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ABSTRACT

Chlorpyrifos (CP) is a toxic organophosphorus pesticid®@wing to its large scale field
application, its residual contents have been reported in different fruits, vegetables, crop
plants,soils and watersDue to its persistency it can enter in food chain and prove harmful
for humans and animalsTherefore it has become imperative to restrict its entry in
agricultural products for food safety. Therefore, two labaratory and one greenhousepot
experiment were conducted to test the effed of biochar and compostamendnents on the
sorption, persisence and bioawailability of CP usingfive different CP concentrations (5, 10,

50, 100 and 200 mg L) and two levels 0.25 and 0.50 % of compost and biochar. The
sorpton of CP on amended and unamended soil was teseéd using latch equilibrium
method. Freundiich model fitted well and explained the sorption bedvior of CP. Both
compostand biodar significantly increased the sorption of CP and the maimum sorgion
cgoadties achieved at 0.50 %levels. However, biocter a both levels showed high
sorption cgpadties for CP compaed to compost.

The degradation kinetics of CP at two initial concentrations (100 and 200 mg kg!) was testd
in controlled conditions in a labaratory incubation trial in unamended (sterilized and non-
stailized) and amended (sterilized and non-steilized) soil with biochar and compost (at
0.25%and 0.50% ofeach). The degradation data of CPin amended and unamendd sal was
subeded to first order kinetic modd. CP at 200 mg kg™ showed less degradation rate
compaed to 100 mg kg*. The CP half-lives of 30 and 60 days were recorded at 100 and
200 mg kg respedively in non-steilized soil which were increasedo 94 and 125 days in
stailized sol. Incorparation of compost and biochar in CP contaminagd soil affected
differently to the CP degradation and higher degradation of CP was recorded in compost
amenad treaments than unamended as well as hiochar amended treatments CP significantly
reduced the soil dehydrogenase, urease and phophatase adivities at the initid stage of
incubketion. Both amendnents significantly alleviated the negative effect of CP on all studied
enzymes adivities and compostshowed even higher enzyme activities compaed to control

even in the presence of CP.

XVi



A greenhouse paxperiment was conducted toevaluate the inflence of bochar and compost
amendnents (at 0.25%and 0.50%of each) on the uptake ofCP (at 100 and 200 mg kg?) to
maize plants. The CP was toxic at both loadings and significantly reduced the shootand
root fresh biomass as well as al teded physiologica parameters. Maize plantsshowed
increased residual concentration of CP in both shootsand roots with increasing level of CP.
Maize plants induced variations in antioxidant enzymes adivities in responseto CP
stress. Application of bath biochar and compostamendnents alleviated the adverse effeds of
CPin dl studed parameters as manfestedby the improvement in maize fresh bianass and
physiological parameters, recovered antioxidant enzymes adivities and deaeased residual
CP concentration in both roots and shootsof maize. However, biochar at 0.50%level was
moreeffedive in redwing upteke of CP by makze plantscompaed to compost.
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CHAPTER 1

INTRODUCTION

The use of pesticidesis indispensable for contrdling inset pests in agricultura system to
augment crop production and for the sake of promating publc heath by controlling various
diseases imposed by insed vectors in humans.The continued use of pesticidesis necessay

for effective pest control and to maintain economy. The worldwide use of pesticides was
about 65 billion dollarsacording to the esimatein 2014 and 2016n which the herbicides,
insecticides, and fungicides share is about 40, 17 and 10% respedively (Bourguet and
Guillemaud, 2016EPA, 2016). According towaheedet al. (2017)Pakistan ranks at second
position in the total pesticide consumptiamong South Asian countriesmd major portion is
being consumed in agriculture sectonsecticides are among the highly used pesticides in
Pakistan consttuting 76% of the total pesticides used (Basitet al, 2018. The pesticide usein
Pakistan has increaseddy 12% during thepast two decales (Khwaja et al., 2013Riaz et al.,
2017) According to Econormic Survey of Pakistan, (2016)considering total pesticide usage,
20 % is being applied in crops like maize, rice, vegetables, fruits, wheat and sugarcane while,
the major portion (around 80%) goes to cotton

The synthetic pesticidegere usedn agrialtural systento protect the crops from insect pests,
weeds and fungiYang et al., 2007)Although pesticides are very helpful in increasing crop
production by mitigating the damage caused by insect Pdsishmi et al., 2004bhut at the
same time their use hded to many health defects in humans and animals and have
contaninated the environmenfLi and Jennings, 2018)The ideal pesticide should not
contaminate the environment, biodegradable and should be toxic to only target organisms.
According to Kim et al. (2017}he applied pesticides mayavel to nearby ecosystem
damaginghon-target organisms

Pimentel(2004) andChenseng et al2006 stated that out of the total pesticides appl&2l9

% contaminag the air, soil, surface and ground watdaile only 0.1% reaadbsthe target pests.

In this way the pesticides can transfer to the food chaah seriously affect the biodiversity
(Nieder et al., 2018 The detection of pesticidanetabolites and residuepplied in soilfor
controllingpathogens anihsect pestbas also been reporté@amon et al., 2003Besides soil

contamination, theareles washing of spraying equipmesmd dumping of empty containers,

1



direct runoff and leaching can also contaminate the water environkat et al., 2000,
2001; Tariq etl., 2004, 2006 The nedpy water courses can also be contaminated during the
aerial application of pesticideBy the processes of spray drift and runofMost of the
pesticides production industries in Pakistan are adding huge amount of toxic pesticides by
discharging untreated waste materials istd and waterenvironmentbecause of having no
facility to treat the wastggilani and Altaf, 2004).

The or@nochlorine pesticidesere among the most extensively used pesticides in the past, but
because otoncerns of severe environmental toxicity and high persist¢énegwere banned

for use. Since then the organochlorine pesticides were substitutemrgapophosphaois
pesticideswhich are now heavily usetbr crop protection(Radcliffe, 2002) Due to hidn
efficiency of organophosphaspesticidesn controlling insectgheir use has increasedring

last 40 yeargNodeh et al., 2017)Yet their toxcity hasbeen reported in variety of ndarget
organisms due to theidow target specificity (Galoway and Hedy, 2003). The
organophosphogu pesticidesare mostly usedn agricultural areas for intentional suicides
purposes and their toxicity habbecome a global health problem (Singh et al., 2008)
Chlorpyrifos CP) [O, O-Diethyl O-(3, 5, 6trichloro-2-pyridinyl)-phosphorothioate] is lroad
spectrumtoxic chlorinated organophospha acaricide and insecticidatensively used for
controlling mosquitoes in golf courses arttbome on sheep and cattle for controlling
ectoparasitegnd in agricultural industry for killing insect pe$EPA, 2009).The world health
organization(1997) classifiedCP as moderately hazardous classll. It is fairly soluble in a
variety of organic solvents btias lowwater solubility( © 2 ™ at g5 °C).CPis not active
systemicallyand by ingestion, vapowction and contact it isffective. The CP havehigh soll
sorption coefficient and islow mobile in nature(Mackey et al., 1999) It is registered in
Pakistan forcontrolling insect pests afrops like vegetables, apple, maize, sugarcane, rice and
cotton and on a large scale is used for household insects and terifite& Agro Sciences,
19982011).

According to NCAP (2000)hillips et al. (2017) and Rayu et al. (2017¢ €P use on a large
scale has resulted in the contamination of water, air and soil environrigrgsllution has
been detected upto the 24 km from its point sauiidee enormous use QP in Pakistan led to

the detection of its metabolites and residuefisih, unprocessed milk;attle meat, road side

wild plants, in vegetables like spinach, brinjal, potato, tonaau cauliflower, in fruits like



citrus and appleground waters, cotton wheat fieldsmail et al., 2017Jawaid et al., 2016
Rafique et al., 2016; Duntas and Stathatos, 2015; Islam et al., 2010, Muhamaha@@10;
Parveen et al., 2004j.is clear indicatiorof great danger to humamd animahealth due to its
entry into the food chain

The large scale environmental contaminationdf/and associated health riskas attracted

the public attentioiGautam et al., 2016T.he mechanism dEP toxicity is same for target and
nonttarget organismencluding the inhibition of the activity of acetyl cholinesterase enzyme
leading towards neurotoxicitynalfunctioning of nervous systeamd immune system disorders
(Thrasher et al., 2002)In humansCP may also affectrespiratory and cardiovascular systems
other health defects include paralysis, convulsions, and muscular twit@livgr et al.,
2000).The trace amounts of this insecticidevéalso been reported in cervical muscles end
human sperms (Correra, 2018he exposure o€P during pregnacy to women may cause
harmful effects on developing fetuEhe oral lethal dose fa€Pin guinea pig is 500 mg Ko

body mass and@0-83 mg kg for rats(Mamczarz et al., 2016; Darwiche et al., 2p18

CP chronic and acuteoxicity has also been reportedbeneficial insects likevasps, ladybird
beetles andhoney lees in plants and bird6NRA, 2000)andaquatic organisméalma et al.,
2008). The exceeding amounts &P in soil have shown negative impacts on soil microbial
populations andoil enzyme activitiegChu et al., 2008Fang et al., 2009; Gilani et al., 2010),
suppress the nitrogen and phosphorous availability in soil (Sardar and Kole, 2005)
According to Wanget al. (2017) CP applied to plants directly or mixed with soil may produce
adverse effect on environment. Various studies have revealed the damaging effects of CP on
various plant attributes including seedling growth inhibition, reduction in root anad shoo
growth, germination energy, germination percentage chlorophyll contents and morphological
traits (Wang et al., 2007; Yu et al., 2009; Zhang et al., 2011; Gvozdenac et al., 2b&g;ebu
al., 2015; Wang et alk017).

Yu et al. (2006) stated thahd abiotic degradation ofP includes adsorption, leaching,
hydrolysis, runoff and photodegradatidrne primary metabolite &@P TCP (3, 5, 6 trichlor&
pyridinol) formed duringabiotic degradation ofZP having high water solubility and mobility
can traslocate towards ground water contaminate it. Its residues in sediments and soils have
also been reported and it may persist in soil fror868 days(Briceno et al. 2012; Das and

Adhta 2015) The halflife of CPranged from 64120 days but depending on its concentration



type of formulation, soil carbon contents, pH, temperature, soil moisture cowtmtbe
exceeded up to 360 dafGilani et al., 2010).

Pesticideswhen entered in soimay undergo variousransformationprocesses including
degradationyolatilization, runoff,leaching, sorptioflesorption and plant uptak€howdhury

et al., 2008) The degradation of pesticidesicludes various processesuch asphotolysis,
oxidation, chemical hydrolysis and biodegradatiSimgh et al., 2006)Adsorption is the main
process controlling its behavior and distributioraquatic and sognvironmeniArias-Esteves

et al., 2008).

Different strategies are being usénl mitigate thepesticides contaminatedsoils such as
immobilization which include both esitu and insitu methods to irmobilize the pesticides in

soil, separation which include soil washing and flushing and third omkesgruction which
include chemical as well as biologicaémediation techniquegMorillo and Villaverde
2017)The sorption is one of the efficient processes affecting the fate of pesticides in the
environment. Sorption techniques are friendly in termse@ihg cost effectie, using less
energy andools which are easy to use and easily available (El Bakouri et al., 2009; De Wilde
et al., 2009a).

To enhance the soil fertility and crop productivity incorporation of organic residues is a
common practice frorpast These organic residues affect the chemical and physical properties
of soil positively which is useful for immob#ing pesticide residues in s¢Agegnehu et al.,
2016; Mahmood et al.,, 2017; Cederlund et al., 20THey help in the mitigation of
environmental pollution caused by pesticides by redudmaiy tmobility through increased
sorption Pakistani soils are characterized by low organic carbon contents (Tahir et al., 2016).
So, it is highly recommended to add materiasihg organic origin (Nicolas et al., 2012, Riaz

et al., 2017, Igbal et al., 2017pesticide adsorption on organic amendments like biochar
decreases the availability of harmful organic contaminants present in soil to organisms and
restricts their transpbito the receiving environment (Burgess et al. 2009; Cederlund et al.,
2017). Supplementation of soil with activated carbon or biochar can decrease the pesticide
uptake by plants (Hilber et al., 2009; Yu et al., 2008heat and rice straw biochar w2500

times more effective in enhancing sorption of soil compared to only(éaflg and Sheng ,
2003)Cederlund et al., 2017 also refeal the enhanced sorption ©P by biochar.The use of
composted materidbr increasing retention and reducing leachirigh pesticide has also been



reported by(LopezPineiro et al., 2013)Insufficient literature is available on the effect of
different organic amendments on pesticides uptake by pfeoits contaminated soilFew
studies are available on pesticides behavior in soil upon compost ad@it®istudies related
the influenceof biochar and compostn ireducing the bioavailability o€P and antioxidant
enzyme behavior of different plants species agdfstoxicity is very limited. There is a dire
need to develop procedures to explore the immobilization mechanis@P dfy organic
amendments. Keeping in view the above facts present study was designed with the following
objectives
1. To assessorptiondynamicsof CPin compost and biochaupplementedoils.
2. To testthe degradatiobehaviorof CP bothin the presencand absencef biochar ad
composin sterilized and nossterilized soi.
3. To evaluate the effect of compost and biootyarthe soil enzymactivities in theCP
contaminated soil.
4. To investigate the bioavailability o€P to maize(Zea maysL.) in response to soil

applied biochar and compost amendments and their effect on antioxidant enzymes



CHAPTER 2
REVIEW OF LITERATURE

The CPis a broaespectrum, toxic and persistent pesticidgroducedby Dow Chemicals as
insecticide in USA in 1969V orthing, 1979), which wakirst producedoy Germansn 1930s

It is a broadly usedn effectively killing variety of damaging inseqgbests of the crops like
vegetables, fruits, citrus, bananas, strawberry, sugarcane and grain crops like maiznahe
rice.(Fang et al.2006).

