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SUMMARY

A vancty of ,ulrricd rcthods .E lvdbblc for $c aolysG of hcrbicid6 in

enrionftenhl lrnplcs, M€t of thcs. nclhodr rcqunc woll .quiprcd labon!on.5,

slgnislidbd &d dpcnsiw ioEtrundtltion and lcchnic.l nanpow.r Th.s nclhods

cmnor be u.ed on rcuti.c bid. in d.vclopin8 counlrics lito P.kist'!. o. tfie other

hold lack of lveft$ anong lh. poopb incc.!.! ltc nndon and inad.qual. !* ol

heoicid.s in lh.!e colnlri6. To pol..l .nvircnh.ni and salcgudrd hul@ hetlth,

ficE is ar ulle n*d for th. lv.ilibility of luch mclhod!, whioh oould bc oulinet

used in rhe counrri* for mo.it nng h.rbici&s donhl in $il, wald .nd food

Acco.dingly thc objetiv. of rni3 work w.s to inwni9i. sihplc, rapid rnd

*o.@ic.l rp€ct pholom.nic m.lhod! ld ldlysb ot $nd. rcidic h.Inicid.s. Thc

@nbiMtion of A.ctophoton tic n thod with . sinplc flo* injatid eba
n.k6 dE mdnod! h@ t6tilc de ro linplicily ind sp..d- Acidic hclhicidA

strli.d a€ nubryprr, .c.lehlor, 2,4iichlobl,h.Dory &cdc ,cid (2,!LD),

brmoxyDil 0d chlonhb.n.

fie fFl ctupb of drc disrt lion i intlduotid dd 6vd .n '@nl of dE acidic

IE6icidB *ler.d for tir wdk Il itulud6 infomtid Es.rdins phydal,

chanisl, sd bn@bsidl t @ls of fluoxyPyt, !e0ochlot,2,4_D . bbnoryril ind

The snd ch4icr covd ! thmush Evi.w of lnc dlcdt lncDtoE Epotud for lh€

&bnimdon of th.r h.r!icid6. fti. chrpl.! idlud.s chon.loeEphic.

spelilphobdctic, a?mc link ismuroso$rtt inilysis, now inj*tion md oL\er

amltticdl @hniquas 0*d for lno d.lcdinition oflcidic habicidg in enviomdbl

and dl lmpl.s. Tnc mcdod hA bccn disuae.d *i{i .mPh$b on sope, t}?e or

spl., escnt usd, bri.f poccduE, lino.rily in8., dcloolion liDit .nd p.]gl

The thiid md last chlplq contdn .xp.rin.ntll work wnh lhc r.sulls Md discu$io

of the various nclhods inftstilrtcd 6nd its ,pplicrtion fo! the lnilvft or dclive

insEdion! in fomulllion od Edduc lcvcl d.lominalion in ral sdoples bolh bv

b.ich dd onlinc n.tho&. Tnis chapid i3 slh dividcd inio fivo pairs Pin I or this

chlpci deal wilh ihc fi.lhod d.lolop6?nt nEe8y ind proPoFd chmicil Goclion

ior spmftlpnotodet'ic d.tcminltion of fluoxt?v! Thc ncthod is based on diEct

c4loibriob of pridrry !rcmiric rmino grcup for th. lomttion of di.alidd rca3.nl



follow.d by c@tling ein gmphnol to fm e dy.. Chhidl lnd ph)disl

p.ns.h rcE oprini4d fd t ioh.nd onli* ndhod.. Th. finn of dd*tion
(tOD) !d linit of qu.ltiliotih GOQ) fd tlF in"!3i8'cd 6anod! *.G fouid ro

b. 0.05ppD .nd o.l7ppn for mlirc nd 0.0?3 p9rn & O.2,l6D9n for b.ion ftthod
ElDetiE . Mo|t $-rprivity s fou.d io b. 1.5 xldl.notr.dn ld onlitu

