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SUMMARY

Analysis of herbicides' residues in the environmertal samples is impofiant from

toxicological point of view. Herbicides have the ability to be accunulated in crops and

the environment and hencc it is important to have suitable methods lbr tllcir assessment

in lood, Ibod products and other environmental samples. Analysis of herbicide residue

involves a number of steps such as sample preparation, extraction. interference rcmoval,

quantifioation and determination of the herbicide residues and their contirmation All

these analyses are generally peformed by using several anal)'tical techniques.

the objective ofthe present research work was to develop analltical methods for assay of

local1y used herbicides u'hich are not only simple, fast and economical but may not

require erpen:ive in. tru m e n ta tio n.

The first chapter of this dissertation includes gcneral inlroduction to herbicides locuscd

on their history, general prope ies, and impact on thc environment and health concerns

associated with their use. A brief description ol the herbicides which are the subjcct oI

this thesis like glyphosate, fenoxaprop-p-cthyl, pinoxadcn and isoproturon including their

physical, chemical and toxicoiogical aspects is given in this chapler.

The second chapter covers a detailed review of the relevant ljteralure leported lor the

determination of the subject hetbicides. The literature covered in this chaptcr include

methods based on chromatography, capillary elechophoresis, cyclic voltammctry

scanning elcctron microscopy, mass spcctrometry, specfofluorimetr!.

spectrophotometr,v. nuclear magnetic resonance spectloscopy, biosensors and many

others. All the repofted methods have been discussed with main lbcus on scope, sample

preparation, reagents used, procedure followed, linearity range, limit of detcctior (l-OD).

limit ofquantification (LOQ) and percent recovery.

The third and last chapter compriscs of expe mental u'ork Tlith prelirninary

investigations of each mcthod devcloped, optlmizalion of chemical and physical

variables, and application of these melhods to diflerent samples lbllowed by results and

discussion. This chapter covers $'ork conducted based on (a) spectrophotometr;c mcthod
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which involves complcxalion reaction performcd in batch, (b) flow idcction

spcctrophotometric methods which involve complexation as \r'ell as adduct formation and

(c) spectrofluo metric mcthod whjch involves a condensation reaction'

Part I ofthis chapter includes details about spectrophotometric method fol determination

of glyphosate in various environmental samples. The mcthod is based on reaction of

glyphosate with carbon disulphidc to lonl dithiocarbamic acid which in turn fbms

complex with coppcr (ll) in the prcsence of ammonia. Optimum parameten for thc

lormation of the complcx and its spectrophotomctric detemination \iere investigated'

Beer's law was obeyed in the concentration range of 1.0 -70.0 pg ml'-l investigated 'fhe

composition of the complex found I'as gllphosate : Cu : 2:1 wi& a formation constant

of 1.06, 105. The LOD and LoQ of the method were found to bc 1. I pg mL I and 3'7 pg

mLr rcspectilcly. l'hc investigated method \\'as successfully applied to the

cnvironmental samples. Recovery values in soil, wheat grains and *ater samplcs werc

lbund to be 80.0 + 0.,16 1() 87.0 r 0.28 %, 95.0 n 0.88 to 102.0 + 0.98 % and 85 0 t 0 68

to 92.0 i 0.37 %, rcspectively.

In Part ll of chapter III a flow injection spectrophotometric method for detemination of

gllphosate hcrbicide has becn descrjbed. Glyphosate u'as condensed wilh p

dimethylaminobenzaldehydc (DMAB) in alkaline media resulting in a ycllow coloured

produot after acidilication of solulion with hydrochloric acid. The absorbance of thc

product was measured at 405 nm. The Beer's law tange Ior the proposed melhod \\as

fbund to be 2.0-15.0 pg ml-'i for batch analysis and 0.5-20 0 gg mLr for flow injection

(FI) analysis with molar absorptivity vah.tes of 2-'1 ' 101 and 4.3 ' 10r L mol lcm-r for

batch and fl analysis rcspeclively. lhe LOD and LOQ *ere caiculated and found to be

0.2,i 0.06 and 0.7 + 0.1 pg ml--r respectivcly. lbr batch analysis and 0.2 t 0'07 and 0'61

0.2 pg ml-r respectivcly, lor FI analysis l'he proposcd method u'as successfully applied

with reasonable sample throughput (60 samples hr) for the analysis of samples'

llecoveries f.om the real samplcs $ere found in the range of 90 0 + 0.65 % 1tl 9ll 0 I 0'66

Part III oi this chapier deals rvith lloN inicction spcctrophotometric mcthod for

determination of fenoxaprop-p-ethyl herbicide. The reaction involved is based on the

xvi



conveBion of t'enoxaprop-p-ethyl into hydroxamate salt in the prcsence ofhydroxylamine

hydrochloride in alkalinc media. The hydroxamate salt prcduced was further reacted uith

Fe (lll) to form red colour tris iron hydroxamate complex in acidic medium. The

absorbance of the complex was measured at 500 nm using flow injection system The

method sho\\'s a linear range betwecn 1.0 - 20.0 pg mL-' with molar absoQtivity ()1 1.81

" 104 L mol-r 
"-'1. 

The LOD and LoQ wcre calculated and lbund to be 0.29 + 0.1 pg

ml--r and 0.96 + 0.1 pg mLL respectivcly. Similarly, in order to check thc extracliun

el.ljciency thc average limit of dctection and limit of quantification were caiculatcd fbr

resjduc determination and were lbund 0.35 pg g I and 0.45 pg g-r respectively, for uheat

grains and 1.2 pg g'1 and 1.5 pg g'1 respectively, for barley grains The sample

throughput was 90 samples h'1. The method t'as successfully applied to differcnt grdin

samples with recoveries in the range of 88.0 + 1.7 % to 92.0 I 1.0 %.

Pafi IV of this chapler describes a flow injection spcctrophotometric method lbr

dctcrmination ofpinoxaden (PXD) hcrbicide. Pinoxaden t'as convened into hydroxamatc

salt, in alkaline media with hydroxylamine hydrochloride The hydroxamate salt

produced was reacted with Fe (III) and absorbance of the red colour lri\ iron

hydroxamale complex was measured at 500 nm using a flow injection s-"-\tem lo

minimizc the inlef'ercnce efLct of fcnoxaprop-p-cthyl (FE), another related herbicide.

pinoxaden was elfectivcly separated from the lormer using LC \lith dichloromelhane. n-

hexanc solvent systcm with percent recovery in the range of 86.0 - 3 0 % - 93.0 + L0 %'

The linear range ofthe method was found to be 0.5-40.0 pg ml-l with molar absorptivity

of 1.53 * 10a L mol-r cm-]. The LOD and LOQ wcre calculated and lbund to be 0l 1

0.01prg ml-r and 0.6 + 0.05 pg ml--r respectively. The method was sr'rccessfully applied

for the determination of PXD in soil, nater and tbod samples with a rcasonable sample

through put of 60 samples h-r and reasoDable peicent recovery in the range of 8'i 0 'l 6'0

% to 100.0 + 2.0 %.

Pa V of chapter III deals with spectrofluorimetric method for determination of

isoprotuon (IPU) hcrbicide. lhe method is based on the rcaction of IPII $ith 2-

Cyanoacetamide in the presencc ol ammonia (150 M) The product formed showed

maxilrr.rm lluorescence intensitv at an excitation wavelength of JJ3 nm and an emission
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wavelcngth of 378 nm. Va ous oxpe mental parameters affecting the product yield wcre

oprimized. Under the optimized conditions maximum fluorescence intensity uas a linear

luiction of IPU concentration in the range of 0.5 - 15.0 pg ml-r with corelation

coefficient of 0.9991. LOD and LOQ for the method were calculated and were found 1<l

be 0.01 prg ml-'r and 0.032 pg ml--l rcspectively The effect ofpossible interfering agents

on the determination of IPU has been studied and the proposed melhod has been

successf'ully applied lor detemination oIIPU in grains and seeds samplcs with reco\eries

inth(ringe85.0 I loo-q60.0<oo
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Introduction (rrr)

lluman bcings essentiall,v depend directly or indirectly on ag culture, for their

sustenance. Woild population is rapidly growing tou,ards the expected number of 9

billion inhabitants in 2050 and at present, the u'orld agriculture sector is facing a

challenging situation. This is leading to increased pressure on the woild's natuml

resources on onc hand while on the other the arable soil surtbce is degraded day by day,

resulting in scarcity offood commodities.

An integrated productiol systcm, that includes crop managemen! plant nutrition,

improved crop varieties showing pest-resistance \1,ith bcttc. yield and modemization of

pest control and farming tcchniques, is the basic demand ofmodcrn agriculture. Chemical

weed management is an important component ofthis system.

Herbicides

In a broader sense the tenn 'herbicides' refers to "all those agents that destroy or inhibit

the groMh of plants especially of weeds or other unwanted vegetation" Thus a hcrbicide

may be a gr;rzing animal, a home gardcner, a plant which is parasitically competing \\'ith

anolher plant or an active chemical. Now-a-days hundreds ofchemicals, with a variety of

trade names and in different lbrmulations, are marketed as herbicides.

Impacts of herbicides

Weeds, ever-present in agro-ecosystem are chemically suppressed by the use of

herbicides to l'avour crop growh and improvc farm profits. Chemical wccd control is

superior for several reasons as it has greater eflicacy with low cost which iesulls in a

rapid, selectivc and long tcrm weed control. The spraying equipments arc generall,v

cheapcr than those used in mechanical weed control. In underdeveloped countrics,46 70

of thc inhabitants are involved in field works, mostly in weed control. Chemical weed

control reduces thc labor cost and lhis was the p mary benetit of chemicals in the early

era, when therc was no urgent demand for morc food. Aerial application for large tracts

of land is extremely cost-ellicient. Herbicidcs save energy, reduce soil erosion, ieduce

the cost of farming and increasc crop production Flistorically, in 1950-1992 global crop



yiclds increased from 0.45 t/A to l.l 1/.A. Bascd on a nulnber of sludies conducted b!

Ilniled Statcs Department ofAgriculture (USDA), Wecd Scicnce Society of Amerlca

(WSSA) and American Farm Bureau Federation (AFBF), it has been shown that if Do

herbicides were used, losses in crop yield would have bcen 5-67 %. Unlike the

agriculturally devcloped countries, chemical weed control is not widely practiccd in

Pakistan. However, repo s indicate that use of herbicides result in more cffective wced

control in $,heat and other cereals as compared to mechanical methods. Modern arable

larming is strongly dcpcndenl upon herbicides 1or suslained and secure crop vield.

llol\'ever, socicty al large is una\\'are ofthe advafltages olherbicides which result in their

irresponsible consumption. Thus the use of herbicidcs must instantly be minimized, not

only fbr the sake offollowing regulations, but lbr the toxicity coDcems to ihe communil\

which will reduce the likely adversities to the environment- Only thcn it can be ensured

dlat herbicides' usc will continue as an el'lectivc tool lo t'armers in the long run.

History of Ilerbicidos' use

Historically before the advent of chemical use tbr wecd controi, cultural and mechanical

techniques were prevailing throughout the world. l'he hisloly of chemical weed control

begins in the late 19rh century- Until the late l9'r'century little progress was made in the

practical use of chemicals as 'weed killers. The use of copper salts lor thc confol of

fungus diseases led to an accidental discovery ol its selective action on broad leavcrl

weeds in cash crops. -Based on the discovery of the use of coppel salts as ueed killer, it

was found in Amcrica, German, and France that solutions of copper salts would kill the

weeds with no harm to the cereal crops. Also iron sulphate, sulphuric acid and copper

nitrate. all were used for the same herbicidal purposes Later oD solutions of sodium

niffate. ammonium sulphate and potassium salts \\'ere used as herbicidcs by 1900 and

afierrvards dr,v powdcrcd kaiiite and calcium cyanamidc uere added ro the list.

lollowing this initial period (1896-1910) of successive development in the use of

chemicals as rveed killers, the lack of spray machinery, lack of success due to low

hLunidity and the discovery of cleaner seeds led to a shift of intcresl from chemical weed

col1trol. By thc same timc a new pcriod ol dcvelopment had started in Europc' Working

with iron sulphate, copper sulphate and sulphuric acid as ueed killcrs, it lvas reported thal



dcpending on local colditions, these chcmir:els killcd most of the weeds. lcft the cercal

crops safe and had a fertilizing effect on the soil which resulted in higher yield This

repofl was confirmed by thc findings of Morettini (1915) in Italy, Rabate (1926) in

France and Korsmo (1932) in Norway.

h was concluded after testing different chemicals for permanently sterilizing soii. that

arsenicals shou lhe most satisl'actory results as permanent ste lizer 1br soil' This

cliscovery led to thc excessive use of sodium arsenite solution as a sterilizing agent and it

became the standard commercial "weed killer" ofthat times

Acid amcnicals spray, sodium chlorate, carbondisulphide and other chemicals were

irltroduced into thc weed control chemicals' list during the decade 1915-1925 Latcr on

thiocyanates, diniftophenols, different foliage-applicd oils, boron compounds, ammonium

sulphamatcs and othcr chemical compounds were employed as lveed killers.

The first organic chemical herbicidc 4,6-dinitro-o-cresol (DNOC) was inhoduced in 1932

lollowcd by 2,4-Dicholrophenoxy acetic acid (2, 4-D) in the latc 1940s which was

introduced as weed killer by a British team during World War II and it became the l"
widely produced and used herbicide of the era. In 1951 the substituted urease and uracils

came into the market as hcrbicides. ln 1958, atrazine and in 1980s, glyphosate was

introduced for noD-selective control of wceds. Now-a-days the chemical weed control is

continuously expanding and a large number ofherbicides with a variety of characteristics

are marketed throughout the world and their number and brands are increasing day by

day.

General Properties of Herbicides

Behavior in the Environment

Solubility of a particular herbicide in water is probably the most important fhctor that

delermines its fate in the environment Water-soluble herbicides with normally low

adsorltion capacitics are morc mobile in the envlronmrni and are available for nearly ali

degradation pathways. Esters being relatively insoluble in water rapidly gct adsorbed to

soils and readily pcnefate plant tissues.



'fhe halfJife or hall' Dissipation Time ofa pafticular hcrbicide, represcnted by Dl''o

describcs its persistence in soils. Since the half-life of a specilic herbicidc can be

significantly va able, based on soil humidity, characteristics ofthe soil, tempe'ature and

nature oI thc vegetation in the area, it gives only a coarse estimate of the persistencc oI

fie hcrbicidc. Dissipation lates can't plovide a source for comparing the relative

persistence of herbicides because these licquently change wilh timc Various parameters

like soil temperature, type, amount, and surf'ace area of clays organic matter in the soil'

soil pH and the amount and quality of soil moisture are employed to deteimine lhc

dispersal ofherbicides in the soil. The normal pH of most natural soils langes hetween 5

and 8 but this value is strongly influenced by rainfall and the amount of leaching Cations

can be leached oLlt in wet arcas and/or coarse soils, leaving the soil acidic Similarly in

arid and semi-arid regions, soils hold cations and are alkaline.

Different processes like direct oversplay, leaching through soils to groundwater, drifl and

volalilization or surface or subsurlace runolf are responsiblc for contamination of watcr

bodics. The total rainfall, lbllowing first few days after application of herbicides

desc bcs the amounts ol leaching and runofl Onll about 5- l0 % ofthe total applied' is

lost due to runoff, even following heavy rains. l,ow mtes of application, high soil

adsorption capacity, and lorv rainfall decreases total runoff and keep the local waler

bodies less contaminated.

Solubility of a herbicide in water dictates its behavior in $'ater. Acjds and salts remain

dissolved in water, till photolysis or hydrolysis, while esters will frequently get adsorbed

to the suspended particles in water followcd by precipitation to thir sediments where these

can bc degraded lhrough microbial activity. The avcrage pH of suriace \&alers nnges

liom 5 to 9 and highly alkaline or acidic waters can change the chemistry and thus the

bchar ior ola herbicidc in aqueous malrir.

Mode olAction

'l he mechanism eithcr physical or biochemical through uhich a herbicide kills ueeds is

reitrred to as its mode ol'action. The mode ol'aciion of most herbicides involves altcring

or disturbing one or more of the metabolic pathways of target plants Some cause thc

cellular matters of the target plant to escape by disrupting their cellular membranes but



have no direct disruption ellect on olher metabolic processes- The interference caused by

a herbicide with the plant normal metabolism dcpcnds upon the mechanism which it

disturbs. Certain species ofplants are not all'ected by some herbicides due to difference in

lhe biochemical palhways or enzymes tlley use.

Most of the currently used herbicides, predominantly affect processes limited to plants,

like photosynthesis or aliphatic amino acids synthesis and animals usually sulTer little or

not at all. 'lhe mode of action of a herbicide determines when and how it is to be applied.

Pre-emergcnt hcrbicides either kill the geminating sccdling or interupt gemination

while post-cmcrgent herbicides llre used dirccIl) on groun plants. Some herbicidcs have

dual activit,v that is thel can be used both ptc- and postemergence.

Chemically and physiologically sirnilar herbicides are grouped in the samc "herbicide

l'arnily". For example picloram, triclopyr and clopyralid, all have the same basic

structures and chemishy. and belong to the pyridine family. The rnode ofaction is LLsually

related to chemical structurc. and thus, herbicides oI the samc family show thc salne

mode of action. For example, the membcrs ol'pyridine famiLy are all auxin mimic

hcrbicides. Hoq,evcr, some herbicides can havc the same mode of action but bclong to

different families. For example, the 2, 4-D a 'phenoxy' herbicide just likc the 'pyridincs'

is an auxin mimic.

The usual modes ofaction ofherbjcidcs comprise thc follou'ingl

Auxin mimics inritate the hormones 'auxin' being responsible lbr piant growth and thus

cause wild and disordered growth in target plant species. LxamPles ale 2, 4-D, clopyralid,

piclorelln, and triclopyr.

Mitosis inhibitors (dormancy cnforcers) inhibil re-budding and new groMh in spring

and in summer tespectively, for instance fosamine.

Photosynthesis inhibitors cause breakdown ol the cells by blocking specific

pholosynthctic reactions, e. g. hcxazinone.

Amino acid synthesis iIrhibitors stop amino acids synthcsis \lhich is the basic

requiremcnt for buildirg protcins, e.g. glyphosatc, imazapyr and imazapic'

Lipid biosynthesis inhibitors avoid lipids synthesis which is necessary tbr cell

membrane's grou'th and maintenance, e g. fluazifop-p-butyl and selhoxydim'
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Dissipation in the Environment

Thc net degradation or immobilization and movement of a herbicide in thc environment

is temed as dissipation. Degradation involves decompositio[ to smaller fragments and

ultimately to carbon dioxide, water and salts. This usually happens by a series of

pholochcmical, chemical, or biological reaitions. Biodegradation, which is microbial in

nature. play thc major role in case of most herbicides' Thc fragmenl compounds of

herbicidescalledmetabolitesshowitsindividualchemicalbehaviourlikeadsorption

capacity, toxicity, degradation resistance and chemical reactivity ln some cases the

mctabolites show more toxic effects than the parent compound.

Photodegradation means decomposition by sunlight and depends upon the intcnsity of

sunlight. A numbcr oI factors likc season, lalilude. \ieather, time of day, shading and

pollution etc. affect the intensity of sunlight and thus thc process of photodegradation of

herbicides. Usually UV light is uscd for thc studies of the photodegradation of herbicides

and it is a debatablc issue whether UV light actually reaches the surface of the earth or

not. Therefore, the data obtaincd in the laboratory concerning the rates of

photodegradation of herbicides may ovcr-estimate the significance of this process in the

ticld.

Microbial degradation involves decomposition of dilLrent herbicides by difl;rcnt

mjcrobes in their process of metabolism at a rate which depelds upon the microbial

community present under a given conditions. Warmth, high organic content and moisture

enhance the process of microbial degradation. Microbial decomposition follou's one of

thc tr\o routcs either it may be metabolized directly, or they may be co-metabolized b1

combining rvith a natural lbod source supporting the microbes. A lag time pril'r to

microbial degradation always cxist because the supplies of nccessary cnzymes or gro\lth

of populations ofproper microbes take time to build-up This time lag iflong, gires wa1

to othcr degradation processes to dominate over the microbial degradatioll'

Chemical decomposition is driven by hydroiysis, oxidation and disassociation' For

herbicide degradation, thc signiticance of these chemical reactions in the field is slill

undel sludy.

lnrmobilization of herbicides usually takes place when they are taken up by non-

susceptible plants or get adsorbcd to soil parlicles. These processes, even rcversiblc



isolate the hcrbicide and prevent them liom mobility in the environment- Other

degradation mechiurisms are also slol,ed dorvn by adsorption. The mte of adsorption is

olien depcndent upon the charactcristics ol the soil and of the herbicide and on soil or

water pH. Soil organic content, cation exchange capacity and clay contcnt generalll

increasc the adsorption rate while it decreases with increasing pH and tcmperature. Out o1'

all the best determinant of herbicide adsorytion rates is the soil organic content.

Adsorption is also affected by the watcr solubility ofthe hcrbicide, the less soluble ones,

\\,ith some exceptions (e.g. glyphosatc) get slrongly adsorbed. The adsorption/desorplion

process primarily detetmine the readiness ol an herbicide 1br degradation and tmnspon

through the environment. The rate of microbial metabolism or chemical degradation can

be significantly slowed down in some ccsei while h other ccses it tan bc facilitated by

adsorption.

Movement of the herbicides through the cnvironment occurs by a number of processcs

taking place simultaneously and continuously. These include subsulface runoff'

volalilization during or after application, leaching down into the soil or evaporation liom

soil and plant surl'aces. Volatility of a herbicide may lead to 80-90 yo iosses in exhemc

cases.

Selectivity of Herbicides

Herbicidcs are selective and thcir selectivity depends on concentration or dosage' All

herbicides are toxic to plants and their toxicity depcnds on the amount applied, they kill

all plants on overdosing and ifdosage is approp alely low no plants die. At intermediate

dosagos some plants are killed and some remain safe.

'Ihe selectivc contact herbicides kill the mcristematic tissues in buds ofshoot tips and leaf

axils u,hen they are vcry close to the plant surl'ace 'fo be selcctive they avoid or are

nontoxic to the crop. Some oldcr selectivc contact sprays like copper chloride, sodium

aNenite at low dosage, iron sulfate, copper nilrate and sulfuric acid were selective by

dil'lerential wetting. The newer selcctive contact spra)s, such as dinitro-sec-butylphenol'

lhe water soluble salts of dinitrocresol and dinitro-scc-amylphcnol are hiShly toxic 1()

common broadleaved weeds
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Selective translocated type herbicides enter the leal'cells and move along with lbods and

nutrients through the vascular tissues of the plant, killil1g the meristematic zones of the

roots. Selectivity here is of the biochemical r)pe and depends upon some specific

characte stics of the protoplasmic constituents and enzyme syslem of weed and crop.

Amitrol,2,4-D and other chlorophenoxy compounds are used as selective translocated

herbicides.

Ihe nonseleclive contact herbicides kill all plants with wl'rich they comc in contact. The

most effective general contact spray is oil because aqueous sprays cannot wet and

penetrate the cuticle. Usually oiis are emulsified with water and stabilized with a

surlactanl to give greater exposure and dynamic strength to the spray.

The principal translocated spray of the nonselective tlpe is the acid-arsenical solution

that kills as much as 95 o% of the weeds to dcpths of from 3 to 5 fcet Similarly

ammonilrm thiocyanate, sodiun chlorate, calcium hypochlorite, arsenic acid and

ammonium sulfamate are examples olthe non-selective tmnslocated type.

Controversy about hcrbicides use

It is a common public belief that herbicides pose a significanl risk to the popularion

mainly though ground-water contamination and residues in food and to farmers through

occupational exposure and in the society, there is an cxcessive hostile leeling about

herhicides.

Ilased on thc statistical studies, made by herbicides manufactureB, it has been reported

that more than 90 u% of the pcople interviewed, consider herbicides haz ardous for human

and lbr thc environmcnl. The main reason for this pitiable social support is probabl!, lhe

communication gap which cxists between the society and the scientilic world scientists

and rcsearchers must give complete and scientific explanations for newly dcveloped

herbicides. A rigorous testing procedure is required for an herbicide's active ingredient to

be registered. 
-l'hese extcnsive tests including toxicity to animals. mode of degradation

and eflects on non-target organisms take seveml years to complete' A time span of about

7 to l0 years and a cost of40 to 80 million dollar are needed to fuifil IJS-EPA regulations

and to market a safe and new active ingredient. Also it is commonly seen that herbicides



arc not applied according to the labelled instructions. Considering all of the abovc stated

lacls. the health and cnvironmental threats linked with hcrbicide use can be minimizcd

and the fact may become acccpted that not the use but only thc misuse of herbicides can

he a risk to human health a!1d environmcnt-

Ilerbicides industry in global framework

A lew of the developed countdcs utilize about 80 yo of the hcrbicides used tbr

agricultuml purposes worldwide. About 30 % of the herbicides are consumed in tsurope,

35 % iD North America (USA and Canada), 15 % in Japan and Australia and 20 o/o in tlle

rest of the world.

The annual sales ofworld's agricultural and noncrop herbicides had been repo ed to be $

14-17 , 10e in 2001. lncreased planlation throughout the wolld rcsulted in higher

consumplion of herbicidcs in the tbllou'ing ycars till 2006, after that the discovery ol

newer and highly active ingrcdients led to a decline. By the cnd of 2006, the herbicides'

average gro*th mte was expecled to be about 1.0 % per ycar in thc llnited States A

decrease in herbicides production has been obscrved sincc 1989 in Western Europe'

About 50 key herbicides arc used in the world, lhe largest markets being France'

Germany, the lJK, Spain and Italy. ln Japan a steady declinc in herbicides production at a

rate of 2.6 7o per year has been obscrved, with no expectations oI groMh in the near

luture. ln Japan about l8 major helbicides, mostly imported are used'

Risks associated with herbicides' us€

Hcalth hazards associated with the use of pcsticides including herbicides is a mallel of

concem in the modern world. Surely, some pesticides exhibit acutc toxicity tmd musl bc

handled and managcd like any othcr toxic 'substanccs Most herbicides, lbrtunalely' are

not highly toxic and serious poisoning ollly occurs u'hen thc object swal]ow them or

consume the lbod de ved from treated crops Based on a common public view_ it is

perccived that herbicides residues in food, water or air increasc the risk of chronic

diseascs. This perception is based on the animal tests in which massive doses are

admiristcred to animals and the toxicity ellects to aiimals arc used to predict the threal to

humiut bcings. Most ol the toxicologists' Norlduidc' unanimously agree thal animal lests



are insufficient for determining actual risk to human. In light of the available evidences,

the health scientists recommend not to reject the use ofherbicides and ali other pesticides

but to usc them in an appropriate way.

The active ingredients of herbicides themselves or their degradation products formed

uhen once released irto the environmcnt ma,v all posc a potcntial threat to ecosystem.

immediately or in the long run. Petroleum solvcnts and othcm which are added as

adjuvants 10 the lbrmulatiom can be highl) toxic. l-he degree of risks cannot he assessed.

especially by the common man, for want of the toxicity data and thc related inlbrmation

about the herbicides. It is a matter of great concem because large amounts of these are

easily accessible.

Environm€ntal Toxicity

Mammals and Birdsi llcrbicides' toxicity is reported in terms of t-Dso being detemjDed

under dissimilar conditions. Therefore comparisons of differcnt herbicides based on

roxicity may reveal only a rough estimate of their relative toxicities. The LD5o does not

conve) any information regarding ci1lonic, long_lerm toxic effects resulting iionr

cxposure to lower doses.

Sublelhal doscs may lead to eye or skin irritation, nausea, headache and. in some rare

cases, severe effects like genetic disorders, birth defects, paralysis, canccr, and evcn

dcath in mammals and in humans. Packaging Impuritics in the formulalions and lhe

added adjuvants may be more lethal than the active ingredient itself, a1ld it becomcs

difficult lo attribule thleat directly to an aclive ingrcdient solely. Herbicides kill the target

\\'ccd and thus alter the habitat ofnon-target plants and animal and this is the most drastic

effects ofherbicides.

Aquatic Species: Formulations containing ester based activc ingredients usually pose

greater risk fbr aquatic species than those containing salt aDd acid due to their lipophilic

nature amd also these can pass through the skin d1d gills of aquatic species easily and arc

no1 liable 10 dilution in aquatic environment.
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Soil Microbes: Soil microbes are variably affected by hcrbicides depending upon the

concentration ol herbicide and the nature of the microbes. Low residue levels can result

in population's growth while higher levels may cause popr ation drops. In most cases it

is very difficult to determine thc long tem effects on soil microbes because the time

spans ofthe studies are too short.

l{uman Toxicitl

Agricultural *orkers specially, those who mix and apply herbicides are ol'len exposed to

herbicides mainly via skin or by inhdation. Serious eye damagc and even blindness ma1

rcsult due 1() the accidental spills or splashing into the cyes.

The adverse environmental effects offset herbicides use in agriculturc but with the proper

regulations all over th(r world and improvements in the applications of biotechnology to

agriculture. cu cntl) a huge figure of herbicidcs is approved, widely adopted and

sclectively uscd.

A bricf desc ption related to the use, stucture, physical and chemical properlies and

environmental aspects ofherbicides which are the subject ofour work is given below

1.1. Glyphosate (r2 6t)

Gl,"-phosatc is a foliar-applied, broad spectrum, post emcrgence, non-selective, cofltact

herbicide, used to treat crops, foresls, water bodies. roadside areas and public and privaie

yards. This most widely used pesticide by volumc, introduced by Monsanto Company ol

US origin in the early 1970s was rcgistercd by US. EPA in 1974 and re-registered in

1993.

11 is stable to photodegmdation, highly soluble in uater, sffongly adsorbed to soil

p:ulicles and only broken down by soil microorganisms and has a long half-li1e in the

environmcnt (47 days).

Glyphosate is the oniy member ofthc 'glycines' family ofherbicides and is a very polar

iuld amphoteric compound with pKa valucs of0.78, 2.29, 5.96, and 10.98.

Glyphosate being usually considered to be a nonselective herbicide is selective iD

transgenic crops adapted for resistance to gl-vphosate and kills wccds like dandelion,
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nutsedge, Johnson grass and Bermuda grass. It is an acid, but typicaliy used in a salt

fom, most commoDly the isopropyl aminc salt.

1.1.1. Physical / Chemical I'roperties of Glyphosatc

Chemical Name (IUPAC): N-(phosphonomelhyl) glycine

Molar Mass: 169.07 g mol I

Molccular Formula: C:HgOsNP

Chemical Structurc

o
ltHO-C-Crl2

HO'.. .rt''P-CHr

,dlo
Solubility (acid form)

Solubility in non-aqueous soivcnts is negligible.

Solubility in Watcr is 10.5 kg/L at pH 1.9 and 15.7 kg/L at pH 7.

'frade namc (s): Roundup@, Rodeo, Accord and about 50 morc commercial

lormulations are available.

Mnximum Residue Levels

According to the U.S. EPA, maximrun contaminant level of glyphosate in drinking watcr

0.7 pg mL I and according to European tlnion (EU) guidelines' maximum residue lcvel

in mosl crops is 0.I prg mL I 
. According to LNFAO, MRL of glyphosate in u"hcal is 5 0

mg kg-r.

Mode of action: After absorption and translocation through plant tissues glyphosale

disrupts shikimic acid pathway via inhibiting the enzyme, 5-enolpyruvylshikimatc-l-

phosphate (EPSP) synthase. Glyphosatc may also directly influence the enzyme 3-deoxy-

I)-arabino- heptulosoiate-7-phosphate (D,\HP) synthasc' As a result depletion ol

aromatic amino acids tyrosine. lryptophan and phenylirlaninc needed fbr biosynthesis and

grcuth occurs. The plant gro\i1h is inhibited, gleen colouation is lost, lcaves becomc

wrinkledandthetissuesdiefrom4-20days.Thesodiumsaltofglyphosatecanregulate

plant growth and quickens fruit seasoning.
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1.1.2. Toxicological prolile

Acute Toxicity

Glyphosate exhibits low oral toxicity to rats with an acute oral LD50 greater than 4320 mg

kgl. The acute oral LD5o was lburd >10,000 and >3530 mg kg-r in mice and goats

rcspectively. It shows low dermal toxicity to rabbits with an acute dermal LDso oI >2 g

kgr. Glyphosate is low in toxicity for eye irritation, vcry low in toxicity for dermal

irritation and was not observed to sensitizc skin. For salt fotms being considered slight

cye irritzmts but not skin irritants. the LDso in rabbirs was >5000 mg kg'l.

Inhalation toxicity to rats is low. Acute inhalation LCro in rats is >4.43 mg L I based on a

4-hour, nose-only inhalation study. Upon exposure to the isopropylamine form of

glyphosate, LCrn for rats was established to be >1.3 mg L-r of air.

Signs of Toxicity itr Humans: Indications of crosion of the gastrointeslinal tract,

dysphagia or trouble in su'allo*ing and gastrointcstinal hemorrhage were observed in 79

(suicidal attempts) ingestion cascs. Among u'hich seven cases died. Eye and skin

irritation have seldom been reponed from dermal contact to glyphosate lbrmulations.

Chronic Toxicity

Animals: Capsulcs containing 0, 20.100, or 500 mg kg-' day-r oI glyphosate $erc

administered to bcagle dogs and no el'Gcts uere derected; thc No Observed llffect Levcl

(NOEL) Ior systerDic toxicity is:500 rng kg-'dryr. fhe Lo\&est Observcd Effect I-evel

(LOEL) for syslemic toxicity in mts was 940 and 1183 mg kg-r dayl for males and

females, corespondingly. The NOEL for systemic toxicity is 362 mg kg I day-r for males

and 457 mg kg'] day-r for females. The chronic reference dose (Rp) for glyphosale is

1.75 mg kg-r day r.

Ilumans: In medjcal examinations and Laboratory testing Performcd on lhe worke$

lollowing pcsticide application. no statistically substantiai differcnces wete observed'

Endocrinc Disruption: Researchers have workcd on rats and mice and have concluded

that no indication of endoc nc effects in hlrmans or other mammals have been found

from glyphosate's origin.
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Carcinogenicity

Animals: A carcinogenicity study on mice showed that the systemic NOEL and LOEL

wcrc 750 and 4500 mg kgr dayr. respectively. Based on these studies. EPA and an

independent group of pathologists and biometricians concluded that adenoma is not

causcd b,v glyphosatc. Numerous gcnotoxicity tests for glyphosate cxhibitcd ncgative

results.

Humans: The lJ.S. EPA classil-led glyphosate as Group Il chemical, which is an evidence

of non-carcinogenicity in humans. Reseaachers found that Roundup@ aDd its constitucnts

did not rcsult in mutations or lumor formation rvhilc in a few cases: there was a

''suggestcd association" bet*een glyphosatc cxposure and muldple myeloma occurrcnce.

'l'eratogenic or Rcproductive Effects

Animals: Researchers [oticed rcduced body $'eight gains in the dams and fetuses, highcr

matefital mo ality, and an increased number ol'l'etal skeletal abnormalities at the highest

dose in pregnant rats dosed with glyphosate. No devclopmental etl'ects were detectcd in

rabbits. No influence on male or l'emale scxuality and fertiliy uas obseNcd on dietar)

conccntrations olup to 10,000 ppm ofgiyphosate in rats over t\\'o gcneralions.

llumans: A link bet\\'een prcconception cxposure to pesticide products containing

glyphosate and elevated risks of late spontaneous abortion was proposed based on

questionnaircs filled out by farm opcrators and cligible couples collected during thc

L)ntario Fam Family Health Study.