The toxicity mechanismof CP includes the inhibition of the normal functioning of enzyme
acetyl cholinesterasdue to which the acetyl choline starts accumulating at the neuronal
synapse causing neurotoxicity and ultimately death of the target org@hismet al., 2010).

2.1. Physicechemical properties ofCP

The CP (CqH1:CsNOsPS, MW 350.6 g md)) is an ester produceldly reactingO, O-diethyl
phosphorochlorodithioateith 3, 5, 6trichloropyridin-2-ol (TCP) (Simon et al., 1998)Being
slightly volatile it has low vpor pressure (1.8 x 1I0mm Hg). Its structural formulais
presented in Fig. 2.1t is nonionic in nature, hencdoes not dissociate in water. Itferly
soluble in a variety of organisolventslike methanol, acetonand octane but has low water
solubility of 1.4 mg L* at 20 °C(Simon et al., 1998)Due to its hydrophobicityt has large
partitioning coefficient valuéor organic materialswhich makes it good adsorbent for organic
matricesleading towards its low bioavailability for living organisitGederlund et al., 20)7
CPis available in solid and liquid formulations commercialljne point sources dEP in soll
and water include disposal of untreated waste matdraatsits manufacturing industriesThe
nortpoint sources include runoff and leaching from agricultfietds.

According to Howard (1991CP is a persistent compound as indicated friign haltlife
(ranging from 66120 days) Due to its harmful effects on living organisms and long
persistency in soil its behavior addte in soil environnent has extensively beestudied
(Vischetti et al., 2007; Fang et al., 2008; Vejares et al., 2010). Howetven, applied at higher
concentrabn (for t e r mcont®Iptise CP was foundresistant twards degradatiorand its
half-lives may be extended up 1351576days which can remain effective in sfal up to 5

17 years (Racke et al., 1994; Baskaran et al., 1999).

According to the results of previous findings the factors governin@khpersistence include

its initial concentration applied, type of formulation, clay contents, soil moisture contents and
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soil pH and temperature conditionst low temperatur€CP was found more persiste(Racke,
1993; Gold et al., 1996).

- il /OC.HZC H;
OCH>CHj;
e & Sa
Chlorpyrifos

Fig. 2.1. Chemical structure &P



Table.2.1. Physicochemical properties©P.

Characteristic Reference
Chemical name O, O-diethyl O-(3.,5,6-trichloro-2-pyrdinyl)- Simon et al., 1998
phosphorothioate
Chemical formula CoH;;CIsNOsPS
Simon et al., 1998
Molecular weight 350.6 am.u. Simon et al., 1998

Vapour pressure

1.8 x10” mm Hg at 25 °C

Worthing, 1979

Melting point 42 —43.5°C Worthing, 1979
Henry's Law 2.9 x 10° atm m™ mole at 25 °C PBT Profiler
Constant

Physical appearance

White crystalline solid

Worthing, 1979

pH 6.0, 25°C 49 days
pH 7.0, 15°C 100 days
pH 8.0, 25°C 19 days
pH 8.5, 4°C 27 days

Partitioning Log Kow 4.96-5.11 Suntio et al., 1988
coefficient Log Kw 3.52 Suntio et al., 1988
3.78 soil slurry Swann et al., 1983
Log Koc 3.78 Suntio et al., 1988
Solubility Water 0.002 g I-1 at 25°C Kidd and James, 1991
0.0014 g 1'' at 25°C :
0.00105 g1t at 25°C Rack, 1993;
Methanol 2500 g 1"t at 200C Tomlin; 1994;
Acetone =400 g1 at 200C DowAgro Sciences,
Dichloromethane =400 g 1™ at 20°C 2003; Worthing, 1979
Ethyl Acetate >400 g 1! at 20°C
Toluene =400 g 1™ at 20°C
n-Hexane >400 g 1" at 20°C
Half life pH 4.5, 25°C 77 days Chapman et al., 1982

Chapman et al., 1982
McCall et al., 1983
Chapman et al., 1982
Frank et al., 1991




2.2. Environmental toxicity of CP

The EPA, (2002) classifie@P in classll of toxicity as moderately toxic in naturéhe large
scale application oEP has resulted in its pollution of lakes, rivers, ground water, air and soil.
The nontarget organismbke humanshave been reported to acquirgetious damagepon its
exposureincluding immune system abnormalitieservous system disorders, small head
circumference, low birth weight and endocrine disruptidarlonget al.,2006; Ranjaret al,

2007; Rautet al, 2011). According to Pesticide Action Network North Americ2PQ6) te
exposure pathways of this insecticide include breathing in trdaigdings, ingestion of
contaminated soil and direct dermal contact with treated surfaeed.chain is another source

of its entrance in living bodieg~enskeet al.,2002).In humans the obstruction in the acetyl
cholinesterase enzyme activity has dte®en found as eode oftoxicity of CP (Duirk and
Collette, 2006)Various findings reported the defective respiratory and cardiovascular system
and malfunctioning of nervous systems upon exposure @flm mammals (Aldridgest al.,

2005; Slotkinet al.,2005, 200%. The toxicity symptoms o€P in animals includeexcessive
salivation, rapid breathing, increased swallowing, rapid muscles contractions, twitching and
cholinesterase inhibitiodNRA, 2000). Many animals showed symptoms of hyperglycemia
when exposed tacute and sub cbinic exposuresf CP. (Abdollahi et al., 2004; Pourkhalili et

al., 2009).The alteration of enzymatic and renzymatic antioxidant systems in response to
CP toxicity was repored byGoelet al (2005).(Giordanoet al. 007 andBuyukokurogluet

al. (2008) reported the oxidative stress in animals as a resutPfoxicity. The negative
impacts of CP on soil microbial communityand soil enzymes activitiewere reported by
(Xiaogiang et al., 200&ang et al., 2009; Gilani et al., 201@Gjilani et al. (2010yeportedthe
suppression in the growth of some Bacillus species in response to CP twkibityKlebsiella
species showed acceleration in grovithe degradation products 6P are reported even more
toxic compared tdCP. Muscarella et al. (1984eported two to three times more toxicity of
TCP which is its primary metabolite thax.

2.3.Behavior of CP in the soil

The longer persistence amdsociated acute toxicity in living organisms caused by CP have
attracted the scienti st 6s(Vishetti etalt 200/nFartgetalst udy
2008; Vejares et al., 2010yhe processes like degradation, adsorption, runoff, volatilization

and leaching control the CP behavior in soil. The soil serves as a reservoir by storing the
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pesticides on its organic fractions and through leaching, interflow, runoff and drainage act as a
source of contamination for food, animals, plants, water and air (Burauel and Bassmann, 2005;
Tariq et al., 2007T.he CP persistence in soil governs by various factmisiding, application
rate, type of formulations usedoil moistureclay contentspH and temperaturésold et al.,
1996) and it varies from 6020 days depending on all these fac{éteward,1991) Marino

et al. (2002) stated thdbllowing soil application, the distribution of pesticides occurs in
gaseous, liquid and solid fordepending on the constants of sorption and volatilizatitve

CP behavior in soil is controlled nvironmental conditions, management practices, soil type
and physical and chemical properties of gddalimah et al., 2010)The transformation
processeghrough which CP distributed in the environment after application in aeil
discussed in following section

2.3.1 Volatilization

After soil applicationCP is primarily lost i the process of volatilization.o&ording to Leistra

et al. (2006) as much as 90 % of CP is lost by this process folloisiagplicationdepending

on themanagement practiceghysicochemical properties of the pesticides and environmental
conditions. The unfavorable environmental conditions during application result in the
significantlossof pesticideinto surroundingsHowever, pesticide losses are greater fromtpla
surfaces compared to soil surfg@edos et al., 2002According to Racke, (1993ype of soll

and duration of application have significant influences on pesticide volatiliz&tictayey soil

the CP was volatilized after 30 days of application whilease of silt loam and sandy soil the
rate ofvolatilization was faster during®week of applicationLess volatilization occur from
soil surface compared to foliage two dayswhereas half of the initial applied CP was lost by
volatilization after 26 daygwWang et al., 1993)The applied pesticides are volatilized due to
convectionand diffusion at atmospheric interfagedthe reaction between soil chemicals and
solution phase organic compoufiim et al., 201%. Through aerial application and spray drift
CP is transpaed towards nottarget areasThe key factors governing the high drift of CP are
environmental persistency and related transformati®\, 2000).

2.3.2 Sorption-desorption dynamics of CP

The process aforptiondesorptiomot only controlthe pesticide distribution in the soil profile
but also determine the degradability, bioavailability, leachability and their bioactivity in soil

environment.The factorsaffecing the sorptiordesorption of pesticides includg®il moisture
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contents, soibrganic fraction, soil texture, temperature and Akhough, pH and soil organic
matter mainly governs the sorption phernmof CPand its metabolited/arious studiehave
demonstrate that due to adsorptiolarge amount opesticide applieds retainedby the soil.
Based on physical and chemical properties of pesticides and sorbent nila¢es@ength and
reversibility of sorptionmay changgKatagi, 2006;NkediKizza et al., 2006}he K, values
indicates the affinity of a sorbate for specific sorbent, its values 68000 for CP describe
high affinity and low desorption potentialhe CP has high partition coefficiemnd octanol
water coefficientvalues due to nepolar in nature whie indicates its strong capacity to sorb
with organic matrices in soiMore sorption of CP has been found on soil surface while, its
metabolite TCP showed opposite behavior with more sorption as depth incrBases
immobile in nature it remains assoeidtwith nonpolar compoundn soil. The low surface
runoff was reported from fields due to its strong sorption potefBadkaran et al., 2003; Wu
and Laird, 2004)Sharom et al. (1980¥portedhigh sorption of CP in organic soil compared to
mineral sdi. They dtributed this behavior to itBpophilicity. The strong sorptiomf CP on
sediments and soil may also be attributed tohigh saption coefficient and low vapou
pressure(Racke et al., 1994)The types of organic and inorganic fractions soispended
sediments describe the CP behavior in aquatic system (Wu and Laird, 2004).

2.3.3 Degradation

The environmental degradation of pesticides has extendieelystudies due to its complexity
in nature as gart of remediation techniques for thearteip of environment from pesticide
pollution. Lu et al. (2006) stated thaarous physica&chemical and biological factors control
the pesticide degradation in soil to a varying extditte knowledge of these factors is
important in increasing the effectiveness of pesticailsgradation and application of suitable
remediation technologiefr eliminating pesticides from the environme@tganophosphate
pesticides are considered safe fgrieultural application due to their faster degradation rate.
The factors influencing the dissipatioate of these pesticides include photokjshydrolysis,
temperature, pHsoil microbial population and soil enzymes activiti€se dgradation rate of
CP is also affected by its initial concentrati@md slower degradation rate was recorded when
the initial concentration was higiMurray et al., 2001)Gilani et al. (2010) investigated the
degradation of CP in a lab study after 6 and 12 moatits found100% recovery of this
pesticide The active ingredient remained stable up to 12 months and no degradation was
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recordedlIn laboratory studies the organophosphate pesticides have showlifehaiiflO days

as aresult of hydrolysisby decreasing pH up and tempetare up to 5°C it majncreasaup

to more than 360 day&agnarsdottiv, 2000)n a study including 5 different soils from urban
areas of USA, the authors reported significant influence of factors like temperature and
moistureon CP degradatio(Racke et al.,1994)he repeated application of CP did not show
any modification in its degradation rate while chlorothalonil and fenamiphos showed restricted
degradation after several applicatioifie combined application of pesticide also influences
the degradation of pesticides compared to their separate appliddt®moombined application

of CP with chlorothalonil and fenamiphagsulted in theredwction in CP degradation rate
compared to the individual application of @®ingh et al., 2002)The contrary results were
reported by Chu et al. (2008ho found nonsignificant alteration in CP degradation rate when
applied n combination withchlorothalonil The effect of applied pesticide concentration,
temperature and soil moisture on CP degiadavas investigated by Cink and Coats (1993) in

an alkaline soil and significant effeat§ all thesefactors wereaeported orthe degradation rate

of this insecticideThe CP degradation as affected by soil depth wassigated by (Baskaran

et al. 003)the abiotic hydrolysis was reported as dominant mechanism of CP in subsurface
and lower haHive was found in subsurface with alkaline soil compared to acidic surface soill

A two year study was conducted to assessldygadation of bifenthrin, imatloprid and CP in
qguarry sand, sand dolomite and in red brown earth #dilthe three pesticides showed
different degradation behavialuring experimental periodHowever, as the result of rapid
dissipation of TCP in all three mediums, alkaline hydiislysmained a dominant process of
CP degradatiofBaskaran et al., 1999)

Racke,(1993) studied the CP degradation in anaerobic (lake sediments) and aerobic (clayey
and loamy soil) conditionandreportednhalf-life of 200 days in lake sediments while &id 39

days in clayey and loamy soil respectivelynder submerged conditions the alkaline or neutral
hydrolysis, while under air dry conditiorday-catalyzed hydrolysis influencethe rate of
degradation of CAn submerged conditions ot feld capacity the lower degradation rate was
recorded compared to airy soil. Undersubmergence, field capacity and-diy conditions the
half-lives of25.1, 22.0 and10 days were recordespectively(Awasthi and Prakash, 1997).

The abiotic degraden of pesticides include physical andchemical reactions such as

oxidation /reduction, hydrolysis, and photolysésccording to the finding®f Getzin, (1981)
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and Racke et al. (199@hotolysis and chemical hydrolysis are the leading transformatians
control CP abiotic degradatioffhe rate of hydrolysis wak6 times lowelin canal and pond
water compared to natural wat&hey further stated that the most important agent controlling
behavior of pestide in the environment is thépto-transformationDuring CP degradation on
soil surface the main factors which control tipdototransformations are oxidation,
dechlorinationand hydrolysis(Walia et al., 1988) Faster degradation of CP was recorded
under open environment due to the imashent of soil microorganisms, water and sunlight
compared to laboratory environment where it rematable for longer period&Zepp and
Schlotzhauer, 1983).

