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Biodegradation of Cypermethrin by pseudomonas in a batch activated
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ABSTRACT: Thebiodegradation of Cypermethrin (20 to 125 mg/L) in an effluent using batch activated sludge was
studied. Degradation was found to occur to a great extent only in the presence of Pseudomonas (IES-Ps-1) culture.
Under aerobic conditions using mechanical aerators, Cypermethrin (20 mg/L) was amost completely degraded in just
over 48 h at ambient temperature. Further loading of organic compound in subsequent experiments demonstrated that
|ES-PS-1was capabl e to degrade 82 % Cypermethrin at 40 mg/L dose in approximately 48 h. When the concentration
was increased to 80 mg/L, 50% degradation of this compound was observed. Over this time period the cells could
utilize only 17 % of Cypermethrin when it was given 125 mg/L, respectively. These findings indicate that increased
concentration of Cypermethrin hasamarked effect on biodegradation performance of |ES-Ps-1 with amodest increased
in the duration of lag phase, but did not lead to complete inhibition or cell death. These results proved that |ES-Ps-1
is responsible for Cypermethrin degradation. Such finding may be useful in designing a scale-up in situ or on-site
hazardous waste bioremediation process for field application.
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INTRODUCTION

A current environmental concernisthe contamination
of aguatic ecosystem due to pesticide discharges from
manufacturing plant, agricultural runoff, leaching,
accidental spillsand other sources. An effective pesticide
waste treatment technol ogy are needed to prevent water
pollution and to comply with increasing regulatory
pressures. Many approaches to pesticide waste
treatment have been considered by theresearchers (Yu,
2002; Huston and Pignatello, 1999; Arnol, et al., 1995;
Somich, et al., 1990), but few, if any, are sufficiently
broad-based and convenient to the user. In view of
this, bioremediationi.e. biological method has proven
to be asuitable method for the treatment of pesticides-
polluted aquifers that could be implemented either in
situ or off-site in especially designed reactor or
wastewater treatment plants (Tartakouvsky, et al., 2001;
Sayler and Blackburn 1989; Kumaran and Shivaraman
1988; Grady 1986). Moreover, in most casesit ismost
cost effective and environmentally friendly treatment
method. Engineers have considered bioremediation
using bioreactor, soilbed or land farming techniques
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with indigenous or engineered cultures, a suitable
method for thetreatment of hazardouswaste or polluted
aquifers (Mangat and Elefsiniotis 1999; Rozkov, et al.,
1999; Roy, et al., 1997; Sisodia, et al., 1996; Zacharias
1995). It is reported that microbial consortia may
metabolize a particular compound asasingle source of
carbon and energy (Karpouzas, et al., 2000; Smith and
Adkins 1996; Dolfing, et al., 1990; Haugland, et al.,
1990). More recently much effort has been devoted to
isolate organism that can degrade not only simpler
compound like benzene, phenol, naphthalene,
sdicylate, toluene, hydroxybenzoates, phenoxyacetates,
atrazine etc. but also the complex oneslike biphenyls,
polychlorinated biphenyle (PCB’s), dichlorodiphenyl
trichloro ethane (DDT) and hexachloro cyclo hexane
(HCH) (Lal, et al., 1995; Straube, 1991; Safe, 1984).
Among the different genera of bacteria degrading
pesticides, the genus pseudomonas has a special
status, as strain of pseudomonas species are known to
metabolize a broad range of organic compounds and
therefore an ideal choice asthe bacteriato be used for
degradative biotechnologies. They have, infact, an
extraordinary range of catabolic pathways, a single
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species such as P. cepacia utilizes more than 100
different substrates as the only carbon, nitrogen or
sulfur source (Dagley, 1986). According toliterature,
the activated sludge was found to be very effectivein
the treatment of wastewater containing high
concentration of toxic organic compounds but the
problem which is being faced by the environmental
engineersisthedifficulty in predicting the performance
of such system with respect to high load of individual
organic compounds. A particular difficulty inindustria
wastewater trestment plantsisthe batch nature of many
discharges. This has led to difficulty in predicting
effluent concentrations by traditional models.
Unfortunately very little information is available
concerning the effect of varying influent concentration
on the rate of biodegradation when toxic compounds
like Cypermethrin ispresent in the treatment system.
Theresearch aim wastoidentify the potentia microbial
grain ableto diminate Cypermethrin from the effluents.
In addition, the optimum dose and the suitable
conditions for Cypermethrin degradation using
laboratory scale activated sludge was al so eval uated.
The results of the present study suggest that the use
of potential microorganismin thetreatment system can
successfully overcome many of the disadvantages
associated with the conventional batch culture
bioreactor used for the degradation of inhibitory
compound.