I ate ir thc Ilody: Based on numerous tesls the rcscarchers havc concluded that, 30-36 %

of glyphosate is absorbed next to ingestioll while demal absorption of glyphosatc is r er 1

poor and glyphosatc being non-volatile cannot be significantly absorbed liom inhalation

e\poslrle.

Upon oral dosing ofrats with l0 mg kg'l glyphosate about 50 ol, ofthe dose Nas found in

the gastrointeslinal tracl. When hens a1ld goats r\erc fed with glyphosate, gl-YPhosatc anci

irs ma.jor melabolitc AMPA were lound in body tissues, eggs and milk.

Glyphosate has been found to undergo little metabolism and is excreted commonl)

unaffected in the urine and feces.
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l.l.f . Environmental Fate

Soil: The average halfJil'e of glyphosate in soil has been extensively studied and a usual

field half-life of 47 days has been proposed. Glyphosate being lairly slable to chemical

and photo decomposition is primarily degraded by soil microbial action, which yields

AMPA and glyoxylic acid and evenlually CO2. Glyphosate adsorbs tightly to soil and is

prohcbll. immobile in .uil.

Water: I he average halfiil'e ol glyphosate in u,atcr ranges from a few days to 91 days

and it did rot get hy&olysed in buffered solution with a pH of 3, 6, or 9 at 35 "C. Being

strongly adsorbed, glyphosate is unlikely to contaminate groundwater. But, aquatic uses

ol glyphosate and soil erosion may cause surface water contamination.

Air: Glyphosate and all its salts have little volatility with vapor prcssurcs in the rage of

1.8,1 x 10-7 mm Hg to 6.75 x l0 8 mm Hg at 25 "C and are stable in air.

Pl{nts: Glyphosate is absorbed by plant leaves and transported through the plant via

phloem and is metabolized with AMPA as lhe only notcworthy metabolite.

1.1.,1. Ecotoxicity studies

Birds: A single dose of technical grade glyphosate $as found to be almost non{oxic to

bobu'hitc quail. with an I-Dso of>2000 mg kg1. while an 8-day dietar,v 1.C56 >4000 ppm

tbr mallard ducks and bob\,'hitc quaii, showcd slight toxicity. It is not likely to cause

reproductive damages in birds at dose levels of about 1000 ppm. It is agrced upon that

alteration ofhabitat is the major risk posed to birds and othcr wildlil'e by glyPhosate and

its formulated products.

Aquatic l,ife and Fish: Glyphosate rvas lbund to bc a lillle toxic to nearly non-toxic to

freshu'ater fish, with a 48-hour LC50 ofgreater than 24 mg L I to 1'10 mg L r. It is slightly

toxic to lieshqatcr invertebrates, with a:l8-hour LCso ranging from 55 ppm to 780 ppm-

Reduction in reproductive capacity in Daphnia magna was reported based on a chronic

toxicitl .tud1 \\ ith gllphosale.

Tcrrestrial Invertebrates: Glyphosate \ias lbund to be almost non-toxic to honcybees,

with acute oral and acute contact LD5o valucs >100 pg bec-r- The eafihworm l'C5i in soil

is >5000 ppm lbr Roundup(n.
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1.2. Fenoxaprop-p-ethyl (66-?n

Introduced in 1980s, Fenoxaprop-p-ethyi (FPE) is a lbliar-applied, broad spectrum,

postemergense and prc-emergence. systemic and sclcctivc herbicides. Fenoxaprop-p-

ethyl is beige to brown coarse powder and has a hall'-lil'e ol9 days in the environmenl. it

is l'airly stable in acidic media (pII 3), and in some cases in reutral conditions. and gets

slowly hydrolyzed to the free acid in 30-1000 days. In alkaline mcdia (pH 9), it rapidb'

undergoes hydrolysis in 2.2 to 60 h. The pKa values of the free acid ranges from 2.9 lo

t.4.

fP[ is a mcmber of the Arylox,vphenoxypropionates (AIPP) family of herbicides

including diclofop-methyl, lluazifop-P-butyl and quizalofop-P-butyl which are

con,nronly called 'FOPs'. It is commonly known as graminicidcs (grass killers) and

control annual and pcrennial grasses including wild oat, Italian ryegrass, crabgmss,

goosegnss and bermudagrass in a largc variety of broad-leaved crop planls likc

soybeans, sugar beet and cotton but are inactive to\r'ards other monocots (such as

clayflower species and sedges) and to dicots. Specifically it is used to control volunteer

cereals and other grass weeds in barley, whcat, rye, sunflower, legumes, fodder beet, flax,

alfalfa, strawberries, beetroot. lettuce, spinach, potatoes, cuclunber, peas, fennel tomatoes

and peanuts. It is absorbed by plant leaves, translocated symplastically' and accumulates

in merislematic areas ofthe root and shoot.

1.2.1. Physical / Chemical Propcrties of f€noxaprop-p-ethyl

Chemical Name (IUPAC): (+)-ethyi-2-[4-[(6-c1 oro-2-benzoxazolyl) oxyl phenoxy]

propanoate

Molar Mass: 361.8 g mol-t

Molecular Formula: CrgHroClNOs
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Chemical Structure

CH" Ol'il
-C-COC,H.H-

Solubility (at 20 "C)

Solubility in non-aqueous solvcntsl

Acetone and Toluene, morc than 200 g L-1, Ethanol 24 g L-l, n-hexane 7 g L I

Solubiliq in Water is 0.q mg L-

Trade namc (s): Acclaim Extra. Furore Extra. Cheetah R, and Cheetah.

Rcsidue Levels: European Union (BU), maximum residue level in most crops:0.1 prg

ml-'r. Data about the MRL is not yet provided by thc EPA because the herbicide is

currently under the registration review by US EPA and is estimated to bc registered in

2011.

Modc of action: FPE functjons as an acetyl-CoA carboxylase (ACCase) enzyme

inhibitor. This cnzyme is lbund in the stroma ofplastids and catalyzcs the firsl dedicated

step in de novo fatty acid synlhesis that is the lbrmation ol malonyl- CoA from acctyl-

CoA and bicarbonate depcndent on adenosine l phosphatc. FPE blocks fatly acid

biosynthesis and consequently the production of phospholipids used in building new

membranes essential for cell growth. Within a fcw days alier application, the younger

lcaves of target plants becornc yellow and groMh ceases. This follows dcath ollissue

(iecrosis) within I to I weeks.

1.2.2, Toxicological Prolile

Acutc Toxicity

Oral: FPE is found to have low acute mammalian toxicity with an oral LDso value

2090 mgkg in t'emale wister rate and 5000 mg kg-r in NMRI mice. l,iver toxicit)

linoxaprop-ethyl has been obsen'ed in long-term studies for mice.

of
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Dermal and Inhalation: In mts a percutaneous LD50 value exceeding 2000 mg kg I was

found and cxposurc to dust particlcs ofFPE at a concenlration o1 0.604 mg L I caused no

dcath in a group oftcn rats. It was found slightly initant to rabbit skin and cycs.

Chronic Toxicity

Atrimals: Chronic toxicity studies with FPE have been performed in mice, rats and dogs.

In rats lipid lowering action u'as clcarly obsen ed and liver and kidney werc concluded to

be the targct organs of toxicit-,'. No etlecr lcvcis ()'JEL) ol-80 ppm ( 14 mg kg-' day'r and 6

mg kg-rday-r) for mice and rats and 400 ppm (16 mg/kg/day) for dogs were estabiished.

Humans

Carcinogenicity: Thc most recent assessment in 1998 used an interim Ql (The

Carcinogenic Potential of a Compotmd, Quantiiied by the EPA'S Cancer fusk Model) of

9l \ l0_']t'or FPE which was based on increases in adrenal lumors in male mice lhe

uppcr bo,rnJ rlood nnl) r carcinog<nrc ri.k estimat< r'rc. q.l x I0

Reproductive or Teratogeric Effccts: Teratogenic effects with FPE were canied out in

rats and rabbits. No indication ofteralogenicity at the highest dose used (100 mg kg I dcr'

1) u.as found. The NEL for maternal toxicity was 32 mg kg'l day l, both in rats and mbbils

and for fctotoxicity it was l0 mg kg-r day-r in rats and 100 mg kg'r day-r in rabbits. FPII

was also thought ro have rcproductive toxioily and had a severe efl'ect on motility palterns

ofporcile sperm.

Fate in thc Body: Investigations on rates showed that FPE is rapidly absorbed and

excreted only via urine. Usually 75 % of thc dosed amount is recovcred in the firsl 48

houls.

1.2.3, Environmental Fate

Soil: The acrobic degradation of FPE studicd in various types of soils showed that it

broke down rapidly 1o the free acid which 1'urther degraded by 90 % within 13 to 38 days

and Iro lcaching in the soil was obsened.

Plerts: The metabolism slildies oI IPE in wheat and ce rcveals that the parcnt ester

degrades to its acid lbrm in rvheat which undcrgoes fttrlhcr cleavage to form 6-chloro-

2,3-dihydro-benzoxazol-2-one and also 2-(4-hydroxyphenoxy)-propionic acid in ric'-
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Food Rcsidue: There are no dietary risks that excccd thc EPA's level ofconcem (LOC).

1.2.4, ncotoxicity Studies

Birds:'lhe toxicily ofFPE to four different species, Japanese quail, Bobwhite quail,

Mallard duck and partridge, $'as sludied and jt was found to be low usually about 2000

mg ai kg-r bw and Japanesc quail were the most susceptible ofthe four species studied.

l'ish and Aquatic Life: The 96 hour LCi0 values found for fenoxaprop-p-ethyl mnged

from 0.0975-0.85 mg L-l lbr iish and 0.438 3.18 mg Lrlbr aquatic afthropods. The

maximum acceplable toxicant concentration was 0.064 mg ai kg'l bw for rainbow trout,

based on reduction in gro$th zuld activity.

Terrcstrial Invertebrates: FPE was found of lo\\' toxicity to bees and a difference of

le5s lhan l0 no compared to controls ua, ohserved in a soil respiralion slud).

1.3. Pinoxaden(73-e6)

Pinoxaden is a broad spectmm, post_emergence graminicide used in cereal crops. It is a

member of thc chemical class of 3-hydroxi-4-phenyl-5-oxo-pyrazolines olien simpll

oalled phenyipyrazolines or DENs and is sold worldwide under the trade namc AXIALo.

Pinoxaden is sprayed against a number of annual grass weeds as well grass lbund in

wheat and barley crops.

Pinoxaden being sprayed is absorbcd through foliagc as *ell as roots by the plant and

move bidirectional through the plant body and efliciently inhibits wccd regardless of the

level of dose and the time ol application. Pinoxaden is also active against isoprottuon-

resislant weeds in barley. To ensurc the tolerance of original crops' uheat and barley, a

patented sal'ener Cloquintocet-mexyl is addcd to the fomulation. In addition, an cfleclive

adjuvant is combincd into the formulation to guarantee thc optimum spread of thc spray

on the grass leavcs and to have last uptake olsolution by the leaftissues.

1.3,1. Physical / Chcmical l'ropcrties of pinoxaden

Chcmical name (IUPAC): 8-(2,6-diethyl-p tolyl)- 1,2,4,5-tetrahydro-7-oxo-7H-

pyrazolo[1,2-d][,4,5]oxadiazepin-9-yl 2,2-dimcthvlpropionate

Molar Mass: 400.5 g mol-r

Molecular Formulai Cr:lHr:N:Ol
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Chemicrl Structure

Solubility (20 "C)

Solubility - ln uatcr 200 mg L I

Solubility - ln organic solvents

Acetone (250000 mg Lr), Dichloromethane (500000 mg L-'), Hexane (1000 mg L'1) and

Toluenc (130000 mg Lr)

Residue Lcvclsr 'l-he recornnended maximum lesidue limit MRL is 0.1, 0.01 and 0'02

mg/kg for wheat and barley, milk, and mammalian meat respectively. It is also suggested

that pinoxaden MRLS be sot at ol about 0.04 mg kg'l lbr eggs, poultry meat and poultry

offal respectively, and 3 and 1 mg kg-' for wheat and barley fbrage (green) and wheat and

barlcy straw and fodder (dry) respectivell

Acceptable daill intake (ADI)

Based on a NOEL (No Obsened Effect level) of 10 mg kg-r bw dayr in a 24-month

study in rats and using a 100-fold safety factor the ADI for pinoxadcn was set at 0.1 mg

.tKg ow oay

Acutc reference dosi] (ARiD)

Using a 100-1bld safety factor and the no efiiot levei of 30 mg^(g b day, an ARD of

0.3 mg kg'r b* was established for pinoxade[.

Mode of action: Pinoxaden suppresses the function of acetyl Co-A carboxylase enzymc,

in that way inhibits the l'atty acids synthcsis and hencc the development ofbiomembrancs

in weeds.
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Metabolism of pinoxadcn

Plants: The data found iiom melabolic studics in wheat indicatc that parenl pinoxaden

(M1) is only a minor fraction oI total residucs. Il (M1) undergoes rapid hydrolysis

instantLy after application, to netabolitc M2 (NOA 407854)' M2 undergocs lurther

hydroxylation to lblm M4 (SYN 505164), and by 2l days post-fieatment, the leve]s of

M2 are non-detectable in fodder. M4 is also found to be an importanl residue component

in wheat grain, straw and husks. Metabolism of M4 i'ufiher gives a number ol other

metabolites.

Animals: The metabolism of pinoxaden in animals is rather compamble 10 that observed

in plants. In milk giving goals, metaboliie M2 seems to undergo coniugation with

glucuronide to fo1m metabolite Ml2, and these metabolites (M2 and M12) are the chief

constituents of urinary TRRs. Tissues from goats were found to contain no metabolitc

M4.

1.3.2. Environmcntal F'ate

Pinoxaden being moderately h-vdrophilic and having lou'volatjlity is likel,v to remain in

the soil and water aftcr application coming through spray drili or runoil'. Pinoxaden is

rapidly hydrolysed either abiotically or assisted by microbes, mostly in alkaline media 10

pivalic acid and the diketone which resist fui1her hydrolysis. For pinoxaden thc reported

half-lifc is 17 days at pH 5 and 2 days at pll 9.

Pinoxaden also undergoes photolysis in aqueous mediunr. Photodcgradation seems to be

a minor pathway lor its dcgradadon as comparcd to a rapid (less than a day) abiotic and

microbial hydrolysis.

The diketone moiety bcing herbicidally activc is liable to hydroxylation through

microbial activity under aerobic conditions, but is stable under imaerobic conditions' The

Finai metabolic prodttcts are unextmctable rcsidues and carbon dioxide.

As confimcd by laboratory stttdics, pinoxadcn is reasonably soluble in water and has a

little volatilily thus; volatilization from soil or flora would not be a substanlial mode of

lransport.

2T



1.3.3,'f oxicological profi lc

Acute Toxicity: Pinoxaden has a small acute toxicity in rats, following single dose with

an LDso of>3,129 mg kg I 1br oral and >2,000 mg kg'r for dermal administration. It has a

Io\r' inhalation toxicit"v of t.Cso >5 mg L l. It shou's moderate skin and cyc irritation rn

rahbit. and i. not a skin .<nsitizer tn guinca pig.

Chronic Toxicity: Bascd on a wide range testing on iabomtor,v mammals and in vitro

systcm. pinoxaden showed no significant indication ol carcinogenicity, mutagcnirit).

teratogenicity or reproductive etfects.

Short Term Toxicit): Pinoxaden orally administcrcd at 0. 300,600 or 1000 mg kg-' b\\'

dal,-r tbr 28 days to rats showed drop il1 body *eight gain in males and higher ncutrophi]

and lymphoc),1e counts at 1000 rng kg-r bw day-r. A dose rate of 600 mg kg-r bw day I

and above resultcd in increased plasma Drea and crcatininc levels. higher irlorganic

phosphate and lower chloride ievels. Bilirubin levels were observed to increasc in males

at 1000 mg kg-r bw day'l. At 600 mg kg-r bw day-r and above urinary volume and

ketones levels and kidney and liver ucight u'ere found 10 incrcase in both sexes and also

Increascd frcquency and severity of rcnal tubular atrophy and dilatation and single cell

necrosis was obscrved. PinoxadeD dosage in gclatin capsules at 0,250, 500 or 1000 mg

kg-r bw day'r for 28 days uas given to dogs and high raie of voniting at the dosage ratc

of 500 and 1000 mg kg'l b* ,lay ' were obscrved.

1.3.,1. Ecotoxicity Studies

llirds: Data obtained from standard testing measures showcd that pinoxaden is ncarly

non-toxic to birds administered \{ith acute ortl or subccutc or chronic dosagc.

Concentrations ofl00 and 1000 mg kg-l in the diet in bobwhlte quail and in mallards

respeclively, showcd no effect on reproduction.

Aquatic life: Pinoxaden was Iound to be slightly toxic to fish (Rainbow Trout: LCso:

5.6 mg L1, 96 h) and aquatic invedebrates (Water flea: ECso = 3.2 mg L'1, '18 h; upon

acutc or chronic exposurc. but highll toxic in formulation folm. Iechnical pinoxaden was

lbu11d to have slight to moderale loxicity to algae (Green algac: EbC50 -'1 6 n1g L'r, 72 h,

ECsu = 9.7 ^f t't . ra h) and duckweed.
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Iloney bees, earthworms and soil microbesl Based on standard tests, pinoxaden \\'as

found to be nearly non-toxic to eathworms, honey bces and soil microbes. Pinoxadcn in

Iormulation form was found more toxic to honeybees and ioxic to earthq'orms and

showed no toxicily to useful arthropods like parasitic wasps, green lacewings, predatory

mites and rove beetles when exposed to dried Ioliar dcposits.

1.4. lsoproturon (e7 ro7)

lsoproturon (lPU) is a member ofphenylurea herbicides (PUHS) introduced in 1960s. It is

selcctive ard systemic and is uscd to control annual grasses (wild oats, silky bent grass'

ray grass, black grass, annual meadou' grass) as well as broadleaved weeds in a variety l)1'

crops, fiuits and vegetablcs, including u'heat, winter rye, barley, citms, asparagus, bush

iruits and titicale ctc. 11 is applicd both for pre- and post-cmcrgence cootroi oI crop and

noncrop weeds.

1.4,1. Physical / Chcmical Properties oflsoproturon

Chcmical Name (IUPAC): 3 -(4-isopropylphenyl)- 1, 1-dimethylurea

Physical state: Colourless crystals

Molar Mass: 206.3 g mol-r

Molecular l'ormula: C rzHr sN:O

Chemical Structure

I cH,
Hll /
N-C-N

\
CH:

Solubility in non-aqueous solvents: Acetone 38 g L-r, Benzene 5.0 g L1,

Dichloromethane 63 g L-r, Methanol 75 g L-r, n-hexane 0.2 g L-r, Xylene 4 0 g L I

Solubility in watcr: 72 mg L-r

Trade namc (s)l lpuron, Alon. Guidcline, Panron, Passport and many others'

Rcsidue Levels: Euopcan flnion (EU). maximr.mr admissible concentration in drinking

water : 0.1 pg L'r; UK/liC standards, maximurn residue limit in most ccreals = 0-05 mg

Kg'

H,C.
\
CH

/
H:C

Solubility (at 20 "C)
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Mode of action: Isoproturon acts by inhibiting electron flow in photosystem Il oflhe

light reaclion of photosynthesis. However, it kills plants too rapidly 1() be explained b-'-

inhibiting energy production via photosynthesis (stan'ation). The production of licc

radicals, resulting in blocking normal electron flow in photosystem Il, is most probably

responsible for thc speedy plant kill.

l.{.2. Toxicological Profile

Acutc Toxicity: Isoproturon is rcponed to have lo\.v acute oral toxicity in mammals. Olal

LD50s arc in range of 1826-3600 mg kg-r ofthe body weight lbr various species. No

cvidences of skin and eye irritation or sensilization aiier constant dermal exposure of

isoproturon have been documented. Based on a 90-day dietary study in rats and beaglc

dogs it was observcd that amimals gctting 400 mg kg-' and higher dose cxhibited a

reve$ible rise in liver weight, induction of several hePalic enzymes and propagation of

the smoolh endoplasmic reticulum in hepatocytcs. A1 a dose ntc of 2000 rng kg-l

revenible haemolytic anacmia was obsen'ed. The NOAEL (no-observed-adverse-effcct

level) was 80 mg kg-r and 50 mg kg-r for rats and dogs respectively.

Chronic 'foxicit) i Rats were dosed with isoproturon a1 concentratioDs of 0, 80, 400, or

2000 mg kg I 1br 10,1 or I 15 weeks. At the highest dosc an increased livcr weights, scrum

enzymc activities and cholesterol values indicating hepalic enzymc induction and

marginal reduclion ofall red blood cclls rvere obseNcd.

Reproductive toxicity, embryotoxicity and teratog€tricity: lsoproturon u'as not lbund

to be teratogenic in rabbits or rats at doses up to 25 or 100 mg kg-l of body weight per

day respectively. In a lwo-gencration stLldy, rats were l'ed isoproturon at concentralions of

0, 80. 400, or 2000 mg kg I ofdict per day. Ilighest dose resulted in significant symploms

of loxicity to the parents and pups Matcrnal toxicitJ' rcsuhed in reduccd litter siTcs and

numbers of implantations. A minor retardation of bod)- u'eight gain was also found in the

group receiving 400 mg kg-r of diet. A NOAEL of 80 mg kg I of diet was identified rnd

no el'Gcts on fertility, reproduction or sexual maturation were observed.

Mutagenicity: A number of in vitro and in livo shorl-term tests for mutagcnicil\ ucrc

conclucted on isoproturon which sho$'s that it is not mutagenic in bactc al, eukary.'tic. "r
in vitro and jn vivo malnmalian lest systenls.
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Carcinogenicitl: No signal of carcinogenicity, hcpatic cnzymc induction or increased

livcr wcights was scen in a two ycar study ofisoproturcn in CD-l micc. In addition a t\r'o

year dietary study in Sprague-Dawley rats, it was lbund to cause an increase in

hepatocellular tlunows at doses above 80 mg kg_t. Bascd on these evidences isoproluron

may be regarded as a tumour promoter.

Effects on humans: A three year study rlas conducted on a group of workers employed

in various parts of the manuircturing process. Anal)sis of urine and blood showcd no

paihological defects in the periphcral blood counl or any indication of haemol;'tic

anaemia.

Fntc in the Body: Isoproturon is quickly absorbed u'hen givcn orally. Accumulation of

isoproturon in any organ or tissue has not been roportcd and dist bution is rapid.

Experiments on rats show that it is quickly metabolized in the body via the major paths

being N-demcthylation and oxidation of the N-mcthyl groups and isopropyl moicty

lbllowed by conjugation reactions. The N-hydroxymethyl de vative of substituted urea

has not been identified, though this comporurd may be formed at a low concentration as a

short-term intemcdjate. All these metaboliles arc rapidly eliminated in the u ne.

1.,1.3. Environmental Fate

Soil: Isoproturon undergoes enzymatic and microbial demelhylation at the urea nitrogen

and hydrolysis of the phenylurea to form 4-(2- hydroxyisopropyl) aniline Under field

conditions, its halflife is about 40 and 15 days in mild and humid climates respectively.

water: In water, it is l'airly stable and undcrgoes hydrolysis slonly; thc half-lif'e is about

l0 da)-s.

Photodegradation: lsoproturon go tluough photochemical degradation to a varicty ol

products which includes 3-(4-isopropylphenyl) urea, 3-('1-isopropylphenyl)- 1-

methylurea, 4, 4-diisopropylazoxybenzene and 4, 4-diisopropylazobenzenc.

Environmental levels and human exposure: Due to low vapour pressure and sho half_

life of isoproturon in soil. the risk oI human exposurc tiom air is insignificant Water

resourccs may bcconre polluted with isoproluron from manufacturiDg units' ef'fluenls and

ag cultural runot.f. For the general poPulalion, diet is usually not considered as a major

source of exposure to isoproturon.
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1.,1.4. Ecotoxicity Studics

Birds: ln an assessment of acute toxicity of isoproturon to pigeons irnd domestic quail,

based on thc moftality data. the LDio was found to bc more than 5000 mg kg-r for

pigeons and 8400 mg kg I lbr quails.

Fish and Aquatic Lifc: tsascd on the estimation of acute toxicity of isoproluron to

rainbo$,trout fish, irrcgular respiration rate, mycoid discharge and flatulence at l7.i mg

L-r and loss of equilibrium and righting reflexes were observed at higher concentration.

'l'he 90 hour LC5o, NOEC and LOEC &ere calculated tobe37.22,9.5 and 17.1 mgLI

rcspcctivcly.

,A.rthropods: Iror honey bees the reported acutc oral toxicity, LD.o is 195 pg bee'r and

thc acutc contact toxicity, LD;6 is 200 pg bee'l.
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LITERATURE REVIEW



Sun ct al (1) described a cheaper and laster reverse phase litluid chromatographic method

for glyphosate and its byproduct aminomethylphosphonic acid (AMPA) determination in

water samples. The determination involves derivatization with 4-methoxybenzensulfonyl

lluoride. The limil of deteclion. \r'ith simple pre-concentration, for both the analytes was

lbund to be 0. I ug L-r, which testifies the sensitiviry and authenticity of the method.

See et al (2) explored a fast and direct quantification method for glyphosale and its

mctabolites, glyfosinate and amino methylphosphonic acid in drinking water. The method

involves online pre-concentration that lbllows capillary electrophoresis (CE) $'ith

capacitivity coupled contaclless conductivity detection (CFl-CrD). Two different pre-

concentralion procedures, onc iffgc volume sample stackilg without polarity su'ilching

and the other field-cnhanced sample injection coupled with (CE-CaD) were employed

and optimized. With the formcr method, under optimized conditions, detection limils

ranging from 0.001 to 0.1 mM with,18-53 fold higher sensitivity were obtained. Using

the latter procedure, LODs as low as 0.0005-0.02 mM \'ith 245-1002 time enhanced

scnsitivity was achieved. Both practiccs exhibited adeqLlate rcproducibility with relative

slirndard dcviation more than 10 0/u. The proposcd methods were employed lbr assay of

glyphosate and its metabolites in control samplcs oftap water.

Glyphosate and glulosinate herbicides were directly and quantitatively detemlined b) a

oheaper, fast, sensitive and simple amperometric method presented by Songa et al (3).

Nanopafiicles; pol,v (2,5-dimethoxyaniline)-poly (4-st,vrcnesullbnic acid) (PDMA-PSS)

rvas produced and characterized eleclrochemically b)' c-vclic voltammctry (CV) and

Scanning electron microscopy. llhe nanoparticles were uscd lo modify the surface ol a

rotating gold disk electrode. On thc modified surface of the elcctrode the cnzyme

horscradish peroxidase (HRP) was electrostatically immobilized to assemble a

nanobioscnsor. The main principle of the method l\'as to fiDd out the sensor response to

glyphosate and glulbsinate by amperometric means. Prior to idcction oI the analyte into

the electrolylic solution, the enzyme activit! u'as measurcd by using hldrogen peroxide'

Ihe enzyme electrodc was used for ovel 60 measurements as it \r'as stable lbl long- The

technique was applied to spikcd com sampLes with concentration ranging from 2-78 prg L'

l. signifying the sensitivity ofthe biosensor for residue dctection in corn. The LODs werc
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lbund to be 0.1pg t,'r for bolh gl)?hosate and glufosinate, based on 20 [L sample

injection volume, u'ithout any nccd of pre-concentration or sample clcan-up.

Zelcnkova and Vinokurova (4) repofted an ion-exchange liquid chromatographic process

aimed at the separation ofglyphosate and its microbial N-acylated derivatives. Repro-Gel

H column coupled to UV dctcction was used for elution. l'hc elution order of the

compounds \yas related with their structures. The limit ofdctcction (l-OD) determined in

ng at 210 nm $,as 30 for glyphosate,43 1br sarcosine. 30 for glycinc and 45 lor

aminomethylphosphonic acid. LOD f-or methylphosphonic acid was found to bc 1,1 pg-

't LC with silica gel plates and isopropanol-5 % aq NHl (1:1) solvent system was used for

scparation ofglyphosate and its metabolites.

Hanke ct al (5) reported a nethod lbr glufosinate, glyphosate and

aminomethylphosphonic acid (AMPA) detem nation in watcr samples. The method

involves dcrivatization with 9-fluorenylmcthvlchkrroformale (FMOC-CD. solid phase

extraction and liquid chromatography fbllowilg electrospray tendem mass spectromety

(ESI-MS/MS). Organic solvent content, retention time and amount of FMOC-CI u'cre

optimized for cnhanced sensitivity. 100 % yield for the derivatization reaction \ as

obtained within 2 hours in ground \\'ater and surface water samples using 10 %

acetonitrile conlents. Solid phase extraction of 80 mI- sample over 200 mg Strata-X

cafiridgcs was executed ncxt to a twolbld dilution, where lo$' acetonif.ile conlcnt

allowed eflicicnt extraction. The extract $'as rinsed on the SPE cartridge with

dichloromethane to lessen the load of the by-Products consequents to derivatization (e-g.

I'MOC-OH) on thc LC column and mass spectometcr. In order to minimize the anallte-

metal complexalion, IIDIA was added and the sample tas acidified. the limit of

quantifioation (LOQ), by the proposed method in ng I--1 u'as 0.8, 0.7 and 2.3 for AMPA,

glyphosate and glufosinate rcspectively. LOD found out lbr both glyphosate and AMPA

was 0.2 ng L-r and for glulbsinate it was 0.6 ng L-r. The recoverics trom spiked surface

and ground water samples ranged from 9l-107 o/o at2.0 ngL't spiking level.

Hu et al (6) described an easy approach for determination of the rcsidue o1'glyphosale in

soil. Ammonium hydroxidc (2.0 M) was employed tbr the extraction of residue from soil

mairix. lhe extracted residuc was derivatized with trifluoroacetic anlrydridc and
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trifluoroethanol followed by assay oD capillary gas chromatoglaphy using nihogen

phosphorus detector (GC-NPD). The results were in agreement with one obtained using

gas chromatographic mass spectroscopic (GC-MS) analysis. The detection ard

quantification limits u'ere observed to be 9 , 10-12 g and 0.01 mg Kg-r rcspcctively. with

an average recovery il1 the range of 84.4-9,1.0 o/o and a relative standard dcviation in the

range of 8.1-13.7 o%. These results confom to the method validation dircctives lbr

rcsidue analysis. Glyphosate dissipation rates and residue levels were effectively

derermined in the soil lrom an apple orchard hy u.ing rhe proposed mcthod.

A novcl high performance cation chromalographic lechnique coupied with inductively

conpled plasma dynamic reaction cell mass spectrometry 0CP-DRC-MS) was presenled

by Popp et al (7). This approach involvcs simulianeous assay of glyphosate and its key

mctabolite, aminomethylphosphonic acid (AMPA) and is based on measurcment of

phosphorus atom of the analyte molecules as slPl6ot fragment using 02 as reaction gas.

To achicvc the European Union permissible limit of0.l pg LLfor glyphosate in surface

and drilking rvater, a l\fo-stcp enrio]unent proccss $as employed using Chelex 100 and

AGI-X8 resins before HPICICP-MS aralysis. '[he method was applied to selccted

Austrian river latcr samples and concentration of 0.67 pg L I of glyphosate and 2.8 pg

l--l of AMPA were found.

Teolllo et al (8) described a voltammet c method using hanging mercury drop electrodc

(HDMll), optimized by cxperimental dcsign 1br glyphosate determination in water, soil

and vegetable samples. The DPV variables optimized were pulse interval, pulse

amplitude, voltage stcp, concentmtion ofthe supporting electrol)'te and voltage slep timc'

These effects were asscssed by choosing 2'' l'actorial design and three most impoitant

factors were investigated which were then evaluated by cenfal composite design. Ihe

working range was lbund to be 0.05-100 mg I--r and the LOD and LoQ achievcd *ere 1'1

pg I-'r and 48 ptg L'1 respectivcly, under thc optimized conditions. Aftcr purilication rvith

an ion-exchange resin and de vatization, the optimized method was effeclively used to

detcrmine glyphosate in vegetables. soil and water samples.

Ibanez et al (9) investigated an analytical technique for residue quantification ol

glyphosate and aminomethylphosphonic acid (AMPA) in watel samples within a Round
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Robinson S1udy. The sensitive, llne-1uned, aocurate and explicitly established method

being previously authenticated in various water samplcs involvcs onlinc solid phase

extractionJiquid chromatography coupled to electrospray tendem mass spcctrometr)'

(SPE-LC-ESI-MS/MS). Acceptable results were acquired in all cases except for

glyphosate in ground water samples where in spite ofusing isotope-labeled glyphosatc as

internal standard, only 15 % rccovcry was achieved- The method was modificd b1

acidil,ving the sampic with HCI to pH 1. This lbllo*ed samplc ncutralization and instant

dcrivatization wifi g-iluorenylmethylchlorolormate (|MOC) p or to [,C-MS/MS assay.

This approach was applied to investigale glyphosate and its derivatives in Round Robin

Study water samples with an enhanced reco\ery up(o L)8 u.. The reason tbr the low

recovery was cxplained 10 be of kinctic nature and may be due to chelate fomation

betueen glyphosate and components in thc matrix u'hich prevcnt glyphosates'

derivatization and hencc analysis. The mcthod was also applicd to re-assess previously

imalyzed \?ter samples ftom Mediterranean area of Spain and glyPhosate was found in

highcr concentration ranging from 2-14 times in most cases.

Glyphosate and aminomethylphosphonic acid (AMPA). nith a concentration ransjng

lrom 0.1-500 pg L l, was dctermined in a number of aqueous media; being diffcrcnl in

fieir ionic composition using an extraction and cnrichmenl method desc bed by Corbera

et al (10)- The proccdure aimed at the evaluation and comparison of two anion-exchange

resins; the microporous Amberlile+[RA-4i 6 and thc macroporous Amberlitel-lRA-9o0

and commercial silica modified carlridge ISOLU'I E-NHr. Thc effect of various

parameteN like volume composition, flow rate of elucnt, volumc of sample.

coDcentration and porosity of sorbent were optimized and then employcd for the rccovery

of thc analyte from the fortified natural \r'ater. lhe anallsis involves pre-coluirn

derivatization using 9-fluorenyl methyl chloroformate (l'MOC-CD followed by HPLC

dctermination with lluorescence detection. Glyphosate detemination at a level of 0.1 Ag

t- | was facilitated by protonated ISOLUTE-NH, cartridge, $ith an cnrichment factor tlp

to 125. With an RSll value, loss than 10 % for both glyphosate and AMPA, recovery

ratcs of 99 oh and 7'l ya wcre achrevcd, respecti!cl). u\ing rhc AmberlircD IRA-900

mabroporous rcsin.
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Khrolenko and Wieczorck (1 l) described a.method for the eflicient extraction of AMPA

and its parent compound glyphosate from juices (apple, orange, black cu ent and grapc

fruit) using supporting licluid membrane technique (SLM) fo)lou,ed by deri!atization with

p-tolucncsulphonyl chloride (TsCl) and detection \\'ilh HPLC-UV. The elfect ofdillerent

factors like concentration of anallte, flo$, mte and acceptor phase composition on tbc

extraction procedure and exlraction el'llciency was investigated. It was lbund that an

improved level ofdetection can be accomplished by proper handling of SLM paramctcrs-

Ily employing thc optimized conditions glyphosate and AMPA were lbund in juices at a

lower concelltration range of0.025 mg Ll with recovery of '71.1,72.1-93-6 and,1r,.-'1 Yo

lbr glyphosate and 64.1, 64.6. 81.7 and 89.27 % for AMPA from orirnge, grapc t'ruit.

apple and black current juices respectivcly. These results indicate thc applicability of

SLM cxtraction ofAMPA and glyphosate pre-concenffation from complex liquids.