The catalytic photalegradation of CP was introduced digetheinefficiency of drect phote
degradationThe increasing concentration of catalyst resulted inatteeelerated photocatalytic
activity, but a reduction iractivity could befoundif its concentratiorexceeded from optimum
value.Muhammad (2010) reported greater catalytic photodegradation of CP in distilled water
compared to drinking water, river water, lake water and ground water.

The hydroysis of CP is an essentiafransformation reactiort includesalkaline and neutral
hydrolysis(Zamy et al., 2004)The rate ofhydrolysis of CP depends on pW/ith increasing

pH the rate of kidrolyds increass rapidly (Parolo et al., 2007 Three bonds breaks during
hydrolysis one phosphate ester and two tertiary alkyl ester boHus. primary degradation
productsin aqueous buffer and polar solvent mixtutesing hydrolysis are TCP and @,
diethyl phosphorothioic acigespectivelyAbraham and Silambarasan, 2016).

Kumar et al. (201)reported that when CP enters in wagavironment, three agents contribute
in its degradation. These are microbial degradation photolysis and hydrphltsssgnificantly
affects the CP degradation and rapid degradation was found at alkaline pH compared to acidic
pH (Singh et al.2003 Hui etal., 2010. In alkaline soils the major degradation pathway is
hydrolysisand there found a strong relationship between soil pHhgddolytic rate constant
(Racke et al.,, 1996he CP hydrolysis in water follows firstrder kinetics.At higher
concentrabn the rate of degradation were significantly slow

Biotic degrad#ton refers to the use @lants andnicrobesto decontaminatéhe water andsoll
from pollutantgNawaz et al., 203 Prasertsup and Ariyakanon 201The microbes have been
usedextensively for removing pollutantshich areorganic in nature form the wastewaters

coming from cities and industriekn most of the cases, owing to theavailability of specific
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class of microbesresponsible for the degradation progessany contaminats are not
completely breakdownThese shortcomingkighlighted the needs for novel and improved
technologies in this regardfter that many strategies were reported in which bioavailability
along with bioaugmentation and biostimulation were adopted together to yield favorable
outcomegMorillo and Villaverde, 2017).

2.3.4 Runoff and leaching

The runoff refergo the offsite transport of compounds with waters (Oliver and Kookt

and it resulted ina severe contamination of nearby water souréesagricultural fields the
pesticides movement is the leading factors responsible for the contamination ohdimgou
environmentThe soil factors like organic matter, texture, composition of compounds in water
bodies and system hydrodynamamtrol the transport of pesticides by run@bnnolly et al.,
2001).During heavy rainfall season the runoff from agricultural fisldignificantly increased.
EPA, (2006) reported the surface water contamination witha@& several months of
application via runoff and spray drift during application

The soil applied peides may translocate through the soil and find their way towards ground
water to seriouslycontaminate it The factors like pesticide solubility, pH, leachate volume,
adsorption potential of soil and soil organic matter contents influence the leabilihg Gt
pesticides The type of soil also describes the amount of pesticide leached thrq@gtsainto

et al., 2000). According to Spliid et al.2006)the moving water takes the pesticidesough
themacroporesowardsthe deep in soillsmail et al. (2004¥tated thaDue to lower adsorption
potential he pesticide mobility wasnuch more in course textured soil and the pesticide
movement wasecordedfasterthan fine textured soiln soil profile the preferential flow and
biodegradationprocesses largely affect the pesticide leachi{@ander and Gerke, 2007;
Briceno et al.,, 2007 The leading factors directingreferential flow are macropores
distribution, size and their geometrylhe remediation of contaminated ground water is very
time consuming, costly and complex process and it is very difficult to degrade toxic materials
completely (EPA, 2001).In the conditions of absence of leaching the -hedfs of CP is
reported as 60 days

(EPA, 2006).An experiment was conductéy NRA, (2000)on four soilsto test the leaching
behavior of CP in column studies aged soil the primary metabolite of CP degradation TCP
was found in leachatdsecause at neutral pH TCP is a charged spetile, no leachng of CP
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was recorded being immobilen natue. According to Baskaran et al. (2008)e more
persistence and lower sorption potential and mobile nature of TCP make it a frequently
detected agent in ground and surface watfter applicationat recommended doske CP
residues were reportegh to 7 daysn soil samples taken from 42D cm deptrand upto 5 days
in the top surface samplédalimah et al., 2010)At high concentrations more leaching of CP
was recorded compared to lower concentratitoulaSyka et al. 1993).
2.4.Pesticidepollution remediation techniques:
The use of pesticides has become indispensable in the era of modern agriculture. The large
scale usage of pesticides has resulted in the deterioratsmil gluality, severe pollution of soil
and damaged farmland3he agravated use of pesticides and lack of suitable remedial
techniques applicable to vast farm areas have further increased the p{dhefio and
Villaverde, 2017)As a result, these are being detecting in agricultural produce, air waters and
soils. All these things have led towards the accumulation of residual contents of pesticides and
their metabolitesbove marginal levels soil resulting fromtheir consistent applicationthe
public and governments are now recogrgzhe probable effects of the pesticides on humans,
animals and environmerit.has become the need of the day to develop and implement suitable
soil remediation techniques in order to ensure the protection of environment and human beings.
(Cheng et al., @16). The biological, chemicadnd physical approaches are being applied to
stabilize, isolate or eliminate these contaminants as a part of soil remedial techniques.
According to Gavrilescu (2009) many agents govarthe assortment of remedial techniques
like, class and contents of pesticide to be isolate, properties of soil, type of pollution such as,
diffuse or punctual and ultimate usage of si@n the basis of applied approach, the
technologies of pesticide pollution remediation can be divided in to

1) The excavation and transportation @bolluted mediato another site for

remediatiorcalled exsitu approach.
2) The excavation and treatment of polluted media at the same site Oall&te
approach
3) The treatment and remediation of polluted media at the simdout without

excavation called hsitu approach
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CasteleGrande et al. (2010) stated thia¢ brganic contaminantsaving same propertiesan be
remediated using any above technologies established for other organic contamiBants
reality, dueto the involvement of factors like specific situation associated with site pollution
with these pesticide®nly some selected technologies have been yet tested or stondieast
of the sites the condition of ngroint source of contamination prevailsdait requires a totally
different technique for remediatiamompared with the site having a history of point source of
pollution. Moreover, these destructive techniques cannot be applied for agricultural soils due to
the concerns of maintenance of therelteristics othesesoils.
Generally the remediation technologies can be categorized into three:groups

1. Destruction techniques

2. Separation techniques

3. Immobilization techniques
The destruction techniques involve biological as well as chemgtaédiation technologies.
The chemical remedial process deals mostly witsiexchemical degradation of contaminants
including reactions likeoxidation and reduction But in some cases -gitu chemical
degradation is also carried ourt. oxidation techrques different oxidizing agents like chlorine
dioxide, hypochlate and ozone are mostly used which mineralize the contaminants into water,
inorganics, less harmful metabolites or ultimately to, (@avel and Galescu, 2008 But in
most cases these ageare not much effective to degrade pesticadebneed combination with
ultraviolet visible light, semmnductors or some iron salts to yield better req@tseng et al.,
2016). The use of zerwalent nano particles of iron is being experimenteckntlyfor some
organachlorine pesticidesin which the in-situ dechlorination of these contaminants is
facilitatedby reduction procesafter reaction with these iron particludharshan et al., 2012;
Han et al., 2016)However, a significant amourdf these iron particles is lost during their
reaction with soil organic matter, ox@minerals and dissolved oxygen. Moreoule high
redox reactivity and very small size of these iron particles may have negative effect on soil
earth wormsplantsandsoil microbial communitfEl-Temsah et al., 2016).
The biological remediation involgdhe use of earth worsi(vermicomposting), use of plants
(phytoremediation) and use dungi and bacteria(bioremediation) The efficiency of
bioremediation process &fected by many factors includirgpme soil parameters (oxidation

reduction status, temperature, nutritional status, moisture contents and pH), the contaminants
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nature and most importantly the microbial diversity of the site in giNdiyet al., 2013)In the

cases where the microbial diversity is not enough to efficiently degrade the contaminants,
through bieaugmentation proceshe certainenrichedmicrobial strains are inoculated the

soil (Lopes et al., 2012as well as provision of some nitiknal contents like phosphaosu
nitrogen or other trace elemerabong with microbial inoculatethrough the process of bio
stimulationto increase their efficienciislasGarcia et al., 2015According to Magbool et al.
(2016)recently.for pesticideslegradatiorsome fungal strains are being is¢éal andused

Separation techniques include soil flushiagd soil washing. Soil flushing deals with
enhancing the solubility of pollutanising extractats is an important remedial procesthe
injection wells are used to inject flushing solvenihe immobilization of soil pollutants is
carried out through chemical reactions or solubilizing th&wost commonly solutions or
surfactants are applied as an additive agénfiuid is flowed through the pollutant column
which extracts the contaminants, which bring out for reinjection, at site treatment, recirculation
or for disposalThe factors like pollutant type and properties of soil like moisture or soil type,
governthe efficiency of the practice. According to Di Palma et al. (2003ué to certain
limitations this technology barely applied yet for organic contaminants removal frontseil.

soil flushing using the process of electrokinetics is was introduced in this regard as a éavorabl
technique to overcome the shortcomings of previous technolémigss application in the
remediation of soil polluted witfonic pesticidesIn this techniqueat subsurface of soil there

are electrodes around them electric current is provided, wdliehs the soil by initiating
electrophoresis, electromigration eleetrtemosis precipitates dissolution reduction, oxidation
viscosity fluctuations and heating like procesgesdrigo et al., 2014)Thesephenomendelp

to removesoil contaminants by favng their tansport.The technology can be successfully
applied for the soils having low pweability, greater surface area and low hydraulic
conductivities like clayey soil$dowever, the studies reporting the application of this technique
include artificially contaminated meditherefore, their results are not applicable for samples
taken from originally contaminated soiDue to the limited literature regarding originally
polluted soils show the limitations of this technique for its application at fealel. Moreover,

For its field scale application, the environmental and technical problems need to be addressed.
For example, ecological impacts caused by using reductants, oxidargs|vents and

surfactants, beside it, harmful gaseous compounds produced as a result of conditioning
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molecules oxidation and precipitation of anodic molecWekile, soil washing inlcides soil
contaminants removal which have chemical chemissipg tensioactives, acids and organics

by extracting themThe extractants are chosen on the basis of pollutants type which is to be
removed(Gao et al., 2013)n an exsitu process, pollutechedia is duggethken in an agitated
extracting unitand washing of this material is done using liquid containing these extractants to
remove pollutants from the soi\fter the completion of remedial process the extractants are
removed by separatintpem (Ye et al., 2018 This technique has some limiting factdilee,
toxicity of used solvents to soil microbes and removal of certain metals which are organically
bounded along with pollutan{Pavel and Galescu, 2008).

Immobilization techniques dealwith the incorporation of adsorbent material (organic
amendments) inside a pesticide contaminated medium vigialrelatively economical and

new substitute for dealing soils highly polluted with pesticiddsrillo and Villaverde 2017)

This technologyhas several advantages like due to sorption of pesticides by organic
amendments their bioavailability decreases which restrict their transportation towards ground
and surface waters as wels towards living speciesMoreover provision of nutrients by
organic amendments favors plant growth and restogoglogy (Khorram et al. 2016)
Generally, carbonaceous materigdeepared through pyrolysis of feedstook composted
agricultural wasteare usedqKupryianchyk et al.2016).

2.5.Perspectives of the biochar and compost application faCP contaminated sois

2.5.1. Effect of biochar and compost osoil health and soil properties

Biochar is a solid mterial generateffom the themochemical conversion of feedstorkan
oxygenlimited environment (Ahmad et al., 2014)rganic wastes are important raw materials

of biochar. Biochar is used in carbon sequestration, soil amendment, carbon farming, climate
change mitigation and soil pollution remediati@etts et al.2013; Huang et al., 2014Khan

et al.,, 2013; Mohan et al., 2014; Woods et al., 201Bb¢ production technology is robust,
simple and appropriat®r many regions offte world (Mohan et al., 2014Biochar generally
increasescrop yield, water retention, soil organic matter, microbial activity and soil nutrient
availability in soils, while decreasing its fertilizer needs, greenhouse gas emissions, nutrient
leaching, erosion, pollutant bioavailabiliyd pollutant mobilitfHale et al, 2013;Masiello et

al., 2013,Wang et al., 2033_u et al., 2014p
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Compost is a material formed after the microbial decomposition of organic materials derived
from humans, animals and plants under aerobic environrtestan biedecompositionself
heating and aerobic prag® of organic waste, and it haslvantages over other disposal
strategies because itdces the volume of waste by-80% and provides a product that can be
used as a material for soil pollution remediation, as a soil ¢ondit or asa goodquality
fertilizer (Chen et al., 2015)

The most generally considered effect of compost addition to contaminated soils is the provision
of nutrients in terms of nitrogen and phosphorus (Antizatislao et al. 2004; Chen et al.
2015). Hovever, compost supplementation also acts as organic conditioner and bulking agent,
which improves the overall structure by increasing the pore volume, gas space and water
holding capacity of the soil. Both conditions are needed in order to enable sufficig@n
transfer to (and C&ransport from) the microbes and to provide sufficient chemical activity of
water needed for general microbial activitgaétner and Miltner2016). The improved gas
conductivity in the soil compost mixtures and the resultingrabial activity also alters the
selfheating thermal properties tfe mixture. This is particularly of interest in technisehle

soil heaps for the treatment of contaminated soils. In addition, due to its buffering capacities,
compost addition in manyases also acts as pH adjustor of the soil compost mixtures towards
more neutral conditions (Gandolfi et,a2010; Zhang et gl.2011). The positive effect of
compost addition on the activity and abundance of microbial biomass has been shown to persist
for more than 5 years in losigrm studies (Hernandet al, 2015).

