegetable farming areas. The  results also showed  that the level of 

contaminated soils by the heavy metals is not so high at present. Therefore, the soils studied were not harm 

for the cultivation and other agricultural purposes, so there is no serious implication for health hazard.

 By conclusion, Bifenthrin pesticide contaminated garden soil, field red soil and black soil were 

bioremediated by fungal and bacterial strains. Comparatively out of six bacterial and fungal strains the 

bacteria Pseudomonas aeruginosa showed maximum growth rate when the temperature was  increased to  

55ºC  and also Pseudomonas aerugionosa showed maximum activity of amylase by starch iodine method. 

So when compared to fungi, bacteria served as the good  bioremediating sources for cleaning up the 

environmental pollutants in the soil. 
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Table - 1 SOIL PROPERTIES OF SELECTED SOIL SAMPLES

PARAMETERS GARDEN SOIL  BLACK SOIL          RED SOIL

SOIL pH 6.90 ± 0.3 6.96±0.4 6.77 ±02
MOISTURE CONTENT

(%)
11.35 ±0.3 16.6±0.2 11 ±0.4

BULK DENSITY (g/cm3) 0.177±0.1 0.166 ±0.2 178±0.2

ORGANIC MATTER (%) 4.90±0.2 4.20±0.3 5.03 ±0.2

Mean of three replicates ± SD

Table -2 EFFECT OF TEMPERATURE ON GROWTH RATE OF BACTERIAL AND FUNGAL
ISOLATES (ºC)

TEMPERATURE 15ºC 35ºC 45ºC 55º

Aeromonas veroni 0.219 ±0.3 0.280±0.3 0.340 ±0.4 0.441 ±0.3

Pseudomonas
aeruginosa

0.392 ±0.2 0.559±0.5 0.492±0.4 0.323±0.5

Pseudomonas
putida

      0.196 ±0.3 0.550 ±0.3 0.450 ±0.6 0.291 ±0.5

Aspergillus niger 0.312 ±0.4 0.543 ±0.5 0.329 ±0.6 0.152 ±0.3

Aspergillus flavus 0.326 ±0.3 0.586 ±0.4 0.496 ±0.6 0.288±0.4

Aspergillus
ochraceus

0.309 ±0.5 0.453 ±0.2 0.400 ±0.3 0.191±0.5

Mean of three replicates ± SD

Table -3 HEAVY METAL ANALYSIS IN SELECTED SOIL SAMPLES - COPPER

Samples 2ppm 4ppm 6ppm Mean value (mg/kg)

Black soil 0.640 0.652 0.656 0.649 ±0.2 64.9

Garden soil 0.657 0.644 0.654 0.651 ± 0.4 65.1

Red soil 0.648 0.690 0.660 0.653 ±0.3 65.3



Table -4 HEAVY METAL ANALYSIS IN SELECTED SOIL SAMPLES - CADMIUM

Samples 2ppm 4ppm 6ppm Mean value (mg/kg)

Black soil 0.729 0.731 0.728 0.729±0.2 72.9

Garden soil 0.727 0.735 0.729 0.730±0.3 73

Red soil 0.732 0.727 0.737 0.732±0.4 73.2

Table -5 HEAVY METAL ANALYSIS IN SELETED SOIL SAMPLES - LEAD

Samples 2ppm 4ppm 6ppm Mean value (mg/kg)

Black soil 0.630 0.632 0.632 0.627 62.7

Garden soil 0.625 0.632 0.622 0.626 62.6

Red soil 0.629 0.635 0.6224 0.629 62.9



 

 

Fig-1 Enzymatic activity of selected microorganisms 
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Fig -2 Heavy metal analysis in selected soil samples 
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Fig -3 Heavy metal analysis in selected soil samples 
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Plate -1  

Isolation of microorganisms by Enrichment technique 
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Plate-2  

Purification of microorganisms by Streak  plate method 
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      Plate -3 

    Microscopic observation of microorganisms 
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       Plate- 4 

Amylase activity of microorganisms by Starch iodine method 
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        Plate -5 

Cellulase activity of microorganisms by Congo red method 
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