MATERIALSAND METHODS
Pesticide and chemicals used

Cypermethrin (analytical grade, 96 % pure) was
obtai ned from Pakistan Agricul ture Research Council
(PARC). Whereas, commercia grade Cypermethrin was
purchased from agricultural chemical dealer and used
in the experimental research studies. Solvents(n-hexane
and methanol) were HPLC grade and other chemicals
used were all reagent-grade.

Preparation of culture medium

Nutrient broth and nutrient agar media(Acumedia)
was prepared according to the manufacturer’s
instruction and was used for growth kinetic studies.

Isolation and maintenance of bacterial culture
Thebacterid culture capable of degrading malathion
was isolated by Hashmi (2000) from agricultural soil
using enrichment technique, with varying
concentrations of malathion in the medium. Wet
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unsieved soil (2-5 g) from an agricultural site was
inoculated into 250 mL of wastewater in 500 mL
Erlenmeyer flasks containing 10-35mg/L maathion. The
flaskswereincubated in ashaking water bath operating
at 240 cycles per minute for five days at room
temperature (ranged from 20-28 °C). At daily intervals
oneloop full of enrichment culturefrom theflaskswas
streaked on nutrient agar plates supplemented with
malathion (5.7 mg/L) and incubated at 35 °C for 24-48
h. Individual col onies were subcultured into nutrient
agar plates containing same concentration of mal athion
until pureculturewasisolated.

The IES-Ps-1 strain was maintained at 4 °C and
subcultured after every three months. When a new
batch of test was performed with different dose and
type of pesticide, the stock culturewasfirst subcultured
into 10 mL nutrient broth, aerobically grown and
subsequently utilized for characterization, growth and
biodegradation studies.

Identification and characterization of IES-Ps-1

The identification and characterization of the [IES-
Ps-1was performed using morphological, cultural and
biochemical tests as described by Colins and Lyne
(1985) up to the stage of genus.

Enumeration of viable cell count

The IES-Ps-1 was enumerated with and without
adding pesticide. Aliquot (2.5mL) of 24 h culturegrown
in nutrient broth was inoculated into 25 mL nutrient
broth flask containing different concentration of
Cypermethrin and tested their ability to degrade
supplemental substrate (the pesticide). Control flasks
of equal volume of nutrient broth medium containing
culturebut no pesticidewererun in paralld to confirm
that significant die off wasnot occurring over theperiod
of each test. Threereplicate were performed for each
dose of Cypermethrin for atotal of 12 tests, including
the zerodose (control).

Growth kinetic studies

Growth of the isolate was determined by viable cell
enumeration immediately after inocculation and at 2, 4,
6 and 24 h later. Milesand Misra technique was used
for bacterial growth study. Sampleof bacterial culture
(L mL) wasdrawn at regular intervalsand serial dilutions
(105-10®) of bacteria culturewith and without addition
of pesticide (control) was performed using9 mL sterile
sdineblank (0.85 % NaCl; pH=7). Appropriatedilutions



of bacterial sampleswereplated in triplicate on nutrient
agar medium. Each plate divided into four segments
and used for several dilutions. Three drops of culture
were placed in each section of nutrient agar plate and
wereallowed to dry followed by incubation at 35 °C for
24h. After incubation theviable col onies were counted
using the method described by Collins and Lynes
(1985) and results were reported accordingly.

Cypermethrin degradation studies

The ability of IES-Ps-1 for Cypermethrin
degradation was determined using ashaking water bath
and biosimul ator (activated sludge system).