2.5.2.Effect of biochar and compost orCP sorption

Compost and biochar, used for the remediation of soil, are seen as attractive waste management
options for the increasing volume ofganic wastes being producdde incorporation o$oil

with black carbon and¢arbonaceus material§avors the adsorption of pesticijefecreases

their leaching potential and phytoavailabilitthe immobilization oflepend on carbonaceus
materials and structural likeulk, pore and surface propertigéhorram et al., 201,6Wu et al.,

2016.

A noncarbonized fractiorfound in biochar can react with soil pollutantdost importantly
phenolic surface functional groups, hydroxyl and ekief O-containing carboxyl groupms

biochar have contaminants binding capacitychimiya et al., 2011b)All these properties
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makes the biochar a very good adsorbent for a variety of inorganic and organic pollutants in
water and soil environment

Sorption mechanisms include electrostatic attractions betwsea organic compounds and
biochar charged surfacddowever, theliffusion and partitioningnto thecarbonized and nen
carbonized biochar fracins could bea significantsorption mechanisrfor compoundswhich

are nonrionic in nature(Ahmad et al., 2014)Other mechanisms include hydrophobic effect,
hydrogen bonding, and pore filling (Tan et al., 2016)case of composted material humic
substances containing several major functional grauyxd) as carboxyl, phenolic, alcotanid
carbonyl are responsible for sorption of argacontaminants likeCP (Tejada et al., 2011)
Sorption is one of the main processes that determine the fate of pesticides applied to soils. Soil
sorption is characterized by a partition constant Kd, which is the concentration of pesticide in
the solid phase divided into the pesticide concentratidheatiquid phase at the equilibrium
(Wauchope et al., 2002).

The sorption behavior of CP in soils differing in organic matter contents was studied. Different
concentrations of CP were tested in a batch sorption experiment. The shaking of samples was
done br 24 h using CaGlas a background solution. The supernatant was investigated for CP
concentration. High sorption capacities (93 and 79%) for CP was recorded in both tested soils
and the sorption intensity correlated well with clay contents 12.7 and l&n#i%pecifically

with organic matter 3.9 and 2% respectively of both soils under study (Copaja et al., 2014).

The capacity of cotton residues derived compost material was tested in increasing the sorption
of CP on soil. Batch equilibrium method was usedassess the adsorption potentialim
amendednd amended soils. CP was tested in different concentrations ranging-2@mg L

! The linear regression well described the sorption data. The distribution coefficient values
were calculated using equoiium and sorbed concentrations for CP. All amended treatments
showed a significant increase in the CP sorption compared-amendedsoil which was also
manifested by the elevated values for distribution coefficients in compost amended treatments
(Kravaiiti et al., 2014).

In an incubation trial Municipal solid waste and cow manure were evaluated for their potential
to sorb CP. The effect of CP and both organic materials on soil enzymes activities and earth
worms was also studied. The CP negativelycéfé the soil enzymes (dehydrogenase, urease

and phosphatase) activities as well as the biomasglatathioneS-transferase activity of
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earth worms. Both amendments significantly alleviated the negative effects of CP, as revealed
by the recovered soil enzyme activities, biomass and earth worms glutaiareferase
activity. The municipal solid waste showed better results in all casapared to cow manure
(Tejada et al., 2011).

The efficiency of wood based biochar was tested in a sand column study to reduce the leaching
of four pesticide®CP, glyphosate, diuron ar@P. CP showed highest sorption rate on biochar
among all pesticice The results revealed that the sorption kinetics is governed by, joitpd<
maximum value of which (4.7) was recorded W@R. Authors concluded that the leaching of
pesticides can be avoided if biochar is applied as a thin layer at or near soil suréack
pesticides in the areas odgularhandling of pesticideand where pesticides are potentially
spilled (Cederlund etd., 2017) Tatarkowa et al.(2013 also reported # 2.53 times more
sorption ofherbicide 2methyt4-chlorophenoxyacetic acigdMCPA) on wheat straw biochar at

1% ratecompared taun-amendedsoil while, Yang et al. (2006) found biochar effectieeenat

lower (0.1% rate in decreasinigioavailability ofherbicide diuron by increasing its sorption

2.5.3. Effect ofcompostand biochar on CP degradationin soils

The contrasting reports of the effect of organic amendments on pesticide degradation in soll
have been reported in literatuBome studies supported the enhanced degradation of pesticides
upon organic amendments &dth while others reported the decrease in dissipation of
pesticides as a result of increased sorption in organically amended soils.

Mutua et al. (2015}ested theCP degradation insoil amended with two types of organic
amendmentsTithonia diversifoliaL. leawes preparedavithin a sugarcanéeld and filter mud
compostat thefield application rates of 5 toha® and 30 ton HA The degradation o€P
significantly stimulated in botlrganically amended soils withalf-lives of 24 and 21 days
respectively.A noticeably enhanced degradation ©P was recorded irthe field having
previousCP applicationhistorywith half-life of 21 days compared to the no application history
with half-life of 30 days.Furthermore sterile soil showed significantly le<3P degradation
(half-life 27 days)compared to nosterile soil(half-life 161 days) The enhanced degradation

of CPwas also reported by (Tejada et al., 20ibhl¢ow manure and municipal soldaste by
product amended soil.The amended soils showed 2mAd 39.2 % respectively,less CP
concentration in soil compared to the control soil in whiclCRavas appliedGarciaJaramillo

et al. (2016)reported the enhanceatkgradation oherbicide azimsulfuron in a green waste
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compost amended soivith improved microbiological parameters and soil biochemical
propertiesn amended treatmenighile increase in the degradation of a fungicide in composted
spent mushroom substraa¢so reportedby (Marin-Benito et al. 009) SaidPullicino et al.
(2004) evaluated the behavior of a herbicide degiadatn compost derived hydrophobic
dissolved organic matter armbmpost amended soiThe degradation rate of herbicide was
rapid during initialstage of incubation followed by a slower phadewever, the amended
treatments showed reduced degradation of herbicide compared uo-émeendedreatments

due to increased sorption of herbicide by the casth@md compost derived materidlhe
reduced dgradation my be attributed to less accdsliy of organic pollutants to microbes
(Kookana 2010; Sopena et al2012). Barriuso et al. (1997 also reportedthe reduced
mineralization ofherbicidespendimethalinterbutryn simazine dimefuronandatrazinein the
treatments supplied with soil compost mixtures or only comp@stous studies have reported
yet the reduced degradation GP in biochar amended soiku et al. (2009) evaluated the
dissipation of CP in biochar derived from Eucalyptus spgmended soilin a laboratory
incubation studyBiochar at 1% level reduced the degradation ofGR¢o 44 % compared to
un-amendedreatment in which 86% of pesticide was degraded at the end of incubation period
of 35 days.Yang et al. (2010) also reported the reduction in degradati@®P&84% compared

to the control (68 %) in biochamended soiflerived from cotton strawith 161 % increment

in half-life of CP. The reduced degradation of other pesticides as a resultrebsed sorption

on biochar has also been foufyhng et al., 2006t.oganathan eal., 2009 andHiller et al,
2009. While, enhanced degradation of pesticide has been reported by Qiu(20@®) in
wheat straw biochar due to the stimulation of microbial activity through provision of nutritional
contents by biochar Mukherjee (2009 also reported stimulated atrazire herbicide
degradation in charcoal amended soll

2.5.4 Effect of compost andcbiochar on bioavailability CP to plants

The organic contaminant like pesticisleould be bioavailabl® be taken upy plants orto be
degraded by microbe3he bioavailable is that part of an organic contaminant that can easily
desorb from an adsorbematerial into the aqueous pha@dunter et al. 2010) In soil
environment the bioavailability and extractability of organic pollutants depends on the
chemistry and contents of soil organic mati€éookana 2010) Beside it,physicachemical
properties of adsorbent material, contact time betweersoaldate and adsorbent and
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contaminant properties like-octanolwater partition coefficientand water solubility also
govern the bioavailability of these organic compoufBickingham and Ghosh, 2017).

The uptakeof pesticidesby plants from soil has been reported in wheat and oilseed rape
seedlings (Wang et al., 2007), spring onion (Yu et al., 2008inesechives (Yang et al.,
2010), grass species (Dubey and Fulekar, 20tvhite mustard and maiZ&vozdenac eal.,

2011) wheat (Copaja et al., 2014he literature related to the pesticides plant uptake is yet
very limited. A pot experiment in controlled conditions was carried out by Yu et al. (2009) to
delineate the bioavailability of CP to spring onionsumamendedand wood chips biochar
amended soil. The soil was contaminated with 50 nifofk@CP and spring onions were grown

for 35 days in the contaminated soil in the presence and absence of biochar. CP significantly
suppressed the spring onions fresh bissnaThe biochar supplementation significantly
recovered the reduction in fresh biomass of spring onion and alleviating trend was increased
with increasing the biochar rate from 0.1 t@ %. Moreover biochar significantly decreased

the CP uptake by spring onions compared toutRamendectontaminated treatments. Similar
results were reported by Yang et al. (2010) who tested the uptake of two pesticides fipronil and
CP in Chinese chives pits as affected by biochar addition in soil. These studies reported the
90 and 81% reduction in the bioavailability of CP to spring onions and Chinese chives
respectively by the addition of biochar comparedri@mendedreatments.

Reviewing all the aba literature it could be concluded tl@® is atoxic, broad spectrurand
moderately persist insecticide. The persistence @GP in soil depends on application rate,
type of formulation, clay contents, pH, soil and temperature. Its wide use in agdadusifed

to its contamination in soil, surface and ground waters. The fa@Pah soil depends on
various processes like sorption desorption, leaching, runoff, degradation and plant uptake.
Through plant uptake it may become the part of agriculturalym® and may enter in food
chain to seriously affect the humans and animal&rious strategies are there for the
remediation of pesticide contaminated soils in order to control their entry in edible products.
Pesticide immobilization in soil through setion isa cost effective strategy am@n easy to
adopt. The organic amendments through sorption mechanism dedreaswailabilityof the
harmful organic contaminants present in soil to organisms and restricts their transport to the
receiving enronmen. The naneporosity, high specific surface area, and the presence of

humic like substances make the biochar and compost as efficient sorbent material for
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hydrophobic pesticides lik€P. The biochar and compost amendments could effectively be
used for deaasing bioavailability of clorpyrifos in agricultural soils through enhanced

sorption.
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CHAPTER 3
MATERIALS AND METHODS

Three studies, two laboratory (in controlled condisipand one greéouse experimenwere
conductedto test theeffect of biochar and compost on the sorption, persistence and
bioavailability of CP. The analytical procedures and methodology are presented here
3.1.Experimental soil samplingand amendmentspreparation

Soil was collected (680 cm upper layerandommethod) from lhe farm area of village dijkot

in Faisalabadlistrict, Pakistan.The il was air driedin the laboratory for a weelpassed
through 2 mm sievanade of stainless steedfter pulverizationwith wooden roller and
vigorously mixed and storedThe soil is moderately calcareous, under canal water irrigation,
having illite minerals in dominangdevelopedrom alluvium under arid climate whictiuring
Pleistocene periodsas derived from Himalayas (Murtaza et 2a014).

The biochar was producddom wheat straw in a laboratory muffle furnace untmited
oxygen conditions &00 C as described by Sanchez ef{2009). Compost was produced from
agricultural waste material and plant leaves as described by Ahmad et al. (2007). The biochar
and compost werérst air dried for a week in laboratory theied at 70C in an oven for 3
days, grinded to a fine powder mely with a grinder and roller, passed through 200 um sieve
and stored for use.

3.2.Pesticide and chemicals

Analytical grade (99.5%) CP was obtained from Dr. Ehrenstorfer GmbH (Germedypical
grade(97% pure) CRvas purchaseffom Ali Akbar Enterprses, Pvt. Ltd. Lahore, Pakistan
The acetonemethylene chloridand rhexane used were of analytical grade and obtained from
Merck (Germany). Anhydrous sodium sulfatalcium chlorideand florisil used in the
extraction and cleaop processes weparchasedrom SigmaAldrich (Sydney, Australia).
3.3.Study 1: Sorption of CP to biochar and compost amended soil

3.31 Sorption experiment

The sorption ofCP on amended andn-amendedsoil was tested using batch equilibrium
method Standard stock solution (1000 ppamnyd the working solutions &P wereprepared in
acetoneTriplicate soil samples (5 g eaamramendedind amended with 0.25% and % of

both biochar and compostas taken in 50 ml centrifuge tubélhe workingsolutions were

used to spike the soil samplesultingin the final concentrations &f, 10, 50, 100 and00 mg
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L. After spiking soil withCP solutions the centrifuge tubes were kept in the fume hood for
the evaporation of carrieacetone When all the carrier solution was evaporatd mL of
background solutio®.01 M CaC} (freshly prepared in ultrapure watexps added in each
tube. To test the pesticide degradation during batch procedskrk with only CaG and
pesticidesdution without adsorbent wassed.All the samples were shaken for 2&hconstant
temperature in an orbital shaker at 15 RPMe 24 hperiod is sufficient enough to achieve
equilibrium (Rojas et al., 2013All the samples were run in triplte and the valugegesented

in resultswere the mean dhree replicates.