Cuo et al (12) described a trace analysis technique lbr quantifioalion of glyphosate ancl

phosphates based on ion-chromatography-itductively coupled plasma mass speclromctry

(lCP-MS) detection. The analycs were sepanted on a polymer anion-exchange column

(Dionex lonPac A516,4.0 mm r 250 mm) \&ith a 20 mM cit c acid solvent s,vstem at a

flow rate of 0.50 ml min-r lbllowed by direct and selective detection by ICP-MS at m/z

:31 . The influence of various variables on chromatographic bchaviour and ICP'MS

features was investigated. A linear calibration cune wits found up to '100 [g t.'r uith a

limit ol dctection of 0.7 pg Lr, for both glyphosate and phosphate, bascd on 500 trrL

sample injection volume. The interf'erence cffect ol AMPA, polyphosphatcs. non-polar

and olher polar pcsticides containing phosphorus, matrix anions like ci oridcs. nitrrtec,

sulphate and nitrites etc. and metallic ions on the chromatographic behaviour ol the

analyte was studied and no interference effecl on the analysis was scen. The rccolery

liom spiked samplcs of certificd relerencc material, resen'oir watet. Ne$aler and

drinkirg $ater gave reasonable results in the rangc of 97.1-107.1 7o widr a relativc

standard dcviation of::7.'1yo lor triplicate analysis. lhe developcd method based oD ICP-

MS is beirg claimed to be simple, sensitive and does not rcquire de vatization, eluent

condu.li\ it) suppression and fre-concenlrrlion.
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In order to have improved sensitivity, Corbera et al (13) slighdy modified thc already

available approach for gl)phosate and AMPA determination based on capillary

electrophoresis (CE). Pre-concentration step was introduced prior to CE analysis, becausc

the detection limits found out (5.0 [g ml-r and.1.0 pg ml'l for glyphosate and AMPA

rcspcctivcly) u,ere still not reasonable- Preconcenffation of thc analytes in environnental

aqueous samples was achieved with Amberliteo IILA-900; an anion cxchange resin. The

already optimized conditions were revised except the elucnt volume which was decrcased

as limited by CE. The method was applied for rccovcry from control samples ofultrapure

water and recoveries in the rarge of 84-87 % (RSD < 6 %) and 85-98 % (RSD < 5 %) for

glyphosate and AMPA respcctively, were achieved with an enrichment faclor up to 65.

,\pplying this approach AMPA and glyphosate conccntration ol'60 ng ml-r and 85 ng

mLr conespondingly, was achievcd. Four natural water samples, with variablc

conductivity, were analysed and va ation in the extraction efficicncy, especially thi-

stroflg dependence on ionic strength of sample on AMPA was observed ln case 01'

sanrple of medilun and low conductivity (0-800 pS) recoveries in the range of 86-99 %

were achieved for glyphosate. Whilc studying the iDflucnce ofsample salt conlents on thc

cfticiency of extmction. a linear corclation rvas obsened tbr AMPA (r'::0.996). An

improved recovery was observed with the use of lower volume of sample A comparison

of the CE method based on statistical /-tcst and F-test was made using IIPLC-UV

nrethod, which shows no significant dillerences in the results.

Satarpour and Asiaie (14) reported a capillary electrophoresis-mass spectrometry (CE-

MS) approach lbr the rapid assay of glyphosate in a selectcd dried granule (DG)

tbrnulation. A barc fused-silica capill,lry column, run in the rcversed phase mode was

employed Ior separation puposc, using ammonium formate buffcr pH 2.5 AntODof10

ng ml-r\&as achieved with less than 10 minutes total analysis time.'lhe rapid. sclective,

and sensitive CE-MS method involves minimun sample handling- The method was

provcd to be ideal for cross contamination studies in commercial lbrmulations.

Maras et a] ( 15) proposed a fluoimetric approach for determination ofglyphosate and irs

p mary metabolitc. AMPA. I'he method is based on de vatization with 4-chloro-7-

nitrobenzofuraz an (NBD-CD at 90 "C under hasic conditions in methanol. The binary
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mixture ol the lwo analytes $as resolved by panial leasi square (PLS) multivadate

calibration- The linearily ranges olthc method were found 11) be 10'150 prg I-r and 10-

200 Fg L-r for glyphosate and AMPA respectively. l'he luminescence data ofthe product

formed was used as a function of concentration of the analytes for calibration curve,

using three dimensional excitation emission matriccs. The analytical capacity of the

multivariate calibration method, partial least squares type 1 (PLS-l) on 1wo spectral data

sets. s,ynchronous and emission spectra were compared. The PLS-1 applied to fie

emission spectra \\,as chosen as optimum. Glyphosate and AMPA in river watcr were

simuhuuleously detennincd by applying the proposed method. Recoveics rzurging from

83-94 % and of 104-120 70 for glyphosate and AMPA correspondingly were achieved for

concentration range of 100-600 prg L I ofeach analyte.

An HPLC method for dctermination of glyphosate in plant material and water was

repofied by Nedelkoska antl Lou' (16). 'lhc approach is based on pre-column

dcrivatization with g-Iluorenylmethyl chlorolbrmate (!MOC-Cl) employing polymeric

amino columns for uater and plant material assay respectivcly. Also new findings about

the optimization of the chromatographic behaviour of glyphosatc and AMPA on d1e

columns. and that ol the derivatization reaction wcre described. Use of single polymeric

amjno column and 55 % (v/v) acetonitrile and 50 mM phosphatc buflir at pll 10 was

invcstigated to bc the paranount IIPLC conditions fbr separation purposes. ln order to

validate thc method, ten spikeci rain *atcr samples at a concentration levcl of 1.0 gg L l

\\ere assayed. 1'he average recovery of 94 % with RSD of 5.'1 % and method LOD of

0.16 pg L' was found. Intcrfercrs-free glyphosatc was effrciently seParated tiom plant

material by HPLC technique employing two polymeric amino columns joiled through a

su,itching valvc. Grass samples spiked wilh glyphosate at a concentration level of 1 0 mg

Kg-r wcrc analyzed as a validity check. liccover), of 82.4 % (llSD ' 10.3 %) and a

method limit ofdetection of0.l mg Kg I was achieved.

Kudzin e1 al (17) proposed a new method lbr simultancous investigation of bioactive

aminoalkanephosphonic acids including glyphosate, phosphonosarcosiDe, phosphono-b-

alanine, phosphonoglycine, phosphonohomoalanine, glufosinate and phosphono-g-31

homoalanine. 'I heir approach involves lrP NMR analyses ofthesc amino acids iollou'ed
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by their derivatisation with t fluoroacetic acid-trifluoroacetic aniydride-trimethyl

orthoacetate reagent to phosphilates. The phosphinatcs were subsequently assayed by

MS and/ or GC-MS (electron impact ionization and / or chemical ionization).

Goodu,in ct al (18) reported a lechnique based on capillary electrophoresis coupled to

mass speclrcmetry (CE-MS). The method involvcs simple microelectrospray interface lor

the simultaneous assay of glufosinate, giyphosate al1d their metabolites; aminomethyl

acid and mcthyl phosphonicopropionic acid as the innate spccics. 1he interface is aimed

ro cause separation and produce the clcctrcspmy by thc usc of voltagc applied to CE

capillary and to avoid sample dilution accompanying the shealh liquid interface. ln order

to successlully operate the interl'acc, thc capillary should be appropriatell chosen as its

chemical make-up strikingly aftbcts thc pcak shape. One that gives best reproducibility is

a linear polyacrylamide coated capillary. lt has accurate migratioD time and pcak area

ranging from I to 2 and RSD 7-12 %, lbr the four anall'tes. Compared to two earlier

methods this technique exhibit better limlt of detection, Iow-pg ot]-column and linear

calibration cLLrve over thc concentration rangc of 1- 100 mM u'ith a corrclation coeilicient

valucs above 0.97. For glyphosate in water ihe obscrred limit ofcletectron Ls L0 mM and

lin \\'ater-acctone exract of whcat. it is 2.5 mM *hich allou's the detection 01- noD-

dcrivatized herbicide in wheal at 10 % ofthe marimum residue limit.

Sparacino atd I'homas (19) described a rugged doublc column LC approach lbr'

glyphosate analysis in grourd water. l he basis of the nethod is a lbrmerly rcported pre-

colunrn l'luorescencc derivalization and it involves ihe usc of a shorl pre-column cartridge

and a convcntional reverse phase column. Thc precision of the mcthod 1br the scrcening

analysis was found satislactory (RSD: 13.1 %). ]'his melhod was used to study a large

numbq of pond watcr samples employing the same analyical column without any

reasonable cost of column efficacy. Thc proposed lechniquc is claimed to bc rohust and

elljcient for glyphosate dctcrmination in ground \r'aler samplcs.

Kudzin et al (20) investigated an innovative methodology for the dctermination of

glyphosate, aminomctl, ylphosphonic acid, methylphosphonic acid (MPA) and N-mcth)l

amino-methylphosphonic acid (MAMPA) simultiureously. The method involves an initial

llP NMR analysis ofmixture ofthe above stated analltes follo\\€d by their derivatization



with trifluoroacetic acid-t lluoroacetic anhydridc-trimethyl odhoacetate reagenr to

volatile phosphonates. The product formed uas detected by GC-flame ionization

detection (FID), MS [chemical ionization (CI) MS, GC-CI-MS and GC-electri)n impa(l

ionization MSl. The detection limits lbr all the analytes were investigated using GC-CI-

llfS and GC-FID. For glyphosatc and its mctabolitcs the calibmtion cunes (GC-FID)

rl'ere linear itr the concentration rangc of 0.1-100 nmol and sufficicntly rcproducible for

quantificalion purposes. Recoveries greater than 95 o/o were lbund out for the

invcstigation of spiked water samples.

Chang and Liao (21) developed a capillary electrophoresis-indirect fluorescence

tcchnique for simullaneous detemination of glulbsinate, glyphosate and

aminonrethylphosphonic acid. lhc assav involves the separation of the three anal)tcs

with 1.0 mM fluorescein at pll 9.5 by CE in llve minutcs coupled wilh indirect

fluorescence detector. The method was used for the quantilication of glyphosate and

glufosinate in commercial fomulations in pM range. Prccision ol migration time and

peaks less than 1.7 Yo and 7.4 o/o conespondingly were lbund. Ground water samples

were also assayed by this approach.

Sato e1 al (22) explorcd a lasl and pmctical approach Ior direct dctection of glyphosate.

glulosinate and bialaphos. lhc method is based on anion-exchange chromatography

coupled to integrated pulsed amperomctric detection (IPAD). Oxidation of the amino

group in the chemical structure of thcse analytes exhibits catalytic curent which is

responsible for their electrochemical nature. In alkaline medium adsorptioo/desorption

catalytic characteristics al gold surface, based on thc Wavelbrm in IPAD. similar 10 that

lirr amino acids, \\,ere obscn'ed. The dctcction limit (signal to noise ratio = 3) for

glyphosate, bialaphos and glulbsinate was found to be rcspectively,50,65 and 25 ng mL

I. The 12 values of 0.996, 0.997, 0.995 were lbund over a concentration range of 0.1 50.

0.3-32 and 0.1-45 ng ml-'l respectivcly, with RSD (n:5) in the range of 1.7-3 0 o/0. Urine

arrd serum samples were analyzed for glyphosate by successful apPlication of lhe

proposcd method.

A microcolumn liquid chromdtographic (pLC) and capill.try elccirophoresis (CE) nethod

lrith online flame photometric dctcction (IPD) was repo(ed by Hooijschuur et al (23)'
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The method was applied lor glyphosatc and its metabolites' detemination of in water,

liuit and vegetable samples.-l'hc limit ofdelection for glyphosate and its metabolites like

aminomethylphosphonic acid, ethcphon and iosetyl-aluminjum was in the rangc oi 7.5-

500 ng ml-r. l,OD for RP-HPLC assay ofacephate was 1.0 prg mL 1. In both the methods

a simple large-volumc injection procedurc was used.

Borjesson and Torstcnsson (24) describcd a neu'technique for determination of

glyphosate and its degradation moietyi arninomethylphosphonic acid in soil and ground

watcr. The method is based on ligand cxchange and anion exchange lbllo*ed b1

derivatization and final quanlilication and identiicafion by GC-MS. The LOQ for both

compounds in soil and water samples \r'ere found to bc 0.006 pg g-rand 0.1 ug g"',

rcspectively.

Zhu et al (25) reported an ion chromatographic mcthod with suppresscd conductivjty

detection (l)X-100) Ior glyphosate delennination. A mixrure of 4.0 mmol Lr sodium

hydroxidc and 9 mmol L1 sodium carbonate was used as elucnt. A linear rangc, 0.042-

100 pg mLI nith a limit ofdetection 0.042 pg mL I (Sn'J:3), rclative stalldard devialion

1-99 yo al11d corelation coefficient of 0.9995 u'as achieved. The interference effccl of

common inorganic ions and organic acids rvas studied and found to be negligible. The

mcthod gi!es r(co\cric. in lhe range of'ro.-l I01.2 oo.

Shah et al (26) dcscribed a simplc method, based on spcctrophotometry for in!estigation

of fenoxaprop-p-cthyl herbicide. l'he method involves acid hy&olysis of the anal]'te.

Hydrolysis leads to the fotmation of two products; elhyl 2-(4-hydroxyphenoxy)

propionate (BHPP) and 6-chloro-2, 3-dihydrobenzoxazol-2-one (CDHB). The latter \'vas

used in azo dye fomation as coupling reagent. Maximum absorbance at 430 nm \&as

ohser\ed for thc azo dye. Undcr the optimizcd parameters a linear curve mnging from 0.2

to 25 pg ml.-r \\,ith mol.u absorptivity of 1.4 , lOa L mol-rcm-r \&as observcd. The

detection and quantification limils found $ere 0.029 and 0.098 pg mL-r, accordingly. By

applying this approach to ag cultural samples, recoveries of95-97 7o were achieved.

Mojtahedi ct al (27) reported enalltiomcric separation ofthree contaminanls; i'enoxaprop-

p-ethyl, haloxyibp-mcthyl iurd indoxacarb on crystalline degradation products-stationar)



phase (CDP-CSP) ofhigh performance liquid chromatography under reversc and normal

phase. A mobile phase consisting of n-hexane wjth alcohols including isopropanol and

methanol as polar modifiers was used in normal phase mode u'hile methanol with

different ratios of triethylammunium acetate was used as eluent in reverse phasc mode.

'lhc cffcct ofthe concentration of aDalyte, particle size of silica gel (10, l5 and 30 gm)

and flow rate (0.3-0.9 ml min-l) was found or.rt. Outstanding stereoselectivity for the t\\'o

enantiomers of haloxyfop-methyl and fenoxaprop-p-ethyl and chiral identification for

indoxacarb under normal phase mode, *as exhibited by the ne'r'chiral stalionary phase,

though simply indoxacarb was separated with separation factor n < 1.5 employing revcrse

phase.

Ascenzo et al (28) described a sensitive method for invcstigating arylphenoxy propioni(

acid herbicide in environmental water samples, based on pneumatically assisted

electrospray (FISI) liquid chomatography-mass spectrometr-v (LS-MS). ln this approach

1.0 l- of surlace water and 2.0 L of drinking uater sample werc passed through a 0.5 g

graphitized carbon black (GCB) cart dge. The analltes wcre then ckomatographed with

a traditional RP-LC Cr* column (4.6 mm i.d.). with a llow mte of I mL min-r of the

eluent. A llow of 200 pL min-r of the eluate was dirccted to the ESI source being

operative in positive-ion mode for neutral analyes and in negativc-ion mode for acidic

oncs. In order to optimize the ion-signal. the acid concentration in ihc mobile phasc was

scanned as a function of thc signal of llSI-MS detector. A linear curve in the

concentration range tiom 1.0 to 200.0 ng uas eslablished. Applying the method to

clrinking &ater samples, recove es ligher than 91 o/o and an LOD of3-10 ng L-r were

achieved for all herbicides.

Balinova (29) described an approach to detemine |cnoxaprop-p-ethyl and ils nrain

degmdation product, fenoxaprop. The Preconccntration of the analytes u'ctc carried out

b,y C18 solid phase extaction using two diiGrent procedures; ion-pairing by adding

tricthylamine and ionization suppression at low pH. Separation and detection of the

analltcs $,as caried out by HPLC'IIV system at 240 nm, along with ion-pairing elution

on a C-l8 reverse phase column. Various parameters like sensitivity, repeatability and
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linearity of th(] tcchnique were assessed. The method showed sufficiently low detection

limit.

Celi et al (30) reporled an approach for fenoxaprop-p-eth1l and linoxaprop residue

dctcmination in soil samples. Ihe tcchniquc is bascd on two extraction procedures. In

one approach 0.1 M hydrochloric acid/methanol and exlraction u'ith dichloromethane and

in the other, ethyl acetate was used for exlraclion. Alumina or llo sil cartridge was uscd

to clcansc the extract followed by RP-HPLC with UV detection at 280 nm. The

combination of alumina clean-up and ethyl acctatc cxtraction showed best results.

concerning recovcry, clean up elliciencl and impartiality of soil oharaetenstics.

Recoveries higher than 70 lo and a detection limit of 0.02 mg Kg-r soil was lound out

using these coDditions.

Dctails lbr an analltical method employed to determine pinoxaden herbicide's

metabolites M2 and M4 in plant stuffs *ere described in a public release summcry (31).

Il'ris approach comprises olacid digestion ofthc homogenized sample (1.0 M HCl, reflux

Ior 2 hours) that follows residuc extraction with acctone/diethyl ether/dichloromethanc

(3:7:40). This follows clean up on SPE cart dge and detcction with two-column HPLC-

UV system at 223 nm and 243 nm for two dilTerent analltes. An anal)'tical approach to

determinc pinoxaden degradation product M4 and M6 in animal commodities I'as also

discussed. llcre the acid digcstion and clean up procedures lbllowcd were as abovc with

dcterminalion by I tPLC with t\\'o column switcling tcchnique and tendcm MS detection

(LC-MSMS). l he detection conditions: multiple reaction monitoring-m/z 33-i 303-

positive mode for M4 and multiple reaction monitoring-m,/z 345-175, negative mode tbr

M6 were used during the analysis.

Zhao el al (32) described an clectropolymerization technique lor the detcrminalion of

isoproturon. The method involves preparation of molecularly imprinted films (MII) on

gold electrodc under weakly acidic conditions of pH 5.5. A study ofthe perloinance and

the selective response to possible structurally similar interferents and imprinting cffects

were carried oul. A probe ofpotassium fericyanide was used between thc clectrodes and

base solution. A lincar correlation to isoprotu.on concentration from 1.0 ' 107 to 4'0 '
10tr mol L-r with a detection limit of2.95 , t0'8 mol L-r was achieved- Farmland watcr
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samples with recove es liom 99.0 to 102.0 ol \\'ere analyzed for isoproturon by

application of thesc scnsors.

Kovalczuk et al (33) dcvcloped an HPLC-MS/MS approach coupied to LC-l8 St'E

carlridges with nethanol-u,ater elucnt systcm lbr dclcrmination oi isoproturon in popp)

sccds. SPE fraction Lichrosper C18 column (25 cm x 4mm, 5 pm) was used for HPLC

separation of isoproturon followcd by detection and quzurtificalion with mass

spectrometer coupled with ion trap analyser, run in positive atmospheaic pressure

chcmical ionization (APCI) and MS/MS modc. Ihc detection limil, recoverics. and

rcpcatability obtained *ere 0.01 mg Kg r, 84 o/o ard 7 o/o, respcctively.

Zhall]g et al (3,1) proposed a sol-gel immunosolbent-based approach for isoproturon

determination in su 'ace water. A sol-gel matrix was condensed with monoclonal anti-

isoproturon antibodies to form an immunosorbent. Various parameters concerning the

imnrunosorbent like rinsing. loading and eluting procedures \\'crc optimized. Under thc

optimized conditions, selectivc cxtraction of isoprotrron from a simulated mixture of 68

pesticides was carried out u'ith thc sol gel immunosorbent (SG-IS). A linear range upto

2.2 pg L-r, with correlation coeltcicnt greater tha[ 0.99, RSD lower than 5 % (n:8) and

LOQ of 5 ng Lr for 25 mL surface water were achieved using the proposed SGJS

coupled to I-C-MS-MS tcchnique.

A nc$, approach lbr determination of isoproturon, linuron, diuron and neburon rvas

dcscribed by lrace-Guigand et al (35). -lhe method is based on flow injection analysis

micellar-enhance d photochemically iuduced lluorescence (F'IA-MEPII) The analyle

herbicides were irradiated for online photoconversion to a highly fluorescent product in

thc presence o1'micellar concenlration of surfactants [cetyl trimcthyl ammonium chloride

(CIAC) or sodium dodecyl sulphate (SDS)] in buflercd aqueous solution- Under

oplimized coDditions a concentration range of 1-2 ordcr of magnitudc, detection limit of

0.33-0.92 mg L-r and RSD of 1.3-11 % based on the anahte nature was found. Better

recoveries in the range 90-103 0% were achieved by applying lhe approach lbr the assa,"-

of spiked lap water.
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Rodriguez-Mozaz et al (36) repolted an analytical method based on optical

immunosensor ptototyPe. the so-called 'RIVer ANAlyser' (RIANA) for simultaneous

assay of thrce difi'erent contaminantsl isoproturon, estroie and alrazjne RIANA invoh'es

a fast solid phase fluoroimmunoassay taking placc al an optical ffansducer chip, thc

surface of which is chemically modificd with analytes derivatives placed on 'ariou'

disiinct poinls. A time span of 15 min is required for each test cycle comprising

regeneration step. l'he detection limits ofthe method for isoproturon' atrazinc and estone

\\,ere achieved to be 0.046, 0.155 and 0.084 pg L-r conespondingly A reasonable

repcatability \&ith standard deviation in the range of 1.06-6.98 y" was achieved

Winro\r et al (37) describcd an anal)-tical technique tbr dctermination oi isopr tLfon in

pasta and cereal grains like oats. maize and wheat. The procedure involves extraction of

the analyle liom samples moistened with acetone, hexane and dichloromelhane mixttLre

that follows a clean-up step with solid phase extraclion by aminopropyl-bonded siiica

canridge. Detemination was carried out by reversed-phase liquid chromatography with

photodiode array detection. The afproach u'as validated by electrospray-, 1ic1uid

chromalognphy-mass spectromelry. Recoveries liom seven ib ificd sellnples for e:rch of

the four analltes with isoproturon concentration liom 0.05 to 0.5 mg Kg I were found in

rhe range of88-104 "o. Limit ofdctection lbund was 0.05 mg Kg r.

Phenylurca herbicides in water samples were dctermined at ultratrace level by Gereckc ct

al (38). Iheir method involves sample-elrichmcnt by solid phase extraclion on

Carbopack B and alkylation u'ith iodoethane instcad of iodomethane and sodium hyd dc'

The de vatized aqueous samples are then extracted and injectcd by SPME A delection

limit in the range 0.3-3.0 pg L-r with a standard deviation less than 10 7o for samplcs

containing about 4 ng L_l was obtained in lake walel, \laste waler treatment piant

(WW fP) runoff and Nanopute water. Also the p-hydroxylated diuron's mctaholile was

lbund to be determined with lhe same approach- A qualitativc assessment of lurther

mcrabolite- sa( dlso accumnlisheJ.

Mallat et al (39) dcscribed an analytical approach tbr determination of jsoproluron in a

va ety of water samples. The approach is based on optical immunoassay with

immobilized analyte derivatives and free, fluorescence labeled anti-isoproluron
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antibodies. To evaluatc the influence of compounds having similar struclure on the

biosensor response, cross-reactivities (CRs) of diuron. linuron and chlortoluron were

carried out. At 0.1 ;.rg L-t of c.oss-reactant CR values 01 46. 53 and 93 oZ for linuron and

chlortoluron and diuron were obserued rcspectively. River \r'ater samples and MilliQ

*erc analvzcd and t,ODs of 0.14 and 0.01 pg l--'rcspcctively, r'ere obtaincd. A time

period of 15 min was required ibr complete individual alalysis along with regeneratinn

of transducer. This River ANAIyser (RAINA) prototype with an optical imnurosensor

was found to bc applicable for evalualing isoproturon in natural river water samplcs.

Corcia et al (40) repofied an approach for parts per trillion level deteminations oi'

phenylurca hcrbicides and their degradation products (DPs). The procedurc involves

liquid-chromatography (33) with electrospray (ES) mass spectrometric detection which

foilows solid phase extmction of the anal)'te with Carbograph 4 cartridge. Thc response

ofthc ES-MS detector for very weakly basic chloroanilines was optimized which shows a

strong dependence of the ion signal intensities of ihe species on thc composilion of thc

LC mobile phase. A fraction of the aromatic amines, being revcrsibly associatcd u'ith

quinoidal structures of humic acids (Has) been libcrated by the addition of NaBlli as

reducing agent. Recoveries higher than 85 7o were achieved on extraction from spikcd

0.5 L rivcr \\'ater (200 ng L-r spike level), 4 )- drinking water (25 ng I- 1 spike level) and 2

L ground water (50 ng L-l spikc level). Relative standard deviation in the range of5.9-13

%,,1.3-15 % and 4.6-20 oZ for river water, ground water and d nking water rcspectively.

*as achieved. Thc method's detcciior limit calculaied for surface water, drinking waler

anci ground water uas in thc range of36-75, 3-11 and 6-21 ng I- I accordingly.

Agmwal et al (41) proposed a sensitive and simple spectrophotomet c technique lor

isoproturon's detemlination. The method involves base hydrolysis to primary amine that

tbllows diazotization and coupling with p-aminoacelophenone- The resulting azo dye

having ,{","* of 525 nm is determined. Ihe method shous linearity in the concentratiun

range 0.02-0.2 pg Lr. The molar absorptivity and Sandell's sensitivity of 86 ' 105 L

mollcnil and 0.002 pg cm']respectivel) rrere auhiercd. En!irunmcntal i]nd biological

samples were cfficiently analyzed lbr isoprotr.ron using the proposed method.
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A spectrophotometric method lbr assay of isoprotuon and metoxuron using ethyl

acetoacetate as derivatizing reagent was dcscribed by Raju et al (,12). The method is

bascd on alkaline hydrolysis of the anal)'tcs to resultant primary amines follou'ing

diMotization and coupling \rith cthyl acetoacetate al basic pH. The colourcd prcducrs

follo\s Beer's law upto a higher concentration level o19.0 and 15.0 prg fbr meloxuron

and isoproturon respectively. The method was applied to technical and fomulation

samples with RSD in the ranee 0.66-0.7,1, 0.2'1-0.69 arLd, 0.48-0.72. 0.86-1.32 1br

lbrmulation and technical grade samples olisoproturon and metoxuron respectively.

Raju et a1 (43) rcportcd an analyical approach for thc dctcrmination of isoproturoi (lPN)

and metoxuon (MTN). The method is based on speclrophotometric assay of the

derivatives lbrmed u,hen these analyles react with p-dimeth),laminobenzaldchyde under

acidic condition. The.{n,o* ofthc coloured product of lPN Tvas shown to be at 438 nm and

that of MTN at 444 nm. Molar absorplivities found wcrc 3.09 ! lOa and 3.85 ' 10r L

mol-lcm I Ior IPN and MTN respectively, \\'ith a relative error ofless than L0 o%.
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3.T. SPECTROPHOTOMETRIC METHOD FOR DETERMINATION

OF GLYPHOSATE HE,RBICIDE

The structural formula of glyphosate is shown in figurc 3.1.1.

o

ilHo-c-ct

'o\ /*'
P-CH"
tl
o

Figu.e 3.1.1. Structural formula of glyphosatc

3.1.1. Method development strategy for the spectrophotomctric determination of

glyphosat€

Glyphosate molecule has no chromophore or fluorophore groups as is evident liom its

chcmical sructure in figure 3.1.1. For spcctrophotometric and fluorimetric detemination

it has to be de vatized to a suitable product. The parcnt molecule has tlucc functional

groups; phosphonatc. amine and carboxylale. The basis ol the proposed method is thc

convcrsion of the secoDdary amino group of glyphosate into dithiocarbamic acid gror.tp.

'lhis is accomplished by reacting it with carbon disulphide in chlorolbnn. l'hc

dithiocarb;unic acid group can then bc reacted with suitable metal ion Cu (ll), thus

fbrming a coloured product suitablc for spectroplrotomelric determinaTion Thc

mcchanism ofthe proposed two stcp reaclion is givcn in ligure 3 1 2.

(JH
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o

ll
u

(Glyphosatc)

o

ilHo-c--\ 
il

Ho \ 
-i-sH 

| .u '

tl
o

o()il ll' '''... 
-'ao"Ho \.,-.2-\t'/ '.-'. 

uH

\ / \/\// \_._o,,

oo
Copper (ll) carboxymethyl (phosphonomcthyl) carbamodiihioate

(Yellow)

Figurc 3.1.2. Proposed reaction mechanism for the spectrophotometric detemination of

glyphosatc

3.1.2. Preliminary exploration of the possibility of substitution and complcxafion

reaction of glyphosate for its spectrophotometric detcrmination

Technical grade glyphosate (1000 prg mL 1) was taken (1.0 mL) in a flask containing 4.0

nrl ofCS: (2.0 %) solution in chloroform and the mixture rvas shaten. Then ?0 ml'

HO

llo-P
tl
o

2 (rhosthonoDethylrmino)acetic.cid

NH + CSz

o
il

HO-C

HO
\

. HO-P
tl

o

--\il

2-(dithiocarboxy(phosphonomelhyl)aDino)acetic acid
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ammonical Cu (ll) solution (1000 pg mL"') was added to the mixture The mixture was

vigorously shaken for thrcc minutes leading to the appcarance of yellow colour in the

mixture. The mixture was transl'ened to a separating funnel (125 mL), shaken and

allowed to stand for five minutes. The organic layer became yellou' in colour due to

extmction ol complex which indicated the possibility of the proposed reaction and

succecding spcctrophotometic detemination of glyphosate by this approach lor

complction ofthc reaction and enhanced sensitivity and repeatability, it was necessary to

concenffate on the optimization of di1'Grent paranetcrs oI the reaction and is dcscribed

3.1.3. Optimization studies for spectrophotometric determination of glyphosatc

Optimization studies were carried out to achievc maximum product formation- Thesc

sludics include wavelength ol maximum absorbance, concentration and volume ofcarbon

disulphidc and Cu (ll). pH and cffecl of time on stabilily ol the complex.

3.1.3.1. Investigation of suitable wavelength for the spectrophotomctric

determinatiolr of glyphosate

Instruments

The absorption spectra and absorbance of solutions \^rcrc measurcd wilh IIV'/VIS

spectrophotomeler (model SP-300, Optima, Japan) at 435 nm using a glass cell with an

optical path length of 1.0 cm and pH was measured with pH meter, (model 7020 Kent

Industrial Measurement Limited-Elechonic Instruments Ltd. Chefi sey Survey England)

using combined glass clectrode.

Chcmicals aIld reagents

All chemicals and reagents used were of analltical reagent-grade purity or of similar

pu ty. Commercial sample containing glyphosate lvas purchased from the local market.

Copper nilrate (BDH), ammonia solution (BDH). carhon disulphidc lMerck). chloroform

(Iticdel-deHaen) and distilled ethanol $'ere used during this work. Amberiite IR-120 Na-

ion exchanger resin (cationic) (ACROS ORGANICS-Nc* Jersey, USA) was used lor

cxiraction of the herbicide liom water samplc. Ileagent grade sodium chloride (Mcrck)
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was used as eluent. Standard reference gllphosate was purchased from Dr.Ehrensloler

GmbH, Gemany.

Solutions preparation

Standard glyphosatc solution: A standard stock solution of giyphosatc (1000 pg mL'r)

rvas prcpared by dissolving 0.1 g of the authentic standard of glyphosate in 20 mt,

distilled water and diluted to 100 mL with distilled water. Working standard solutions

uere prepared by further dilution.

Cu (lI) solution: Ammonical copper nitr.ite solution (100 pg ml'l) was preparcd by

dissolving an approp atc amounl ofCu (NO3)2 in l0 mL distilled water and diluted to

100 mL with 90 ml- ammonia solution of 33 % purity.

Carbon disulphide (CS2) solution: Carbon disulphide solution (1.0 %) was prepared by

mixing 1.0 mL CSu in chloroform and diluted to 100 mL. working standards were

prcpared liesh each day by l'u her dilution.

I'rocedurc

A klown volune (2.0 mL) of glyphosaie (100 [g ml--r) was added to a conical flask

containing 5.0 mL of CS, (1.0 %) and the mixture was shakcn. Then 1.0 mL ammonical

Cu (II) solution (100 pg mL-') was added to the mixture -lhe mixturc was vigorously

shaken tbr thrce minutes and lransfercd to a sepamting funnel (125 mL) and shaken

again 1br the extractiol of comp]ex. After equilibration the yello$ colouled chlorolbrm

layer containing the complex was collected in a 1 0 mL llask The solution was diluted up

to the mark with ethanol aild absorbance at different wavelengths was mcasured against a

rcagent blant<. The absorbance values were plotted againsl wavelength as shown in figure

3. t .3.
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F'igure 3.1.3. Wavelength optimization for spectrophotometric detemination 01-

glyphosatc

1.1.3.2. Inv€stigation of the effcct of various parameters on thc complex formation

of glyphosate

Instrument, reagents and solutions: 'l he same as mentioned earlier

Procedurc

For tinding ou1 the cflect ol concenlralion of carbon disr.rlphide on ditl'tiocarbamic acid

lbmration, 2.0 mL ofglyphosate standard solution (100 prg ml--r) \ias lmnsfclaed to each

of sevcn separate 100 mL conical flasks, folloued by the addition of aliquots of carbon

disulphide solution in chloroform with final concentration in the mnge of 0.5-3.0 %.