Cypermethrin degradation studies in shaking water
bath

Duplicateflasks of 500 mL capacity, each containing
250 mL of wastewater sample and Cypermethrin was
prepared (40mg/L). Oneflask wasinoculated with 25
mL of bacterial culturewhilethe other flask wasonly
amended without adding bacterial culture to assess
the degradation potential of IES-Ps-1. Both theflasks
were placed in a shaking water bath at ambient
temperature (25 °C) for 24 h. Disappearance of
Cypermethrin from wastewater was checked by
withdrawing samplesfrom both flasksafter 8 and 24 h
incubation period and processed for HPLC and other
analysis. All testswere performed in triplicate.

Cypermethrin degradation studies in biosimulator
(activated sludge system)

The compact bench scal e biosimulator (Model MF-
114) consistsof astainless steel reactor with a heavy
wall glass jar of borosilicate glass equipped for
monitoring and controlling rate of agitation and
aeration was used. The effect of different
concentrations of Cypermethrin (40 mg/L, 80 mg/L
and 125 mg/L) on the performance of IES-Ps-1 for
biodegradation was evaluated. Approximately 8.5
liters wastewater sample, inoculated with 350 mL
culture and added with appropriate quantity of
Cypermethrin was transferred into the biosimulator.
The sample was strongly agitated by impeller with
flat stirring paddlies and by four vertical baffles. The
concentration of dissolved oxygen (DO) asmg/L was
achieved by mechanical aeration regulated through
continuous agitation. Agitation was continuously
monitored on acalibrated electrical tachometer, which
provided accurate speed indication.

Biodegradation of Cypermethrin...

Analytical procedure

Thesamplesfrom shaking water bath werewithdrawn
at 0, 8 and 24 h whereas from biosimulator at timed
intervals of 8, 24, 32, 48 h and analyzed for pH,
temperature, dissolved oxygen and COD as per
standard procedure laid down in APHA (1992).

Extraction of Cypermethrin for HPLC analysis
Sampl eswere coll ected from shaking water bath and
biosimulator as per schedule and were extracted two
timeswith n-hexane (75 mL and 50 mL) by vigorous
shakingfor 15-20 minin aseparatory funnd. Thehexane
layer was separated and evaporated to dryness at 70
°Cusing vacuum rotary evaporator (BUCHI Rotavapor
R- 200/205). The dried residue was then dissolved in
10 mL HPLC grade methanol. After gently vortexing
andfilteringthrough a0.2 mm membranefilter, an aliquot
of 20 mL, was used for HPLC analysis. Each sample
wasinjected 3 timesand the mean was cal cul ated.

High pressure liquid chromatography

HPL C (Shimadzu, Japan) chromatographic system
consisted of a solvent delivery pump LC-10 AS,
connected with an autoinjector moddl SIL-6A and a
rheodyneinjection valve fitted with asampleloop (20
ml). A guard column filled with mBondapak C janalytical
waters mBondapak reversedphase column, effluents
was monitored by using UV-detector (visible
spectrophotometer detector SPD-10A). The output of
the detector was connected to achromatopack (CR6A).
Mobile phase consisted of methanol (Merck HPLC
grade) since Cypermethrinismisciblein alcohol. The
methanol was purified by filteration through Millipore
filtration unit (0.2 and 0.4 mm milliporefilter, micropore,
nylon). The filtered methanol was degassed prior to
use by sonication. Theflow ratewasadjusted at 2 mL/
minwith total elution timeof 10 min for each run. The
column was flushed with deionized distilled water and
methanol whenever required for removing impurities
and was allowed to equilibrate between runs.

RESULTS
Isolation of pesticide degrading bacterial strain
During previous research study conducted by
Hashmi (2000), two different col oni es were observed
on nutrient agar medium enriched with Malathion. One
of the largest, most rapidly growing colonies of
bacterial isolate was sel ected for detailed investigation.
The ability of isolated organism (designated as |IES-
Ps-1) to degrade Cypermethrin was evaluated in this
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Table 1: Degradation of cypermethrin (40 mg/L) in the
presence and absence of IES-Ps-1 culture using
shaking water bath’

Table 2: Comparative performance evaluation of
Cypermethrin degradation at 48 h using

biosimulator (activated sludge system)

Time coD = I;PLC data
H) pH % C)(;ﬁc Degradation
" 0,
removal (mg/L) %
0 7.2 - 44 -
24 8.2 22 34 23
Without IES-Ps-1 culture
24 7.8 10 41 6

*Data indicate average values of trplicates.

study. Cypermethrin was selected as it belongs to a
group of bioresistant compounds which are not
normally removed by conventional treatment plants.