3.3.2 Extraction of CP from aqueous phase:

To determine theCP concentration in supernatant the extraction procedure was as follows.
After shaking the solid and solution phases were separated by centrifugatidnminute at

500 g.The well separation of both phases by centrifugation was guarabye@delgadoe
Moreno et al., 2010 After centrifugation, the supernatant was removed from the centrifuge
tubes through pipeitg and taken in Igss separatory funnel of 100 mdapacity The
supernatant in separatory funnel was vigorously mixed withalegalume of methylene
chloride for o minute. The fraction of methylene chloride was collected after phase
separation and filtered with whatman filter paper No. 41 containing 2Gaghyfdroussodium
sulfate in order to remove moisture conteritse remaining aqueous phasethe sepatary
funnel was extracted two more times with fresh methylene chloride and after filtration the
filtrate of all three steps was combined and concentatewtary evaporatat 35C to about

5 mL and taken in 10 miglass amber vials. The concentrated filtnates further dried under
air nitrogen generator to dryne3se residues were redissolved in 1ml hexane to rua gas
chromatography mass spectromé®C-MS) (Shimadzu QFR2010)for CP determination

3.3.3 Chemical analysis:

The analysis of concentration GPin supernatant atquilibrium was carried out on GKIS in
Pesticide Residue Laboratory, Kala Shah Kaku Pakigtha instrumental conditions were:
Injection mode was splitlssvith the sampling time of 1 mute Thetemperature of injection
was 220°CThe carrier gas wa9.9%Helium. The helium flow rate was.70 mL min*. Oven
temperature waS0 °C (1 minute) ramping to 180C. at 20°C min™, to 190°C at 10°C to

240 °C at 3°C min™, to 300°C at 10C minute® and then hold for 6 mirte Total program
time was 37.17 minthe MS conditions werethe ion source temperature was 2@ MS
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interface temperature w280 °C, solvent cut time was 5 miselected ion mode was used for
the detection of CHzor CP the mass fragments monitored were m/z 197, 199 and 314.

3.6. Study 2: Effect of biochar and compost on the degradation o€P in sterilized and
non-sterilized soil

3.61. Laboratory incubation experiment:

An incubation trial was conducted ihegrowth room of institute of Soil and Environmental
Sciences, University of griculture Faisalabath order to test the degradation behavioCét

in unramended (sterilized and naterilized) and amended (sterilized and 1sterilized) soil
with biocharand compostSoil was taken implastic jars200 g each. The amendmeiibsochar
and compostwere thoroughly mixed to achieve 0.25 and 0.50 % by soil welgtesoil was
suppliedwith CP solutionprepared in acetonesulting in the spiked concentratioh100 mg
kg™ and 200 mdg™ of soil. The treatment combinations were as follows

TO: On
T1: CP
Tz— CP 200 ppm

T3: CP100 ppm + compost O0.25%

T4: CP200 ppm + compost O0.25%

T5: CP100 ppm + compost O0.50%

T6: CP200 ppm + compost O0.50%

T7: CP100 ppm + biochar O0.25%

T8: CP200 ppm + biochar 0.25%

T9: CP100 ppm +%biochar 0.50

TlO: CP200 ppm + biochar O0.50%

Three replicates of Tha&ch arseatementshiadreafl ek &
in order to compl et e smilxwitnaf nodr stohdt atnhde pjeast
fume hood f oreuwavwmordatyisorf oaf teheet one

Another set ofiars was prepared in three replicates with the same treatment combirzetions

above except for sterilized soil in each treatment. The soil was sterilipefore the
contamination withCP solution)in an autoclaveat 120 °C for 30 minutesunder 300 k Pa

pressure chambeas described byrang et al.(2010) and the processf autoclavingwas
repeatedwo times Appropriate amount o$terile deionizedwater wasaddedin each jarto

reach 50 % of water kaing capacity. The jars were capped ammibated in dark at 20 +%&
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for four months. Every days, soil moisture wasaintained byadding deionizeavater. Soil
was taken out from each jar at the intervals of 0, 7, 15, 30, 60, 120 ddgtetanineCP
remainingconcentration and soil enzyme activiteesd stored at20 °C until analysis

3.6.2 Extraction of CP from soil:

For the extraction of CRO mL of mixture ofacetone/rhexane (1:1 v/vjvas added in 1 g of
soil in centrifuge tubeandmixed for 1 minute on a vortex mixel The ultrasonication of the
mixture was carrieduwt under an ultrasonicator forl2 The centrifuge tubes then shaken an
orbital shaker for 12.hAfter shaking the tubesere centrifuged for 15 mimt 1300g for phase
separationWhen solid and aqueous phases were separated the supernatant was removed by
pipetting and transferred glassamber vials after filtration. Théltrate then dried under N
gasin an air nitrogen generattw drynessTheresidues were redissolved in Imihexane for
CPdeterminatioron GGMS.

3.6.3 Chemical analysis

The CP concentratiorin soil samples wadetermined by G&@/S. The instrumental conditions
were as described in secti8rs.2.

3.6.4 Determinations of soil enzyme activities

3.6.41. Soil dehydrogenase activity

The method described by Min et al. (2001) was used to determine the dehydregtinagef
incubated soil sample5.M TTC solution was prepared in T4#4$Cl buffer of pH 7.45 gram
moist soil samplke wereincubated in5 mL TTC solutionat 37 °Cfor 12 hoursTo end the
reaction immediately after incubation, 2 drops of concentrsidfdric acid were added.he
TPF extraction procedure was as folloviending of soil samples with 5 maf toluene
followed by shaking at 250 rpm for 30 migentrifugation of soil samples for 5 min at 4500
rpm. After centrifugation supernatant was renealvcarefully to determine the optical density
using spectrophotometeat 492 nm.Soil dehydrogenase activity was expressed as TP F g
soil 12 K,

3.6.4.2. Soil urease activity:

The buffered methodof Kandeler andserber(1988) was used in order to assdiie urease
activity of soilusing ureaasa substrate The soil wasadded with aqueous urea soluti@iv)

and thenincubated at 37C for 2 h The extraction of ammonium was done by using HCI (10

mM) and KCI (M). Theurease activity was determined by #ramoniunreleased.
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3.6.4.3. Soil phosphatase activity:

Phosphatase activityas measuredising pnitrophenyl phosphatas substrate (Tabatabai and
Bremner,1969)Phosphatase activitwas determined using-pitrophenylphosphate disodium
(PNPP, 0.113/) as substrate. This assaymsed on thdetectionof p-nitrophenol (PNPafter
releasing0.5 g of moist soil wasicubated for 90 min at 3T followed by the additn of 0.5

ml substrate an@.1 M maleatebuffer of pH 6.5(2mL). The contents then cooled down to 28

°C in order to stop the reactiofihe centrifugation of mixture wagone for 5 minat 20009

after the addition of 2nL of eachNaOH (0.5 M) andCaClb (0.5 M). The amount of PNP was
determined at 398 nm withe help of a spectrophotometer.

3.7.Study 3: Bioavailability of CP to maize plants in biochar and compost amended soils

3.71 Plant growth experiment

Maize ¢Zea mayd..) grown in sandy clay loam soil was used as a test crop in this study. The
experiment was conducted ingaeernouseusing plastic pots to avoigaching of water and
pesticide. Before filling the pots soil and amendments were thoroughly mixed to achieve 0.25%
and 0.50% of biochar and compost by soil dry weight (w/w). Each pot Wexb viiith 2.5 kg
amendment free and amended soil. The soil was contaminatecC®iiolution in acetone
resulting in the spiked concentration of 100 and 200 nig Kge treatment combinations have

been descried in section 3Bhe pots were agitated on arbital shaker for 24 h to ensure
complete mixing of soil and pesticide solution. When all carrier acetone was evaporated after
another 2 days, the deionized water was added to adjust the moisture contents at 50% of water
holding capacity. Four magzseed were sown in each pdthe plants were harvested after 60
days. The above ground parts of maize were cut on soil surface. The maize roots were carefully
removed from the soil. The growth parameters of shoots and roots were determined. A small
portion (5g) of soil was removed from each pot after thorough mixing @& residue
determination in posgtarvest soil. The shoots and roots were thoroughly washed with
deionized water to remove soil particles and air dried at room temperature in the laboratory for
24 h.

3.7.2 Residue extraction and cleanup

The extraction and cleamp of CP from plant and soil samples (shoots and roots) was done by
procedure stated by Yu et al. (2009). Plant sample (2.5 g) was ground in a pestle and mortar

with 10 g ofanhydroussodium sulfate The mxture then extracted with 15 maf solvents
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acetone and-hexane (1:1 v/v). The extraction procedure was as follows. Vortgngnof

mixture for one minuteajltrasonication for two hours, shaking on an orbital shaker for 12 hours
and centrifugation for 15 minat 1300 RPM for phase separation. The supernatant was removed
following centrifugation was dried under,Njas. The residues were redissolved in 1 ml
acetone. The extracts then further purified by florisil cleprprocess. 5 mbf hexane passed
through the column and discarded, and then another 5 mL of hexane/dichloromethane (1:1, v/v)
was used to wash ouWEP sorbed by the florisil, collected and dried undes, dnd then
dissolved in 1 mL acetone for determinationG® by GGMS. A recovery experiment was
carried out with the fortification gflant materials with CPanging from 1 to 10 mgg™. The
recovery ranged from 75 to 90 %.

For extraction of soil sample$ g soil was extracted with 10 ndf acetone and-hexane (1:1

v/v) with the same procedure stated above. For recovery experiment the soil samples were
spiked withCP 1-50 mg kg'. The recoveries for soil samples ranged fror98®s.

3.7.3. Residue analysis

The analysis of concentration of CP in plant and soil samplesarasd out on GEMS in
Pesticide Residue Laboratory, Kala Shah Kaku Pakistan. The instrumental conditions were:
Injection mode was splitless with the sampling time of 1 min. The carrier gas was 99.9%
Helium. The helium flow rate was 1.70 mL rtinOven emperature was 50 °C (1 min)
ramping to 180 °C. at 2IC min, to 190 °C at 10 °C to 240 °C at 3 °C thino 300 °C at

10°C min® and then hold for 6 min. Total program time was 37.17 min. the MS conditions
were: the ion source temperature was 200/ Einterface temperature was 280 °C, solvent cut
time was 5 min. Selected ion mode was used for the detection of CP. For CP the mass
fragments monitored were m/z 197, 199 and 314.

3.74. Extraction and determination of antioxidant enzyme activities

Enzymeextract was prepared by the procedure stated by Ni et al. (1996) taking 0.5 g of plant
samples with liquid B crushed using a paoled mortar and pestle by keeping pestle into ice

to avoid heating during crushing in 2 mL of 10Mmotassium phosphate buffer (pH 7.8, with

1 mM EDTA 1% Triton X100, 15% glycerol). The samples were centrifuged at 15@@dor

15 min at 4C. The supernatant was removed, stored?@t’C and usedor the determination

of activities of antioxidant ennyes

30



The superoxide dismutasgSOD)was determined using the procedure stayedGiannopolas

and Res (1977)by using U\visible spectrophotometeat 560 nm When nitro blue
tetrazolium (NBT) photochemical reduction is inhibited this indicat&ity of SOD. For the
determination of SOD 5 0 ptodphate buffef50 MM ) of pH7.8,75SmMMEDTA ( 500 ¢ L
mL NBT ( 5 M), £ mL Riboflavin ( 1 . M), 5¢0 0 Methionine(13 MM )with50 e L of
above prepared enzyme extraare usedThe tubes in which all above chemicals were used
except enzyme extract considered as bl&ke unit of SOD was defined as the amount of
enzyme required to cause 50% inhibition of thduction of NBTon a spectrophotometet

560 nm in compared to blank

The procedure of Teranishi et al. (1974) was used to assayatiadase (CAT) activity by
estimating residual hydrogen peroxide by forming titarhydro peroxide complex. The 3 mL
reaction mixture contained 0.1Mnphosphate buffer (pH 7.0), 6NhH,O, and 0.2 mL enzyme
extract. The reaction was stopped after 5 min by the addition of 2 mL of titanium reagent,
which also formed yellow titaniushydro peroxide complex with residual hydrogen peroxide.
After 30 min aliquot was centrifuged at 10000 g for lid.nmi\bsorbance of supernatant was
recorded at 410 nioy usingspectrophotometer

Peroxidase (POX) activity waassayed using protocdescribed by Castillo et al. (1984) as
increase in optical density due to the formation of tgtraiacol. The 3 mlreaction mixture
contained 16 Ml guaiacol, 2 mM HO,, 0.15 M phosphate buffer (pH 6.1) and 0.1 mL enzyme
extract diluted 10 times. Absorbance daghe formation of tetrguaiacol was recorded at 470
nmon a spectrophotometand enzyme activity wasalculated as per its extinction coefficient

of 26.6 mM* cm™.

3.7.5.Determination of physiological parameters of maize shoots

The chlorophyll contents were determined using chlorophyll meter (SB0%pand expressed

as SPAD valueThe stomatatonductance (gs), transpiration rate (E) and photosynthesis rate
(A) wasdetermined with the help dffra-Red Gas Analyer (Li-Cor 6400 XT).

3.8 Soiland amendments analysis

This section will present the procedures and descriptions of methods udweel detd¢rmination

of chemical and physical sodnd amendmentsharacteristicsBefore the experiment, the
analysis of soil was donfor soluble cations and aniongexture, Sodium adsorption ratio

(SAR),total N, P, K, cation exchange capacity and Cafolbwing the methods described by
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U.S. Salinity Lab (1954). The concentration of Zn, Fe and Mn in soil was determined by using
agua regia method (HNOHCI; 1:3) (Haynes et a@l.2009). The pH and EC of soil and
amendments was measured by suspension méthba [w/v] and 1:20 [w/v] solid: distilled
water ratio) respectively after shaking for 90 min in deionized water on mechanical shaker
(Gaskin et al., 2008) using a pH (JENCO Me6@élLP) and conductivity meter (HANNA
HI8033), respectively. TotaN was déermined by the Kjelddhmethod (U.S. Salinity Lab.
1954).By using the method aiVolf, (1982 the rutrientsMn, Fe, Zn, K and Rvere determined

from compost and biochar by digesting the samjtesulfuric acid (HSO,) and hydrogen
peroxide (HO,). The total organic carbon contents in compost and biochar samyadss
determined by therocedure stated by Carballa et al. (20tding TRL-TOC/TN analyzer
made in Anarkara, Turkey.

3.81 Soil saturation extract

The saturated extract was obtained from the soil paste by applgimgum After taking
saturated extract the analysis for soluble cations and anions was done within 15 days. However,
one drop(per 25 ml extractdf the solution of Sodium hexametaphospl{@t&%) was added in

the extract before storage in order to avoid salts precipitation.