A1ier shaking the mixture. 1.0 mL of ammonical Cu (lI) solution (100 pg mLr) was

added to it. Each mixturc was transltrred to a separating funnel and manually shaken lbr

ll.0 min. The lower yellou coloured chloroform la,Ycr \las collected after iive minutes in

a 10 mL volumetric llask and diluted up to the mark with ethanol. The absorbance olthe

complex fomed was measucd against a reagent blank at 435 nm. The results are shown

in figure 3.1.4. The effect of volume of carbon disulphide on the dithiocarbamic acid

formation was investigatcd by varying the volume oI carbon disulphide (1.0 %) in the

rangc of l-8 rrll-, keeping all other condilions the same. The absorbance ofthe complex

was measured against a .cagent blank and the resuhs are shown in flgure 3. 1 5.
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For investigating thc effect of concentration of Cu (ll) for complcx formation. to tcn

scparatc conical flasks each cottaining 2.0 mL oI gl),phosate stock solution (100 pg mL'
r), 5.0 mL of carboD disulphide (1.0 oZ) solution was added followed by the addition of

1.0 ml- ofCu (ll) solution varvlng iiom 10 to 100 pg rrl-r. Alter vigorous shaking for'

thrcc minutes the mixture was transfered to a separating funnel and shaken again. After

five minutes the lower chloroform layer was collected in a 10 mL flask and diluted with

ethanol upto the mark. The absorbance of each solution was measured against a rcagent

blank at 435 I1m. The rcsults are shown in ligLLre 3. i.6. The ef'fcct of volume oI Cu (ll)

soiution (30 pg mt--r) *as studied by lbllowing thc samc procedure but oI y varying the

volume in thc range of l-7 mL. thercsultsareshowninfigure3.1.7.

TIle eflect of pll on the reaction was studied by using phosphate bul't'er and

ammonia,/ammonium chloride buffer of pH ranging from 6.0-12.5. To seven scparate

conical Ilasks each containing 2.0 mL of glyphosate solution (100 prg ml-r';. 5.0 mL of

carbon disulphide solution (1.0 %) was added fblkrwed by thc addition of 4.0 mL of

aqucous Cu (ll) solution (30 pg ml-'r) and 5.0 rnl of buffcr solution ofvarying pH.'lhc

rcst of the pioccdure lbllowed was the same as discussed above. 
-l he results arc shown ir1

ligure 3.1.8.

In order to investigatc the effect of time on stability of glyphosate bascd Cu-

ditliocarbamate complex. the optimized conditions were fbllou'ed keeping glyphosatc

final concentration at 5.0 [g mL l. The absorbance of thc complex formed \\'as measured

a1 dilfercnt time intervals varying liom no-delay to 100 minutes. I he results are shour in

figure 3.1.9.

6-l



Expet r entdl/Resul ts und Discu s! i an

0.08

0.07

o 0.06
3 oos
€ o04

-3 0.03
- 002

0.01

0.00
t.53.02.50.50.0 1.0 L5 2.0

Conc. (%)

Figure3.l.,1. [ffect of concontration of carbon disulphide oD formation of Cu-

dithiocarbamate complcx

Figure 3.1.5. Elicct ofvolume ofcarbon disulphidc on formation of Cu-dithiocarbamale

complex

0.050

0.040

e o.o3o
€
f;oozo

0.010

0.000
3456
Volume (mL)

64

0



Expeinehta|Res lts an.l Dnt]|.lsion

0.070

0.060

0.050

0.040

0.030

0.020

0.010

0.000
0 50 100 150

Conc. (pg mL r)

Figure 3.1.6. Efi'ect of concentration 01'Cu (ll) on formation oI Ctl-dithiocarbamate

complex

trigure 3- 1.7. Effcct of volumc of Cu (ll) oD fonnation of Cu-dilhiocarbamate complex

0.070

0.060

3 0.050

E 0.0,10t
I0.030
< 0.020

0.010

0.0011

0123:l 5 6'7
Volume (mL)

65

/-\------_i ---'



Experrnental.tRes ts dhd Dlscusstun

0.06

0.05

0.04

0.01

0.02

0.01

0.0c)

9 l0 1r 12 13

pH

f igure l.l .8- Ellact oI pH on lbnnation of Cu-dithiocarbamate complex
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3.1.,1. Investigation of the empirical lbrmula ;rnd formation constant (Kr) of the

compl€x by Job's method of continuous variation

Irstruments, reagcnts and solutions: The same as mcntioned before

Procedure

Dil'lerent volumes ol glyphosate solutioll (0.1 M) were added lo six separale conical

flasks tolloued by the addition of 5.0 mL of cuubon disulphide (1 0 %) solution to each

flask. Then difl'ercnt volumes of Cu (ll) solution (0.1 M) were added to the mixtures in

such a way that the total volumc and total moles oI glyphosate and Cu (lI) in cach
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mixture remained constant but the mole ratio of these two varied systematically Each

mixture was transfered to a separating funnel and after shaking for three minutes and

equilibration, the lower chloroform layer in each casc tlas collected in a 10 ml, flask.

Flach solution was diluted to thc mark with ethanol and absorbance was measured at 4i5

nm against a reagent blank. The absorbancc was plotted against the volumc ratio of Cu

(ll) and glyphosate. The rcsults are given in Table 3.1.1 and shown in figure 3.1.10. The

empirical formula or the combining ralio of the complex formed was detemined to be

MI-l lrom the theoretical maximum on the cu e. The formation constant Kr for the

complex nas evaluated from measurement of thc deviations i'rom the theorctical straight

lines and the calculations are given below.

! M+2L ---------'-'"-" ML,

Total melal conc. (Cv)

crvr : c:vl
0.1 ' 1.2 - X, l0

X=Cv:1.2,102

: _-_'-'-_-_-- 
!

Total ligand conc. (CL)

C,V, - CrVl

0.1 ,2:Xi l0

I c',: ?,! : ll,1 i

Conc. ofthe complex lMLzl

lML,l= (A 
".,, " 

i A .! ,Nr","i) , c!

tMl-rl: ( l.22il.i5) ' I 2,101

lMLzl:r.0rJ x r0r

Free metalconc. [M]

[M]:CM'iML']
lMl: r.2 , r0']- 1.0s x r0'

tMl:1.2\l0r

Free lisand conc. [.1tree rrgand conc. l l.l

tL] : CL, JMI,'I

[L]:20,r0r r.0s,102

I{L]:e2il0r

K,- LML:I r iMl tllz
Kr= I 08 i l0rlt 2i t0r :(92 : l0 )'
K' 1.08 i l0r,l2r l0r:8.16 i 10j

Kf: 1.08 , 10'?/ l.0l , l0 r

Kr-.106:I05
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'l'able3.1.1. Investigation of the etnpirical Iormula and formation constant (K, 01 lhe

complcx by Job's method ofcontinuous variation

Cu (II) (mL) Glyphosatc (mL) Absorbarce
0.25

0.50

1.0

1.5

2.0

2.5

2.7 5

2.',75

2.5
,0
1.5

1.0

0.5

0.25

0.461

0.843

t.220
0.942
0.661

0.521

0.414

L4{)

t _20

. 1.00

E oso
e
I 0.60
< 

0.,10

0.20

0.00
0 0.25 0.5 0.75 I 1.25 1.5 115 2 225 2.5 2.15 3

3 2.15 2.5 2.25 2 r.75 1.5 1.25 I 0.75 0.5 0.25 0

Volume (mL)

Figure 3.1.10. Investigation oI the empirical lbrnula and fomalion constant (K, ofthe

complex by Job's method oicontinuous variation

3.1.5, Verification of Beer's law and detcrmination of aualytical charact€ristics of

the mcthod

Instrumcnts, reagetrts and solutions: The same as mentioned belbre

Procedure

Dil'Ierent volumes of glyphosate (100 pg ml,-') coresponding to llnal concentration in

tlrc range of l-50 pLg ml-_l \&ere taken in seven different conical flasks To each llask

optimum volume (5.0 m1-) ofcarbon disulphide solution (1 0 %) was added and shakcn'
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'Io the resultant dithiocarbamic acid dc vative, optimum volume (4.0 mL) of30 prg ml, l

Cu (ll) solution rvas added and manually shaken lbr three ninutes. [ach mixture was

translered to a separating Iunnel, shaken again and alier llve minutes the chlorolbrm

layer was collecled in a 10 mL volumet c flask and dilutcd with cthanol to thc mark. 'fhe

absorbance of the yellow coloured solution was measured at 435 Dm against a rcagent

bJank being prepared by the same procedurc without thc addition of glyphosate. Ihe

results are given in Tablc 3.1.2 and shown in igue 3.1.11. A calibration plot oI

concentration vcrsus absorbance was consffuctcd and is shown in figure 3.1.12.

The molar absorytivity (.) was calculated bascd on the formula given below:

Molar Absorytivity (€) : A/C x L

Where'A' is the absorbance, 'C' is the Molar concentration and 'L' is the path length

(cm) of the cell.

Limit of detection (LOD) and limit of quantification (LOQ) u'ere calculated on the basis

of six replicatcs of fie lowest quantifiable concentration that can bc measured with

acccptable precision and accuracy (L0 pg mL I) by applying thc following fonnulae.

LOD : 3Sfu (F'or concentration)

LOQ = 10S/b (For conccntralion)

whcre 'S' is the standard deviation and'b' is lhe slopc ofthe cuwe

Relative Standard Deviation (RSD) was calculated by using thc fbrmula:

RSD : (S/x) :100

Where 'x' is the mea[ concentration detcnnined

At optimum conditions various anall4ical chatacteristics of the method were deteririncd

and are given in table 3.1.3.
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Table3.1.2. Verification of the Beer's law ibr spectrophotomctric determination of

glyphosate

( onccotration ([g mL ) Absorbancc

I

2

5

8

10

20

It)
.1r:)

50

0.008

0.010

0.013

0.017

0 02,1

0.029

0.041

0.072

0.094

0.12

0.1,1

0.12

0.10

0.08

0.06

0.0,1

0.02

0.00
20 40

Conc. (pg mL L)

I'igure 3.1.1 l. Vcrification of the

glyphosate

Beer's law for spectrophotometric dctcrminalion of
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0.035

0.01

0.025

0.02

0.015

0.01

0.005

0

5 10

Conc. (prg mL r)

F'igure 3.1.12. Calibralion curve for speclrophotometric dctermination of glyphosate in

lhe lo\\'cr concenlration region

Tablc 3.1.1. Anal-vtical characteristics of tlle invcstigated mcthod

Parametet Valuc

). ,.", (nm)

Molar absorytivity (e) (L mol lcm-')

Linear range (pg ml--r)

Relative standard deviation (RSD) (%)

l-imil of dctection (LOD) (gg mL I)

I inrit ul qudnlili(irlion {l { )Qr rfg ml r,

Correlation Coeffi cient

SIope

lntercept
Stability constant (Kr)

435

1.861 x l0l
1.0 - 50.0

2.3',7

0.519

1.73

0.997

0.0023

0.0056

1.06 x 105

3.1.6. Investigation of thc interferenccs effect of rarious compounds on

dctermination of glyphosatc using th€ proposed method

Instruments, reagetrts and solutions: 'lhe same as mentioned before.

Procedure

In order to investigate the inlefercnces ellect ofvarious nifogen containing compounds

including urea, various pcsticides and other chemjcal spccies on the spectroph(,tomeiriu

11
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detemination of glyphosate, a known concentration (2.0 pg ml'l) ol glyphosate and

ditlercnt concentrations of the possible interferers in dilTerent ratios were taken in se\ erl

separate conical flasks. It u'as followed by the addition of optimized volumes of carbon

disulphide (1.0 oZ solution in chloroform) and then ammonical Cu (ll) solution (30 [8

ml-_l). Each mixture uas transfered to a separating funnel and shaken for three minutcs

Alter five minutes equilibration, the lower chloroform layer was collected in a l0 mL

volumctric flask and diluted up to thc mark with ethanol. The absorbancc ofeach solulion

was measured against a reagent blank. The results arc given in Table 3.1.4 and arc shorvn

irr figure 3.1.13.

lable 3.1.4. Investigation of the interlerences efl'ect of differcnt compounds on thc

absorbance behavior ofglyphosale based Cu (ll) complex

Analyte: Int€rferer

Gl)phosate

Sodiun Nit8tc

Sodium Nirrite

Urca

l:01 ):02 l:03 1:04 1i05

0.025

0.023

0.022

0.03

0.021

0.024

0.027

0.024

0.021

0.024

0.023

0.025

0.02,1

0.021

0.025

0.023 0.024 0.022 0.021

0.024 0.021 0.022 0.024

0.022 0.022 0.022 0.023

-,\trazine 0.026 0.028 0.033 0.011

Dimelhyl aminc

,\celrrnide

lsoproturon

0 024 0 024 0.017 0.014

0.024 0.026 0.021 0.021

0.026 0.025 0.028 0.028

12
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0.040

0.030

0.020

0.0r0

0.000
lr00 l:01 l:02 l:01 1:04 l:05 l:06

Anal),telnterfcrcr
EGlyphosate E Sodium Ninate E* Sodium Niirite
Eurea EAtrazine tr Dimeihyl amiDe
sAcetamide lkoproluron

Figure 3.1.13. Investigation of thc interferences ellect of dillerenr compounds on the

absorbance bchavior ofglyphosale based Cu (ll) complcx

3.1.7. Determitration of glyphosate in spiked samplcs using the proposed method

Instruments and reagents: The same as mentioned before.

Recoveries of glyphosate l'rom sojl. waler and theat grain samples, spiked u'ith known

concentralion of glyphosate solutio\ werc investigated by the proposed method.

Proccdure for solid-phnse cxtraction ofglyphosate from water samples

For the preconccntration and clean-up ofglyphosate a cation-exchange resin was used. A

slurry of the Amberlitem lR-120, Na-ion exchange resin was madc in 10 mL distilled

water aDd packed into a natow bore glass column ('1.8 mm \\'idc, l0 cm long ), plugged

with glass wool at the bottom. The resin was rinsed with distilled waler and then wilh l.(l

M HCI at a llow rate oI2.0 mL min-r several times. before samplc applicalion The pH oI

tap water sample spiked with gllphosate was adjusted to pH 2 in order to plotonate the

an, ine grottp of glyphosate to act as a cationic adsorbate. The protonated samplc (25 mL)

uas passcd through the column al a flow rate oI0.5 mL min I in order to have maximum

equi]ibration of protonaled sample. AIter thc loading slep, thc column contents \terc

eluted with 25 mL o1 2.0 M NaCl solution at the samc flo\\'rate. Thc eluted solution u'as

evaporated to aboul l0 mL at 70 'C and analysed by the proposed method following the

analysis procedure described below.

1)
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llttraction from soil samples

Soil samples wcre collected from agricultural land in the univeNity campus where no

spmy of glyphosate or any othu pesticide was done. The sample collection arca $as

manually cleaned from twigs and gravels and the surl'ace soil was collccted in glass

bottlcs. l'he collected soil u,as dried and sicvcd. Control soil sample (10 g) was placcd in

a series of bottlcs and kno\\,n concentration ol glyphosate solutions ucrc addcd to

provide conccntration levcl of 5, 10, 15 pg gr in triplicate. The bottles wcre shaken

manually for uniform mixing and kept for 24 h. 1he homogenized soil sample nas

extacted for 60 min with 25 mL of 2.0 M NHaOH solution. The solution was evaporatcd

to 10 mL at 70'C. Thc pll ofcluted sample was re-adjustcd to pH 5.4 and analysed by

the proposed method tbllowing the analysis procedure given below.

Iixtraction from lvhett graitrs

Contol samples of wheat grains (5.0 g) were washed with distilled water and kno\r'n

concentration of glyphosate solution \\'as added to it in the concentration range of5.0-15

pg g'r. 'fhe samples were shaken and kept 1br 24 hr. The samplcs were exlracted with 51)

ml, ol 2.0 M NH.TOH solution. I he solution was conccntrated to 10 mL by evaporation al

70 nC and analysed by the proposcd method based on the procedure given below.'Ihc

cxtraction experiment was peribrmed in t plicate.

Analysis Procedure

A known volume (2.0 mL) ofeach extmct was added to a conical flask containing 5.0 ml-

ofCS2 (1.0 %) and thc mixture was shakcn. l'hen 1.0 mL ammonical Cu (ll) solution (30

prg ml, l) was added 1() the mixture. The mixturc was vigorously shakcn for three minutes

and transfered to a separating funnel (125 mL) and shaken again for the exhaction ofthe

complex. After cquilibration, the yellow colourcd chlorolom layer containing the

complex was collected in a 10 mL flask. The solution was dilutcd up to the mark with

ethanol and its absorbancc was measured at 435 nm. The rcsults of perccnt recovery of

glyphosatc a.e given in table 3.1.5.

'7J
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In the second batr:h distilled u,atcr \\'as used as solvcnt ibr extraction ol glyphosate ftom

$heal grains and thc results of the two extraction methods $'cre compared. The resulls

are givcn in Table 3.1.6.

'l'able 3.1.5. Percent recovery of glyphosate from spiked samples by using the proposed

method

Amourt of glyphosate
7o Rccovery

.t SD
Samplc Added (pg g'') Found ( pg g-')

or (pg mL r) L,r (!g mL )

Soil

05

10

15

4.0

8.6

13.0

80.0r0.46

86.0+0.50

87.0+0.28

Whcat grains

102.0+0.98

96.0.r0.12

95.0+0.88

05

10

15

5.1

9.6

14.2

Water

92.0-0.37

85.0i0.68

87.0+0.14

05

l0
15

,1.6

8.5

13.0

Table 3.1.6. Determination of percent rccovery of glyphosatc from control samplcs oi'

wheat grains using diffcrcnt eluents

Eluent .raa"a 1pg g '.1 Found (pg gr) 7o Rccovery

NI 14OH (2M)

Distilled water

104.0 + 0.24

72.0 + I .40

05

05

5.2

t.6

7i
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Rosults and l)iscussion

Glyphosate molecule contains three possible reactive chcmical groups i.e. amine.

phosphonatc and carbox.vlate (Fig. 3.1.1). The amino group of glyphosate was convertcd

into dithiocarbamic acid, in the proposed method, by reacting with carbon disulphidc in

chloroform. The dithiocarbamic group formed was futher reacted with copper metal ion

in the presence of ammonia and a ycllow coloured copper dithiocarbamate complex was

fonned. The proposed reaclion mecharism lbr the l-ormation of dithiocarbamic acid liom

glyphosate and the reaction of dithiocarbzr.nic acid with copper (ll) to lorm a coloured

compicx is showl in figure J.1.2- 'lhe absorbance of the resultant yellow coloured

complex was mcasured at different wavelengths in the range lJ1' 380-500 nm and

mirximum absorbance ofcomplex was found at 435 rnn (Fig. 3.1.3).

Ihe efl'ect of concentGtion of carbon disulphidc solution on the formation of

dithiocarbamic acid was studied in the range of 0.5-3.0 % (Fig. 1.1.4). It was obscn'ed

that absorbance incrcases \{ith increase of carbon disulphide coflcenhation from 0.5 to

1.0 %. Be)ond the optimum concentration small decrease in absorbancc was observed.

Similarly thc effect of volume of CS: was also studied from 1-8 mL. Optimum volume

was found to be 5.0 mL. Above 5.0 mL, a shalp decrease in absorbance was obseNed

(Fig. 3.1.5). Thjs decrease is due to thc possible conversion of dithiocarbamate anion to

ieutral dithiocarbamale radical RzNCS:. which dimerises to stable thiuam disulphide,

RrNC(S)S-S(S)CNRr. This leads to deficiency of ligands available lbr Cu (ll) complex

lormation [l 1.

fhc cllect ofconcentation ofcopper solution was investigated in thc range oI l0- 100 pg

mLr (Fig. 3.1.6). The results show that absorbancc increases with increase in Cu (ll)

concentration from l0-30 prg mI--r, beyond which it slowly goes on dccreasing because at

higher metal concentration a redox reaction is possible in which Cu (ll) acls as an

oxidizing agert to the dithiocarbamate and gets reduced to Cu (l)- This results in decrease

oI Cu (ll) concentration and subsequent decreasc in yield oI the complex [l ]. Volumc of

Cu (II) was optimized in thc range of t.0-7.0 mL (Fig. 3.1.7). Maximum absorbance was

obsened at 4.0 ml, of copper (ll) solution and flrilhcr increase in volume of copper (ll)

solution reduces the sensilivity bccause ofdilutiorl clt'cct ofthe fiee mctal ions-

'16
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Complex formation of copper (lI) with dithiocarbamic acid was foluld 10 be highly pll
dependcnt. Ihe effect of ptl was investigated by using buflers of pH varying from 6.0-

12.5 and it u,as found that the complex lbrmation is possible only under basic conditions

al1d absorbance ofthe complex increases continuously with increase in pH till pH 12.5.

lhus the pH of final solution uas adjusted with ammonium hydroxide at pH 12.5 (Fig.

1.1.8).

The stability of the complex is the key factor in mcthod development wlich involves

complexation reaction. [n the proposcd mcthod thc stability of the complex formed \\as

studied by measuring its absorbance up to 100 minutes and it was obscrved that the

complcx is stable for 20 min and can be easily used for routine analysis (Fig. 3.1.9). ln

case oflarge scale batch analysis an improved stability is needed.

The stoichiometry ofthc complex lbrmed between substituted glyphosate and copper (ll)

was investigated at thc optimum pH value by applying thc Job's nrethod of continuous

lariation (Fig. 3.1.10). The results indicatcs the formation oI l:2 [copper: glyphosate]

complex. The stability constant value &as calculated and is given in lable 1.1.1. The

high formation constant indicates the stability ofthe complex.

At optimum conditions a linear dependence ofabsorbance on concentralion was obscn'ed

over a \r'ide concentration range of 1.0 to 50.0 pg mL I with a molar absorptivity of 1.864

, 101 L molI cm ' 1Tabl. 3.1.2 antt Fig. 3.1.11). A calibration plot was construcled lbr

determination of Lrnkno\.n concentralion of glyphosate in various samples (Fig. 3.1.12)

The linit of detection (3sA), limit of qualltification (los/b), correlation cocfficienl (r).

RSD, slope and intercept were calculafed and are summarized in Table 3.1.J.

The intcrference efl'ect ofvarious compounds on the absorbaDce bchaviour oi glyphosate

was also invcsrigated (Table 3.1.,1 and Fig. 3.1.13). It *as ibund that only atrazine and

isoproturon have enhancing el1ect on thc absorbance of glyphosate. The intcrferences

effect ofthese two herbicides or glyphosate detennination in real environmcntal matriccs

can be considered minimum because these herbicides are insoluble in water while

glyphosate is soluble, thus glyphosate can bc easily extracted into the aqueous medium

and then analysed by the proposed mcthod.

17
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Ihe proposed method has been applied succcssfuily lbr thc determination of pcrccnt

recovery ofglyphosate from water, soil and u,heat grains samples. Ammonium hydroxidc

solution was used as solvcnt for extraction of glyphosate 1'rom wheat grains and soil

samplcs. Aliquots oI lhe extract was analysed by the proposed mcthod. ln soil samples

80.0 + 0.46 to 87.0,t 0.28 oZ recovery was obtained while in grain samples recover) in

the range of 95.0 a 0.88 to 102.0 + 0.98 oZ of glyphosare was obscrvcd. Glyphosate was

also extracted liom water samples using cation cxchange resin and sodium chloride as an

cluting solvcnt. Glyphosate recovery in the ru1ge of 85.0 + 0.68 % to 92.0 a 0.37 was

obtained using 2.0 M NaCl solution ( l able 3.1.5).

Comparison of the oZ recovery of glyphosate from control wheat grain samplcs is Biven

ir uble 3.1.6. Higher recovcries wcrc (104.0 y") obtained uith 2.0 M ammonium

hydroxide as compared to distilled water (72.01 o/n). The results sho\\'that giyphosatc is

waler soluble herbicide but due to thc presence o1-carboxyl and phosphonatc tsroups. il

tbrms salt with ammo um h-vdroxide and the extraction efficicncy increases with

ammonium hydroxide as conlpared to \r'ater as well as ammonium ion get exchanged

$,ith the protonated gl)phosatc molecule bound to the resin and cnhance the exhaction

efficiency.

Rcfcrcnce

1. T. U. Mathai. Ph.D. Dissertation, "Studies on inleraction of copper (ll) with

dithiocarbamates deived from primary amines", School of Chemical Scienccs, Mahatma

Gandhi University, Kcrala India, (1999) pp. 67.
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3.2. FLOW INJECTION SPECTROPHOTOMETRIC METHOD FOR

DETERMINATION OF GLYPHOSATE HERBICIDE VIA

CONDENSATION RtrACTION WITH P-DIMETHYLAMINO.

I}ENZALDEHYDE (DMAB)

The structuml fomula of giyphosate is shown in figurc 3.2.I .

o
ilH()-C--\

\-n
Ho. /
Ho-:P--J

il
o

Figure 3.2.1. Structural formula olglyphosatc molecule

3.2.1. M€thod development strategy lor the llow injection spectrophotometric

determination of glyphosate

Glyphosate molecule has a secondary amino and a phosphonatc group. In the basic media

thc electron rich nitrogen atom of the glyphosate molccule is supposed to attack the

electron deficicnt carbolyl carbon of acidified p-dimethylaminobenzaldehyde (DMAB)

lbrming an unstablc intermediale- h acidic medium condensation rcsults in the lomatioo

of yellou, coloured product \r,hich is stable for 5-10 min. The absorbance of coloured

product could be used for indirect spectrophotomet c determination of glyphosate

herbicide. The proposed reaction mechanism is shown in figure 3.2.2.
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N(CLIr)2
NaOlt HO- l-

,/H\
oH'

N1arr11)'

(DMAB)

o

Figure 3.2.2. Proposed reaction mechanism for spectrophotometric method for

determination oI glyphosate

80

I frrHo.-_C-------r --"'--nll'\,/ /c-HOiHo\._J H
uo-ir'lllOt

Clypho.arc HCI I 
Acidil'rcarion

IOY
OH



Ex?ennentaI/Re\ IL\ tnd Disctl\stun

3.2.2. Prcliminary invcstigation of thc possibility of condensation rcaction of
glyphosate for its spectrophotometric determination

ln a 100 mL conical flask 1.0 mL solution tom a standard stock solution of gl)?hosatc

(1000 pg ml--') u,as taken and 1.0 mL ofsodium hydroxide solution (1.0 M) u,as addcd

to it. lo this mixture 2.0 mL of0.5 M p-dimcthylaminobenzaldehyde (DMAB) solurion

was added. The medium was acidified by adding 4.0 mL of hydrochloric acid (3.0 M).

The resulting solution lurned yellow due to condensation rcaction. Also a regent blank

was prcpared in the same manner without the addition of herbicide. The blank solution

was lbund to be colourless. For enhanced sensilivity completion ofcondensation reaction

was csscntial. l hcrclorc it was necessary to lbcus on the optimization oI dillerent

parameters of the reaction in order lo have complele reaclion and enllanced sensitivity

and repeatability.

3.2.3. Optimization studies for spectrophotomctric dctermination of glyphosatc in

batch method

In order to achieve maximum product lbmation optimization studies u'ere conducled.

'lhcsc studics include walelength ofmaximum absorbance, coDccntration al1d volumc of

sodium hydroxide, DMAB, hydrochloric acid and the effect ol time on stability ol the

condensation adduct.

3.2.3.1. Investigation of suitable wavelength for the spectrophotometric

dctermination of glyphosatc

Instruments nnd cquipments

In batch analysis the absorption spectra and absorbance of solutions were measured with

shimadzu UV-VIS spectrophotometer (UV-1700 Pharmaspec, Japan) at 405 nm using a

matchcd glass cells with an oplical path lenEh of 1.0 cm. In flow injection analysis

absorption spcctra were measured with UV/Visible Spectrophotometer GI'JICO. UV-

2100 Unitcd Products and Instruments Inc., Daytorl NJ, USA). Peristaltic pump (Model

124869 MP-l pump Spectrrchrom Spectrum), Silicon tube (1.71 mm, i.d.), V-450 six-

port injection valve (Upchurch Scientilic Inc., USA) and PTFE Tubing (1.19 n1m, i.d.,

8t
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Ilecton Dickson. USA) wcrc used as main IIA components. Solutions' pH was measured

with pH mcter, (model 7020 Kent Industrial Measurcment Limited-Elcctronic

Instruments Ltd, Chertsey Survey England) using combined glass electrode.

Chcmicals and Reagents

All reagents uscd were oI anal)'tical leagenl-gnde or similar ptrritl. p

dimethylaminobenzaldehyde (Merck-Schushardt: Eduard-Buchner-Str. 1'1-20, 85662

llohenbrunn Gemany), sodium hydroxide, hydrochloric acid, iurd methanol (Merck,

Damstadt Germany) were used du ng this work. Reference standard of glyphosale

herbicide was purchased from Dr Ehrenstorfer GmbH (Augsburg, Germany). Ammonium

hydroxidc solution (BDH Laboratory Supplicrs Poole, England) was used for extraction

ofherbicide lrom gr-ain samples- Commcrcial formulatiol1 containing 41 0 % g]yphosate

rvas purchased from the local market.

Solutions preparation

Standard glyphosate solution: A standard stock solution of glyphosate (1000 Llg mL r)

\r'as prepared by dissolving 0.1 g ofthe authentic standard in 20 ml, distilled waier and

dilutcd to 100 mL with dislilled \\'ater. Working standards were preparcd by diluting

appropriate volumes ofthe stock solution with distilled water.

p-dimethylaminobcnzaldehyde solution: DMAB stock solution (0.2 M) was pleparcd

by dissolving 2.98 g of the reagent in 30 mL methanol, acidificd \iith 2.0 ml-

hydrochloric acid ( I .0 M) and diluted upto 100 ml. with methanol.

Sodium hydroxide and hydrochloric acid solutions: Sodium hydroxidc (2.0 M) and

hydrochloric acid (3.0 M) solutions \r'ere prepared b) dissolving appropriate amounts in

distilled water and diluted upto 100 mL with distilled water.

Procedurc

In batch anal-vsis 1.0 mL from a standard stock solution ol gl)?hosate (100 pg mL l) was

takcn in a 100 mL conical llask lollowed by the addition of 1.0 mL of sodium hydroxide

soiution (2.0 M). To this mixturc 2.0 mL of 0.2 M p-dimethylaminobenzaldelryde

solution was added. 'l he medium was acidilied by adding 2.0 mL of hydrochloric acid
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(3.0 M).The resulting yellorl coloured solution of thc condensation product was

fansi-erred to a 25 mL volumelric flask and dilured 1o the mark uith distilled $'ater. 'fhe

absorption spectrum of the solution was measured at dilferent wavelengths in {he raige

of380-440 nm. The results are shown in figure 3.2.3.

Figure 3.2.3. Wavelength optimization for spectrophotomctric determination oi'

glyphosate

1.2.3.2. Investigatioo of the eff€ct of various paramctcrs on the condcnsation

rcaction of glyphosate

Instrument, rcagcnts and solutions: 1he same as mentioned belbre

Procedurc

In order to investigate the cffect of conccntration of sodium hydroxide on the reaction.

1.0 mL lrom a standard stock solution of glyphosale (100 pg mLl) was taken in six

scparate 100 ml- conical ilasks and 1.0 ml- of sodium hydroxide solution in the

concentration range of0.0l6-0.20 M was added to cach flask followed by addition of l0
mL of 0.5 M p-dimethylamiDo-benzaldehyde l'hc medium was acidified by adding 1 0

mL of hydrochloric acid (3.0 M). 'lhe resulting solution of the yellow coloured

colldcnsation product \ias transfcred to a 25 mL lolumetric flask and diluted upto thc

mark wilh distilled waller. l'hc absolItioll spectrum of thc solution lvas measured at 405

nm. The rcsults are sho\\,n in figure 3.2.4. Ior oplimizing the ell'ect ofvolume ofsodium
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h-vdroxitle on the reaction, olly the volume of sodium hydroxide solution (0'08 M) in the

rmrgc of 0.2-2.5 mL was varicd- The resl of thc procedure lvas kept the same'lhe

absorbance versus volume plot was drawn and is shown in figure 3'2 5'

DMAB reacts with alkaline glyphosate and its concentration was optimized by adding 1'0

ml- ofsodium hydroxide (0.08 M) to a series ofconical flasks, each containing l '0 mL of

standard glyphosate solution (100 pg mL-r). DMAB solution (20 mL) in the

conccntralion range of 0-004 to 0.024 M was added to cach flask keeping all other

parameteN the same. The solution of the ycllow coloured condensation product in each

case uas tmnsfened to a 25 mL volumetric flask and diluted to the mark with distilled

watcr. Absorbance of each solution was measuled and the results are shown in figurc

3.2.6. For optimization of volume of DMAB varying volume of DMAB solution (0'016

M) in the range of 0.5-3.0 mL was added kecping the rcst ol rhe rcagents and conditions

constant. The rcsults ofthe absorbance as a function ofvolume are shown in ligure 3 2'7'

Nlaximum condcnsation product Iotmation requircs acidic media. ID ordcr to study the

effcct of concentralion of hydrochloric acid on the reactjon, 1.0 mL of standard

glyphosate solution (100 pg ml'r) was added to six separate conical flasks lhen

optimum volunes of sodium hydroxide (0.08 M) and DMAB (2.0 M) were successivcly

added lo each flask. 'llis was follorved by the addition ol 1 0 mL ol hydrochloric acid in

the concentration range of 0.012-0.0'18 M. Each coloured solution was tmnsferred to a 25

ml- flask and was dilutcd up to the mark with distilled water. -l he absorbance ot' each

solution was measured and the results are given in figure 3.2.8. Volume of HCI solution

(0.024 M) was optimized by following the same ptoccdure while varying the volume in

the range of 1.0-4.0 mL. The absorb:rnce versus volume plot is shown in figure 3-2 9'

-lhc ellect of time on the stability of the ilnal condcnsation product was invcstigaled'

Under the optimized conditions the final condensation product was produced- fhc

absorbance oI the product was measured at various time intervals varying lrom 2 0'25 0

min. The time versus absorbance plot is shown in figure 3.2.10
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Figure 3.2.4. Effect of concentration oI sodium hydroxide on thc rcaction Ibr

spectrophotomet c dctermination of glyphosate
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l'igure 3.2.5. Effcct of volume of sodium hydroxide on thc reaction for

spectrophotometric detennination of glyphosate
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Iiigure 1.2.6. trffcct of conccntration of p-dimethylaminobenzaldehyde on the reaction for

spectiophotometric determination oi glyphosate
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figurc -l-2.7. Ellect of volume of p-dimethylaminobcnzaldehyde on the reaction for'

spectrophotometric determination of glyphosate
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Figure3.2.S. Effect of concentration of hydrochloric acid on thc reaction tbr

spectrophotometric determination of glyphosate
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Figure 3.2.9. EIfect of volumc of hydrochloric acid on the

spectrophotometric dctermination of gltphosate
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ligure3.2.10. Effect of time on stability oI the condensation product used lbr

spectrophotomet c deternrination of glyphosatc

3.2,,1. verilication of Beer's la$ for the spectrophotomctric determination of

glypbosate using batch method

lnstrumcDts, reagelts and solutiors: The lamc as mentioned earlier

Proccdure

To investigate the linearity range of the proposed method va4'ing conqe[trations ol'

gl-vphosate (100 pg mLl) conesponding to iinal conccntration in the mnge of 2-15 pg

ml-_l were taken separate conical flasks. Io each flask optimum volunc (1.0 mL) of

sodium hydroxidc soiution (0.08 M) tas added follo*cd by the addition of optimum

volume (2.0 mL) of 0.016 M DMAB solution and then oplimum volume (2.0 ml,) of HCI

(0.024 M). The resulting yellow coloured solution in cach case was transferred 10 a 25

ml, volumetic llask and diluted up to the mark $ith distilled water. The absorb:urce of

each solution was measured at 405 nm againsl a reagent blank being prepared by thc

same procedure without the addition ol glyPhosate- The results are given in Iahle i 2 1

and iue shown in figure 3.2.11.
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Tablc 3.2.1. Investigation oftlre effect of concentration of glyphosate on the absorbancc

of condensation product fomed

Concentration (pg mL-r) Absorbance
2.0

3.0

4.0

5.0

8.0

t0
t5

0.033

0.059

0.092

0.108

0.162

0.193

0.271

0.3 0

0.25

! ozo
€ o.r5

t 0.10

0.05

0.00
6 9 12 t5 18

Conc. (pg mL 1)

Figure3.2.11. Investigation of the efi'ect of concentration of glyphosate on the

absorbance of condensalion product formed

3.2.5. I'LOW INJECTION SPECTROPHOTOMII'IRIC DETERMINATION Ol''

GLYPHOSATII VIA CONDENSA]'ION WITII DM,TB

Ior flow iniection analysis of glyphosatc, a three chamel FIA system was assembled as

shown in figure 3.2.12. In the Fl manifolds in reagcnt stream F-l NaOH (0 1 M) u'as

pumped. Sample solution of glyphosale was iniected inlo the I'-l streirm firough the 6-

port injection valve in a 500 pl- sample injection loop. The mixture became alkaline in

reaction coil Rr and \las then reiicled in reaclion coil Iiz wilh DMAB (0-016 M) tlouing

down in the reagcnt stream l-2. Finally the ploposed intennediate formed was acidified
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in rcaction coil Rr with HCI solution (3.0 M) flo*ing in reagent stream F-3, to lblm the

condensation product. The yellow coloured producl lotmed was continuously passed

through a Ilow through cell and the absorbance continuously measured at ?'n,n* '105 nm by

LINlCO tjv-2100 Spectrophotometer. The cl]cmical paramelers optimized for the batch

analysis of glyphosatc were slightly modified according to the requirements ol the sctup

and were applied ir the Fl analysis at toom tcmperalure.