Identification and characterization of bacterial isolate
On the basis of morphological, cultural and
biochemical characteristics, the bacterial isolate was
identified as a member of the genus Pseudomonas
according to, Bergey’s Manual of Determinative
Bacteriology (1994). Characterization studies of the
isolate from these experiments, aswell as of those by
other researchers, indicate that bacteria belonging to
the genus pseudomonas are gram negative, rod-
shaped, highly oxidative and metabolically versatile,
ableto degrade aromatic hydrocarbons, oil, petroleum
productsand pesticides (Hashmi, 2000; Martin, et al.,
2000; Ramanathan and Lalithakumari, 1999; Lee, et al.,
1998; Ramos, et al., 1995; Mdoney, et al., 1988).
Bacterial adaptation during the process of
adaptation, it was observed that in the presence of
high concentration of Cypermethrin, the bacteriawas
greatly stressed and its growth was slowed in
consequence. The bacteria changed its normally rod-
shaped morphology to that of a coccus at increased
insecticide concentration. However, this change was
temporary, because the cellsrecovered the original rod
form after afew days.

Growth kinetic studies

In the present study, a series of growth curve
experiment was performed with specific dose of
Cypermethrin to determine the viable count of
pseudomonas (IES-Ps-1) and to verify whether they
could be able to grow in the presence of added
Cypermethrin. The optimum concentration of
Cypermethrin that supports|ES-Ps-1 growth wasalso
evaluated. Results of theanalysisareshown in Fig. 1.

Cypermethrin COD values HPLC data
CO”E' PH  cop Remova cyperConc. %
(mg/L) (mgl) %  (mgl) degradation

20 86 8 87 05 98
40 83 1080 82 80 80
80 787 4500 54 a2 51
125 790 13760 24 112 2

Growth kinetics of IES-Ps-1 in nutrient broth (control)

A control test without adding pesticide in nutrient
broth was conducted in order to evaluate the
mineralization potential of i solated strain when exposed
to different concentration of Cypermethrin. It isseen
from Fig. 1, that the phase of acclimation of
Pseudomonas (IES-Ps-1) continued up to almost 4 h.,
after theinitial inocculation. Thecount at 0 h. was 11x10
CFU/mL and then started increasing owly. At 6 h.,
the total viable count was 93x10” CFU/mL with
generation time of 69 min and specific growth rate of
0.014. At 24 h. the total viable counts significantly
increased (191x10” CFU/mL), indicating that theculture
after remaining in thelag phase (phase of adjustment)
for 4 h. entered into the phase of positive acceleration.
The total viable count from 28x10” CFU/mL at 4 h.
significantly increased to 93x 10" CFU/ mL at 6 h.and
197x107 CFU/mL at 24 h. respectively showing that the
culture entered the lag phase after 4 h. and remain in
that phase during 24 hoursincubation.

Growth kinetics of IES-Ps-1 in nutrient broth
supplemented with Cypermethrin

On comparing the growth of IES-Ps-1in presence
of Cypermethrin with that of control, it becomesclear
from Fig. 1 that bacteria grows faster and a higher
number of cells was observed when low dose of
Cypermethrin was used. Since the aqueous sol ubility
of Cypermethrinisverylow (0.01 mg/L), theseresults
arean indication of thedifficulty that IES-Ps-1 hasfaced
to grow in the presence of Cypermethrin. The growth
of IES-Ps-1in amedium supplemented with 40 mg/L
and 60 mg/L Cypermethrin showing amarked increase
in viable cell count at 24 h. However, at high
concentration of cypermethrin (80 mg/L and 125 mg/L)
the growth count significantly decreased with the
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increased in lag phase, but noinhibition in thegrowth
was observed. At 6 h. theviable count was noted to be
20x10” CFU/ml on using 40 mg/L Cypermethrin doses
and 10x10” CFU/mL at 60mg/L Cypermethrin
concentrations. At 24 hours the total viable count at
40 mg/L and 60 mg/L became 150x10” CFU/mL and 64 x
10" CFU/mL respectively. Thegeneration timewith 40
mg/L and 60mg/L Cypermethrin doseswas noted tobe
88 and 113 minutes with specific growth rate of
0.011+1.0x103/min and 0.0089+1.9x10%/min. However,
at 80 mg/L and 125 mg/L Cypermethrin concentration,
the generation time was cal culated to be 185 and 212
minutes after inocul ation with substrate utilization rate
of 0.0052+8.3x10*/min and 0.0049+1.5x103/min. These
observations suggest that the growth of IES-Ps-1 in
the presence of Cypermethrin continued and proved
that even high concentration Cypermethrin isnat toxic
to |ES-Ps-1 strain, however, itsmineralization potential
decreased, which prolonged the lag phase.