3.8.2 Electrical conductivity (EC.) of saturation extract

The EC; was measurethy usingconductivity meter (HANNA HI8033)The EC meter was

calibratedwith KCI solutionof 0.0IN. the formula used for calculatingle constantk) was

k=1.4118 dSm'Y/EC of 0.01 N KCl (dS m™).

The EG was converted into TSS (mnadl™)

3.8.3. pH of saturated soil paste (pk

pHs was recorded ith the help of Sensodire@00 pH meter, after calibrating it with buffer
solutions ofpH 4.0 and 9.2.

3.84. Soil texture determination

The soil texture was determined using following the procedure of Bouyoucos (1962) also called
hydrometer methodThe soil particles were dispersed in the suspension by usdams
hexametaphosphate [(NaR) First hydrometer readingaken after 4 minutes (HR1)
representethe contents of clay and silThereadingtaken after 2 hours (HR2) represented the
clay in the sil suspension The temperature correctisnof HR1 and HR2 have been
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represented aSHR1 and CHR2, respectivelyhe internationatextural triangle was used to

determine soil texture

Silt + Clay (%) = [(CHR1) 100])/(weight of soil)
Clay (%) = [(CHR2) 100]/(weight of soil)
Silt (%0) = % (silt + clay) - %o clay

Sand (%) = 100 — [% silt + % clay]

3.85. Calcium carbonate (CaCQ)

The method described by (Allison aktbodie, 1965) was used to determine calcium carbonate
contents of soilAfter treating the soil with hydrochloric acidN}, the flasks were left for 12
hours after vigorous mixingddding phenolphthalein indicator {2 drops) the volume was
made upto 100 ml usingjstilled water.NaOH (1N) was used for titration until end point (light
pink) was achieved.

% CaCO;=[(10 x NHCI) - (R x NNaOH) x 0.05 x100/Wt]

3.8.6. Soil Organic matter (OM)

The protocol stated bgdackson, 1962) also called WalkiBlack method was followeébr
determiningthe soil organic matter.10 mL of K,Cr,O; (1N) was added in2 g soil and
vigorously mixed.After 30 minutes the distilled water was added to make volum® @00
mL. After adding0.2 g NaF, 10 mL HPO, and indicator diphenyhmine (30 drops}he
titration was done with FeSQH,0. Noting the end point dull green the reading was taken

The formula used to calculate organic matter was

OM (%) =10 (1-T/S) x 0.335

Where,

T =FeSO4 used for titration

S =FeS04 used for titrating blank sample
0.335 =(12/4000) x 1.72/0.77 x(100/2) x 1.0 N
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3.9. Statistical analysis

The obtained data from eaglarameter was subjectéal analysis of variance usingafstics

Version 8.1 software (Steel et al., 1997). The data gathered from all the studies were analyzed
statistically following Analysis of Variance technique (ANOVAD)ata represent the mean
valuesof three replicates and standard error and standard deviation were caldiiateteans

were compared by applying | east significant
difference between treatmenfShe P ° 0. 05 repr es e ridal diffdneace si gni

between treatments.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1Study 1:Sorption of CP to biochar and compost amended soill

4.1.1. Introduction

In the era of rapid development in industrialization toatl stresgjlobal agriculturethe u of
pesticideshas increased.eBticides are very helpful in increasing crop production by mitigat

the damage caused by inspetts (Hashmi et al., 2004) but at the same time these have led to
many health defects in humans and animals and have contaminated the envirBmmantel

(2004) and Chenseng et al. (2006) stated that out of the total pesticides applied the 99.9%
contamnate the air, soil, surface and ground watkile only 0.1% reachethe target pests. In

this way the pesticides can transfer to the food chain and seriously affect the living organisms
(Araujo et al.,, 2003; CFTRI, 2003). The detection of pesticides migts and residues
applied in soil for controlling pathogens and insect pests has also been reported by (Redondo et
al., 1997 and Gamon et al.,, 2003)e pesticide kinetics in the soil system is extremely
complex. After entering the soil environment pegié fate include, infiltration towards ground
water, runoff, plant uptake, volatilization, degradation and sorption (Chowdhury et al., 2008).

In order to control the pesticide translocation to the receiving environment (either plants,
ground or surface aters) the adoption of effective agricultural strategies has become
imperative (Rojas et al., 201%ccording to AriasEsteves et al. (2008prption is the leading

factor controlling the behavior and distribution of pesticides in terrestrial and aquatic
environmentThe soil applied organic amendments can affect the transport of pesticides in soll
by enhancing their sorption and reducing their mobility (Cederlund et al., 2017). Therefore,
present study was designed with the hypothesis that compost ahdrbéonendments addition

to soil may increase the CP sorption capacity of soil and ultimately reduce its bioavailable
fraction in solution phase.

4.1.2. Methodology

4.1.21. Soil and amendments characteristics

Soil was collected randomly from upper30 an) from the farm area of Village N0.132/GB in

the district of Faisalabad, PakistarnilSvas dried for a weekin the laboratoryand passed

through 2 mmstainless stedieveafter grinding with the help ofwooden oller. The biochar
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was produced from wheatraw in a laboratory muffle furnace under limited oxygen conditions

at 500°C as described by (Sanchez et al., 2009). Compost was produced from agricultural
waste material and plant leaves as described by Ahmad et al. (2007). The biochar and compost
werefirst air dried for a week in laboratory then dried af€0n an oven for 3 days, grinded to

a fine powder manually with a grinder and roller, passed through 200 um sieve and stored for
use. The physicehemical characteristics of soil and amendmerggaen in table 4.1.

4.1.22. Sorption experimentand sorption isotherm

The batch equilibrium method was used to test the sorptioBRobn amended and un
amended soil. Standard stock solution (1000 ppm) and the working solutiddR were
prepared in acetone. Triplicate soil samples (5 g eaclamended and amended with 0%5

and 0.50 % of both biochand compost was taken in 50 méntrifuge tubes. The working
solutions were used to spike the soil samples resulting in the fineéctations of 5, 10, 50,

100 and 200 mgL After spiking soil withCP solutions the centrifuge tubes were kept in the
fume hood for the evaporation of carrier acetone. When all thercsotigion was evaporated,

20 mL of background solution 0.0 CaCl (freshly prepared in ultrapure water) was added in
each tube. To test the pesticide degradation during batch process a blank with oplgndacCl
pesticide solution without adsorbent is used. All shenples were shaken for 2zahconstant
temperatee in an orbital shaker at 15 RPM. TBé h period is sufficient enough to achieve
equilibrium (Rojas et al., 2013). All the samples were run in triplicate and the values presented
in results were the mean of three replicates. The method used by Rojag2é113) was
applied to determine th€P concentration in the supernatant and was analyzed for CP
concentration on GBIS. The detailed extraction proceduned instrumental conditions have
been explained in section 3.3.2 and 3.3.2.

The difference betweetine CP concentration in supernatiaat equilibrium and the initiaCP

concentration in the solution was taken as amou@Rxorbed using the following formula.

., 01Q067Q,
Ol —w
W
Where,
Ci = initial concentration oEP spiked (mg )

Ce = equilibriumCP concentration in supernatant (mg)L
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Cs = amount oEPsored (mg kg)

V = volume of solution (L)

W = adsorbent mass (g)

3.3.4. Distribution coefficient (Kg)

The distribution coefficient was calculated by dividig® sorbed concentration Cs P

equilibrium concentration Ce as reported by (Rojas et al., 2015).

Ka=—
4.1.2.3 Fitting CP sorption data to isotherm equations
The data obtained from the sorption ©P study was fitted to the Freundlich isotherms to
obtain sorption parameters and equations.

log G= log Ks + 1/n log G OR

Cs = K(Co™

Where,

Cs = weight ofCPadsorbed per unit weight of adsorbent (mg)kg

Ce = equilibriumCP concentration in solution (mg)

1/n = empirical conant called indicate sorptidntensityexpressed in L K§

K¢ = Freundlichconstantand indicatesorption capacity (mg kd)

The plots betweetog (Ce) vslog (Cs) wereconstructedfor soil, soil+ biochar and soil +
compost treatmentsnder study 1/n andlog (Kr) represengradient and intercept respectively
K¢ indicates Freundlich constanalculated by taking intercept antilogdsorption isotherms
eqguations, slope and interceptre constructed.

The CP sorption data was also fitted to Langmuir model to obtain equation and Langmuir

parameters
P _P P P
#0O #isr# A #li
Where,
Cs = weight ofCPadsorbed per unit weight of adsorbent (mg)kg

Cm = maximum sorption capacity relative to total surface covénagdg®)

Ce = equilibriumCP concentration in solution (mg)

K = Langmuir constant indicates affinity between adsorbate and adsorbent
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The plots between 1/Cs and 1/Ce were made for soil, soil+biochar and soil+compost under
investigation. Thel/Cm.K and 1/Cm represent the slope and intercept respectively, while
Langmuir constant K was calculated as 1/slope.Cm. The slope, intercept and equations of
Langmuir sorption isotherm were constructed.

4.1.3.Results:

4.1.31. The sorption of CP in amended andun-amendedsoil:

The % sorption of CP on soil alone and on compost and biochar amsmitlexjpresented in

table 4.2. Generally the CP sorption increased with the increase in initial concentration of CP in
both uramended and amended doilt the trend was not linear. The distribution coefficient
(Kg) values were calculated by dividing sorbed concentration of CP by the equilibrium
concentration. All amended treatments showed significantly highiaKies compared tan
amendedtreatment for CP sorption. In case of-amended soil, the CP sorption linearly
increased up to the initial CP concentration of 50 rigt.which 81% of CP was sorbed with

the Ky value (17.2L kg?). After that CP sorption decreased with increasing aunagon. In

case of compost amended soil similar trend was found and at 0.25% level of compost
maximum CP sorption (89.8%) recorded at initial CP concentration of 50 mgth K4value

(35.2L kg™). While at 0.5% level of compost maximum sorption (98)4vith Ky (246 L kg")

was recoded with initial CP concentration of 5 mg. The biochar amended soil showed
similar linearity trend up to 50 mg’iand maximum (93.4nd 99.8%) sorption andyK56.4L

kg and 1996 L kg) values were recorded at 50 aBdmg L’ initial CP concentration

respectively.
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Table 4.1. Somphysicchemical properties of the soil and amendments used in studies

Par ameter Soi l Bi ochi Compos
EG(1:(6)S) m 3.21 N 4.01 N 3.10 K
TSS (mmok L™ 32+0.2 - -
PR(1:10) 7.44 N 7.89 N 6.25 N
Texture Sandy cl -- --
Sand ( %) 56. 4 N - -
Silt (%) 18.9 K - -
Clay ( %) 24.7 N - --
CaCOQfree |ime 4.80 N 21+1.91 39+2.54
CEC chg | 5.2 RN C 85+394 107.5+4.34
Organic matter 0.43 N - --
Total ningkgdger 217+19.79 9000 N 12274
Total phogkghor 321+24.49 3400 K 2931 K
Total pomgag)si | 232+21.56 36000 1700 K
Total omaghonc | 0.87+ 0.03 43.80 35. 36
Specific sdgy. - 483+009 1.37 N
Pore volPg'me (¢ - 0.0051+ 0.000: 0.0035z 0.000:
Pore width (ni - 5 .+®.51 1 80.32

Values are the means of 3 replicatestandard error.
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Table. 4.2 Amountand % of sorbe@P

Treatment Initial CP Equilibrium CP % CP Ky
conc. Conc. sorbed
(C) (Ce)

CP+ soil c 25 50 4.00

CP+ soil 0 415 58.5 5.64

CP+ soil 50 9.45 811 17.16

CP + soil 100 22.05 77.95 14.14

CP+ sall 200 59.76 70.12 9.39
CP + soil + compost 0.25% 5 1 80 16.00
CP +so0il + compost 0.25% 10 2.58 74.2 11.50
CP +soil + compost 0.25% 50 5.1 89.8 35.22
CP +s0il + compost 0.25% 100 10.52 89.48 35.54
CP +soil + compost 0.25% 200 30.91 84.545 22.53
CP +s0il + compost 0.50% 5 0.08 98.4 246.00
CP +soil + compost 0.50% 10 0.61 93.9 61.57
CP + soil + compost 0.50% 50 12 97.6 162.67
CP +soil + compost 0.50% 100 4.03 95.97 96.25
CP +soil + compost 0.50% 200 13.07 93.465 58.13
CP + soil + biochar 0.25% 5 0.65 87 26.77
CP +soil + biochar 0.25% 10 1.92 80.8 16.83
CP +soil + biochar 0.25% 50 331 93.38 56.42
CP +soil + biochar 0.25% 100 7.98 92.02 47.63
CP +soil + biochar 0.25% 200 26.99 86.505 26.53
CP +soil + biochar 0.50% 5 0.01 99.8 1996.00
CP +soil + biochar 0.50% 10 0.1 99 396.00
CP +soil + biochar 0.50% 50 0.5 99 396.00
CP +soil + biochar 0.50% 100 2.81 97.19 136.93
CP +soil + biochar 0.50% 200 9.75 95.125 78.87
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Table. 4.3. Isotherm modeling parameters of FreundinchLangmuir model for CP sorption

Freundl i c Langmuir

1n K, R’ Q K. R’

Treatments é&.  (mgkg) - | (mgkg) (Lkg) €.
CP + Soil 1.2979 434 092 | 8850 0043 0.96
CP+ Compost 0.25% + Soil | 1.1845 15.95 093 | 2646 0003 0.5
CP+ Compost 0.50% + Soil | 0.7649 111.85 0.92 110 0004 085
CP+ Biochar 0.25% + Soil 1.0644 28.68 001 | 2874 0001 093
CP+ Biochar 0.50% + Soil 0.5548 218.83 0.97 010  0.005 0.86

4.1.3. Adsorptian model and adsorption isotherm

The values of Freundlich and Langmuir modelpayameters have been shown in table 4.3.
The values of correlation coefficients?Rndicated that the sorption data of CP best fitted to
the Freundlich model (The correlation coefficienf)R val ues are _ 0.90).
model parameters thales of correlation coefficient are less than 0.90 for the CP sorption on
soil + compost 0.50% and soil + biochar 0.50% and the values of Langomgtants recorded

are veryless in all cases. So the Langmuir model was not best fitted with the CP rso8atjo

only Freundlich model was chosen for further discussion.