Pc slahic

Pull)1) Irii.clion Pon

Speclropllolourcter

t,\tr'o uv-1r00

Ilol Thrluelr Cell

figurc 3.2.12. Scheme of flow injection system for flow injection spectropht,tomctric

detennination of glyphosate

I'-1: I{cagent- 1(NaOl I). F-2; Reagent-2 (DMAB), I-j; Reagenr3 (llcl), R!: Reaction

coil l(addition of alkali), R2; Reaction coil-2 (Reaction oi alkalinc glyphosate and

DMAB), Rr; Reaction coil-3 (Acidihcation followed by condcnsation)

3.2.5.1. lnvestigation of the cffect of physical paramctcrs on the !'l

spectrophotometric dctcrmination oI glyphosate

lnstruments, rcagents and solutions: The same as mentioned earlicr

Proccdure

In the flow injection system, u'ith the rcaction coils all having the same length ('10 cm),

sodium hydroxide (0.1 M) was pumped in the l'-1 reagent stream. Into this stream 500 pL

Rl
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of gl,vphosate solution (100 gg ml,-r) was loaded into the sample loop through the

injection port with the help ofa 5.0 cmr syringe and thcn inieoted to thc stream. The basic

mixture was allowed to react with acidificd DMAB (0016 M) being continuously

pumped in reagent stream F-2 and the intermediate iormed was aciditled with HCI

solution (3.0 M) being pumped continuously in reagent stream F-3 Thc absorbancc ()1'

the blank nas adjusted to zero by continuously pumping the reagent solulions in the

assembly without iniecting glyphosate and zcro adjustment vja computer interface. lhe

absorbance of the product fomed was conlinuously measured at '105 nm, whilc passing

through a flow through cell to the waste chamber being placed outside the

spectropholometer.

'lhe ellect of llow rate on the absorbance of the final product was investigated in the

range of 1.0-5.0 mL min'l by adjusting the flow through the knob on the pcristaltic pump'

Thc data $as displayed and recorded through a computcr interlace program and is sho\\11

in figure 3.2.13.

l'he etfect of sample iniection volune on the absorb.mce ofthc product was investigated

by iniccting different volumes 01-glyphosate (100 Lrg ml,r1through the injection valve

into the samplc loop in thc range of 200-600 pL All the remaining physical and ohemical

pammeten were kept the samc as discusscd earlier' Thc results are shown in figure

1.2. I 1.

'l'he el'fects of length of the reaction coils were studied at the optimum flow rate of 1.5

mL min-l and optimum sample injection volume of 500 pL keeping all the chemical

variables constani. The length ofeach reaction coil [Rr, R: and R3] was varied one by onc

in the range of 25-110 cm and absorption spectrum lbr each rufl was recorded Whi]e

varying the length ofone reaction cojl the length ofthe other t\\'o \r'as kept constanl l he

results are shown in figure 3.2.15.
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figure3.2.13. Effect of flow rate on the l'l spectrophotometric delermination of
gllphosate

Iigure3.2.14. Effect of samplc injection volume on the FI spectrophotometric

determinatioI1 of glyphosate
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figurc 3.2.15. Investigation ol the ellcct of reaclion coil length on thc FI

spectrophotomctric detenniiation of gl) phosale

3,2.5.2. ltrvestigation of the effect of concenhation of glyphosate on the absorbing

bchaviour using FI spectrophotometric dctcrminatiotr

Instrumcnts, reagents and solutions: The same as mentioned earlicr

Procedur€

Standard glyphosate soilltions in the range of 0.5-20.0 prg mL I were prepared in separate

l0 mL volumetric flasks by taking the required volume of standard from 10 and 100 pg

mLr stock solutions and diluting with dlstilled water' ln the llow through asscmbly

reagenls solutions ofthc optimized concentration uere pumped thlough the reaction coils

ol optimum length i.e. Rr = 60 cm, Rz = 15 cm, Rr = 60 cm, with an optimum flow mte

of 1.5 mL min-I. The absorbancc of the blank was adjustcd to zero and then oftirnunr

volume (500 pL) of each standard glyphosate solution was loaded into the samplc loop

filough the injection port with the help of a 5.0 cmr syringe. In cach case, sample u'as

iniected into the stream zurd thc absorbance spectflllr was recorded. Between two

successive measurements the sample loop u'as ilushed u'ith distilled water ald

absorbance of the blank reagents slream adjusted to zero. With this proccss a sample

firoughput oI 60 samples h-r uas achieved. llrc resulls arc given in table 32'2 and a

calibration plol of absorbancc vs. conccntration \'vas constnrcted and is shown in figurc

3.2.t6.
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'lable 3.2.2. Investigation oI thc el'fect of concentration of glyphosatc on the absorbance

ofthc final producl ln the Fl spectrophotometric detemination

Conc. pg mL- Absorbance

0.s

1.0

2.0

4.0

8.t)

t2
15

20

0.013

0.023

0.041

0.073

0.138

0.203

0.259

0.322

0.40
0.3 5

o 0.30
Z o.zs
€ o20

-3 0.15
- {) t0

005
0.00

912
Conc. (pg ml.-r)

Figure3.2.16. lnvestigation of the effect of concentration of glyphosate on the

absorbance of the final product in the FI spectrophotomet c

determination

3.2.6. Investigation of various analytical featurcs for thc speclrophotometric

determination of glyphosate usitrg both batch and FI method

Diflerent analytical paramelers for methods, both batch and l-l analysis, were calculated

based on the fomulae given below:

The molar absolptivity (e) u'as calculated based on thc tormula given belowl

Nlolar Absorptivity (€) : A/C ! L
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\iftere 'A' is the absorbance, 'C' is the Molar concentration and'L' is the path length

(cm) ol the cell.

LOD = lS/b (For concerltration)

LOQ : tos/b (For concentration)

W'herc 'S' is the standard deviation and 'b' is the slope ofthe curve

Relative Standard Deviation (RSD) was calculated by using the formula:

RsD = (S/x)'100

Wherc 'x' is the mean concentration detemrined

l,imil of detection (LoD) and limit of quantification (l'oQ) were evaluated for six

replicates of the lowest quantifiable concentration that can be mcasured with acceptable

precision and accuracy (2.0 pg mlr for batch and 0.5 pg ml--r for Irl method)' At

optimum conditiofls various analytical characte stics olthc method were dctermincd and

are grren in table 1.2.1.

fable 3.2.3. Analytical characteristics for the spectrophotometric determination ol

glyphosate bY batch and Fl method

Batch FIAl'ar:rmcter
),,-, (nm)

Bcer's laq, range ([g mL-l)
Molar absotptive (e) L nrol'1 cm-l

Relative Standard Deviation (ltSD) %

l.imit of Dctection (LOD) ug mI--1

Limit of Quantilication (LOQ) pg mL-l

Correlation Coellicient

Slope

Intercept

405 ,105

2-15 0.s-20

2.7 ' l0r 4.1 , l0r
6.0 8.0

0.2 + 0.06 0.2 + 0.07

0.7 + 0.1 0.6 + 0.2

0.988 0.996

0.0178 0.0167

0.012:1 0.00
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3.2.7. Investigation of percent recovery of glyphosatc from spikcd samples using the

proposed batch and FI method

lnstruments, reagclts and solutionsi The same as mentioncd before

CotlectioIl of samplcs

For investigating the percent recovery from real samples, wheat grains was iandomly

collected from crop field in Malam Jaba; a hjlly arca oi swat (Khyber Pakhtunkhwa)

aller the confirmation that no herbicide had been sprayed on thc field'

Sample extraction procedure

Control samples (10.0 g) of wheat grains werc separately placed in bottles and known

conccnlration ofglyphosate solution having pll '1.5 was added to adjusl thc concentration

lcvel in the range of,14-88 pg g r. The samples were homogenized by mechanical shaking

tbr uniform mixing and kept for 24 hr at ambient temperatue. The homogenized samplcs

were cxtracted by adding 25 ml- of NH+OIi solution (2.0 M) to the bottles and then

fi]tering on whatmano Grade 3: 6 pm. Extraction was repeated three timcs and the

extracts were kept for analysis by the proposed mcthod.

Analysis procedure

Percent recoveries of glyphosate from the sample were evaluated each in triplicate, by

using both batch and flow injection analysis

For batch analysis 2.0 mL of each extract was taken in a conical flask and oPlimuln

volumes of all the reagents were successivel,v added and thc absorbance ol the final

producl was measured at 405 nm against a reagent blank.

Ior Fl analysis the extract was concenhated to 1.0 mL by evaporating the solvent at 60

uC in each case. Optimum volume (0-4 mL) of cach exlmct $'as loaded into the sample

loop through the injection pofi $ith the help of a nrioro syringe. The sample wns thcn

injectcd to the rcagents stream in which optimum conccntralion of the reagents was

ilo\ring at an optimum flow ratc. lhe absorbance of the producr was mcasured at 405
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nm. for each sample absolbance readings wcre taken in triplicale' A comparison of

percent recovery investigated by bolh thc batch and Fl analysis is given in table 3 2''1'

Table 3.2.4. lnvestigation of percent recovery oI glyphosate from spiked wheal grain

sample using batch and Fl melhod

Method of Analysis
pgs
added

pg s' 7o llecovery iSD
found

Batch Anaiysis

FI Analysis

41.0

60.0

813.0

4.1.0

60.0

88.0

39.06

56.0

81.1

11.0

56.0
'79.0

90.2 + 0.25

93.4 + 0.42

92.4 + 0.36

93 0 + 0.63

93.0 + 0.66

90.0 + 0.65

3.2.8. Application of the proposed batch and FI methods for glyphosate residue

dctermination in real samPles

lnstruments, reagcnts aIld solutions: The same as mentioned earlicr

Collection of samplcs

Wheat grains samples *ere collected fiom a crop field upon which the hcrbicide

glyphosate rvas sprayed as a pilot projcct in Malam Jaba, a hilly area of S\\'at (Khyber

Pakhtunkhwa). The herbicide was sprayed on thc bare iield bcfore the cultivation of

wheat crop iD ordcr to destroy the undesimble herbs.

Sample cxtraction procedure

Three samples ofthe grains (100 g cach) were takcn in separate bottles and spiked with a

known concentration oI standard glyphosate solution. Ihc boltles were unilbrml-Y shakcn

manually for proper mixing and kcpt ibr two hr- The herbicidc uas extractcd wilh 40 mL

olNHtOIl solution (2.0 M). The corcentrations in the extracts were then determined by

thc proposed batch and FIA mcthod.
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Procedure for analysis

For batch arulysis, 20 mL of each extract was evaporated to l0 mL by heating at 60 "C'

1.0 mL of which was laken in a conical flask and oplimum volumes of all the reagents

mentioned before uele successively added and the absorbance of the llnal product was

measured at 405 I]m against a reagent blank.

For !'l analysis the extract bcing futher concenlrated to l '0 mL was used in cach case'

Optimum volune (500 pL) of each extract was loaded inlo the sample ioop through the

injection pon using a micro syringe. The sample was then iniected to the rcagents stream

in $,hich optimum conccntratiol of the reagents 't'as flowing at an optimum uo\! rate'

'lhe absorbance of the product u'as measured at 405 nm. lor each sample ahsorbancc

readings were taken in triplicatc. The residue of herbicide present in the s'unple was

determined from the difference ofthe concentration of standard solution ofherbicide and

the concentration of herbicide in spiked sample. The results for both mcthods are gi\ en in

table 3.2.5.

'lable3.2.5- I(esiduc determination of glyphosate in $'heal grain samplcs b) lhe

proposed batch and Fl mcthod.

Method of Analysis Average Rcsidue +SD

Batch Analysis

FI Analysis

LO1 + 0.22

l.1l + 0.09
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Rcsults and Discussion

I he polar glyphosatc molecule has a secondary amino group and a phosphonate group.

The electron rich nihogen atom of the glyphosate molecule is supposed to attack the

electron dcficient carbonyl carbon of alkaline p-dimethylaminobenzaldehyde fo1ming an

unstable intermediate. In acidic medium condensation results in the formarion of yellou'

colored product which is stable for 5-10 min. The absorbance ofthe product was scanned

at diffcrent uavelengths and maximum absorbance was observcd a1 405 nm. 'fhe

proposcd reaction mechanism is shorvn in (Fig. 1.2.2). The absorplion spectra ol-the

condensation adduct was measured at wavelengths in the range of380-440 nm and shows

maximum absorbance at 405 nm (Fig. 3.2.3). Therefore 405 l1m was selected as )"m.\ for

iurther studies.

The physical and chemical variables werc optimized lbr the reaction in batch and I-l

system by chalging one variable and keeping thc othcr variables constant. The chemical

variables like sodium hydroxide, DMAB, and hydrochloric acid concentration and

volume and the effect of time on the stability ofthe final product were investigated.

The cft'cct ofconcentration of sodium hydroxide on lhe reaction was stLrdied in the range

of0.0l6-0.20 M (Fig.3.2.,1). The absorbance was found to increase tom 0.01610 0.08 M

sodium hydroxide solulion and beyond this conccntration a continuous decrease was

observed with increase in corcentralion. Similarly thc cffect of volume of sodium

hydroxide was investigated in the range of 0.2-2.5 mL (Fig. 3.2.5). lt was observed that

absorbance increases from 0.2 mL to 1.0 mL, beyond which it decreases slowly. This is

because at higher pH of the medium the intcrmediate lomed is unstable and gets

dissociated. Also thc higher concentration of the alkali crcatcs reagent solubility problem

and leads 11]) lower yield and hence lower absorbance olthc final condensation adducl.

DMAB reacts with alkaline glyphosate and ils concentration was optimizcd in the rangc

of 0.004 to 0.024 M (Fig. 3.2.6). Reaction starts with 0.004 M DMAB solution and

maximum product lbnnation occtlls at 0-016 M concentration oI DMAB beyond rvhich

d1c absorbance decrcases. 
-lhe el'fect of volume ol DMAB u'as iDvestigated in the mnge
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<l1 0.5-3.0 mL. The absorbance increased with increasing volume upto 2.0 mL beyond

rvhich it decreases sharply duc to dilution effect (Fig. 3.2.7).

Acidic media is required for fie lbrmation of condensation product; thercforc thc

concentralion of hydrochloric acid rvas optimized in thc range of 0.012 - 0.048 M.

Maximum absorbanoe was observed at 0.02,1 M HCI concentration. At higher

concentration absorbance dccreases because lower pH catalyzes breakdown of the

coloured product (Fig 3.2.8). Therefore further analysis was performed with 0.024 M

solution ofhydrochloric acid. Thc effect of volume of HCI was investigated in the range

of 1.0-4.0 rnl imd it \\'as obsefled that absorbancc incrcascs from L0 mL 10 2.0 mL of

hydrochloric acid. At volume above 2.0 ml, a slo*'dccrease in absorbance was obsencd

possibly due to dilution efitct (Fig.3.2.9).

The efl'ect of tim(] on the absorbance of the final condensation product was investigatcd

by measuring its absorbance at diffeient time intervais varying liom 2.0 min to 25 min

alier its fomlation (Fig. 3.2.10). Thc absorbance was found to rcmain almost constanl 1br

10 min alter the product lomation and decreases sleadily $ith further increascs in timc.

The results suggest that the condensation product is stable upto 10 min following ils

fbrmation at room temperatue and the stabiliq' is gradually lost bcyond 10 min' Ihe

batch method being independent of any kind oI heating was found suitable to be applicd

for flow injection analysis ofgllphosate herbicidc.

'llrc cffect of conccntraliol ol glyphosate on thc absorbance ol the final condcnsation

product in batch method was investigated in the mnge ol-2.0-15.0 ;lg mL I and a linear

relationship between concentration and absorbancc was obtained in this range (Table

3.2.1, Fis. 3.2.11).

Ior FI analysis a three channcl system \\as assembled 1Fig. l.2.12l lhe effect of

phlsical variables like flow rate. sample injection volume and rcaction coil lcngth $as

in\.esligaled lbr the FI metltod- llow ratc ollhe FI system lor reaction was sludied in the

range of 0.7 to 5.0 mL min-r (Fig 3.2.13). lncrease in absorbance was obsewed when lhe

flow ratc increased fiom 0-7 to 1.5 mL minI. Above 1-5 mL min I absorbance decreases

$ith increasc in flow ratcs due to incomplete reaction and less efllcient dispersion ofthe
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rcagenls and the analytc. With this flow Iatc, a sampling rate of 60 samples hl was

achievcd.

The sample injection volume was optimized in thc range of 200-700 []' and maximum

signal response was obser.red with 500 prl u'hich indicates efficient mixing olthe analltc

with the NaOH stream (Fig. 3.2-14). At'7OO pL sample volume t$o peaks near to cach

othcr appear having lo*er intensit]'. This indicates that mixing with base occnrs at the

tu,o ends ofthe sample stream-

The cffect of reaction coils length was studied from 25 cm to 110 cm for all channcls'

Absorbmce of the product \r'as found to increase lvhen coil length was ircreased from

25-60 cm in case of reaction coil Rr beyond which dccrease in absorbance was obsen'ed

duc to backward reaction oI thc analyte and alkali. lhe product lbrmation was found

maximum with 25 cnr rcaction coll length for reaction coil R2 beyond which a decrcasc ul

absorbance indicates the instability of the product in alkaline media. For completc

rcaction thc length ofthe reaction coil Ri was also investigated and maximum ahsorbance

of the product was found with 60 cm coil length which shows the optimum acidity limit

The results indicated that a condensation reaction is fast and reproducible in the FI

sr-slem (fi9.3.2.15).

In order to investigate the effect of concentration {)1' gllphosale on the absorbancc

behaviour ofthe coloured product in Fl method, the concenftation was varied in thc range

of 0.5-20 pg mL_I. A linear responsc of absorbance lo concentration \&as obsel'ved ovcr

this concentration range (Table 3.2.2. Fig. 3.2.16).

l]ndcr the optimized coDditions va ous anal)tical characteristics both for batch and Fl

methods uere detcrmined (1'able 3.2.3). 'l he molar absorptivitics for batch and FI mcthod

werc found to be 2.7 , 10r and,1.3 , 101 L mol-r cm-1, respectively. Thc applicability of

Bccr's law by batch and FIA system was coirlirmed A linear relation was observed in thc

ooncentration mnge of 2.0-15.0 gg mL' and 0.5-20.0 gg mLl for batch and FI methods

respcctively. lhe limit of detection (3S/b) and limil of quantilication (105'6) was

caiculated at lower concentration that can be mcasured with acceptable precision and

accuracy and wetc found to bc 0.2 + 0.06,0.7 + 0 1pg nl--r. and 0 2 t0.07'0.6 +0.2 lg
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ml'r for balch and F'lA methods respcctively. The sensitivjty achieved with the

method is matchable to that u,ith the batch mcthod. Ihe adrantages of the proposed

method are simplicity, low reagcnt waste and high sample through put-

I he proposed method was successfully applied for thc determination of percent recovcry

of glyphosate from spiked wheat grains samples. Dil'lerent concentrations of standard

glyphosate herbicide (4,1-88 pg grl were added to control samples. Glyphosate \\as

e\tractcd with NHrOH solution lbllowing a reported method [] and analyscd by the

proposcd batch al1d FI mcthod. The recovcry from wheat grains were lbund to he in lhe

range of 90.2 ,t 0.25 yo to 93.4 i 0.42 % for batch analysis and 90.0 t 0.65 % to 93.0 +

0.66 7o for FI analysis ('lable 3.2.4).

The proposed method was also applied for thc determination ofglyphosate residue in real

samplcs ofTvheat grains and the rcsidue was ibund to be 1.0'1 + 0.22 pg g-r by batch

method and 1.13 r 0.09 p,g g-' by II method, the results bcing in agreement with each

other ( l'able i.2.5).

Rcference

1. M. R. Jan, J. Shah, M. Muhammad, B. Ara. "Glyphosate herbicidc residue

determination in szunples of environmental importance using spectrophotometric

mcthod". Joumal of Hazardous Materials. 169(4\, 712-745 (2009).
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3.3. FLOW INJECTION SPECTROPHOTOMETRIC DETER-

MINATION OF FENOXA-PROP-p-ETHYL (FPE) HERBICIDE

'lhe structural lbrmula of fcnoxaprop-p-ethyl is given bclou,.

r-lv-\. H ?ll |\-o{
.)\)=J-" \_/-o-J-c-oc'2u

ligurc 3.3.1. Structural fotmula of l-enoxaprop-p-ethyl

3.3.1. Method dcvclopment' stratcgy lbr the flow injcction spectrophotom€trit

dctcrminatiotr of fenoxaprop-p-cthyl

The chemical structure of 1'enoxaprop-p-ethy1 (FPE) is given in figure 3.1.1. It contains c

terminal ester group. The proposed method is based on the derivatization ofthe molccule

to a h-vdroxamate salt by its reaction with hydroxylamine hydrochloride in alkaline

mcdiurn. accompanied by the release of ethanol moict,v. 'fhe h-t_droxamate salt can acl as

a ligand oI choicc for complcxation $ith te (lll) h acidic medium. Ihe absorbanoe and

hence concentmtion ofthe resultant magenta coloued Ie (lII) hydroxamate complex can

be used as a function of the conccntralion of fenoxaprop-p-ethyl. Mechanism of the

reaction is given in figure 3.3.2.
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Slcpl Ilydroxamate derivative fonnatioD from fenoxaprop-p-ethyl

(l
.Z--'.-\. //l- ll \-oJ )-o-cu-c- + NH,oH-HCI

cr,\-AJ \--l .] 'oc,H.
ctHr

ethyl 2-(,1-(6-chlorobenzold foxazol-2-yloxy)phenoxy)propanoate
(fenoxaprop-p-ethyl)

O O Nar

ltlO-CH-C-N + C,H.OHt\
CL. IT

(Ilydroxamtrte derivative)

Stcp2. Complex fonnation of Flydroxanlatc ligand with Fe(III)

0 o-Na*

' a)rvn-11o-.',-!-i
cr''\--L'/ \--l | \

CH,

I ..,IR
{tHI

.,N-o o4,
R ---'( \ r NH,\ \t -/u '__-->_ Fe .- U

l:eCll

3NaC1

".,OY"-CL"'|'-
(>*1

R

tris(2-(4-(6-chlorobenzoId]oxazol-2-yloxy)phenoxy)propanamidooxy)iron

(Magenta colour complex)

l.igure 3.3.2- Proposed leaction rnechanism for delemination of fenoxaprop-p-ethyl by

spcctrophotomelric method

l,..,"nu

^ I ,:.
)'{j-
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3.3.2. Pr€liminary invcstigation for the derivatizxtiol and complexatioD reaction of

FPE with Fe (III) for its spectrophotometric determination

Standard fenoxaprop-p-ethyl (350 gg ml--r) soltttion (2'0 ml-) u'as added to a conical

tlask lbllo$ed by the addition of 1 0 mL o10.5 M hydroxylaminc hydrochloride solution

antl 1 -0 mL of 4.0 M sodium hydroxide solution To the resultant mixture' 3 0 mL of

hydrochloric acid (2.0 M) solurion was added followed by the addition of a drop of iron

(lll) chloride hexahydrate solution (5.0 %). Ihe fomation of magcnta coloured product

coifirmed the likclihood of the proposed reaction and the possibility of

spcclrophotomeffjc determination oI IPF- by this melhod. Fu he' sludies were focused

on the optimization ol diffcrent physical and chemicai parameters of the reaction and the

dctail is given belo'w.

3.3.3. Optimization studies for spectrophotometric determinatiotr of fenoxaprop-p

ethyl via batch analysis

Ior completion ofreactions involved and maximum product formation, diifercnt physical

imd chcmical parameters \\'ere optimized 'l hese optimization studies include wavclength

of marimum absorbance, conccntration and volume of the reagents like hydroxylamine

hydrochloride, sodium hydroxide and hydrochloric acid and the effect oI tirnc on thc

stability of the intermediatc hydroxamate dedvative and thc final complexation product'

t)etails ofthese optimizations are given below.

3.3.3.1. Investigation of suittblc rvavclength for the spectrophotometric

determination of fenoxaprop-p-ethyl

lnstrumcnts

Absorbance ofthe complex was measurcd wilh UV,n/isible Spcctrophotoneter (UNICO'

tJV 2100 United Producls and lnstruments Inc., Dayton, NJ, USA) using a glass cell with

an optical path length of 1.0 cm. Main components uscd in tlow injection svstem were

peristaltic Pump (Model 124869 MP-l pump Spectra/chrom Spectrum), silicon tube

(1.71mm. i.d.). V-450 6-port injcction valvc (Upchurch Scientitic Inc. USA)' PTIL'

'fubing (1.19 nrm, i.d., Becton Dickson, USA).
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Chamicals and reagenls

AII reagents used were of analytical reagcnt-gradc pu ty ol similar grade'

Hydroxylamine hydrochloride (MP Biomedicals, L\'C 1263 South Chillicothe Rd

Aurora, Ohio 44202), sodium hydroxidc,' hydrochloric acid, ethanol' and iron (lll)

chloride hexahydrate (Merck, Damstadt Getmany) wcre used during this work'

Ilelarcnce standard of fenoxaprop-p-ethyl herbicide was purchased from Dr I'ihrenstorler

GmbH (Augsburg. Germany). Reagent grade acetone (BDH Laboratory supplicrs Poole'

England) and methanol (Merck, Darmstadt Gemany) \'cre used 1br exlraction of

herbici<le from grain samples. Commelcial formulation containing (6 9 7o) fenoxaprop-p-

ethyl (FE) was purchase<l from the local market. All solutions used were stable at room

temperatllre.

Solutions prcparation

Standaral fenoxaprop-p-ethyl (FPE) solution: A standald stock solution olfenoxaprop-

p-eth),I (FPE) (350 pg ml--r) was prepared by dissolving 0'035 g of the authentic sample

in 20 mL methanol and dilutcd up to 100 mL with methanol. Working standard solutions

were prepared by further dilution.

Hytlrorylaminc hydrochloride solution: Ilydroxylamine hydrochloride stock solution

(0.5 M) was prepared by dissolving 3.475 g ofthe reagcnt in 30 ml, methanol and diluted

to 100 mL with methanol. Solutions of different concentrations 'w'cre preparcd liesh by

dilution when required.

Sodium hydroxide a[d hydrochloric acid solutions: Sodium hydroxide (6.0 M) and

hydrochloric acid (1.0 M) solutions werc prepared by dissolving appropriate am{)unts in

distilled water and diluted up to 100 mL \\'ith distilled watcr'

l'e (III) chloride hcxahydrate solution: Fe (lll) chloride solution (5.0 o%) was prepared

by dissolving 5.0 g in 30 mL distilled \\atcr and diluted up to 100 mL wilh distilled
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Procedurc

for batch analysis, 1.0 mL was taken, from a staDdard stock solution ofFPE (350 Ug mL
r). in a 100 ml- conical flask followed by the addition of 1.0 mL of 0.1 M hydroxylamine

hydrochloride solution. To this mixture, 0-3 mL of sodium hydroxide (6-0 M), uas added

and equilibrated for 5.0 min for completiorl of reaction. The medium was acidiiied b,v

adding 2.0 mL of hydrochloric acid (1.0 M) followed by thc addition of 2.0 mL ethanol.

'fhen 0.3 mL of fenic chloride solution (5.0 7o) was added. The resulting solutions ol lhe

magcnta coloured complex \i_as transfercd to l0 mL volumetric llasks and dilutcd up to

thc mark with ethanol. Absorbance ofthe solution was measurcd against a reagent blank

a1 ditl'erent wavelengths. The results arc shown in ligure 3.3.3.

Irigure 3.3.3. wavelength optimization for the spectrophotometric detemination ol

lenoxaprop-p-ethyl

3.3.3.2. Investigation of the effcct of various parameters on the complex formation

of fenoxaprop-p-ethyl in batch aralysis

Instrumcnt, Reagents and Solutions: The same as mentioncd before

Procedure

Scven different 100 mL conical flasks werc taker and to each llask 1.0 mL oJ'

fenoxaprop-p-ethyl stock solution (350 pg mLr) *as added. Then 1.0 mL of diffcrent

conccnlrations of hydroxylamine hydrochloride solutions in the range of 0 025 - 0 30 M

0.170

0.160

3 0.150

:0.140
H o.rto
< 0.120

0.110

0.100
120 410 460 480 500 520 5,10 560 580 600

\\hvelength (nm)
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final conccntration was added. To each flask 0.2 mL of sodium hydroxide (4.0 M) was

added and the flasks were kept for five minutcs for maximum derivatization. After live

minutes to each llask, 1.0 mL of hydrochloric acid solution (2.0 M) was added lolloued

by the addition of a small drop of Fe (lll) solution (5.0 %). Each solution was then

transferrcd to a l0 nrl- volumetic flask and diluled up to thc mark with ethanol

Absorbance ofthe complcx formed was measurcd at 500 nm agaimt a reagcnl hlrnk 'l_he

results are shown in ligure 3.3.4. For volume optimjzation of hydroxylamine

hydrochloride (0.5 M), the volume rvas v:uied in the rangc of 0.25-5.0 mL while keeping

all othcr conditiom the same. Absorbancc was measured against a reagent blank and the

results are shown in figure 3.3.5.

I-or optimization of the effect of concentation of sodium hydroxide solution on lhe

derivatization reaction, 0.2 mL of sodium hydroxide solution was added from stock

solutions of differcnt concentratiols to each llask so as to have final concentralion of

sodium hydroxide in the range of 1.0-8.0 M whilc keeping rest ofthe procedure the same'

Absorbancc of each solution was measucd against a rcagent blank at 500 nm. The results

arc given in table 1.3.1 and are shown in llgurc 3.i 6. Iror the elIect ofvolurnc ofsodium

hydroxide. the whole procedure rvas kepl the same except varying volume in the range of

0.1-0.5 mI-. The results are shown in figure 3.3 7.

'Ihe e11ect of concentration of hydrochloric acid on the Fc-hydroxamate complex

lbrmalion was investigated by taking eight separatc conical flasks each containing l 0

mL of FPE (100 pg (nl.'t). To each llask 1.0 mt, of 0.1 molar hydroxylamine

hydrochloridc folloucd by 0.25 mL of sodium hydroxide (6.0 M) solutions rvcre addcd

and wcre kept lbr five minutes. This was lollowed by thc addition of l'0 mL of

hydrochloric acid from different stock solutions so as to have different final

concenhatiolls in the range of 0.6-3 5 M. Aiier the addition ofa drop 01 Fe (lll) solution

(5.0 %) the tnagenta coloured complex lbrmed uas transferred to a 10 mL volumetric

llask and dilutcd up to the mark with ethanol. The absorbance was measucd against a

rcagenl blank and the results are given il1 table 3.1 2 and shorvn in figure 3'3'8 lhc

volume ofhydrochloric acid (1.0 M) was optimized by using 0.5-'10 mL ofacid keeping
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rcst of thc procedure the same. The rcsults arc given in table 3.3.3 and are shoun in

figure 3.3.9.

For investigating the kinetics of the hydroxamate derivative fomation, the optimized

conditions were applied and the reaction progress \\?s follou'ed at a smaller final

concentration of 6.0 pg mL l. The absorbance of the complcx formed was measured at

dii'ferent timc intervals given to the first stcp ofthe reaction. varyi[g from 2-30 min. The

rcsults are shown in figurc 3.3.10.

The stability of the Fe-hydroxanrate complex was investigaled by mcasuring absorbancc

ofthe complex formed at dilferent time inten als in the range of 2-60 min The results arc

shown in figure 3.3.11.

0.65

0.60

0.55

0.50

0.45

0.40

0.3 5

0.3 0

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Conc. (M)

Figure 3.3.4. Effect of concenlration of hydroxylamine hydrochloride on hydroxamate

formation
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Volume (mL)

|igure 3.3.5. Effcct of volume ol hydroxylamine hydrochloride otr hydroxamate

lbrmation

l able 3.3.1. Efl'ect of concentration of sodium hydroxidc on hydroxamate formation

Conc. (\I) Absorbance
\o Reaciion

No Reaction

No Reaction
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!-igurc 3.3.6. Effect ofconcentration of sodium hydroxide on hydroxamate formation

Figure 3.3.7- ElGct ofvolumc ofsodiurr hydroxidc on hydroxamate lbrmalion

0.6

0.5

E o.+

€ o3

1,,
0.1

0.0

ltl

216
Conc. (M)

0.1 0.2 0.3

Volume (mL)



tixperinent.tI/ResuIts d I Disc stion

Table 1.3.2. Effect ofconcentmtion ofhydrochlo c acid on the l'e-hydroxamate

complex formation

Conc. (M) Absorbance

0.6

0.8

1.0

1.5

2.0

2.5

3.0

3.5

Precipitate

0.471

0.688

0.63

0.434

0.3 32

0.288

0.148

08
0.7

,0.6
3 os

€ 0.4

-ts 0.3* 0.2

0.1

00
0.0 0.5 1.0 1.5 2.0 2.5 i.0 3.s 4.0

Conc. (M)

Figure 3.3.8. Effect of concentration

complex formation

of hydrochloric acid on the Fe-hydroxamale
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Tablel.3.3. Eilcct of volumc of hydrochloric acid on the Fe-hydroxamate complex

formation

Volume (mL) Absorbance

0.5

1.0

1.5

2.0

2..5

3.0

3.5

4.0

Precipitate

Precipitate

Prccipitatc
0.151

0.139

0.132

0.1l5
0.092

0.16
0.14

.,, 0.12
3 o ro
€ o08

-3 0.06
- 0 0.+

0.02
0.00

1.522.533.544.5
Volume (mL)

Figure 3-3.9. Effect of volunre of hydrochloric acid on the Fe-hydroxamate complex

formation
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0.05

0.04

E o.o3

0.0 r

0

10 15 20 2.5

Iime (min)

figurc 3.3- 10. Ellect of time on the hydroxamate derivative formation (Step-1)

figurc 1.3.1 1. Ellcct ()1 timc on the stability ol the fc-hydroxamate complex (slep-ll)

3.3.4. Invcstigation of lhe empirical formula and formation cotrstant (K) of the Fc-

hydroxamate complex by Job's method ofcontinuous variation

lnstruments, rcagents rnd solutions: The same as mentioned bcfore

Procedure

Dilfcrent volumcs of fenoxaprop-p-ethyl (8.52 x loa M) were taken in eight separatc

conical flasks followed by the addition of 1.0 mL of hydroxylamine hydrochloride (0 1

M) solution to each flask. Then 0.25 mL of sodium hydroxide solution (6 0 M) $'as added

lbliou,ed by thc addition of 2.0 ml. ofHCl (1.0 M). Aftcr five minutes dilfercnt volumes

0.62

0.60

P osr
€ os6

i o.s+

0.52

0.50
0 10 20 30 40 50 60 '7{)

Time (min)
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ol Fe (lll) solution (8.52 x 10I M) u'erc added lo thc mixtures in such a way that thc

tdal volume and total moles of FPE and Fe (lll) in each mixture remained constanl but

the mole ratio ofthese two varied systematically Each solution was transfered to a 10

ml- flask and diluted up to the mark with ethanol The absorbance in each case was

measLLrcd a1 500 nm against a reagent blank. Thc absorbance rvas plotted against the

volumc ralio ofFe (lll) and l-PE. lhe results are shown in ligure 3'3 12' Thc empirioai

Ibnnula or the combining ratio of the complex formed rvas dctermincd to bc ML] lrom

the theorctical maximum on the cuNc. The formation oonstant Kr for the complcx was

cvaluatcd from measLlrcment ofthe deviations from the theoretical shaight lines and the

calculations are givcn belo$'.