Biodegradation studies
Biodegradation of Cypermethrin in wastewater using
shaking water bath

Shaken culture experiments using acclimated cells
of IES-Ps-1 with 40 mg/L Cypermethrin dose were
initially carried out at ambient temperature (ranged from
18 °C - 25 °C) in wastewater samples. Control tests
with same concentration of Cypermethrin but no
culture was run in parallel to determine the
biodegradation potential of IES-Ps-1 in the presence
of wastewater microorganisms. However, to relate the
growth of organisms to the disappearance of
Cypermethrin from wastewater samples, HPLC and COD
analyses were carried out at fixed time intervals.
Comparative performance eval uation of Cypermethrin
degradation in the presence and absence of IES-Ps-1
arepresented in Table 1.

Result shows that only about 23 % degradation of
Cypermethrin occurred after 24 h. of agrobicincubation.
On the other hand, in uninoccul ated control experiment
negligibledegradation was noticed. The COD removal
seems proportional to the disappearance of
Cypermethrin. The presence of high COD values
coupled with low degradation is an indicative of the
limit attainable with the biological treatment of
wastewater usng shaking water bath. However, in case
of pH values no significant change in pH value was
observed during biodegradation of Cypermethrin. The
pH values remain towards alkaline side. This may be
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dueto thesd f maintained buffer systemsor duetothe
hydrolytic cleavage of organic matter present in
wastewater sample (Hanel, 1988).

Biodegradation of Cypermethrin in wastewater using
biosimulator

The potential of IES-Ps-1 strain for Cypermethrin
degradati on was al so determined in alaboratory-scale
activated sludge using biosimulator. Results of the
analysisarerecorded in Table2 and shown in Fig.2.

Influence of physicochemical conditions
pH

Results of the analysis indicate that Cypermethrin
degradation by IES-Ps-1 in biosimulator continued
satisfactorily even at alkaline pH (7.9 - 8.3) and was
found to degrade 20 mg/L to 40 mg/L Cypermethrin
effectively. In contrast the degradation wasreasonable
at i ntermedi ate concentrations (80 mg/L Cypermethrin)
and significantly lower results were obtained with
concentrated sampleshaving 125 mg/L Cypermethrin.
During treatment, it was noted that bi odegradati on was
not significantly affected because of the changein pH
valuesfrom 7.9t08.3. Asitisreportedin literaturethat
thetolerablelimitsfor pH in activated sludge process
is between 6.0 to 9.0 and even theinfluent pH val ues
outside this range are of little or no practical
significance(Handl, 1988). Therefore, thesimilar results
was al o obtained in thisstudy. Furthermore, according
toliterature, Cypermethrin hydrolyzesslowly in water
at pH 7 and bel ow, with hydrolysisbeing morerapid at
pH 9 (Walker and Keith, 1992), therefore, the pH attained
during treatment may have an additional advantageon
Cypermethrin degradation.

Dissoved oxygen

It was observed during experiment that aeration
system in the reactor not only provided oxygen but
also kept Cypermethrin in suspension. Therefore, the
COD removal and Cypermethrin degradation at ambient
temperature using 8-9 mg/L DO was found to be
significant at 20 mg/L to 40 mg/L concentration.
However, at high concentration the degradation rate
was markedly affected.