The Freundlich isotherm for the CP sorption on only soil is shown in Fig 4.1. The isotherm was
constructed by plotting equililtum CP concentrationsv sorbed CP concentration per unit
weight of soil. The linear form of Freundlich equation was used to examine the constructed
isotherm and the data showed good fit. This can be proved by looking at the value of

correlation coefficient (B value (0.92). From this linear plot the values of 1/n Kndwere
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obtained. The 1/n was obtained from slope, apdaé calculated by taking the antilog of the

intercept. The values of 1/n ang e got were 1.2979 and 4.84dg kg™ respectively

3.5

y=1.2979x+ 0.6376
3 R?=0.9228

0 T T T 1
0 0.5 1 1.5 2

log C.

Fig. 4.1 Freundlich sorption isotherm of CP for individual soil

Figs 4.2. and 4.3. showhe Freundlich isotherm for CP sorption on soil + compost 0.26&0

soil + compost 0.50% . Theption capacity can be assessed by the position of curve on the
graph. We fand the curve for sorption of CP on soil + compost 0.25% higher-axisy
compared to only soil and the curve for CP sorption on soil + compost 0.50 % higher than both
only soil and soil + compost 0.25% (Fig 4.4.). The correlation coefficient values exdbtaare

0.93 and 0.92, the 1/n values obtained from the curve were 1.18 and 0.76 whilevidlads
calculated were 16.0 and 1121@ kg™ for CP sorption on only soil, on soil + compost 0.25%

and on soil + compost 0.50% respectively.
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3.5

y=1.1845x+ 1.2027
3 R?=0.9326

*

log C,
=
L9y

log C,

Fig. 4.2 Freundlich sorption isotherm for CP sorption on soil + compost 0.25¢

y =0.7649x + 2.0486
R*=0.9208 3.5
2 .
2.5 g
”/// -
J P i
= e
k) s
s
1
0.5
O $
15 1 05 0 05 1 15
log C,

Fig. 4.3 Freundlich sorption isotherm for clorpyrifos sorption on soil + compost 0.5(
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# soil
M Compost 0.25%

Compost 0.5%

log C.

Fig. 4.4 Combined sorption isotherm for CP sorption on soil and compost

The Freundlich isotherm for the CP sorption on soil + biochar 0.25% and soil + biochar 0.50%
is shown in Figs 4.5 and 4.6. The sorption data showed best Freundlich fitting as indicated from
the obtained correlation coefficient values for 0.91 and 0.9thi®rCP sorption on soil +

biochar 0.25% and soil + biochar 0.50% respectively, the 1/n values obtained from the curve

were 1.0644 and 0.5554 while theuélues calculated were 28.68y kg™ and 218.83 kg™
respectively.

44



3.5 y =1.0644x+ 1.4576
R?=0.9084

log C,

-0.5 0 0.5 1 1.5 2

log C.

Fig. 4.5 Freundlich sorption isotherm for CP sorption on soil + biochar 0.25%

y =0.5548x+ 2.339 3.5 1
R?=0.9687

log C,

0.5 A

-3 -2 -1 0 1 2

log C.

Fig. 4.6 Freundlich sorption isotherm for CP sorption on soil + biochar 0.50%
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log C,

+ Soil
M Biochar 0.25%

Biochar 0.5%

log Ce

Fig. 4.7 Combined sorption isotherm for CP sorption on soil and biochar

4.1.4. Discussion:

The largescale application of CP has resulted in the contamination of soil and water
environment (Rayu et al., 2017). Therefore remedial actions are needed in order to restrict the
translocation of CP to the receiving environment (Yang et al., 2010). The sogtina of the
efficient processes affecting the fate of pesticides in the environment. Sorption techniques are
friendly in terms of being cost effective, using less energy and using the tools which are easy to
use and easily available (El Bakouri et al.020De Wilde et al., 2009adrganic matter added

in soil provides the most important sorbent surfaces for the nonpolar pesticides having low
water solubility because phase partitioning is driven by hydrophobic interactions (Hamaker and
Thompson, 1972; May et al., 2014)The soil applied organic amendments can affect the
adsorption of pesticides in soil and reduce their mobility (Cededuadtl, 2017).

The capacity of two types of organic amendments in increasing the sorption of CP on soil was
tested inthis study. The sorption data was subjected to Freundlich and Langmuir models. On
the basis of correlation coefficient values it was assessed that the Langmuir model was not
applicable with the sorption data of this study, moreover, very small valuesohtaraed for
Langmuir parameters (Kand Q) which are impracticable (Monkiedje and Spiteller, 2002; De
Wilde et al., 2009b). In Langmuir model it is assumed that monolayer sorption occurs on the
sorption sites present on the adsorbent surface (Langi@d). Therefore, monolayer
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sorption of CP is not valid for this study. Similasuéis have been reported by a numbfker
researchers. De Wilde et al. (2009b) evaluated the adsorption of various pesticides on organic
amendments and concluded that Langmmodel was not applicable for the adsorption of
metalaxyl on straw, peat mix, cow manure and coconut chips. These results were later
confirmed by Rojas et al. (2013) and Rojas et al. (2015) for CP sorption on different organic
amendments. While, Freundiienodel was well fitted with this study sorption data as indicated

by the correlation coefficient values (. 0.9
surface of soil and amendments is a multilayer sorgitoness (Rojas et al., 201Rpjas et al.,

2015).

The data regarding percent sorption of CP orammended and amended soil (Table 4.2)
indicates the noiinearity of sorption. These results are in line with that reported by Spurlock

and Biggar (1994) and De Wilde et al. (2009b). Theyedt#hat the organic amendments and
pesticides polar groups interact specifically with each other which results in thieeeanity of

sorption. Adjustment of sorption data to the Freundlich model also indicates thi@ewoity

of sorption (Rojas et al2013).

We can classify the sorption isotherm as C, L or S type on the basis of 1/n(@ilas<t al.,

1960). For the CP sorption on-amended soil, soil + 0.25% compost and s@l25% biochar
theisothermwas f S type ( 1/ n _ b3oil+a0/% of bth amer@ientsthea pt i o
isothermwa f L type (1/n "~ 1). The 1/ n values <can
between adsorbate and adsorbent the greater value of 1/n indicates the bond is weak (Ismail et
al., 2013). The highest 1/n value was found foraomended soil while for ameed soil lower

values were found in all cases in this study indicates the more strength of adsorption.

The sorption capacity of the pesticide can be assessed by the position of the sorption isotherm
on the yaxis. The high curve on theakis indicates morsorption capacity of the adsorbents

for adsorbate (Rojas et al., 2013). All the amended treatments showed higher sorption isotherm
for CP sorption on3axis compared ton-amendedreatment. The highest sorption curve was
obtained with CP sorption on s@il0.50 % biochar in this studyhe micreporosity and high

specific surface areaf biochar (Deng et al2017) and variety of functional groups provided

by humiclike molecules and increased specific surface area due to humification of organic
macromoleules in compost (Zbytniewski and Buszewski, 20@2dina et al., 2017) makes

them very efficient sorbent materials for a variety of organic contaminants for reducing their
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toxicity. The Freundlich parameter; kalues all significantly increased in all anded

treatments. The increased Walues are also indicator of high sorption capaf@ies et al.,

1960). The sorption capacities for CP were f

commpost O0.50% . soil + bi®D%haromll-gEnersded). || (swn

The increase in the sorption capacity for CP and other pesticides by the addition of biochar has

been reported by various researchers (Yu et al., 2006; Spokas et al., 2009; Cederlund et al.,

2017; Tang et al., 2017) and by thedition of compos(Kravvariti et al., 2010; Tejada et al.,

2011).However, biochar at both levels showed significantly high sorption capacities compred

to compostThe more CP sorption potential of biochar could be attributed to its high organic

carbon ontents, specific surface area, greater pore volume and lower pore width compared to

compost used in our study (Table 1).

4.1.5.Conclusion

The effect of cormpost and biochar was assessed to incrgessorption capacity of agricultural

soil for CP. The sorption data was characterized using Langmuir and Freundlich models.

Freundlich model well fitted and explained the sorption behavior of GR-amendedas well

as amended soil. Both compost and biochar significantly increased the sorption af @R an

maximum sorption capacities achieved at the 0.50% level of both amendments. However,

biochar at both levels showed high sorption capacities for CP compared to compost. The

sorption capacities obtained were in the order oflso + b i o c h atrconpost®.60% = s o
soil + biochar 0.25% . soil + compost 0.2

48



4.2. Study 2: Effect of biochar and compost on the degradation o€P in sterilized and
non-sterilized soll

4.2.1. Introduction

The field application of pesticides on a large scale has resulted in a severe contamination of soill
environment (Briceno et al., 2012). Mosttbé pesticides being used have negative impacts on
plant growth, soil fertility and adversely affect the funetb diversity of soil microbial
population which is endangering the sustainability of agricultural system (Fang et al., 2009).
Moreover, the degradation products of pesticides having greater mobility are contaminating the
groundwater by infiltration throdgthe soil as well as the surface water bodies and sediments
by runoff (Garg et al.,, 2010; Chai at, 2013; Lu et al., 2013CP (CP) is widely used to
control soil insect pests in agricultural secits. haltlife in soil range from 60 to 120 days
(Howard, 1990). It is highly toxic to terrestrial and aquatic organisms (Brogan et al., 2017) and
is known to cause immunotoxic and neurotoxic effects in humans and animals (Gomez
Gimenez et al., 2017; Wang et al., 2017b). The extensive use of CP and itsgegtection in
agricul tural product s, surface and ground wa
assess and treat the problem urgent basigPandey and Singh, 2004; Spliid et al., 2006;
Pereira et al., 2017).

Organic amendments addedsinil can affect the fate of pesticides in soil by providing multiple
sorbent surfaces thus reducing their leaching potential (Moyo et al., 2014;-Gaanaillo et

al.,, 2014; Tang et al., 2017) and can enhance their degraaaoriaJaramillo et al.2016).
Therefore, present study was conducted with the objectives to investigate the degradzfion of

in the presence and absence of biochar and compost in sterilized asigni@ed soil and to
evaluate the effect of both amendments on the soil ermwattévities in theCP contaminated

soil.

4.2.2.Methodology

4.2.2.1. Soil preparatia, spiking and incubation

The soil used was of sandy clay loam texture. The soil was air dried in shade for a week,
pulverized with wooden roller and passed through 2 mm sieve and thoroughly mixed. The
biochar and compost were first air dried for a week in laboratory then dri€@d@tin an oven

for 3 days, grinded to a fine powder manually with a grinder and roller and passed through 200

MM sieve to use in this study. The detail about soil and amendments has been explained in

49



study 1. Soil samples in triplicate were taken in fptagrs of 200 g each. The amendments
biochar and compost were thoroughly mixed to achieve 0.25 and 0.50 % by soil weight. The
soil was supplied witlCP solution prepared in acetone resulting in the spiked concentration of

100 mg kg and 200 mg Kg of soil. The treatment combinations have been explained in
section 3.6.The treatments were abbreviated2#BoC, (control), CRyo(CP at 100 mg K9,

CPxgo (CP at 200 mg K§), CProcCo2s (CP100 mg kg and compost at 0.25%), Gio.25

(CP200 mg kg and compost at 0.25%), @Co.s0(CP100 mg kg and compost at 0.50%),
CP20iCo.50 (CP200 mg kg and compost at 0.50%), @fBo.2s (CP100 mg kg and biochar at

0.25%), CRudBo2s (CP200 mg kg and biochar at 0.25%), G§Boso (CP100 mg kg and

biochar at 0.50%), CR®Bos0(CP200 mg kg and bioclar at 0.50%)The j ars awera sh

rotary shakemnrfder 24 komplete mixing of soil

jars were placed in fume hood fAonrotthweor dsaeyts of
was prepared in three replicates withotrhe s
sterilized soil in each treatment. THC&R soil
solution) I n al &otroclOavre natt es2QUnder 300 Kk
described by (Yang et al . 2010) te@adcdt whet ipmi
Appropriate amount of sterile deionized wat e
hol ding capacity. The jars were capped and i
Every 2 days, soil ndodii sntgu rdee d wans timas A@dapge) e d b
taken out from each jar at the inCGRewal $io0f
concentration and soil-26 zuynnei lacanavliytsiiess. and

The degradation rate and hdi¥es (t,2) of CP were calculated using first order kinetic model
as
G =Gl
Where,
C: = Concentration of CP after time t (mg g
Co = Concentration of CP &me 0 (mg kg)
A
t = Time (days)

degradation rate constant

v

ty = |In 2/ a

where,
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ti» = Haltlife of CP in days

A = degradation rate constant

4.2.2.2. Soil extraction and residue determinatiofor CP

For the extraction o€P, small amount of soil was taken from stored soil and dried at40

an oven for 12 hThe extraction of CP from soslamples was done by adding 10 wil.the
mixture of acetoneAnexane (1:1 v/v) in 1 g soibllowing the method described by Yu et al.
(2009). The detail of extraction procedure has been given in section 3.6.2ndllgsis for CP

was done on G®AS. The detailed instrumental conditions have kgteen in section 3.3.2.
4.2.2.3.So0il enzymatic activities

The activities of three soil enzymes were measured for 0, 15, 30, 60 and 120 days of incubation
period. The soil dehydrogenase activity was measured by the reduction of water soluble
triphenyltetrazolium chloride (TTC) into triphenylformazan (TPF) which is a red colour
insoluble product following the method ®fin et al. 001). The buffered method of Kandeler

and Gerber (1988) was used to assay the urease activity of soil usirag @reabstrate. While

soil phosphatease activity was assayedubing the method described by Tabatabai and
Bremner (1969) in which pnitrophenyl phosphate was used as a substrate. The detailed
determination procedures of three soil enzymes have beemtaeée section 3.6.2.