From the extrapolated absorbance:

M (mL) = 0.75

l. (mL) = 2.25

M/L: 0.33

M:L=l:3

Thcrcfore thc cmpirical formula ofthe complex is Ml-3

ii;,;;;;;;,;'4.,i l I Total Lisand Conc. (C, ) i

c,vr = crv, 
i

8 52: 101! 2 25- X x l0

X=CL:1.92i10!M

c,v, : crvl
8 52, 10r,0 75 X'10
x C!= 6:19 , l0'M

i Conc. ofthe conplex tMlrl
lML,l: (A 

""."r/A "*,p"r",.d) 
t cq

lMLrl= (0.0s0i0.052) ' 6 i9: 105

lMlrl - 6 144 ! l0 :Nl
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i;;i;;;;ti;.i- - Iii

tMl - 6.39: l0 r-6 ll4

[M] - 2.s6 x l0 6M

lLl=cL-tMI-.1

[L] = 1.92, l0i-6.134 '" l0-r l0J

i 1t-1= t.:so " to"

i r,-e.r:4'10ir256!106!(lls6!101)r I

0.06

0.05

0.04

0.03

002
0.01

0
0.4 0.8 1.2 L6 2.4 2.8 3.2

3 2.6 2.2 1.8 1.4 1 0.6 0.2 -0.2

Fe (lll) : FPE

figurc 1.1.12. Investigation ofthe empirical lbrmula and lbmration constanl (Kd ofthe

!'e-hydroxamate complex by Job's method ofcontinuous varialion

3.3.5. Investigation of th€ effcct of colcentration of fenoxaprop-p-€thyl on thc

absorbance of the complex formed using batch atralysis

Instruments, Rcagents and Solutions: Thc same as mentioned before

Proccdure

Different volumes of fcnoxaprop-p-ethyl (100 pg mL"r) corresponding to linal

concentration in the rangc of 2.0 50.0 pg ml--l u,crc taken in seven dilferent conical

flasks. To each flask optimum volume (1 mL) ol hydroxylamine hydrochloridc solution

(0.1 M) \!'as added tbllou'ed by thc addition of optimum volume (0 25 mL) ol sodium
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hydroxicle (6.0 M). The flasks were kept for five minutes and then 2 0 mL of

hydrochloric acid (1.0 M) and 0.1 mL of F'c (lII) (5.0 %) solutions were added

consecutively to each flask- Each solution was transfcrred to a 10 mL volumet c llask

and dilutcd with elhanol upto the mark. Absorbiurce of the magenta coloured complex

\ras mcasured at 500 nm againsi a rcagent blank bcing prepared by the same procedure

u,ithoul the addition ofFPE. l'he results are gi!en in tables 3.3.'1 aDd are shown in figure

11.1.13. For checking the linearity and finding out thc limit of detcction and limit of

quantilication of the method, the effect of concentation on absorbance behaviour $as

studied at lower concentration. A calibration plot ofconcentlation versus absorbance was

constructcd and is sho\\'n in llgure 3.3.14.

'l ahle 1.3.4. lnvestigation of the ef1'ect of conoentmtion of lenoxaprop-p-ethyl on the

absorbance of the complex Iorrned-Batch analysis

-- a;*""'.,r[;Gt * ri Absorbancc

2

5

l0
).0

30
,10

50

0.009

0.025

0.048

0.081

0.108

0.13

0.167
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0.05

0.00

Figure 3.3.13. Investigation of the effect

absorbance oI the comPlex

of concentation ol fcnoxaprop-p-ethyl

formed-Batch analysis

20 40

Conc. (pg mt.-r)

on the

Irjsure 3.3.14. Calibration cune at lower concentration for specffophotometric

dele1mination of fenoxaprop-p-ethyl-Batch analysis

3.3.6. Calculation of analytical characteristics for spectrophotomotric determinalion

of fcnoxaprop-p-ethyl using batch analysis

Thc molar absoeiivily (€) u'as calculated based on the lbrmula given belorv:

Mol.u Absorptivity (€) : A/C x I-

Where 'A' is the absorbance of the smallcsl concentratirnl detected by the proposed

method. 'C' is thc N,lolar concentration and 'L' is the palh lcnglh (cm) of the cell.

0.05

0.05

3 o04

f o03

t o.oz

0.01

0.00
0 5 10 15

Conc. (pg mL r)

,"" 
: 0.0049x

R' = 0.9937
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Limit of detection (LOD) and limit of quantification (LOQ) were evaluatcd by batch

analysis for six replicatcs of the lowest quantifiable concentration that can be measured

\\'ith acceptable prccision and accuracy (2.0 pg mL-'.; by applying the following

lbrnulae.

LOD : 3S/b (for concentration)

LOQ : 1os/b (Ior concentration)

\\ here S' rs rhe st:rndard dcr ialion and b is lhe slr-rpe of thc.randzrd curnc

Relative slandard dcvialion (RSI)) was calculatcd by using the following lbrmula:

RSD = (S/xr) t 100 \&here x/is thc mean conccntration detemined.

Analyical characteristics ofthe method were calculated and arc given in table 3 3 5'

Table 3.3.5. Analyical characterislics ofthe investigatcd batch mclhod

l'aramctcr Value

), ,n.^ nm

Molar absorytivity (e) L mol I cm'l

Standard deviation (S) pg mL-r

Relative slandard deviation (RSD) %

l-imit ofdetection (LOD) pg mL-'

Limit ()1-quantilication (LOQ) pg mL'r

Col1clation Cocfficient
Slope

IntercePt

Stability constaDt (Kd

s00

L85 x 10r

0.149

8.14

0.244

2.',12

0.9937

0.00,19

0.00

9 ?4 ' 1012
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3.3.7. FLOW INJECTION SPECTROPHOTOMETRIC DETERMINATION OF

[-ENOXAI'ROP-p-E IHYL

For flow injection analysis, a three channel FIA system \\'as arallged as shown in ligure

3.3.15. The chcmical parameters optimized for batch analysis of 1'enoxaprop-p-ethyl with

slight unavoidable modifications were applied in the flow system at room temperature' ln

thc FI manifolds in reagcnt stream F-l a mixture olhydroxylamine hydrochloride (0 1 M)

and sodium hydroxidc (4.0 M) in a mtio of '1:l was pumped. Sample soLution of

fenoxaprop-p-ethyl \&"s injected into the I--1 stream through thc injection valve ln an

injcction loop. The hydroxaunate salt thus formed was then acidified with l:1 mixture o1'

HCI (3.0 M) and cthanol flouing dowtr in the rcagent srream F-2. [inalll complexation

01'the acidic hydroxamate salt solution $ifi Fe (llD (0.5 yo) occured in the stream of

FeCL solution llowing in reagent stream F-3. The magcnta colourcd complex formed was

passcd rhrough a flow through cell and the absorbance was continuously mcasured at )"rna*

5{X)nm.

Peristaltic

PumP Iljection Porr

Specfiophotomeler

UNICO uV-2t00

Flow Through Cell

Iigure3.3.15. Scheme of manifold flow injection system for flow injection

spectrophotometric detcrmination of fenoxaprop-p-ethyl
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F- 1; Reagent- 1(NH2OI l.HCl + NaOH)' F-2; Rcagent-2 (HCl + CzllsOll)' F-3; Reagent-3

(FeClr), Rr; Reaction coil- 1(Hydroxamate sall tbrmation)' R2l Reaction coil-2

(Acidification), R3; Reaction coil-3 (Complex fomation)

3.3.7.1. I[vestigation of the effect of physical paramcters on the Fl

spectrophofomctric dctermination of fenoxaprop-p-cthyl (FPE)

Instruments, rcagents and solutionsi 'fhe same as mentioned before

Proccdure

In thc flow injection assembly with the same length (40 cm) ofreaction coils (Rr' R:' and

R3), l::l mixturc o1-sodium hydroxide (4.0 M) and h)droxylamine hydrochloride (0 1 M)

\\,as pumped in the reagents stream F-l and 1 0 mL of FPE solution (100 pg ml'l) was

introduced through the injcction port with the help of a 5.0 cml sl, inge' The derivatized

product formed in reaction coil Rr \\'as aliowed to mix with F-2 reagent stream which is a

l : l mixture of HCl (3.0 M) and ethanol (98 oZ) 'l he product was acidified in reaction coil

I{, finally the acidified hydroxamate was rcacted with !e (lll) solution (0'5 %) flowing

in F-3 rcagent strcam and complex formalion completed in Rr reaction coil- Rlank was

adjusted by continuously pumping the reagcnt solutions in the assembl,v and zcro

adjuslment via the software of the detector on thc compuler. Absorbance of thc product

formed was continuously mcasured at 500 nm, while passing through a llow through ccll

to the waste chamber being placcd oulside the spectrophotometer. The effect ol'flow rale

was investigated in the range of 1.0-5.0 mL min-r by adjusting the llow rate on the

pcristaltic pump. Thc data \\'as displayed and recordcd througir a computcr interlace

program and is given in table 3.i.6 and shown in figurc 3.3.16.

lhe eiLct of sample iltjection volume on the absorbance ofthe product was invcstigated

by injecting different volumes of FPE (20 0 pg mL 1) through the iniection valvc into thc

sample loop in the mnge oI 100-600 [L. All the remaining physical and chemical

parameters were kept the samc as discussed in thc ahove paragraph The results are

shown in figure 3.3.17.

'Ihc ellects of length of the reaction coils were studied at the optimum llow rate ol l 0

mL min-r and optimum sample injection volume of 400 pL whilc keeping all the

t2l
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chemical variables constanl The lcngth ol each reaction coil LRr, R, and Rt] was varied

one by one in the range of 15-95 cm and absorption spectrum for each run was recorded'

While varying the length ol one rcaction coil thc lenglh ol the olher two was kept

constanl. The results are shown in iigue 3.3.18.

Table 3.3.6. Effect of 1lo$' mte on the FI spechophotometric detcrmination of

fenoxaprop-p-e1h]1

Flow Rate (mL min A.bsorbance

I

2

l
4

5

0.137

0.201

1.155

0 |7
0.103

1.4

1.2

1.0

0.8

0.6

0.,1

0.2

0.t)
21

Flow rate (mL min 1)

Iigure 3-3.16. Effect of flow rate on the F[ spectrophotomctric detemination of
i'enoxaprop-p-ethyl

t).)
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0.400
0.3 50

0.300
0.250
0.200
0.150

0.100
0.050
0.000

0 200 400 600 800

Volume (pL)

I;igure3.3.17- Eilect of sample injection volunre on thc FI spectrophotomctric

detemination ol l'enoxaprop-p-cthyl

Figurc 3.3.18. Flffect ol rcaction coil length on the Fl spectrophotometric deteminatiurr

of fenoxaprop-P-cthYl

3.3.7,2. Investigation of the cffect of concentratioD of fenoxaprop-P-ethyl on the Fl

spectrophotometric dctermination

Instruments, Rcagents nnd Solutions: 'lhe same as mentioned before

Itroccdure

Standard FPE soluiions in the rangc of 1.0 - 20.0 pg ml- 1 \iere preparcd in eight separatc

10 ml, volumetric flasks by takilg the requircd volume of standard from l0 and 100 pg

2.0

1.5

€ 1.0

05

0.0

---a_ Rr

0 10 20 30 40 50 60 70 80 90 100

Coil length (cm)

l2_l
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mLr stock solutions and diluting with ethanol. In the flow through assembly reagents

solutions of the optimized concentration were pumped through the reaclion coils of

oplinum length i.e. Rr :25 cm, Ru = 40 cm, Rl :25 cm, with an optimum flow Iate of

3.0 mL minl. The absorbance of the blank was adjusted al zero and then opiimum

volume (400 prl-) of cach stand;Lrd FPE solution was loaded into the sample loop through

the injection port with the help of a 5.0 cmr syringe ln each case thc sample was injected

into the shcam and the absorbance spectrum recorded Between tu'o succ(ssivc

measurements the sample loop rvas flushed uith clhzmol and absorbance of lhc blanl(

reagents stream adjustcd to zero- With this process a sample throughput of90 samples h l

was achieved. The results arc given in tablc 3.3.7 and shown in figure 3l'l9 A

calibration plot of absorbance vs. concentration (Figure 3.3.20) was constructed at low

conccntration range for application ofthe method to real samples.

Iablc i.3.7. Investigation ofthe effcct olconcentration of fenoxaprop-p-ethyl on lhe !l

5pectl opholom(tric d(terminalion

CoDc. ([g mL'') Absorbance

1

2

3

5

8

l0
15

20

0.036

0.053

0.071

0.108

0.145

0.1'17

o 222

o 279

t24
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0.35

0.3 0

:6 020iI 0.15

< 0.10

0.05

0.00
0 510 15 20 25

Conc. (pg ml.-r)

Figure 3.3. 19. Investigation of the el'fect of concentration of t'enoxaprop-p-ethyl on thc FI

specl rolholom(lric Jeterm inat ir rn

!-igure 3.3.20. Calibration curve lbr Fl spectrophotometric determinalion of fenoxaprop-

p-ethyl

3,3.7.3. Calculation of analytical characteristics for the FI spectrophotometric

determination of feroxaprop-p-ethyl

Different:ural,r,tical characteristics lbr Irl analysis were calculated based on the formulae

givcn earlier in scction 3.3.6. Limit ofdcteotion (l,OD) and limit ofquantification (LOQ)

were evaluated by t'l analysis lor six replicatcs of the lo\resl quantifiable corcerrlraliorl

thal can bc measued with acceptable precision and accuracy (1.0 pg mL l). AI optimum

0.2.5

0.20

E 0.15
€
! o.ro

0.05

0.00
0 5 10 15

Conc. (prg ml--r)
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conditions various analytical l'eatules of the method were calculated and are given in

table i.3.8.

lable 3.3.8. Anal),tical chancteristics ofthe invesligated ll method

Parameter Value

), .* nm
Molar absorprivity (c) L moi-r cm-l

Standard deviation (S) Fg mL I

Rclative standard dcviation (RSD) %

Limit ofdetection (LOI)) pg mL I

Limit of qu:mtilication (LOQ) pg mL-'

Co1aelation coefficient
Slope

lntcrcept

500

1 .81 , 101

0.096

\0.7
0.11

1.03

0.9952

0.0179

0.029

3.3.8. Invcstigation of percent rccovcry of fenoxaprop-p-ethyl from sPiked samples

by the proposed mcthod - Batch and FI aDalysis

Instrumenls, Reagents and Solutionsi 'lhe same as mentioned before

Collection of samples: Saunples of wheat and barley grains were collectcd liorn crop

field \\'herc no spray ofthe herbicidc was done

Snmpl€ extraction procedure

Control samples (10 g) of wheat and barley each wcre separately taken in bottles and

known co[centration of fenoxaprop-p-ethyl solution uas added to adjust the

concentration level of5, 10, 15 gg gl. The samples werc homogenizcd by mechanical

shaking tbr unilbrm mixing and kept for 24 hollts at ambient tempemturc' The

hornogenizcd samples uere extracted tbr 60 min with 25 mL of each. methanol and

acetone. The extmction was done in triplicates.

Analysis procedure

Ihe pcrcent recovcries of fPE fiol11 thc samples. each in triplicatc. *ere evaluated bY the

proposed mcthod, r.ising both batch and flo$ injeclion analysis.
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For batch alalysis 2.0 mL ol each extract was taken in a conical flask and optimized

voh.uncs oI all the reagents menlioncd before uere successively added and absorbance of

the final product was measured at 500 nm against a reagcnt blank'

ln case ol FI analysis, the extracl being i'unher concenlratcd by air drying at room

temperatuc to 1.0 mL was used in eacll case Oplimum volumc (0 4 mL) ofcach extract

u,as loaded into the sample loop through the injection port $ith the help of a micro

syringe. The sample was then injected to ihe reage[ts stream in which oprimum

concentration of the reagents was flowing at an optimum flow rate Thc absorbance of the

product u,as measurecl at 500 nm by the method mcntioned beibre' For each sample

ahsorbance readings \&ere taken in 1 plicate. A comparison of percenl rccovery

invesligated by both batch and !'l proccdure is given in table 3 3 9

Table3.3.9. lnvestigation of percent recovery of fenoxaprop-p-ethyl ftom spiked

samples by the proposed batch and Fl methods

I Avcragc 9/o llljcol cn
\d'.lcd Found(Fgg ) rRSDSample Eluent 

tr.s e-r) ffi
5 4.1 4.5

Wheat grains

Barcly gnins

Methanol l0 8.5 9.0 88 + 3'0 90 + 1 0

15 13.7 13.6

5 4.5 4.5

Acetone 10 8.6 9.3 89 + 3.0 92 t l 0
15 13.7 14.0

5 ,1.3 1.4

Methanol 10 {J.6 9.0 87 r 0 9 88 + 1 7

15 ll.0 13.1

5 4.4 4.6

Acetone l0 87 9.2 88+0.5 92x0'6
15 13.3 13.8

3.3,9. DeterminatioD of fenoxaprop-p-ethyl residuc in real samples by the proposed

batch and FI methods

Instrumcnts, lleagents and Solutionsl The san-re as mcntioned before

Samples: Barley grajns samples were collected liom a crop field upon which the subiect

herbicide rvas sprayed as a pilot project
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Proccdure

'lhe linoxaprop-p-ethyl rcsidue in barel-,- grains samplc was determired by standarcl

additionmethod.Forthissixsamplesofbarelygrains(l0geach)weretakeninseparate

bottlesandspikcdwithaknownconcentrationofstandardfenoxaprop-p-ethylsolution.

Thcse bottles were uniformly shaken manually fol proper mixing and kcpt for 24 h' The

helbicide\Iasextractedwith25ml,olsolve[t(aceloncandnethanol),Theextlaclswere

evaporaled at room temperature and the rcsidue *as redissolvcd in 25 mL methanol' I he

reconstituted extract was analyscd by the proposed batch and !l mcthod folio$ing tlre

same procedure as mcntioned before. The residue of herbicide prcsent in the sample was

calculated Irom the difference of the concentration of a<lded srandard solution and the

total concentration of herbicide found in the sample The results of the residue

determination are given in table 3.3.10.

lable 3.3.10. Residuc determination of fenoxaprop-p-cthyl in real samples b'v thc

proposed batch and Fl methods

Nlcthod
Conc. added

( pg g-')

Total Cotrc. Found
(tgg-')

Average Residue
(t g s-')

Batch

TIA

'1 .60

8.20

8.00

8.25

8.t 0

9.20

8.80

9.4t)

9.40

9.60

9.25

1.2 + 0.25

i.15 + 0.15

l2t
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Results and DiscussioIl

the chemical structure of fenoxaprop-p-ethyl (Fig 3 i'l ) contains a terminal ester groLlp

which was convefiecl into hydroxamate salt by reacting it with hydroxylanine

hydrochloridc in alkaline meclia. The hydroxamate salt lbmcd was used as a ligand with

Fe (lll) in acidic media *hich resulted in a magenta coloured |e (lll) hydroxamate

complcx. Thc proposed reaction mechanism involved in the proposed spectropht'tomellic

method for determination of fenoxaprop-p-ethyl is shown in tigure 3 3 2 The reaction is

thst at room tempcralure therefore; it was fit for llow injection analysis and hence was

uscd 1br determination oi fcnoxaprop-p-eth1l herbicide Thc absorytion spectnrm ofthe

complex fo ned \\'as scamcd at a wavelength rangc of 440-580 nm (Fig l'1 3 )'

Wavelength of maximum absorbance was lbund to be 500 nm.

The corcentration of hydroxylamine hydrochloride was investigated in the range of

0.025-0.1 M (Fig. 3.3.4.). The absorbance was found to increase with increase in

concentration ofhydroxylamine hldrochloride solutiol t'rom 0.025 M to 01 M A small

decreasc in absorbance was observed a1 highcr concentration. Similarly thc volumc ol-

hydroxylaninc hydrochloride \\'as oplimized in the range of 0.25-5'0 mL (Fig' l l'5)'

The absorbance increases with increase in volume ofhydroxylamine hydrochloride l'rom

0.25 to 1.0 ml beyond which a small decrease in absorbancc was obscrved Higher

concentration of hydroxylamine hydrochloride has t\&o lbld cffecls. Firsl i1 causes

rcduction ofl'e (lII) to Fe (II) bascd on the rcactionl

2NH2OH+2Fer* 

-''- 

2 Fe2- + N2O + 2 tl* + 2HrO

and secondly it incrcases hydrogcn ion concentralion u'hich in tum increases acidity'

These lactors lead to dissociating tcndency ofthe complex Il].

Ilydroxylaminc hydrochioride reacts l\'ith lenoxaprop-p-ethyl in alkaline media and the

clf'ect of sodiunr hydroxidc concentration was investigated in the range of l '0 to tt 0 M

solution. Reaction sta s with 4 0 M sodium hydroxide solution and m;L\imum

absorbance was found at 6.0 M sodium hydroxide solution (FiS 3.3-6.). l'l,e volume o1-

sodium hydroxide uas found to have substanlial effect on the product tbmation Sodium

hydroxide volume was va ed in the rangc of0.l-0.3 mL. It r,\'as observed that absorbance

t2t)
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incr-eases from 0.1 to 0 25 mL of sodium hydroxide and a higher volume rcsult in sudden

ciccrease in the absorbance due to greatcr pll ohange with sljght increase in the volrme of

the base (Iig. 3.3.7.).

The hy<lroxamate salt formed from fenoxaprop-p-ethyl herbicide was used as a ligand

and rcacted with iron (lll) for complex formation Hydroxamate salt rcacts with iron (lll)

in acidic media and hydrochloric acid was used 10 adjust thc acid-v ol solution' l'he

concentration o1 h-vdrochloric acid was varicd in the ralge of 0'6 - 3 5 M solution' Thc

complcx lbrmation starls with 0 8 M hydrochloric acid solution and absorbance incleased

u,ith increasing acid concentration up to l0 M (Fig 3 3 8) Beyond 10M contentration

olacidsolutiontheabsorbancedecreased'thereforefullheranalysiswasperformedatl'0

M solution ofhydrochloric acid. Thc volume ofhydrochloric acid was varied in the range

o1 0.5-4.0 ml,. It was obsen'ed (Irig. 3.3.9.) lhat maximum complexation occurs at 2 0

ml- of hydrochloric aoid. At highcr acidity oI thc media the complex is unslahlc due to

compctition of H+ ion and higher acidity makes the complex unstable and the colour of

the solution fadc when the pH ofthe solution become lower than 1 2 (2)

'fhe cffect of reaction time for the hydroxamate dcrivative formation was invesligatcd' It

rvas observed (Fig.3.3.10.) that reaction is fast and rcquires only two minrtcs 1br

completion and bcyond this lime thcre is no substantial ellect in the absorbancc ol-the

complex.

The stability of the Fc (lll)-hydroxamatc complex was studied from 2'0-60 minutes af,cr

formation (Fig. 3.3.11.). It u'as obscrved that the absorbance of complcx linearll

decreascs wilh time. This means that the dissociation ofthc complex occurs at a constanl

mtc at room tcmperaturc. Due to the instability olthe complex at room temperatute' flow

injection analysis syslen was developed in which absorbance ol tl'tc complex is mersrrred

immediatcly when it is 1bm1cd.

The sloichiometric ratio ofthe hydroxamate salt formed lrom fenoxaprop-p-ethyl to iron

(lll) \\,as established by the Job's method of continuous variation employing batch

method (|ig. 3.3.12). The composition oI thc complex was found 1() be [Fe (lll):

hydroxamate anionl 1:1, means that thl ce mole of ligand rcact B'ith onl- mole of iron (lll)'
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The calculated fomalion constant of the complex was 9'74 x 1012' which shows high

stability of the complex.

Thc eilect ol conccntration of lenoxaprop-p-eth) [ on lhe absorbancc of complex was

investigated (Fig. 3.1.13.). It \\'as found that the method obeys Beer's larv over a

conccntmtion range of 2-50 pg mll. AIso a calibration plot (Iig' 3314) was

constructed at lower concenhation lor application ofthe method for sample analysis'

Ior Ilow injectjon analysis a simple thrce lbld schemc was assembled (Fig' 3 3'15') ln

FIA thc eflect of various physical variables likc flo\\' rate' sample injcction volumc and

rcaction coil length q'cre invcstigated. Flow rale was varicd in tlli- range of 1 0-5 0 mL

minL. lhe absorbancc \\'as observed to incrcase \\'ith increase in llo\\'rate upto l'0 ml-

min-labove which it decreases due to incomplete reaction. The reaction in FIA is bascd

on dispersion phenomena, therelbre with high flow rates little time and space become

available for reagents and anal)'tes to react and thus decrcase in dispersion of sample with

reagents in a flow sffcam occurs (Fig. 3.3.16) Sample injection volumc was studied jn

thc range of 100-600 [L (F'ig. 33.17). It was observed ihat the absorbance of thc

con'lplex incrcases with increasc in injection volume from 100 to 400 uL and then goes

on decreasing and beyond 600 pL sample volume the peak splits into two and hccomes

less intense. lihis is possibly due to the reaction occurring only at the two ends of the

analyte sheam and thc analyte in the middie oftho stream remains unrcacled' 'fhe eflict

ofreaction coils length Rr, R2 and Rr was studied from 15 cnr to 95 cm for hydroxamatc

salt ibrmation, acidification and complex formation respectively. (Fig.3.3 18) Maximum

absorbancc was found at 25 cm coil length in casc ol Rr which indicates mpid reaction

bctween fenoxaptop-p-ethyl and hydroxl lcmine hydrochJoridc' The secon'l reaction coil

R2 was also optimized for changing the media liom alkaline to acidic. The acidity ofthe

reagents was found maximum u'ith 25 cm reaction coil length. For complex formation the

cllect of rcaction coil R3 length was also investigated and maximum absorbance of

complex was found rvith ,10 cm. 'l he results indicated that hydroxamic acid and complex

ibrmation reactions are fast and rcprodttciblc in the FIA system. Wilh this selup a

sampling ratc of90 samples hr was achievcd in the llA system.

ll1
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In the Il analysis the etlcct ol conccntration of tP[ on thc absorbancc behaviorLr of lhe

cornplex was studied (Fig. 3.i.19.). The Fl method was shown 10 bave linear responsr in

thc concentration mnge of I 0-20 pg ml'-l A callbralion plot \&as drawn from the same

data at low concentration (Fig. 3.3.20.) for the application of the method for sample

anal1.i..

The analytical parametcrs calculated undcr optimized conditions both for batch and lil

methods are given in tablc 3.3.5 and 3-3 8 respectivcly' Thc applicability of Beer's law

1br batch and Fl system was checked. A lincar relation was observed in the concentration

range of2.0-50 pg ml--t and 1.0-20 0 pg ml'l ibr batch and FI methods respectively llhe

molar absorytivity ofthe resulting complex was found to be 1 85 r 101 L mol-r cm-r*ith

batch method and 1.81 ! 10a L mol-rcmrwith FIA. The Limit of detection and

quantification \ras calculated at lower concenhation that can be measured with

acccptable prccision and accuraoy and was tbun<l to be 0 24 i 0'15 2'7 + 0 22 pg mL r'

and 0.3 t 0.01, I .03 + 0. 1 pg ml-l lbr batch and FI methods respectively'

'l'he validity ofthc proposed Fl method was checked using standard addilion method The

pcrcent recovery of fenoxaprop-p-ethyl herbicide from wheat and barley samples was

checked and lhe rcsults arc given in table 3.3.9. For extraction from whcat and barle)

grains <litlcrent soh,enls like methanol, acetone. dichloromethanc and 1:l mixturc oi'

acetone and dichloromethane were used and maximum extraolion uas achieved with

acetone and methanol.'lhe average recoveries liom wheat grains with acetone as eluent

werc 89.0 + 3.0% at\d g2.O,i 1.0% wlile with methanol it was 88 0 + 3 oyo and 90'0 r'

1.0% for batch and Fl methods respectively. Similarly recoveries were found to he 88'0 +

0.5% and 92.0 + 0.6% lor barle,v grains with acctone as elucnt and 87.0 + 0 0% and 88'0

1 1-7% \\ith methanol. using batch and F'l methods respectivcly' The average limit L)l

dctection (l,OD) and limit olquantification (LOQ) calculated is 0.35 pg g-rand 1 2 pg g I

respectively, for wheat grains and 0.45 LLg g1 and 1.5 pg gr rcspectively, for barley

grains. 'fhc proposed method was also applied tbr the determination of fenoxaprop-p-

ethyl residue in barley grains using acetone as extraction solvent and the residue amount

found was 1.2 l. 0.25 pg g-r for batch method and 1.15 + 0.15 [g g I tbr ]'l method'
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3.4. FLOW INJECTION

DETERMINATION

ENVIRONMENTAL

Thc chemical structure ofpinoxaden is given below

Pyrazol Ring

SPECTROPHOTOMETRIC METHOD FOR

OF PINOXADEN HERBICIDE IN

SAMPLES

H;C

-O\adia7^Prn('Ring

| ,-\
LOlt,N/

'e) d !H.
/\/

H-i /--\-.n,d arrr

Figure 3-'1.1. Structural formula of pinoxaden

3.,1.1. Mcthod alcvelopmcnt strategy for the flow injection spcctrophotometric

determination of Pinoxadcn

The chemical structure of pinoxaden (PXD) is given in figure J 4 l lt contains three

rings; oxadizuopinc, pyrazol and phcnyl and an esler side chain' 1he proposed method is

based on the dcrivatizatjon of thc moleculc via its cster side chain to a hydroxamate salt

by reacting it with hydroxylamine hydrochloride in alkaline mcdium, accompanicd by thc

release olan alcohol moiety ofthe rest ofthe molecule. Ihe hydroxamate sait can act as a

ligand of choicc for cornplexation u'ith Fc (tll) in acidic mcdium' The absorbance and

hcnce conccnt.ation of the rcsultant rcd colourcd Fe (lll) hydroxamate complex can be

uscd lbr quantiiication oI pinoxaden 'lhe reaction mechanism is given in figure 3'4'2'

The rcaclion is last at room temperaturc and could be carried out in the flow injectioD

system ibr determination of pinoxaden herbicide.
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S1cp.l. Hydrox3mate derivatile formatLon from pinoxaden

O CII.

u-l-l:-.u. -nu.ou.ucr![
cHl

O CHr
oH N, rr ll I'o-N-C-C-CHl

I
cttlN'N

("-)

(Pinoxaden)

Stcp I Cornplcx formelion ol Illdroxamate ligend wilh Fc(lll)

O CHr,ll
Na O_N-C-C-CHr

I

cHr

o clli,L
HO \_C_C_CH- i \rct

CH:

IICL

H

!igure 3.,1.2. Proposed rcaction tncchantsm

dctermination of Pinoxaden

O CH]

il
HOTINj-a,-C-CHi + [c r',

I

CH:

0 _ 1"-o

/\
I-1
4

Magenla coloured ComPlex

for the flo$ injection spectrophotomet c
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3.,1.2. l'reliminary investigation of thc derivatization .nd complexatiotr reaction of

PXD with Fe (III) for its spectrophotometric determination through batch

analysis

Standard pinoxaden (100 pg ml't) solution (2.0 mL) was taken in a conical flask

containing a mixturc of 1.0 mL of hydroxylamine hydrochloride (0.5 M) and 0.3 ml. of

sodium hydroxide (,1.0 M) and equilibrated for live min lbr completion ol reaction. Thcn

a I:1 mixturc of HCI (2.0 M) and elhanol r.vas added lo the mixture lollowed by the

addition of two drops ofFe (llt) chloride (5.0 %) premixcd u'ith 1.0 mL oflriton-X 100

(1.0 %) solution. The formation ofred coloured product confirmed the possibilily ofthe

proposcd reaction and succeeding spectrophotomctric determination ofpinoxadcn by this

nrethod. Furlhcr studies were focused on the optimization of dill'erent physical and

chemical parameters ofthe rcaction and the details are given below.

3.,1.3. Optimization studies for spcctrophotomctric determitration ol pinoxader

using batch analysis

In order to have maximum product formalion, thc effects of various physical and

chemical parameters were investigated for the dcrivatization and complexation reactiuns

lhcse optimization studies include wavelcngth oI maximum absorbance, concentratioll

and volume of the reagcnts like hydroxylamine hydrochlo de, sodium hydroxide and

hydrochlodc acid and thc cft'ecl of timc on lhe slabilitv of the tlnal complexation product.

3.,1.3.1. Investigation of suitable wavelength for the spectrophotometric

dctermiratiotr of pinoxadcn

lnrlrumenls and cquiPmcnls

UVlVisible Spectrophotomeler (UNICO. UV-2100 tlnited Products and lnstrumenls Inc.,

Dayton, NJ, USA) with a glass cell having an optical path lcngth of 1.0 cm u'as used for

measudlg thi- absorbancc of the coloured complex. For pumping the reagents slream in

online method, a Pump (Model 124869 MP-l pump Speclra-/chrom spectrum). silicon

tubc (1.7lmm, i.d.). V-450 6-po injection valve (Upchurch Scientific Inc ' USA) ld

P fFE tubing (1- 19 mm. i.d., Becton Dickson. USA) \\'cre used. A sintered glass crucible
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(PYREXo tsngland), metal $ater jct pump model C501 (Edward High Vacuum Ltd

Manor Royal, Crawley, Sussex England), separating funnel (500 mL) and a glass column

(PYREX) rvere employed in thc separation process.