Chemical oxygen demand

During the experiment, agood correl ation was
established between COD removal and Cypermethrin
degradation rates. It was observed that Cypermethrin



concentration lowered from 40 mg/L t08.0 mg/L (81 %
degradation) where as COD decreased from 6167 mg/L
to 1080 mg/L (82 % degradation). When the initial
Cypermethrin concentration was80mg/L, it waslowered
to 42 mg/L (51 % degradation) after 48 h. aerobic
treatment whereas COD diminished from 9767 mg/L to
4500 mg/L (54 % degradation) in the same experiment.
At higher concentration (125 mg/L), the initial
Cypermethrin concentration recovery by HPL C analysis
was greatly effected and wasfound to be morethan the
added concentration, and only 22 % degradation was
observed after 48 h.of aerobictreatment. Similarly 24 %
degradation was measured from COD values which
further confirm the lower degradation rates.

Influence of Cypermethrin concentration
Different concentrations, ranging between 20 and 125
mg/L, were tested. Results as summarized in Table 2

indicate that dueto mechanical aeration in the reactor
Cypermethrinin thewastewater ssmple dispersed (mixed)
and degradation at 40 mg/L wasnoted to bes gnificantly
high when compared with the results of shaken flask
experiments. Further, as the culture IES-Ps-1
(Pseudomonas) is highly aerobic in nature, its
degradation performance in bisimulator markedly
improved due to sufficient availability of dissolved
oxygen and 81 % disappearance of Cypermethrin (40
mg/L) was observed after 48 h treatment. Over this
period, thecells could utilize only 51 % of Cypermethrin
added initialy at 80 mg/L. Only 22 % of thiscompound
was degraded when it was given at 125 mg/L,
respectively in the samples. It was noted that at high
concentration of Cypermethrin (125 mg/L), theinitial
recovery by HPLC analysiswerefound to bemorethan
the added quantity. If considering the actual added
amount, theremoval rateat 125 mg/L wasonly 10 %. At
thishigh concentration, the wastewater turn milky white
and thusgreatly reduced the bi odegradation efficiency.
During treatment it was noted that most of the
biodegradation occur during 24 to 48 h (2-days) of
aerobic treatment. However, after this time period
biodegradation continue but at a lower rate, thismay
bedueto low concentration of nutrientsthat remainin
the wastewater sample (data not shown).

DISCUSS ONAND CONCLUSION
Growth kinetic studies

As growth kinetics provide an evidence of
mineralization potential of organism therefore such
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studieswere carried out by severa researchers(Maria,
et al., 2002; Karpouzas and Walker 2000; Lee, et al.,
1998; Smith and Adkins1995, Haugland, et al., 1990).
In the present study, growth experiments conducted
in the flask (without shaking) showed that IES-Ps-1
strain which was selected as a Malathion degrading
microorganismis also able to grow in the presence of
Cypermethrin. It was noted that after incubation at 35
°C, the plating on nutrient agar medium from the
solution of nutrient broth inocul ated with IES-Ps-1 and
Cypermethrin showed a higher number of count at |ow
concentration whereas at high concentration the
number of organisms decreased or very slightly
increased but no inhibition in the growth was observed
when compared with the control tests (no pesticide).
The plausible explanation may be that microorganisms
need an acclimation period to inducethe formation of
necessary degradative enzymes. Thismay account for
prolonged lag phase which was observed at high dose
of added Cypermethrin. Another possibility of lower
growth of IES-Ps-1 in the presence of Cypermethrin,
may bethelow availability of dissolved oxygen (DO),
as experiment were conducted in the flask without
shaking and it is also reported that increased organic
load in the system usually cause a serious decrease in
dissol ved oxygen concentration (Corbitt, 1998). Based
on theresultsfrom thisstudy and that by Hashmi (2000)
and other researchersit may be concdluded that IES-Ps-1
grain isableto grow in the presence of added pedticide
andthereforeit could beeffectively used for thetrestment
of pesticide contaminated soil or water. However, further
research is necessary to understand the fundamental
mechanism of enhancement and inhibition in microbial
degradation at high concentration of peticides.