4.2.3. Results

4.2.3.1 Degradation of CP in sterile and nonsterile soll

The degradation o€P at the initial concentration of 100 mg kgCPi) and 200 mg Kg

(CPx9) in unramendedsterile andnhonsterile sois as affected by the incubation time is shown

in Fig.4.8. The degradation &P followed first order kinetics and it was rapid at the initial
stage of incubation (upto 7 days) and later it became relatively slower. Tkstemiba soil
exhibited more degradion of CP at all time periods during incubation compared to sterile soil
Fig .4.8. At the end of the incubation period, out of the initially applied, 93.7% of the CP was
degraded aCPypoand 75.3% of the CP was degraded atoglhder norsterile condibns. On

the other hand, 58.6% of the CP was degradé&iPaj,and 48.7% of the CP was degraded at
CPxounder norsterile conditions. Thehalfi ves in days and da&')gradat
of CPwith different treatments have been preseimetiable4.4. CPwas found more resistant

to degradation at GRwith halfl i f e of around 30 d awkg'dtegr ad:
compared to CRowith half-life of 59.57 d and degradation rate of 0.012 mg #g.
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4.23.2. Degradation of CP as affected by amendments in sterilized and nesterilized soil
The effect of compost and biochar application on the degradation of CP at the initial
concentration of 10@ng kg" (CPyog) in sterile and nossterile soil has been presented in Figs
4.9 a and b. The faster dissipation of CP was recorded during first 7 dengsiloation after
which it becane slower in norssterile soil in amended amgh-amendedreatments. In nen
sterile soil both amendments behaved differently regarding the degradai@i bf all the
compost amended treatments higher degradatioG@Rofvas recorded compared to biochar
amended treatments as well asamended treatments at bastudied stage of incubation.
While, all the biochar amended treatments showed reduced degradation of CP compared to
both compost amended and-amended treatments. At the end of the incubation period, out of
the initially applied amount, 96.23% and 924%f CP was degraded witBP;o(Co25 and
CP1oCosorespectively depicting 40% and 23% respectively more degradation compared to un
amended treatment g While, only 86% and 84% of CP was degraded witho@3 »sand
CProoBosorespectively. Thdnalf-lives of CP were decreased from 30 d with {§gfto 25 and
27 d with CPypCo25 and CRooCos0 and increased upto 41 and 45 d with16gBs 25 and
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CProcBosorespectively (Table 4.2.1.). Among all the treatments the highest CP degradation rate

( & )027(nmipkg™*d™) was recorded with GRCo 5

In case of sterilized soil at the initial CP concentration of &@kg" (Fig 4.9 b), all the
compost and biochar amended treatments showed less degradation of CP during all stages of
incubation compared ton-amended treatmel€CPyog). The CP1ooCo.25 CPLodCo.50 , CPLooBo.25

and CRoBoso showed 1.9%, 20.4%, 16.9% and 36.5% more residual concentration of CP
compared to wamended treatment ¢fg The halflives recorded weré4.3,123.6,166, 155.6

and 193 d withCPygg, CP100Co.25 CP1ooCo.50 , CPiocBo.2sand CRogBo 50 With highest degradation
rate(a) ( B6dheRh7CR(Tabple. K.B.1). Overall much higher hiilfes and lower
degradation rates were recorded in all treatments with sterilized soil (Fig. 4.9 a.) compared to

the nonsterilized soil(Fig 4.9 b)
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Similar trend was recorded with the compost and biochar application on the degradation of CP
at the initial concentration of 200 mg kgCP»o0) in sterile and norsterile soils (Fig 4.10 a

and b). In case of nesterile soil all the compost amended treatments showed higher
degradation o€P compared to biochar amended treatments arahuended treatmeCP,q)

at each time period duringcubation. While less dissipation of CP was recorded with biochar
amended treatments compared to both compost amended @mlended treatments. At the

end of the incubation period, out of the initially applied amount, 75.3% and 80.5% of CP was
degradedwith CP,oCo25 and CBooCoso respectively (22% and 8% respectively more
degradation compared to ‘@mended treatment Ggg while only 65% and 61% of CP was
degraded with CRBBo2s and CByBoso respectively (43% and 52% respectively less
degradatiorcompared to wiamended treatment gf) (Fig. 4.10 & The halflives of CP were
decreased from 60 d with (g to 50 and 57 d witlCP,0oCo 25and CBooCo.50 and increased

up to 80.4 and 85 d with GRBo.25 and CBooBo.so respectively. The degradatioa t e s (a)
recorded were().0116, 0.0136, 0.0122, 0.0086 and 0.06&kg'd™* with was recorded with

CP>00,CPo0Co.25 CPoooCo 50 CPoocBo.2sand CRogBo sorespectively(Table 4.2.1.).
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In case of sterilized soil at the initial CP concentration of 8@0kg* (Fig 4.10 b), all the

compost and biochar amended treatments showed less degradation of CP during all stages of
incubation compared to tamended treatmel{CP.qo0). Moreover, much higher halives and

lower degradation rates were recorded in all treatswithsterilized soil (Fig. bcompared to

the nonsterilized soil(Fig 3).The CPiCo.25 CPoodCos0 . CPoooBo.2s and CRooBo.so Showed

11%, 22.3%, 23% and 31% more residual concentration of CP comparedatoended
treatment CRyo The halflives recorded were 124,846.8 178.16, 179.5 and 207.63 d with

CP200, CPoolCo.25 CPoocCo.50 , CPooBo2sand CBoBosowi t h hi ghest degradat.
mg kg'd™) with CPxo(Table4.4).

Table 4.4. Kinetics of degradation @GP in amended and damended soll

Nosteriliz Sterilized
1 -
Treat me/a ( mg 1 -1
. l) tllgd) é ( mgj)k tl/(zd)

CPioo 0.023 30.06 0.0073 94.32

CP1ocCo.25
0.027 25.38 0.0056 123.64

CP1ocCo.50
0.025 27.47 0.0042 166.10

CP1ooBo.2s
0.017 41.96 0.0045 155.63

CProoBo.so
0.015 45.31 0.0036 193.36

CPaoo

0.0116 59.57 0.0056 124.58

CP20Co.25
0.0136 50.80 0.0047 146.83

CP20Co 50
0.0122 56.82 0.0039 178.16

CP200Bo.25
0.0086 80.44 0.0039 179.41

CP200Bo 50
0.0082 84.93 0.0033 207.63
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4.23.3 Soil enzymes activities inCP contaminated solil in the presence and absence of
organic amendments

4.2.3.31. Soil dehydrogenase activity

The effect of CP on soil dehydrogenase activity has been presenteds th. Hig4.12 a and
4.12 b in uramended and amended soil duringiti@ibation period of 120 days. Considering
unramended contaminated soil (Fig CP significantly reduced the dehydrogenase activity and
atthe start of incubation perid®4% less dehydrogenase activity (2.48 pg TPRBgjl 12 1Y)

was recorded compared €P,BoCy (15.53 ug TPF ¢ soil 12 hY) with CPigo, which was
reduced to minimum (2.56g TPF ¢ soil 12 K") at 18" day and then started increasing to
reach 13.72ug TPF ¢ soil 12 ' (only 5.4% less compared to §83Cy) at the end of the
incubationperiod. The inhibiting effect of CP on dehydrogenase activity further increases with
the increase in CP concentration (286 kg") and at 18 day minimum (1.2Qug TPF ¢" soil

12 H') dehydrogenase activity was recorded which remained 68% less cortpé@#iB.Co)

control even at the end of the incubation period.(#igyl).
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In case of amended treatments at the initial CP concentration of 100 M@iggl2 a) a
significant alleviation in dehydrogenase activity was recorded and enzyme activities remained
higher compared tan-amendedreatment CRyat all studied time intervals with both compost
and biochar. However, a decreasing trend was recorgénl 18" day, after which the
dehydrogenase activity remained in increasing order till end of incubation in all cases. The
contaminated treatments amended with compost showed even higher dehydrogenase activity
compared to weontaminated treatment (gBCo) specifically at the end of the incubation
period.Among amended treatments high@.08ug TPF ¢" soil 12 k') and (17.97ug TPF ¢

! soil 12 h') dehydrogenase activities were recorded witho@RBso at 0" and 128 day
respectively and lowesf10.7 ug TPF ¢ soil 12 h') and (14pg TPF ¢ soil 12 hY
dehydrogenase activities were recorded witho@3 2sat 0" and 128 day respectively.

At the initial CP concentration of 200 mg kgFig 12 b.) the negative effect of CP was more
evident throughout the incubation period compared to 100 riiy lkgwever, all amended
treatments showed significantly high enzyme activity tharamended coaiminated
treatments. The highe&t.75pug TPF ¢ soil 12 i* and 13.81g TPF ¢" soil 12 ') and lowest

(5 pug TPF ¢ soil 12 K and 6.91ug TPF ¢ soil 12 h') dehydrogenase activities were recoded
with CPoCos0 and CBoBo2s at the start and end of incubation period respectively. The
dehydrognase activities in all amended treatments remained less compared to control
(CPyB.Cy) at initial CP concentration of 200 mgkg
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4.2.3.32. Soil uwease activity

The effect of CP on soilrease activity has been presented irsHgl3, 4.14 a and 4.14 b in
unramendednd amended soil during the incubation period of 120 days. CP negatively affected
the soil urease activity at both initial concentrati@#o and CBoothroughout the incubation
period. The negative effect was found maximum &t d&y of incubation awhich 77% and

85% reduction in urease activity was recorded abgzd CRByocompared to control GByCo.

After which a gradual increment in urease activity was recorded upto tfedag0At the end

of the incubation period the urease activities in contaminated treatments were 58% and 74%
less compared to with Gigand CByo(Fig 4.13)

25.00 -
- . —+— CPOBOCO
2000 F
= - —=— CP 100
6o —3—
z —3 CP200
& 15.00 |
T
z
bh
2
£ i
S 10.00
=
@
9 o LI — — 1t
5008
=] i z =

0-00 T T T T T T 1

0 20 40 60 80 100 120 140
Incubation Time (Days)

Fi g.Efdf. dBbnosoiCIP Urease activity

60



The effect of biochar and compast soil urease actiwitin contaminated and trontaminated
treatments at the initial CP concentration of 100 mg isgpresented in (Figd.14 a). Both
compost and biochar significantly reduced the negative effect of CP on soil urease activity and
the efect was more evident at 0.50% of both amendments. However, urease activities remained
significantly low in all amended treatments compared to during whole incubation period except
CP1oCo50 at which the tease activity grown to 4% more at the end of bation period than
CPyBoCo. Among amended treatments maximum (3dga\NH4"-N g* h") and (17.41g NH4'-

N g h' ) dehydrogenase activities were recorded witho§Rso at 0" and 128' day
respectively and minimum (6.l NH4-N g* h) and (8.75 pgNH4"-N g* h?) urease

activities were recorded with G§3Bosat 0" and 126" day respectively.

At the initial CP concentration of 200 mg kgFig. 4.14 b) the negative effect of CP on soil
urease activity was more evident throughout the incubatidodoeompared to 100 mg Kg

All amended treatments with compost and biochar showed significantly higher urease activities
than urnamended contaminated treatments but remained low compared to control treatment
throughout the experimental period. At thedeaof the incubation period the treatments
CP20oCo.25 CPoodCo.50. CPoooBo.2s and CRyoBo.soshowedl81%, 199%, 62.9% and 110 % higher
urease activities compared to-amended contaminated treatm€fboo.
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4.2.3.33. Soil phosphatase activity

The effect of CP on soil phosphatase activity has peesented in Fg 4.15, 4.16 a and 4.16
b in unramendedand amended soil during the incubation period of 120 days. Considering
amendedontaminated soil (FidL) CP significantly reduced the phosphatase activity atfteat
start of incubation perio@4% less phosphatase activity (1.92 pg TPEspil 12 hY) was
recorded compared ©P,B,Co (7.50 ug PNP ¢ soil h*) with CPygo, which was reduced to
minimum (0.35pg PNP ¢ soil h') at 3d" day and then started increasing to reach §g8
PNP ¢' soil i (23.4% less compared to gB3Cy) at the end of the incubation period. The
inhibiting effect of CP on phosphatase activity further increases with the increase in CP
concentration (200mg Ky and at 3% day minimum (0.19ug PNP ¢ soil h') phosphatase
activity was recorded which remained 63.4% less compared #B{C#& control even at the
end of the incubation period (Fig. 4.15).
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In case of amended treatments at the initial d@Rcentration of 100 mg Kg(Fig. 16 a) a
significant alleviation in phosphatase activity was recorded and enzyme activities remained
higher compared tan-amendedreatment CRyat all studied time intervals with both compost
and biochar. However, a deasing trend was recorded upto™18ay, after which the
phosphatase activity remained in increasing order till end of incubation in all cases. The
contaminated treatments amended with compost showed even higher phosphatase activity
compared to uncontamated treatment (GByCo) specifically at the end of the incubation
period. Among amended treatments maximum (@g1BNPg" soil ') and (11.0lug PNP ¢

soil ') phosphatase activities were recorded withd@RBsoat 0" and 128 day respectively

and minimum (3.46g PNP ¢ soil h') and (7.2fug PNP @ soil h') phosphatase activities
were recorded with GRBo 2sat 0" and 128 day respectively.

At the initial CP concentration of 200 mgk¢Fig. 4.16 b.) the negative effeat CP on soil
phosphatase activity was more evident throughout the incubation period compared to 100 mg
kg®. However, all amended treatngrshowed significantly high pephatase activity tham:
amendectonminated treatments. The highé$32ug PNPg* soil ' and8.94 pg PNP g

soil h') and lowest(2.50 pg PNP ¢ soil h' and 6.01pg PNP ¢ soil h') phosphatase
activities were recoded with GfgCosoand CRByBo.2sat the start and end of incubation period
respectively. The phosphatase aciidtin all amended treatments remained less compared to
control (CRB.Cy) at initial CP concentration of 200 mgkg
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