Ch€micals and Reagents

All reagents used wcre of analytical grade purit)'. Hydroxylamine hydrochlo de (MP

Iliomedicals, LLC 1263 South Chillicothe Rd Aurora' Ohio 4'1202), sodium hydroxidc,

Conc. hydrochloric acid, elhanol, Fe (lll) chlo de, T ton-X 100 and silica gel 60 (0'063-

0.200) (Merck-64271 Damstadt Gcrmany) \lere uscd du ng this r'"ork Rcagent grade

mcthanol, n-hexanc (Merck-64271 Darmstadt Germany) and dichloromethane (ltiedcl de

Hacn, Sigma-Aldrich I-aborchemikalien GmbH. D-30926 Seelze Gcrmany) were uscd lor

cxlraction of Pinoxaden from u'ater, soil and cercals samples' AXIALo commercial

lbnnulation conlaining (9.0 u/o rv/v) pinoxaden as activc jngredicnt \\'as purchased liom

the local market imported from Syngenta Crcp Protection Incorporated Ohawa NE 68107

tiSA b! Syngelta Pakistan Ltd. All the solutions used wcre stablc al room temperature'

Solulioo\ Preparalion

Standard pinoxadeD (PXD) solution: In order to remove thc salener cloquintocet-mcxll

from the active ingredient, a milky suspension of AXIAL ( 1 . 1 mL) in distilled watcl (500

mL) containing 0.1 g pinoxadcn was filtered through siDtered glass crucible fittcd with

metal \\'atcr jel pump. The colourless crysuls of cloquintocet_mexvl remaincd on thc

tiltcring media. Pinoxaden from the filtrate was obtained ihrough solvcnt exlraction with

dichlorometh.me (50 mL). The solvcnt \\'as cvaporated and standard stock solution of

pinoxadcn (PXD) (1000 pg mLr) was prepared by dissolving the rcsidue in 100 rnl'

methanol. Working solutions were plepared by l'ufihcr dilution ofthe stock solution'

Ilydroxylrmine hydrochloride solution: Hydroxylamine hydrochloridc stock solution

(0.1 Nl) r'as prepared by dissolving 0 69 g of the rcagent in 30 mL ethanol and diluled

upto 100 mL with clhanol.
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Sodium hydroxide and h-Ydrochloric acid solutions: Sodium hydroxide (6.0 M) and

hydrochloric acid (1.0 M) were prepared by dissolving appropriate amounrs in distilled

water and diluting upto 100 mL with distilled watcr.

n'e (III) chloride solution: Fetic chloride solution (5.0 %) was prepared by dissolving

5.0 g in 30 mL distilled water alld diluted upto 100 mL.

'l riton X-100 solutionl 1.0 o/o solution ol l riton X-100 u'as madc by dissoh'ing 1 0 ml'

of the reagcnt in 30 mL distillcd water and diluting the solution upto 100 mL with

distilled water.

Proccdure

For batch analysis, 1.0 ml- ofstock solution ofPXD (100 prg n1l--r) was taken iD a conical

flask. To this 1.0 mL of hydrox-vlamine hydrochloride (0.1 M) and 0.25 mL of sodium

hydroxide (6.0 M) was added and equilibrated for five min for compietion ol re'ction

lbllowcd by the addition of 1:1 mixtue IICI (1.0 M) and ethanol Then two drops ofFe

(lll) chloride (5.0 %) premixed with 1 0 mL ofTriton-X 100 (1.0 7o) solution was added

to the mixture. The resulting red coloured solution was transfered to a l0 mL volumetric

flask and diluted upto l0 ml, with elhanol. The absorbance of the solution was measured

against a reagcnl blank at differcnt wavelengths using SP i00 I IV/Vls

spectropholometer. 'l'he results arc shown in figure 3.4.3.
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liigure 3.,1.:l Wavelength optlmizaiion for thc spcctrophotometric determination ol-

pinoxaden

3.:1.3.2. Investigation of the effect of various paramctcrs on the complex form'linn

of pino\aden io batch anallsir

InstrumcIlt, Reagents and Solutions: Thc same as mentioncd belbre

Procedure

To six separate 100 mL conical flasks, each containing 1.0 mL of pinoxaden ( 100 pg mL

r), a mixturc o1' 1.0 mL of differcnt solution of hydroxylamine hydrochloride in

concentration range of 0.025-0.80 M and 0.25 ml, of sodium hydroxide (6.0 M) was

adtled. After five rninutes a 1:l nixture HCI (1 .0 M) and ethanol and thcn two drops ol'

le (lll) chloride (5.0 %, premixcd \\'ith 1.0 ml- ol Triton-X 100 (1.0 %) solution was

added 1o the mixtures. Each solution was then transLrred to a 10 ml, volumet c flask

and diluted upto the mark with ethanol. The absorb;urce of the complcx fomed was

measured at 500 nm against a reagent blank. The results are shown in igurc 3 4 4' The

elIect of volume of hydroxylamine hydrochloride on the hydroxamate salt lormalion NJs

studied varying the volume ofhydroxylamine hydrochloride solution (0 1 M) in thc range

of 0.25-2.5 mL whilc keeping all othcr conditions and procedues the samc 'l'he

absorbance *as measured against a rcagent blanl< and the results are shown in ligurc

3.4.5.
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I]ffectoftheconcentrationofsodiunhydroxidewasstudiedbyaddingconstant-volume

(0.25 mL) of sodium hydroxidc solutions trom varied conccntrations of in the range of

4.0 - 8.0 M, $'hile keeping the rest of the procedure the same The absorbance ()1- each

solution was measured against a reagent blank at 500 Ilm The rosults are shown in figure

3.4.6- The cffect ofvolume of sodium hydroxide solution was studied by varying volume

in the range of0.l-0.5 mL with all the remaining steps and conditions the same and in the

samc order. The rcsults are shown in figure 3.4 7'

ln orde, to study the eflact of concentration ofhydrochloric acid on the pinoxaden based

Fe-hydroxamate complex, seven sepamte conical flasks cach containing l'0 mL of

pinoxaden (100 gg ml-'l) stock solution were taken To each flask 1'0 mL ol'0-l M

hydroxylamine hydrochloride and then 0.25 ml- of sodium hydroxide (6'0 M) solutions

lvcre added and kcpr 1br five minutes. After equilibration, 1.0 mL of hydrochloric acid

l'rom dil'Grent slock solutions rvas added to each l1ask, so as to have dillbrent linai

conccntmtions in the range of 0.5-3 0 M. Iinally a drop 01'Ie (lID solutioi (5 0 70)

premixed with Triton X-100 rvas added to each flask and red coloured complex fomed

was transfered 10 a 10 mL volumet c flask and diluted uPto the mark with ethanol'

Absorbance was measured against a reagent blank and thc results are shorm in figure

3.,1.8. Similarly thc eilact of volumc of hydrochloric acid (1.0 M) was invcstigaled b,v

varying the acid volume iD the rzmgc of 1.'1-3 5 mL keeping all the rcmaining conditions

the samc.'[he results e shown in ligure 3.'1 9.

Io study the effect of timc on the stability of the final product, under the optimizcd

conditions the absorbance of the complex formed was measured at diffcrent time

inlenals in the range of 2.0--10.0 min. Iheresultsareshowninligure3'4'10'
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I'igurc 3.4.4. Eftect o1' hydroxylarnine hydrochloridc concentration on hydroxamate salt

fomation

Figure 3.4.5. Effect of volume of hydroxylamine hydrochloride on hydroxamate salt

fomalion
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figure 3.4.6. Effect ofsodiurn hydroxide concentration on hydroxamate salt fbrmatiorl

!igure 3.,1.7. l'lffect ofvolume ol sodium hydroxidc on llydroxamate salt lbrmalron
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figure 3.4.8. ElTect of hydrochloric acid concentration on lhe Fe-hydroxamate complex

lbrmation
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Figure 3.4.10. Effecl ol time on the stability of the pinoxaden based Fe-hydroxamate

comPlex.

3.{..1. lnvestigation of the empirical formula and formafion constant (Kr) of the

pinoxadcn based Fe-hydroxamat€ complex by Job's method of cnnrintlnns

variation

lnstrumcnts, Reagents and Solutions: 
-lhe samc as mentioncd befbrc

I'roccdure

To investigatc the combining molc ratio ofthc ligalrd and the metal, di{lerent vohrmes of

pinoxaden (0.01 M) were added to eight separate conical flasks lbllowed by the addition

ol'a mixture of 1.0 mL ofhydroxylamine hydrochloride (0 1 M) solution and 0 25 mL of

sodium hydroxide soLution (6.0 M) to each Ilask. After live n1in ecluilibration time' 2'0

mL ol hydrochloric acid (1.2 M) \ras added to each flask lbllowed by addilion of

diffcrent volumcs ofFe (lll) solution (0.01 M) prcmixed uith I'riton X-100 (1 0 %) to

each flask, in such a way that the total volume and total moles of PxD and Fe (lll) in

each mlxture remained constant bu1 the mole mtio of these tlvo varied systemalically'

llach soh]tion \.vas transfcned to a 10 mL flask and diluted upto the mark with ethaDol'

'lhe absorbarce in each case was measured at 500 nm against a reagcnt blank l'he

absorbancc u.as plotlcd against thc volume ratio ofFe (tll) and PXD.'lhe resulls are

givcn in table 3.4.1 and shown in figure 3.4 11. The combining ratio ol lhe complex

ibrmcd was calculated fron the thcorelical maximum on the curve. fhe lbmation

0.1)
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constant K. for the comPlex

theoretical stmight lines.

From the extmpolated value

caiculated aDd is given as:

M (mL) : 0.78

L (mL):2.22

M: L = 0.78:2.2 or l:2.82 : or I :3

'I herelbrc, the formula ofthe complex is ML3

Lvi:l ---=---: Y! l

l
Total Ligand Conc (C, )

was evaluated liom measurcmenl of the deviations l'rom the

of absorbance the concentmtion oI lice metal (le (lll)) w.rs

I Tohl Metal Conc. (C")

0.01 0.75=X'10

I x=c"=r.8 ' to'v i

l

CrVI : C:V2

0 0l 2.22= X ' l0

x=CL:2.22'l0rM

i Conc. oflhe complex [MLr]

IMLrI= (A 
""tu"/A ".",P.,,l.J ' 

c\,

l\,ll-rl- (0.26110.275) ! 7 8' 10r

lMl-rl ' 7.a , l0r M

l.igand Conc. IL]

rl

i e,..Free Mctal Conc. [M]

[M] - CM tML]]

lMl= 7.s ! l0 4-7.1r 10r

tMl : i.5 i l0 iM

Ir-l c, - lML.l

LLI - l.l2 , l0r 7.4 ! l0L

ii I tr-l - 1.,16,10-r

l( lMr lvl I

K, 'l'(r'l' n' .il6"i" 
I

i Kr- 6.13 , lo'

t,+5
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Table 3.4.1. Investigation

PXD based

variation

of the empirical

Fe-hydroxamatc

lormation constant (Kr) of lhe

Job's method ol continuous

fonnula and

complex by

Fe (III) (mL) PXD (mL) Absorbancc

0.2

0.,1

0.8

1.2

1.6

2

2.4

2.8

2.6

2.2

1.8

1.1

1

0.6

0.125

0.166

0.261

0.254

0.23'7

0.218

0.18t

.?.

0.30

0.25

0.20

0.15

0.10

0.05

0.00
0.00 0.40

3.20 2.80

0.80 1.20 1.60 2.u0

2.40 2.00 1.60 1.20

Metal : Ligand

2.40 2.80 3.20

0.80 0.40 0.00

Figure 3.4.11. Investigation of the empirical formula and formatioD conslant (KD ofthe

PXI) based le-hydroxamate conrplex by Job's method ol continuous

variation

3.,1.5. Investigation of the effcct of colcentratiol of pinoxaden on the absorbance of

thc complex formed using batch mcthod

Instrumetrts, Reagents tnd Solutions: l'he same as mcntioned before

Proccdure

Ditierent volumes ofpinoxaden (100 ;Lg mL-r) coresponding to final concentration in the

tu1gc of 0.5-40 gg mL I were taken in ten separate conical ilasks. To each flask, 1 0 mL

1,16
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of4:l mixture of hydroxylaminc hydrochlo de solution (0.1 M) and sodium hydroxide

(6.0 M) was aclded and the llasks wcrc kept for five minutes. Thei 2.0 mL ol

hydrochloric acid ( 1 .2 M) and 0.I mL of Fe (lll) (5.0 %) solutions prcmixed with T ton

X 100 (1.0 %) wcre added consccrtively to each flask. Each solution was transferrcd to a

10 mL volumet c flask and dilutcd with ethanol upto the mark. Thc absorbance ofthe

red coloured complex formed was measured at 500 nm against a reagent blank, prepared

b,v the same procedure without the addition of PXD. The rcsulrs are given in table 3.4.2

and arc shown in tigurc 1.,1.12. A calibration plot ofconcentration vercus absorbanoe was

constructed at lower concentration levcl and is shou.n in figure 3.'1.13.

'Iable 3.4.2. Invcstigation ofthe cffect of concentmtion of pinoxaden on the absorbance

ofthe complex formed using batch method

Corcentration (pg mL ') Absorbance

0.5

1.0

2.0

5.0

10.0

15.0

20.0

25.O

3 0.0

40.0

0.0r2
0.016

0.02,1

0.060

0.120

0.171

0.213

0.2'/6

0.132

0.421
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Figure 3.,1.12. Investigation of

absorbance of the

thc effect of

complex lormcd

concentation of pinoxaden

using batch method

on the

Figurc 1.,1.13. Calibration curvc for spectrophotometric delermination ol pinoxaden

using batch analysis

3,4.6. Investigation of analytical fcatures for the spectrophotometric determination

of pinoxadcn using batch method

The molar absorptivity (c) was calculaled using the lotmula given below:

Molar Absorptivit) (e) : A/C ! L

Where'A'is the absorbar,ce oI the smallest concenlration detected by the proposed

method, 'C' is the molar concentration zuld'L' is the path lcngth (cm) ofthe cell

0.14

o.t2

3 0.10

f 0.08

E ooe
< 0.0,1

0.02

0.00
0 5 10 15

Conc. (pg ml--')
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Limit of detection (LOD) and limit of quantification (LOQ) were calculated for batch

mcthod based on six rcplicatcs ol the lou'est quanlitlablc concentration thal can be

mcasurcd with acceptable precision and accuracy (0.5 [g ml, !) by applling the follou'ing

Iormulae.

I-OD = 3S,/b (For concentration)

l,OQ = 1os/b (For concentration)

Where 'S' is thc standard devialion and 'b' is the slope ofthe standard curve

Relative standard deviation (RSD) was calculated by using the formula:

IiSD = (S/x) :100

Where x' is the mean coDcentration determincd

AII analytical characteristics of lhe method were detcrmined at optimum conditions and

are given in table 3.4.3.

Tablc 3.,1.3. Analytical chamcteristics ofthe investigated batch method

['arametcr Valuc

). ,"". (nm)

Beer's lau'rangc (;.rg mL-r)

Molar absorytivity (c) (L rnol'r cm-r)

Rclalive standard deviation (RSD) (%)

Limit of detection (I-OD) (prg mL-r)

I-imit olquantification (LOQ) (Ag mL-r)

Conelation coefficienl
SIope

lntcrcepl
Stability constant (KD

500

0.5-40

9.6 " 10r

13.',l

0.). + 0.02

0.7 + 0.03

0.99',7

0.0116

0.0027

6.8 , 10e

1,19
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3.4.7. FLOW IN.IECTION (FI) SPECTROPHOTOMETRIC DETERMINATION

OF'PINOXADEN

For llow injection analysis, a tkee channel FIA system was allarlged as shown in figure

3.,1.14. The chemical parameters optimizcd for the batch analysis of pinoxaden Nith

slight modification as needed u'ele applied lbr the flo\\' injection analysis a1 room

temperature. In the FI manifolds in reagent stream !-l a mixturc of hydroxylamine

hydrochloride (0.1 M) and sodium hydroxide (4 0 M) in a ratio of 4:1 was pumpcd

Sample solutioD of pinoxaden was injected into the F-l strcam through the injcclion

valve in an injection ioop 'lhe hydroxamate salt thus Iormed was then acidilied uith 1:I

mixture of HCI (3.0 M) and ethanol flowing down in thc reagent stream F-2 Finally

complexation ofthe acidic hydroxamate salt solution with Fe (lll) (0 5 %) occurred 1n the

slream of Fecli (0.5 %) solution flowing in the channel F-3 The absorbance of the red

coloured complex passing through a flow through cell was conrinuously mcasured at i'^'

500 nm.

Peristaltic

Puntp ldectior PQrt

SpectrcPhotometer

UNICO W-2100

Florv Through Cell

Figure3.4.14. Scheme of manifold flou' injection system for llow injection

spectrophotometric determination oI pinoxaden
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F-1: Rcagent- 1(NHTOH.HCI + NaOH), F-2: Rcagent-2 (HCl + CTH!OH), F-3: Reagent-3

(|cClr), Rr; Reaction coil- l (Hy&oxamate salt formation), R2; Reaction coil-2

(Acidificalion), Rr; Reaction coil-3 (Complex fomation)

3.4.7.1. Inyestigation of the effect of physical parameters on the FI

spectrophotometric determinatioIr of pinoxaden

Instruments, rcagents and solutions: The same as mentioned before

Procedure

ln the tiow injectioD assembly with the samc length (40 cm) ofreaction coils (Rr, l{2, and

lL), I 14 mixture of sodium hydroxide (4.0 M) and hydroxylaminc hydrochloride (0 1 M)

uas pumped in the reagents stream F-l and l 0 mL ofPXD solution (100 pg mL-|) t at

introduced through the injection pofi with the hclp of a 5 0 cml syringe. The derivatized

product formed in reaction coil Rr was allowed to mix with F-2 reagent stream which is a

1:1mixtureofrlcl (1.0 M) and ethanol (98:/o) lhe product was acidified in reaction coil

Rr Finall,v the acidified hydroxamate uras reacted with Fe (lll) soiulion (0.5 %) flou'ing

in !'-3 reagent stream and complex formation completed in Rl reaction coil Blank rvas

adjusted by continuously pumping the reagent solutions in the asscmbly and zero

adiustment via the software of the dctector on the computer. Absorbance oI the product

lbrmed was continuously measured at 500 nm, u'hile passing through a flow through cell

to the uaste chamber being placed outside the spcctrophotomcler. The cffect ol flo\\' ratc

u'as investigatcd in the range ol 1.0-5.0 mL minr by adiusting thc flow ratc on thc

pe stallic pump. The data was displayed and recorded through a computer interlacc

program and is given in table 3.2.6 and shown in figure 3.2.15.

The effect of sample injection volume on the absorbance of the product was investigated

by injectillg difl'erent volumes of pinoxadcn (100 [g ml, '1 in thc .ange of 200-700 pL'

All the rcmaining physical and chenlical parameters \"erc kepl thc same and lhe

absorbance was measured. The results arc shown in figure 3.4.16.

'lhe effects of length of the reaction coils were investigated a1 the optimum flow retc of

3.2 mL min-l and optimum sample injection volume of 500 pL keeping the chemical

t5l
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variablesconstant.'lhelcngthofeachreactioncoilLRr'R:andR3]u'asr';Lriedonebyone

in fte raige ol 15-95 cm in a wa.v that while v:rying the length of one leaction coil the

length oI th(- olher two was kePt constant and the absorplion spectrum for each n'm was

recorded. fhe rcsults are shown in figtlre 3 4 17'

0.50

0.40

0 30

0.20

0.10

0.00
24

llo$ Rate (mL min r)

Figure 3.4.15. Effect of flow

pinoxaden

ratc on the FI spectrophotometric determination of

Iigure3.4.16. Ellect of sample injection volume on the FI spectrophotometric

detrrmtnation ol'Pinoxaden
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Iigure 3.4.17. Effect of reaction coil length oD the FI spectrophotomet c detemination

ofpinoxaden

3.,1.7.2. Investigation of the effcct of concentration of pinoxadetr on th€ Fl

spectrophotometric determination

Instruments, Reagents and Solutions: The same as mentioncd before

l'roccdure

Standard pinoxaden solutions in the range of 0.5 - 30.0 pg ml-l werc prepared in ninc

separatc 10 mL volumetric flasks by taking the required volume of standard liom I0 and

100 pg mLI stock solutions and diluting with ethanol- In the flow through asscmbly

reagents solutions ofth(] optimized conceniration were pumped through the reaction coils

ol optimum lcngth i.e l11 : 25 cm. R: = 40 cm. & : 25 cm' with an optimum {lo\\' rate

of 3.2 mL mjn l. The absorbance ol the blank was adiusled at zero and then optimum

volume (500 pl-) oI each standard pinoxadcn solution was loaded inlo the sample loop

though the injcction port with the help oI a 5.0 cml syringe. In each case the sample u'as

injccted into the stream and the absorbance sPectrum rccorded Between two srrcces\ive

measurements the sample loop uas llushcd with ethanol and absorbance of the blank

30 ,15 60 75 90

Coil lcnglh (cm)

R, + Rr ___r- Rr

15i
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rcagents stream adjusted at zero. Wilh thjs process a sample throughput of 60 samplcs h l

was achicved. The results are given in table 3 4 4 and shou'n in hgure 3 4 1 8 A)so a

calibration plot was constructed at low concentration for application ofthe method to rcal

samples. l'he calibration curve is shown in figure 3.4' 19'

Table 3.,1.4. Investigation of thc elTect ol concentration of pinoxaden on the Fl

spectrophotomel cdetermination

Conc, (pg mL- Absorbancc

0.5

1

2

5

10

20

30

0.016

0.021

0.033

0.0"13

0.054

0.066

0.121

0.215

0.326

0.3 5

0.30

B 0.25

j 0.20

Hors
< 0.10

0.05

0.00
010203040

Conc. (1'Lg mL r)

Figurc3..1.18. Investigation of the elfect of conccntration of pi[oxaden on the [l
-pcc lrnphulomcl ric dctcrm inat,on
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0.05
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0.00
234
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figure 3.4.19. Calibration culvc tbr fl spectophotometric determination ofpinoxaden

3.4.7.3. Investigation of various analytical featurcs for the flow injection

spcctrophotometric determination of pinoxaden

Dillercnt analytical paramelels for ihc ll zuralysis olpinoxaden were calculatcd hased on

rhc formulae given earlicr in section 3.'1.6. Limit of dctection (LOD) and limit of

quantification (LOQ) were evaluated Ior six replicates ol the lowest quantifiable

concentration that could be measured with acceptable precision and accuracy (0'5 pg mL

r). At optimum conditions. analyical features ofthe method detemined are given in table

1.4.5.

Tdble 1.4.5. Analytical characteristics ofthc investigated FI method

Parameter l'lA
). .* (nm)

Molar absorytivity (e) (L mol I cm'l)
Bcer's law range (pg url--l)

Relative slandard deviation (RSD) (%)

Limit ol detection (Fg mL-1)

Limit ofquantification (pg mL-r)

Corrclation coeffi cient

Slopc

Intercept

500

1.53 ' 104

0.5-30

8.0

0.1+ 0.01

0.6 r 0.05

0.973

0.0142
0.0129
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3.4.8. Separation of fenoxaprop-p-ethyl herbicidc; a possible irtcrferer, from

pinoxaden by column chromatography

Procedure

I I C Anall.is

|or preliminary investigation of the solvcnt syslen tbr scparation, 'll-C plates wcre

developed lbr pinoxaden and fenoxaprop-p-ethyl indilidually and as a mixture, using a

variety of solvelt systems. ,{ mixture oI dichloromelhane and n-hexane (1:1) showing

bctter results was selected to be the best solvent system.

Column Chromatographic AnalYsis

Slury of 1.0 g ofthe silica gel 60 was made in 1.0 rnl, of n-hexanc and packcd into a

nanow bore glass column (4.8 mm wide, 15 cm long), plugged with glass wool at the

botlom. The column was washed with 10 mL of n-hexane before samplc application'

Stock solution (9.0 mL) ofPXD (100 prg mL 1) was dried at room temperatue, dissoh'ed

in n-hcxane (5.0 mL) and loaded onto the column. To ensure maximum retention the

column $as equilibrated for 10 min. The column was then rinscd with l0 ml- of n-hexanc

in ivc steps, using 2.0 mL aliquots each time, and the eluents were collectcd' Thesc

aliquots were evaluatcd by the Proposed method for estimation of PXD rctained- Aflel

the loading step, the retained sample was eluted with 10 mL of a 1:1 mixture of

dichloromethane and n-hexane at a flow rate of 0.2 mL min'r and collected the aliquots

(each 2.0 mL) scparately in glass vials. These aliquots werc dried at room tcmperature,

dissolved in methanol (2.0 mL) and evaluated by the proposed mcthod 'l-he same

procedure was repeated for F[ (3.0 mL of 350 [g mL L) and mixture of PXD (8 0 ml-'

100 Lrg mL r) and FE (4.0 mL, 350 prg mLI) rcspectively. The results are given in tabie
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Table 3-4.6. Separation of pinoxadcn

chromatography

and lenoxaProP-P-ethyl bY column

Rclention Rccovcry

Anal.r_1c
Added
(Ie) Retention

Ic
Recovcred

%

RecoveryNo.
IrS Tolal Pg

unadsorbed Retained

Piroxaden
(A)
Rr=o.l

16

62

60

82

44

t=261

70

90

122

200

66

t0
r=578

91.0 +

2.0

I

2

3

4

5

6

900

t)
,u:

636

1

2

3

900 4

5

10.6

Fenoxaprop-

p-erhyl(B) 1050

Rr= 0.6

l
2

4

5

I

2

3

1

5

6

12

61

60

56

40

t-262

1050

C)
,u:

788

75.0

80

400

80

44

42

40

r=686

87.0 +

1.0

M ixture

of (A) and

1B)

B=490

A=800

40

54

16

t=140

64

t0
l0

)=114

490- 140

=150

800-l I,1

=686

200
't0

32

t=302
3.2

9.4

19.2

,=616

86.0 +

:l.0

91.0 +

I,t)

l

2
11.1

I
5

6

1

5

6

3.,1.9, lrvestigation of percent recovery of pinoxaden from spikcd samplcs using

batch and Fl methods

Instruments, Reagcnts and Solutions: lhc same as menlioned belbre

Samples: Soil and wheal grains samples werc collected iiom crop field aller

confirmation that piDoxaden herbicidc uas not sprayed thc current ycar' The university

campus tap water was used as a control sample.
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Srmple extraction procedure

In triplicate each coDtrol sample (10 g soil and wheat grains, 100 mL tap water) \\'ere

taken in separate bottlcs and known amounts of pinoxadcn in the range of 5- I 5 pg g I

was added to these samples. The bottles wcre manually shaken for uniform mixing and

kcpt 1br t\o hour. l he homogenized soil and wheat gmins s:rmplcs were extractcd with

50 ml. methanol, whilc pinoxaden fronr water samples werc extracted uith

dichloromcthane (50 mL). Dichlo.omethane was then evaporated and thc residue

dissolved in methanol (10 mL). Perccnt recovery was cvaluated by the proposed method'

using both batch and flow injection methods.

Aralysis proccdure

l;or batch analysis 2.0 mL oi each exfact was takcn in a conical tlask and optimum

volumes of all the reagents mentioned belbre \rere successively added and the

absorbance olthc final product was measured at 500 nm against a rcagent blank'

FI analysis of the extract, being furlher conccntrated to 2.0 ml-. in each case was donc b1'

loading optimum volume (0.4 ml-) ol each exlract inlo thc samplc loop through the

injcction port witir the help o1'a micro syringe. The samplc was then injccled to tlle

reagcnls stleam in uhich optimum concentratioll of the reagents was tlowing ct rn

optimum flow rate. The absorbance of the product was measured a1 500 nm by the

mcthod mentioned belole. For each sample absorbance readings were taken in triplicate'

A comparison ofpercent recovery investigated by both the batch and FI analysis is given

in table 3.,1.7.
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t able 3.4.7. Investigation of percent recovery of pinoxaden from spiked samples using

batch and fl mcthods

.\dded

No SpiLed rFg/gr
Sample or

Pg/mLr.1

Found (pg) '% Recoverl
,4.\crage

7n Recovery

Batch flA Batch Batch TIA

01 Soil

5.0

10

l5

5.0

8.5

13.5

4.8 100.0 i0.l
9.85 85.0+0.3

15.25 90.0*0.5

96.0+1.6

98.5+0.9 92.0+8.0 98.0+2.0

100.610.6
,1.0

9.0

12.0

02 wh"u1

Gmlns

5.0

10

15

5.1 80.0t0.4

9.7 5 90.0-0.1

15.1 80.010.2

102.E0.8

97.5+1.0 83.0+6.0 100.0+2.0

100.6+1.0

Tin
0l

5.0

l0
15

1.5

10.5

16.0

5.12

9.25

14.7

90.0+0.4 102.5+0.7

105.0+0.1 92.5+0.4 100+9.0 98.0a5.0

106.0,!0.1 98.3+0.1
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Results and Discussion

The chemical structure ofpinoxaden (Iig.3.4.1) contains an ester group like propanoate

which was easily converted into hydroxamate salt in alkaline media by reaction with

hydroxylamine hydrochloride. The hydroxamate was teactcd in acidic media with Fe (lll)

\\,hich results in the lomation of a red coloured Fe (lll) hydroxamate complex. I he

proposed reaction mcchanism is shou'n in Figure 3.4.2. I'hc reaction is rapid at room

lemperature thcrefbre applied for the flow injection analysis ofpinoxaden herbicide

I he wavelength of maximum absorbance was investigatcd in the mnge of 420-580 nm

and it was observed thal the complex shows absorption ma\imum at 500 nm (Fig l.4.I).

The chemical variables like hydroxylamine hydrochloride. sodium hydroxide and

h,vdrochloric acid concentrations werc studied in a batch system lor complex fbrmation

Nll:OII-HCI concentration was investigated in the mnge 0.025-0.8 M (fig 3.'1.4). The

absorbance increases with increase in concentration of the rcagent uplo 0.1 M and

decrcases beyond this limit- Therefore fui1hq study was carried out with 0.1 M NllrOH-

HCI solution. Similarly the volume of hydroxylamine hydrochloride (0.1 M) rvas varied

in the rangc of 0.25 - 2.5 ml, keeping all the rcmaining conditions the same (Fig. 3.4.5).

The absorbance increases fronr 0.25 mL to 1.0 mL beyond which it decreases slowly.

lligher concentration ofhydroxylamine hydrochloride has two fold effects. Fimt it causes

reduction ofF'c (III) to Fe (ll) bascd on the reaction;

2 NHzOtl + 2 Fer* ..............- 2 Fez* + NrO + 2 H* + 2HrO

zurd secondly it increases hydrogcn ion concenhation which in tum incrcases acidily.

'fhese factors lead to dissociating tendcncy ofthe complex ( 1).

llydroxylamine hydrochloride reacts with pinoxaden in alkaline media and sodiun1

hydroxide concentration was studied in the range of 2.0 - 8.0 M. Hydroxamate salt

lblmation starts when the solution is 4.0 M in sodium hydroxide and increases wiih

incrcasc in concentration upto 6.0 M solution. A small decrease in absorbance above 6.{)

M \\'as obseNed (l-ig. 3.4.6). Volumc of sodium hydroxide solution has a substantial

eflect on thc final product fomlation. The ellect olvolume of sodium hydroxide solution
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(6.0 M) in the range of 0.1-0.5 mL was also investigated and 0.25 ml- of sodium

hydroxide solution was found optimum for furthcr studies (Fig. 3.4.7). Higher

concentralion of alkali rcsults in the ibrmation of l-e (lll) hydroxidc instcad ol

hydroxamate complex. This subsequenlly reduces thc cfficiency of complexation

rcaction.

The hydroxamate salt fomed from PXD hgrbicide was uscd as a ligand and l'e (lll) as

metal lbr complex fomation. l]ydroxamate salt rcacts with Fe (lll) in acidic media and

hyclrochloric acid was used for adiustmcnt of solution acidity. The concenhation of

hydrochloric acid was varied liom 0.5 M to 1.0 M to check the effect oI acidity (|ig.

3.,1.8).The complex formation was observed to sta at 0.8 M hydrochloric acid

concentration and becomes maximum at 1.2 M. Therefore, 1.2 M hydrochlo c acid \&as

selccted for complex fomation in batch analysis. In case ofFI analysis 1.2 M HCI is

unable to acidify the hydroxamatc salt solulion flowing dorvn in Fl and the alkaline

solution form precipitate ofFe (lll) h.vdroxide in the tubing system and leads to erroneous

results, therefore high concentration ol IlCl (4.0 M) was used tbr the said acidification

proccss in FIA systcm. Volume of the acid was varied in the rangc of 1.4-3.5 ml- (Fig.

1 4 q) rnd il $a. formd that lhe reaclion (tans at l.o ml. ol Ihe ccid. bccomes msxtmttm

at 2-0 mL and then decreases bccause higher acidity makes thc complex unstable and thc

colour of the solution fade whcn the pH ofthc solution becomc lou'er than 1.2 (2).

lhe shbility ofthe pinoxadcn based Fe (lll)-hydroxamatc complex $as studied from 2.0-

30 minutes after lbrmation (Fig.3.4.10). It was obscrved that thc absorbancc of the

complex decreases linearly with time. This means that the dissociation of the complex

occurs at a constant rate at room tempemture.

Ihe stoichiometdc ratio of the complex fomlcd from hydroxamate derivcd from PXt) to

Fe (lll) was cstablished by the Job's mcthod of continuous variation. The composirion of

thc complex \\'as found to bc [Fe (lll): hydroxamatel ] :l that is thrce mole of ligand reacl

with one mole of the metal. The tbmation constant of the conplex was calculaled and

lound ro be 5.8 : I 0e. The daia is given in table 3.4. I and shown in ligure 3.4- 1 1.
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I.'or vcrification ofBeer's larv for thc mcthod, the elfcct ofconcentralion ofpinoxadcn on

the absorbance of the complex was investigated and the results are given in table 3.'1.2

and shown in figure 3.4.12. lt was found that the method obeys Beer's law over a

concenhation range of 0.5-40 pg mLr. Also a calibration plot (Fig. 3.4.13) was

collstructcd at low'er concenlration for application ofthe method 10 real samplcs.

Iror flo\\,iniection analysis a simplc three channel scheme was asscmblcd (Pi8. 1.4.14)

and due to the instability of the con:rplcx al room temperalure the absorbance ol the

complex is measured directly without any delay.

'lhc physical parameters were optimizcd for the reaction in FI system by changing one

variablc and keeping the other variables constant. Maximum absorbance of thc complex

was tbrmd at 500 nm. Flow rate ofthe FI system for the reaction was studicd in the range

oI 1.0 to 5.2 ml. min-l 1fig. :.+.ts). Ihc absorbance rvas lbund to incrcase *ith increasc

in flow rate from 1.0 to 3.2 mL min-r and decrease with higher tlow rates because at

higher flo$'ratc the reagents and anal)4e dispersion is inefficient. A sampling rate oi 60

samples h I was achicved qilh 1.0 mL min I florr rate. The sample injection volume was

optimizcd in the range of 200-700 pL and maxinrum signal response $as obsen'cd \\'ith

500 irl- \ihich indicates cfficient mixing of the analyle with thc reagent stream. A1 700

[], sample volume, mixing ofsample \r'ith the rcagent stream is incomplele. Only mixing

occurs at two ends ofthc sample zone presenl in the reagent strean. Thercfore, instead of

a singie pcak two peaks ncar to each other appeared with lower intensily (Fig 3.'1.16).