Biodegradation of Cypermethrin

From experimental results conducted in shaking water
bath, it can be assumed that lower degradation might be
duetovery lowwater solubility of Cypermethrin (Sapiets,
et al., 1984). Due to low solubility, it might not be
completely mixed in thewastewater sampleand therefore
metabolized by the IES-Ps-1 culture. The assumption is
also0 supported by Chaudhry (1994), who reported that
biodegradation during treatment is greatly affected
because of low solubility of compounds in an agueous
system, which was also observed in this study. In order
toded with thisproblem, experimentswerethen performed
on large scale using biosmulator (Activated Sludge
System), where Cypermethrinin wastewater samplewas
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mixed continuously using mechanical agitation at a
speed of 250 rpm. It was observed during experiment
that mechanical agitation in the reactor not only
provided the dispersion (mixing) of Cypermethrinin
wastewater but al so supplied sufficient oxygen in the
reactor vessdl.

Anocther possible explanation of |ow degradation of
cypermethrin in shaking water bath would be the
operational factors such astemperature and dissol ved
oxygen. As the experiment in shaking water was not
performed under controlled temperature and dissolved
oxygen, thereforethismay alsoresult in decreased rate
of cypermethrin degradation. According to literature
under normal environmental temperatures and pH,
cypermethrin isstableto hydrolysiswith a half-life of
>50 days (Walker andKeith, 1992). During experimental
study conducted in biosimulator, IES-Ps-1 was found
toretain their degradation ability at awiderange of pH
(pH= 7.2, pH =8.5). However, increased concentration
of cypermethrin (20-125 mg/L) gradually decreased the
degradation performance of IES-Ps-1. Although,
completedegradation at 20 mg/L cypermethrinwoul doe
possible if appropriate organism (IES-Ps-1) and
optimum operating conditions be maintained in
biosimulator. It was noted that the removal of organic
load in terms of COD was proportional to the
disappearance of cypermethrin. Similar correlations
were also observed by Berchtold, et al. (1995), who
noticed the same correlation between COD removal
and biodegradation of 2,4-DAT and aso 2,4 and 2,6
diamino toluene degradation by acclimated bacteria
(Pesceand Wunderlin, 1997). In biosimulator, dueto
mechanical aeration in the reactor, cypermethrin
degradation at 40 mg/L was noted to be significantly
high when compared with the results of shaken flask
experimentswhere the observed degradation wasonly
23% after 24 hours incubation. This suggest that as
the culture |ES-Ps-1 (Pseudomonas) is highly aerobic
in nature, its degradation performancein bisimulator
markedly improved. However, at increased concentration
of cypermethrin, from 40 mg/L to 125 mg/L, amarked
negative effect on the rate of degradation was
observed. Several researchers aso reported similar
results of lower degradation at high concentration of
hazardous organic compounds (Ashok and Seth, 1989;
Smith and Adkins, 1995; Collinsand Daugulis, 1996;
Silviaand Wunderlin, 1997; Lee, et al., 1998; Goudar
and Strevett, 2000). It was also noted during
experimental analysisthat dueto low water solubility
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of cypermethrin, thewastewater turned milky whiteand
therefore greatly reduced the bi odegradation efficiency.
Further, most of the biodegradation was found during
24 to 48 h. (2-days) of aerobic treatment when the
bacterial cellswere in the log phase. However, after
this time period biodegradation continued but at a
dlower rate (72 and 96 h. dataare not shown in Table).
Thismay be dueto mineral nutrientswhich isrequired
for the growth of IES-Ps-1 and biodegradation of
cypermethrin may become rate limiting in the
wastewater sample after 48 h. (e.g phosphorus is
frequently limiting in surfacewaters, Lewis, et al., 1986).
The present research findings described that this may
be the first instance in which high concentration of
cypermethrin degradation has been achieved in short
retention time of 48 h. Although Maloneyet al., (1988),
reported the transformation of permethrin (50 mg/L) by
pure culture of Pseudomonas fluorescence in the
presence of tween 80 under aerobic conditionswith a
half-life of lessthan 5 days. Grant, et al., (2002), reported
that technical grade cypermethrin can be reduced from
60 mg/L to6 mg/L by Pseudomonas sp. in 20days. The
over all findings suggest that biosimulator used as
activated dludge for the degradation of cypermethrin
by IES-Ps-1 culture may be feasible and a reasonable
treatment option for the removal of pesticide wastes
from wastewater as biodegradation observed only in
the presence of acclimated microorganism aswell as
under aerobic conditions using mechanical aeration
system.
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