Ihe ellct of length of reaction coils lor the t$'o step reaction was investigatcd (Fig.

1.4.17). The cfl'ect ofreaction coil length Rl for hldroxamate lbrmation from PXD with

h-vdrox-vlamine hydrochloride in alkaline media was studied liom 15 cm to 95 cm.

Maximum absorbancc of reaction product was found at 60 cm coil length' \rhich

indicates medium reaction rate betwecn PXD and hydroxylzunine hydrochloride. For the

flow of acid to acidify the solution, the R2 reaction coil length was optimized and 60 cn1

reaction coil lenglh was found to be the optimum for adjustment of acidity of the

leaction. Finally. thc length of coil R3 lbr complcx lbmation was investigated and $ith

25 crn coil length maximum absorbance \!as fbund. The rcsults indicatcd thal

t6)
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hydroxamate and complex lbrmation rcaitions are rapid and reproducible in the !'l

sYstcm at room temperaturc.

In thc FI analysis the el'fect ofconcenlntion ofpinoxaden on the absorbance behaviour of

the complcx u,as investigaled (1'able 3.4.4, Iig.3.4.18). l'he FI method was sho\tn to

obey Beer's Ia\\' in thc concentration range of 0.5-30.0 gg mL r. A calibration plol was

draun from the same data at low concentration (Fig. 3.4.19) for the application of the

method to rcal samples.

tlnder lhe optimizcd conditions the anal]'tical paramelers \\'ere investigaled lbr thc batch

and FI methods and are shown in table 3.4.3 and 3.'1.5 rcspectively. A lincar relation

between concentration and absorbance was obseNed in thc concentration mnge ()1 0 5-

34.0 pg ml-l and 0.5-30.0 pg mLr for batch and FI methods respectively. The molar

absorpiivity of the resulting complex was found to be 9.6 ' 101 L mol-r cm-rfor batch

methoci and 1.53 ' 10a L mol-r cm'r for FI method. 'l'he Limit ol detection and

quantification calculated al lower concentration u'ith acceptable precision and accumcy

were lbund to be 0.2 + 0.02. 0.7:t 0.03 pg ml-r, and 0.1 + 0.01, 0.6 + 0.05 pg ml'r for

batch and [l methods respectivcly. The advantages ol the devcloped FI method are higlr

sensitivity, low reagent waste and high sample thlough put.

Fenoxaprop-p-ethyl (Fli) and pinoxaden both contains an ester group which leads to Fe

(lll) hydroxamate complcx by tbilowing the proposed method. Though the hydroxamate

ligands fomcd in both cases are diffcrenl i.e. in casc of pinoxadcn the ligand is N-

hydroxypivalamide derivativc while in case ol IIl the ligand is 2-(4-(6

chlorobenzo[d]oxazol-2-yloxy) phenoxy)-N-hydroxypropanamide derivative, still if both

ofthe herbicides are prescnt in the same sample, FE may act as interferent and should bc

rcmoved. To avoid interferences effect of fenoxaprop-p-ethyl on pinoxadcn

dctermination, separation step u'as used belore analysis by the proposcd method'

Scparation of PXD and FE rlas achicvcd by liquid column chromatography (LC) after

prcliminary analysis by 'l'LC. The Ri values ol PXD and FII (0.3. 0.6) as predicted b1

'l LC are in close agrecment u'ith the results obtained through LC. 'fhe data in rablc 3.4 6

sho\&'s that maximum amount of the fenoxaprop-p-ethyl is eluted p or lo the second

aliquot as comparcd to PXD which is. eluled il1 fourth aliquot- Piloxaden u'as
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successivcly separated 1'rom fcnoxaprop-p-ethyl with percent recovcry in the range of

86.0 + 3.0% and 93.0 + 1.0 70 wilh thc suggested LC system.

Standard addition method was used lbr checking the vJtidjt) of thc proposed method'

'fhe pcrcentage recovery of PXD hcrbicide from control soil, wheat grains and water

samplcs was determined and the results are givcn in lable 3.:1.7 Thc average %) recovcr,v

liom soil samples nere 92.0 t 8.0 % and 98.0 + 2.0 7o' from wheat grains 83 0 i 6 0 %

and 100.0 t 2.0 % and liom $ater sample 100 0 L 9 0 % and 98.0 + 5'0 7o for halch and

FI mcthods respectively. The lower elficiency oI the batch method may be att buted to

thc dissociation ofthc complex during the solution tr.msllr and dilution steps'
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3.5. SPECTROFLUORIMETRIC METHOD FOR DETERMINATION

OF ISOPROTURON (IPU) HERBICIDE IN SPIKED GRAIN

SAMPLES

The chemical structure ofisoproturon (lPU) is givcn bclorv.

Er-a o 

-
/CH,\ll H/\\-c-N-i\ ,)-cH

/\\//\
ltlc \:---J CH,

Figure 3.5.1. Chemical structurc of isoproturon

3.5.1. Method development strategy for the spectrofluorimctric determination of

isoproturon

Isoproturon is a phenylurea herbicidc. Its structural formula as shown in igulc 3.5.1

contains an clectron deficicnt carbolyl carbon. The method developmcnt strategy for the

proposed mcthod was to add another spccies 10 IPU \\'hich form a chcmical bond \a'ith fie

carbonyl carbon and make a rigid structure which is a basic requirement lbr lluorescencc

activit-v. For this purpose 2-cyanoacetamide (2-CAA) was uscd- Here 2 0 mL ofo 1 M 2-

CAA was reacted with 2.0 mL of ammonia solution (33.0 o/o). Ammonia molecule

abstracts a proton from the acidic methylene group on 2-CAA and form a carbcne

inlermediate. lhis electron rich spccies \\'as uscd to allack the oarbonyl carbon of

isoproturon molecule a1 high tcmperature when 2 0 mL of standard solution of IPU (600

pg ml--r) was added to the mixture. The rcsulting adduct undergoes rearrangemcnt to

form the final product which is colourless and could not be used for spectroph'rlometric

assay oflPtJ- Hou,ever it $as found to be lluorescence activc and was dccided to be used

1br spcctrofluorimctric detemination oflPtJ herbicide. 'l he proposcd reaction pathuay is

shown in ligr.re 3.5.2.
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Figure 3.5.2. The proposed mechanism lbr the chemical reaction involvcd in the

spectrofl uorimetric determination of Isoproturon

3.5,2. I'rimary investigation ol thc possibility of fluorophorc formation for

spectrofl uorimetric dctcrmination of isoproturon

Ir order to investigate the possibility of thc proposed reaction, 1.0 ml, ofa standard

isoproturon solution (600 pg ml--r) was added to a flask containing a mixtuc of 2.0 mL

of 2-CAA (0.1 M) and 2.0 mL of ammonia (3i 0 " "). I he soluhon uas dilr.rted to 10 0 ml-

with distillcd $,ater. l'hc fluoresccnce spectrum for the solution was recorded and no

substanlial peak was obsen'ed in the spectra Once again in a second tum the reagcnts

wcre mixecl in the order. 2.0 mL ol 2-CAA (0 1 M) ard then 2.0 mL of ammonia (33 0
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%) and the mixture $as heated on a boiling $'ater-bath for 10 minules Lhe conlents of

the rcaclion flasks uele transfcrred to l0 mL volumet c flask alter cooling to roon

lcnperature and diluted up 1(r thc mark \ 'ith distillcd watcr' Thc resLllting product was

lbund to be tluorescencc activc against a rcagent blanl ll had good fluorcscencc dcti\it)

and showcd good separation in the excitation and emission $'avelengths fhe fluorigcnic

bchaviour of the resulting product indicates the possibility to use this method for

spectrolluorimetric dctermination of IPU herbicide An analytical method should be

reproducible and scnsitive and this is possible under cefiain optimized conditions'

Thcrelbre. it was mandatory to focus on the optimization of various physical and

chemical pariulcters. l'he details olthe optimization slud) are described bclow'

3.5.3. Optimization of different physical and chcmical parametcrs for spectrofluori-

metric determination of isoproturon

Optimizalion sludics \!erc conducted lbr ma-ximum product formation Thesc studies

include wavelengths o1 maximum excitation and cmission, concentration and volunre of

2 CAA and ammonia solutions, heating temperature and heating time and the cfleol of

timc on stability ofthe fluorophore.

3.5.3.1. Investigation of suitable excitation and cmission lvavelcngth for the

spectrofl uorimctric determination of isoproturon

Instruments

All fluorescence intensities werc measurcd uith RIr-5301 PC Spectrotluorophotometcr

Shimadzu Japan, equipped with 150-watt Xcnon discharge lamp, excitation, emission

grating monochromator and lxl cm quartz c(rll. The instrlunent u'as opcrated at low

scnsitivity u,ith excitation and cmission slit uidtb sct al 5 0 nm. A six-hole elcclrical

thernostatic water bath (YuJia china) with tcmperature range of 37 oC-100 oC was used

1or heating. Lab Orbital Shaker (Modcl No. OS-140C. Digisystem Laboratory lnstrument

Inc. Taiwan R- O. C) *as used for shaking the suspcnsions. A centrifugc (Model No'

98274 China) and a microwavc oven (Model No. KEN ST/SS 25, DSG Retail Ltd' China

under licensc from Kcnwood Appliances Luxembourg SA) were employed during

samples analysis.
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('h(micals and rcagenls

All chemicals used in the present work u'ere of analytjcal gmde or similar puity and

\\'creusedassuchwithoutfuherpufication'Reagentslike2-CAA(Acrossorganics

New Jersey USA), Ammonia (BDH, 33 0 70) and methanol (analytical grade' Merck)

were used in this work. Thc isoproturon standard (purity 99 0 %) was purchased from Dr'

Ehrcnstrol'cr (Germany) and uas lrsed as reoeivcd' Ilorisil-30-60 U S' mesh (BDH

Chcmicals I-TD. Poole England) was used as adsorbent'

Solutiotrs preparation

Standard isoproturor solution: Standard isoproturon stock solution (600;'rg mL'1) was

prepared by dissolving 0.03 g ofauthentic standard in l0 mL ofmethanol and dilution up

to mark $ith methanol in 50 mL volumctric flask. Working sundards wcre prcpared

whcn needed, by diluting approp ate quantiiy ol the stock solution to 50 mT' with

methanol.

2-Cyanoacetamide sotution: 2-CAA solution (0 05 M) was prepared by dissolving 0 42

g ofthe reagent in distillcd $ater and diluting up to 100 mL u'ith distilled water'

Ammoria solutior: Ammonia solution (15-0 M) u'as preparcd by diluting 82 9 mL of

13.0%(18.I M) ammonia to I00 mL with distilied water in 100 rnl volumet cflask'

Proccdure

In a 100 mL conical flask.2.0 mL of 2-CAA (0.05 M) and 2.0 mL of ammonia (15 0 M)

\\.ere takcn and knou'n volumc (1.0 ml.) of sliurdard solution of isoprotuon (100 pg mL

L) was addcd to it. lhe llask \\'as heated on a boiiing $'ater-bath for 10 minutes l'he

contents of the reaction flask was tansfened to 10 mL volumetric flask alter cooling at

room temperature and diluted up to the mark with distilled water' The lluorescence

spectra ofthe resulting lluorescent product were measured against an approp ate blank'

The results are shown in llgure L5.3.
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l.igure 3.5.3. F'luorescence spcctra of the product ibr spectrofluoimeiric dctermination

ofisoproturon

3.5.3.2. Investigatiotr of the effect of various physical and chemical parametcrs on

thc spectrofl uorimetric dctermination of isoproturon

Instrumcnt', reagcnts and solutions: The same as desc bcd belbre

Procedure

In order to investigate the cffecl of concentration of 2-CAA on the fluorescencc intensirl

of the final prodLrct, eight separate conical llasks wcre taken 'fo each flask 2 0 mL oI

variable concenhation of2-CAA solution in the conccntration mnge ()1'0.003-0 20 M uas

addcd lollowed by lhe addition of 2.0 mL of ammonia solution (13.0 %) and 1 0 mL of

standard solution of isoptoturon (100 ug mL'r). Each tlask $'as heated on a boiling water

bath for l0 min. Then after cooling at rcom temperature the contents of each flask were

transl'errcd to a l0 mL volumetric llask and dilutcd up to thc mark $'ith distilled water'

'lhe lliorescence intensity of the product was mcasured against a reagent blank at thc

optimized excitation and emission \Yavelengths. The results are shown in llgure 3 5 4'

Similarly the efl'ect of volume oI 2-CAA on thc fluorophorc fonnation was studied b,v

varying the volume of optimum concentration of 2-CAA solution (0.05 M) in the rangc

of 0.5-6.0 mL keeping all thc remaining conditions constant- The results are shown ir,

figure 3.5.5.
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The effect of coDcentation of ammonia solution on the fluorcscence intensity of thc

product was studied by taking 2.0 mI- of 2-CAA (0.05 M) in a series of six separate

conical flasks. 'lhis was follorved by the addition of 2.0 mL of ammonia solution in the

concentration range 01'3.0-18.0 M and then 1.0 mI ofstandard isoproturon solution (100

pLg ml-'l) to each flask. Each mixture nas then heated on a boiling water bath for I0 min'

fhc mixture in each case was cooled at room tempcrature and transfered to l0 mL

volumet c flasks. After dilution upto the mark witlr distilled u ate, fluorescencc inlensit!

of each solution was measured against a reagent blanl. The results are shown in ligurc

1.5.6. For i[vestigating the cffect of volume o[ ammonia on the reaction, different

volume of ammonia solution (15.0 M) in the range of 0.5-5.0 mL was added to differcnt

Ilasks follo*ing the remaining procedure as discussed abovc The results are shown in

frgure 3.5.7.

For investigating the effect of temperature on thc proposed reaction, a scries of sir

separate conical flasks were taken and 2.0 mL of 2-CAA (0.05 M) and 2.0 mL of

ammonia (15.0 M) solutions *'ere added to cach llask Thcn 1.0 mL of isoproturon

standard solution (100 pg mL-') was added to cach flask and *as heated for 10 min a1 a

tempcrature ranging from 25-100 "C. Each solution was transferred to l0 mL volumelric

llask and alier cooling to room temperatue, the solution was diluted up to the mark with

distilled water. Fluorescence intensity of the producl in cach case was measured lhe

rcsults are shown in ligurc 3.5.8.

For investigating the ellect of heating time on the reactioD, the fluorescencc intensit,v of

thc product uas measured by follorving the same procedure as discussed above, without

heating and with heating for dillerent time intervals (upto '10 min). The results are shown

in ligurc 3.5.9.

'l'he ellect of time on stability of the fluqrophore was investigated by measu ng the

fluoresccnce intensity of the product at different time intcrvals ranging from 1.0-80 min

alter its formation. The results are shown iD figure 3 5.I 0.
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ligure 3.5.,1. Effect of concentratiol of 2-CAA solution on the fluorescence intensity of

fluorophore

Figure3.5.5. Effect of volume of 2-CAA solution on th(- fluoresccnce intensity oI
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Figure 3.5.6. Efl'ect of concentration of ammonia solution on the fluorescencc intensity

oflluorophore

Figure 1.5.7. Effect of volLmc of amlnonia solution on the lluorcscence inlensitl

fluorophore
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|igure 3.5.8. Ellect ofheating temperature on the [luorcscence intensity oftluorophore

Figure 3.5.9. Effect ofheating timc on lhe Jluorescence intcnsity ol fluorophorc
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Figure 3.5.10. Effect oftime on stability of the IPU based Iluorophore

3.5.,1. Invest'igation of the effect of concentration of isoproturon on thc fluorescencc

intensity of the fluorophore formed

Instruments, rcagents and solutions: Thc same as mentioned earlicr

l'roccdure

ln ordcr to investigate the effcct oI conccntration ol isoproluron on the lluorescence

intensity of the fluorophore formed. 2 0 mL of 2-CAA (0.05 M) and 2.0 mL ol arnrnoniu

(15.0 M) were taken in a series of scparate conical flasks lbllo*ed by the addition of

standard solution of isoproturon in conccntration mnge of0.5-20.0 pg ml'-r- These flasks

were heated on a bojling watcr-bath for 15 minutes. fhe contents oI the rcacTion uasks

werc translered to 10 n1l- vollunetric flask aftcr cooling to room tempcrature and diluted

up lC) the mark with dislilled water. The fluorescencc intensity of lhe resuhing lluorescent

product was measuted at L,333 nln and )..., 378 nm. All lluorescencc intensii)

measurements were colaected 1bl thc solvent signal with the appropriate blank Each

measuremeDt was carried out in triplicate in all cases and the results werc expresscd as

mean values. 'llhe results are given in table 3.5.1 and shown in ligure 3'5 11 4

calibration plot of flr.Lotescence intcnsity vs. concentration of IPIJ was constructcd al

lower coDcentratioD for application to rcal samplcs and is shown in ligurc 3 5' 12
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Table3.5.1. Effect of concentration of tPU on the fluorescence intcnsity of thc

fluorophore lbrmcd

Conc. (pg mL ') Fluoresccnce Intcnsity

0.5

1.0

3.0

5.0

10

i5
20

8.506 r 0.211

10.209 + 0.137

15.701 i 0.122

19.646 + 0.135

29.7s6:0.218
39.067 + 0.111
:16 418 + 0.106

60.0

50.0

,10.0

30.0

20.0

10.0

0.0
10.0 15.0

Conc. (gg mL-r)

20.0 25.0

Figure3.5.11. Effect of concentration of IPU on the fluorescence intensity of thc

Iiuorophore fomlation
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30.0

25.0

20.0

15.0

10.0

5.0

0.0
468
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Iigurc l-5.12. Calibmtion curve for spcctrofluorimet c detcrmination of IPU in spiked

sarnples

3.5.5. Determination of limit

:rralytical characteristics

determination ofIPU

of

of

detection, limit of quantification and othcr

the proposcd spectrofluorimetric mcthod for

Inslrumcnts, reagents and solutions: l'he same as mcntioned earlier

l'rocedurc

Six replicates with lowcst quantifiable concentration of IPU (0.5 pg ml--t) which can be

measured with acceptablc precision and accuracy were aialysed by the proposed method

applying the same optimized physical and chemical parameters Limit ol detcction

(l,OD), Iimit of quantification (LOQ) and olher analFical characteristics based on thcse

analyses u,cre caiculatcd fbr the proposed mcthod in thc same way as mentioncd beforc

and arc given in table 3.5.2.
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Table 3.5.2. Analltical characte stics

Isoproturon

. for spectrofluorimetric detemination of

.\nalytical Characteristics Value

),"-(nm)
),.. (nm)

Linear Rzurge (pg mL-r)

Limit of detection (35,6) (pg mL'r)

Limit ofquantification (105,6) (pg mL-t)

tielativc standard deviation (%)

Ilegression ecluation (y)

Slope (b)

Interccpt (c)

Correlation coeffi cient (r)
Standard deviation (pg mL-1)

331

3',18

0.5 - 15.0

0.01

0.032

0.6 0k

Y:2.1167 X + ,1.3261

2.3t61
+4.3263

0.9991

3.2x10 r

3.5.6. Invcstigation of thc interfercnces effect of various r€hted compounds on the

spectrofluorimetric method for dctermination of IPU

InstrumeDts, reagents and solutions: The same as dcscribed before.

Procedure

'l'he interfercnces efttct ofvaious related conrpounds likc urea and different locally used

hcrbicides on the spectrofluorimetric determination of IPt-r \\'as invesiigated lor this

purpose a knou,n concentration of IPt.l and different conccnlrations of the possible

intcrl'erers in dillerent ratios were added to a scries of conical flasks each containing

optinizcd volume of 2-C,LA solution (0.05 M) and ammonia solution (15.0 M)' Eaclt

mixture was heated on a boiling water bath lbr 15 min- Afler cooling to room temperature

each solution was lranst'erred to a 10 mL volumetrio llask and diluted up to fie mark lr'ith

distilled *aler. The fluoresccnce intensity oI each solulioi was measured against a

reageDt blank. The rcsults are givcn in Table 1.5.i :rnd are shorvn in ligurc 3.5.13
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Table 3.5.3. 'I'hc interf'erences effect of diffarent compounds on thc fluorescence

intcnsity of isoproturon bascd fluorophore

Analyte: Interferer
Ltrea

Glyphosate

pinoxaden

Atrazine
Metribuzin
Terbutryn
Mandipropamide

l:01
95.2

50.5

93.1

97.3

78.0

82.6

87.0

1:02

94.3

33.3
'/ 5.4

13.1

9l .8

82.4

93.4

l:03
941
t9.7
95.3

q5.l

79.t
88.2

1:04

93.4

10.2

92.8

10.'7

9t.2
82.5

73.2

t20 0I
E 100.0

5 80.0

r 40.0

: )on

5 0.0
2

Anah,te:lnterltrer aConc.)
E IPt]

ulTerbutryn EMandipropamide

ErGl)- phosatc
n M€lribuzin

Figure3.5.13. The interferences effect oI different compounds on the fluorescence

intensity of isoproturon based fluorophore

3.5.7. lnvestigalion of porccnt' recovcry liom spikcd samples using the proposed

mct'hod

Instruments rnd reagclts: l hc same as mcnlioned batbre

Samplcs preparation

Various grain samples. such as barlcy, rvheal. bcans. popp) secds and mustard seeds \\'cre

collected tiom dillirerrt flelds in S*a1 lallcv ol Kh)bcr I'al'hlull Kh\ra after it q'rs

confirmed drat isoproturon was l1ot spraYed on thc lleld at least ibr t\!o )ears pr'1or to
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sample collection. The samples $ere properly cleancd and chaffseparated by winnowing'

Triplicates of each samplc (3.0-5 0 g) wcre lakcn in separate conical flasks' sJ'iked u'ith

standard lP[J solution to give final concentrations of 4 0, 8'0 & 10'0 pg g r in oase oI

barley, 1.0, and 3.0 & 15.0 pg g'1 in case ol wheat and 5'0' 10'0 & l5 '0 prg g I in all other

cases. Also a blank of each grains sample (3.0-5 0 g) was taken in separate conical Uask

and only methanol was added to it instead ofthe anal)'te All samples were shakcn 1br 10

minutes on the orbital shaker priol to extaction procedure to achicve maximum mixing'

I'rocedurc for extraction of isoproturon from grain samples

Micr()t1,are extractioit of IPL) fron \theat' barley ond beans

lo the bottles containing spiked grains and bean' methaDol (20 ml') uas added and were

kept in a microwavc oven for four minutes with additior of 2 0 mL additional methanol

afier every minule. The coolcd mixtures were filteled and the filtrale bcing coloured due

to prescnce of coextractants from the grains was passed through a florisil column (10 :

0.5 cm) to remove the intefering materials. Thc column u'as uashed with 10 nll

methanol. fhe washings $'ere collected in conical flasks. evaporated and tbe rcsidues

wcre redissolved in 5.0 mL mcth:mol Aliquots ofthese samples wcre anaiyscd by the

proposed method.

I:xtt'.tclion ol-lt'o-.from pttppy seeds und mustard seetls

IPU f'ronr poppy sccds and muslard sceds Nas cxtracled fbllou'ing a reported method [l]

with ccftaiD modifications. Samples (5.0 g each) were taken in 100 mL conical flasks and

20 ml, of methanol: nater (1:1, v/v) mixture *as added to each llask- All thc mi\turc\

rvere shaken (150 RPM) by an orbital shaker for 30 min and then solid particles, in case

oI poppy seeds were separated b)' cenl fugation at 2000 RPM for 10 min- The

superratant was transferred into the !olLunctric 11ask. I he suspension was twice rinsed by

5.0 mL ol methanol. l'hc mixture ol supematants $as evaporaled to 5.0 mL atld analysed

by the proposed method. In case of mustard seeds the mixtures containing oily fractions

u,ere liltcred through a sintcred glass crucible fitted with melal q"ater je1 pump Thc

filtrates were evaporated to 5.0 mL and analyscd by the proposed n1clhod'

llt)
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Analysis Procedurc

A kno\\.n volume (5.0 mL) of each extract was added to a conical flask containing a

mixture of 2.0 mL of 2-CAA solution (0.05 M) and 2.0 mL of ammonia solution (15'0

M). Each solution was heated on a boiling water bath for 15 min After cooling at room

tcmperature the solution was traflsferred to a volumetric flask in cach casc and diluted up

1() the mark u,ith distilled water. Then fluoresccnce intensity of cach solution uas

measured against a reagcnt blank prepared in the samc manner except adding methanol to

the samples instcad of isoprotuon The results of percent lecovery of isoprotuon are

given in table 3.5.4.

Table 3.5.4. Percent recovery of isoprcturon ftom spiked samples using the proposed

mcthod

s-r-pl" pg g-' o,l,l"d pg g-1 founrl 9/o l{ecovcry Mean * SD

u 3.72 93.0

Barleyf 08 7 76 9'1.0 95 +2 0

10 9.68 9',7 0

01 0.89 89.0

Wheat+ 03 2s3 98.0 93 + 4 0

r 5 14.01 93.0

05 4.78 96.0

Poppy sceds| 10 9.57 96.0 96 + 0 5

| 5 14 .5',7 9',1 .0

05 4.20 8,1.0

Mustard Seedst 10 8.69 87.0 85 + I 2

15 12.8 8s.0

05 4.',15 95.0

Beanst 10 9.32 93.0 9'1 + 1'0

15 14.26 95.0

t Microwavc Extmction

I Mcchanical Extraction
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Results and Discussion

l'he carbonyl group of phenylurea moicty in thc chemical structure of lPtl (Fig 3 5 1)

was rcacted with 2-CAA in thc presence oI ammonia Ammonia abslracts a proton ilom

the methylene group of 2'CAA forming a carbanion intermediate which attacks the

carbonyl carbon of IPU, releasing dimethyl aminc and produces cyanomalonamide

derivative. Ihis derivative on rcarrangement gives a fluoresccnt product as given in the

proposed rcaction mcchanism (Fig.3.5.2). The fluorescencc spectium ol the resultant

fluorophore shows strong lluorcscence at,{gm 378 nm $ith excitation at 
^q 

333 nm (fig'

1.5.i ).

llhe ef'fect ofthe concenlration of 2-CAA solution (2 0 mL) on tl,e lluoresccnce intensity

of the final product was investigated in the range of 0.003-0.20 M. It was observed that

fluorescence intensity increased mpidly with increase in reagent conceDtration upto 0 05

M. beyond $hich it steadily decreascs becausc o1-certain physical intcraction bclween

exccss 2-C-,\A nolecules and the excitcd singlet statc of the fluorophore nrolecule Also

an uo\\,anted side .eaction which may takes place at high reagent concentration of2-CAA

cause fluorescence quenching (Fig. 3.5 4) ln order to invesligate the el-lect of volume of

2-CAA solution, the course of thc rcaction was followed by varying the volume in the

range of 0.5-6.0 ml, keeping all the remaining conditions the sarnc. Fluoresccnce

intcnsity oI thc resultanl l'luorophore rvas found 10 slo\&lv increase fbrm 05-2.0 mL

Above 2.0 mL a slou'dccreases in fluorescence intcnsity was observed due to dilution

elftct (Fig. 3.5.5)

Ammonia is used as a catalyst in the first step ofthe derivatization reaction l he ei'Gct of

the concentration of ammonia (2.0 mI-) on the reaction in the concenkation range of3-0-

18.0 M was investigated. Maximum fluorophore formation was observed at 15.0 M

concontration of ammonia beyond rvhich thc fluorescence intcnsity remains nearl)_

constant (F'ig. 3.5.6). Thc cftiot of volume of ammonia (15.0 M) on thc reaclion $'as

studied in the range ()1'0.5-5.0 mL solution (Fig. 3.5.7). lt was lbund that maximLrm

product formation tates place whcn 2.0 mL of ammonia solution is used. Beyond this

Iimit a very small decrease in fluorcscence intensity occurs due to dilution olthe rcaction

medium.
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Tempcrature was obsorved to be a kcy factor in the dcrivatization reaction 'Ihe effect of

tempcrature in range of25-100 "C was investigated and fluorescence intensity was found

to increase lincarly with incrcase in tcmperature. Maximum fluorescencc intensity \\as

observed when thc reaclion mixlurc uas heated at l0O "C lbr 15 minutes (Fig 3'5'8) ltis

not possiblc to study the cffecl of tempemture be-vond 100 nC because the aqueous

solvcnt system will gct evaporated belou' rhe minimum volumc necessary lbr lhe

reaction. Also the fluorophore may not bc stable at higher temperaturc'

The effect oI heating time on the reaction was investigated by following the reaction

proccdure wilhout heating and with heating for dilI'erent time intervals keeping all the

remaining conditions constant. It \&as loLtnd that uithout heating the reaction does not

take place because thc lluorophore formation invoLves complicated bond conrersiuns

which nccd high tcmperatue. fhe lluorcscence intcnsity of thc fluorophore inctcases as

the hcating timc is i[creased till 15 min, beyond rvhich heating time has no substantial

effect on the reaction. Therefore, for the sake of time and encrgy savings 15 min was

sclected as optimum heating time (Fig. 3.5.9).

l'hc stability ofthe fluolophore was follo$ed 1br 80 minutes ard no substantial va ation

in thc fluorescelcc intensity \las obseNcd which confirms the abscnce ol any side

reaction when the product is once formed (Fig 3 5 10).

'l l'rc fluorescence intensity ofthe product u'as lbund to incrcase linearly with increasc in

concentration of isoproturon ovel a concentration range ol 0.5-20-0 pg ml'l under

optimum cxpe mental conditions of the proposed method (Tablc 3.5.1 & Fig. 3.5.11).

Also a calibration plol u'as conslructed for detemlination ()1_ thc unknown conccntratiun

of IPU in real samples (Fig. 3.5.12). Ihe linear regrcssion equation, slope, intcrcepl,

correlation coefficient. standard deviation and relative standard deviation ofthe response

factors $ere determined. The limit of detection, LOD. (3S/b) and limit of quantiiication'

LOQ, (1oS,/b) valucs rvere calculated at lowest quantifiable conccntration oflPU (0.5 ug

mLl; an<] wcre found to be 0.01 ald 0.012 Fg ml--r respectively. Analytical

characteristics ofthc proposed mcthod are qiven in tahlc 1.5.2.

A vdiety of compounds like urea and several pesticides were screened as possiblc

interfercnts in the detcmination of isoprotLuon by the proposed mcthod. The effcct oi'
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ElncrinentdltRes lts dnd Discussian

concentration ofthe possible interl'erents in different ratios to the anal)te on fluorescencc

intensity was studied applying the same experimental conditions and results r.vcre

reportcd in terms ol percent fluorescence intensity (lablc 3.5.3 & Fig.3.5.13). It is

evidenl liom thc {igure that only glyphosate has a qucnching cffect on the fluoresoence

intensity of the fluorophore while other compounds have no subslantial effect as

interlerents. However, glyphosate being completely soluble in water can be removed

Irom isoproturon which is onl,v slightly soluble in water.

'lhc proposed method has been succcsslully applied for the determination of isoproturon

in various spiked grains and seeds samples tbllorving dilferenl extraction stratcgics i.e.

microwave cxtraclion, extraction with shaking and extraction with shaking and separalion

\\'ith sinlered glass cruisible fitted to metal water jet. Alicluots ofthe extracts from barley

grains, \\'heat grains, poppy seeds, mustard sccds and beans were alulysed by thc

proposed metl'tod and perccntage recovcries oI IPU achieved were 95.0 + 2 0 %, 93 0 +

4.0 %. 96.0 r. 0.5 %. 85.0 + 1.2'lo and 94 + 1.0 for barley. u'heat, poppy seeds' mustard

seeds, and beans respcctively. Thc rcsults are given in Table 3.5.4. Percent recover,v liom

mustard seeds is low because the oily fraction prcsent in the sceds being co_extracted

with the anal)-te trap the analyte molecules and as a result their percent recorerl is

affected. 
-fhe results of percent recove es indicate that the proposed method can he

cffectively applied lbr rcsidue analysis ofisoproturon in different cercals and grairls'

ll€fercnce

1. T. Kovalczuk, J. Poustka, J. Hajslova, "HPLC-MS/MS mcthod for analysis o1'

isoproluron in difficult malrix: poppy seeds", Czech Journal ofFood Sciences' 26,

r46- l s2 (2008).
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CONCLUSIONS

A spectrophotomctric method using batch analysis, a llow injection spectrophotomet c

methods and a spectrofluorimetric mcthod have been developed for detemination oI

locally used herbicides like glyphosate, 1'enoxaprop-p-ethyl. pinoxaden and isoproturon

and uere applied Ior the analysis ofsamples olenvironmental importance.

Thc method dcveloped for determination of glyphosate herbicidc is simpie and sensitive

and is bascd on the formation of dithiocarbamic acid from glyphosate followed by the

reaction of dithiocarbamic acid with copper (lI) to form a yellow coloured complex The

method is applicable to environmental samples and is comparable in tems of sensitivity

and reproducibility u'ith literature metllods.

The flow injection spcctrophotometdc method dcveloped for glyphosate hcrbicide is

basecl or formation of a ycllow coloured condensation adduct in alkaline media' Thc

method has low detection limit and high sample throughpul The method is applicable lbr

detemination of glyphosate in wheat grains with recove es in thc range of 90 0 'l 0 65 %

to 9i.0 t 0.66 yo. fhe proposed method is fast, simple and reproducible as comparcd to

gas chiomatographic a]1d liquid chromatographic mcthods

Flo$ injection spcctrophotometric method developed for dctermination of ltnoxaprop-p-

cthyl herbicide is based on the formation of hydroxamate salt from fenoxaprop-p-ethyl

and its subscquent reaction with iron (lll) to form a red coloured complex in acidic

mcdium. The mcthod has low delection ]imit and high sample throughput and is

applicahle to cnvironmenul samples antl has been applied to wheat and barlel grains

with rccoverics in thc range of 88.0 j 1.7 % to 92-0 + l 0 %' The proposed mcthod is

fas1, simple, sensitile and reproducible.

the FI spectropholometric method cleveloped for detcrminatioD of PXD herbicide is

based on conversion of PXD to hydroxamate and fufiher reactioD of hydroxamate with

iron (lll) for coloured complex fomlation. Thc method is applicablc io environnicntal

samples and applied lo soil. wheat aDd 1ap \\rater- The proposed mcthod for the
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determinalion and quantification of PXD herbicide is simple, sensilive and reproducible

and can be applied in routine laboratones for analysis ofPXD.

Spectrofluorimetric method dcveloped for determination of isoproturon is based on the

lbmation of a fluorescent p.oduct from isoproturon through derivatization with 2-CAA

in the presence of ammonia. 'l he method has been applied to cereals and seeds oI cash

crops with recoveries in the range of 85.0 + 1.2 % - 96.0 + 0.5 7o. Interference effects of

various rclated compounds have bcon investigated on the determination of IPII and the

method was found to be licc o f intef'ercnces.

'I'hc investigated methods involve basic chemical reactions 1br which the proposed

rcaction mechanisms have been discussed. This opens a door especially for the

community o1'organic chemists to isolale, identiry and characterize the intemediates and

fte final products.

Ihe methods can also be emplo.ved with ccnain modifications 10 aDalyzc peslicides and

drugs having the same or similar chemistry.
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