Mtylir ftrl 2.l9xlotrclt.cnr fd t ich ndy.l'. ft. n lhod m luc€!tutly
lrtlid for $. .Li.eiMti6 oa nudtpyr lErbicidc in cmm@i.l fomul.lion md

sl .ipL. (who. & tuit ) Nitrs t th h.t[ .rd o.lim Erion. Th. lslt ot holh

b.bh rd orlie rclhod s .ls 6!.nd- Fd dliE tulhod, ! enpL thtusl' pul

of60 o6oLJ b. w &hi.v.d,

P.n ll or rhj. chrtE d..lr with m.thod d*lopttrdt for cl4hloi h imlud.!

n rhod d.ElotnHr !!lb8/, pop*d chdidl @tid lnd pldncErs

optiniadon ein suli! .nd di.sid. A@hchht h.rbicid. w hynElr%d in

&idic d.dir tt hc.ling dd rhc llrdolt d p6d!.t H. u!.d c cdplins ugal lor

th. fmlion of @ 4€. Th. @ dy. fmcd f. @urn 11 4OOnm. A linar

El.ridhip b.t*6 6n6E id Nd.t66!.@ w obc.Ed in th. tus. (gDpb-

IODDn) itlgtisrEn. Molu lhsrptirity wB :l.86xlo'Lmol rrmr ud
s.1?xto'Lnol rrrr fddnift udh.bhftdDd&.FdEly.th.al.liv.lii .rd

d.virlion(RSD)wl@.dlot 1.55%ud3.6%bith. onlirc .nd bdcnralyti!

'!.raliwly, 
ft. d.wlop.d @thod ra .@tully rppli.d fo( d* d.lcdin.ljon or

.etelnd ir cfu6i.1 foduhlid .td sl mpl4 IlF rc.i* ingEdicnl lomd

w i! cto& .trcD.nr win th. l.b.l hlu.. Th. elde l.El foond in n.iz. snid
n3 tu8in8 n6 l.35t0.lt ry'8 t 1.3714.09 |8/8 which i. nucn hid'.r lh.n d.
Nd ?,.Lrd (Na fo.d rnd {&ty .uduity MRk 2005 of 0.02 ttEE. P.ft6r
doEri4 in enok6 nri.d fon 9l-95.5%, Th. {remmtr b.tra lnc ltbcl

qruriry.nd go.d p@dt @qi6 h! rh.u lhc poianridili4 of th. hdnod to.

th. d.t .hidtid of .@tochlo i. fomul.tid dd sl .nPL!,

Pln In of $ir cnlpr.r d6L win mlnod &rlopifrt fc Ph.mxy .c.lic &A

h.lbicidd !d iB d.raiiotioi in dlfti.l fmul.ton.nd h ul fftl6 TlE

mdl d i. b.sd otr b& hydetFb ol ph.My lc.lic &id h.tbicid.. into ft.n

oGlD.ndins plEmL fotlo$td bt @tlins of lhc hydoly&d PEducl (ph@l) ,ilh
di.atiz.d slfDitic .did lo fon s u dF, IOD md rOQ 16 {loltlcd qiIg

.udrntic lbn<bnl of2,+ D l*6icid. .!d w fNd ro b. 0 084 PPtn l!0 28 ptn fd
hrtch.nd O.l3 ppr & 0,a2 p?n fd onlin. dlt!i!. Th. v.lidily ol h€tig.Ed



n rhod *4 chek d fd odirc .!d bitlh &rlyti!. P.rcaI c@d6 in empl6
vdicd frm 9G95.3% .Tb. m.thod *r! $ccdtully lttu.d for (h. dehii.tion or

actirc inar.dial in cmndhl aoNltrion of MCPA & 2,4-D habicid* rnd for

r.dd!. d.iamimtim in dl srpl.r. Ih. Bid!. Iav.l i. l}c d.lyz.d wh€l rd
roia spres fo. 14D wi.d fiom 0.8tj o,lt l4/8 ro 6,02r 0.12 ttgc xtd 0.n!
0.22 aglg rd 5.1r 0.28 ll8/g r.spetiv.ly. ftc osidue l*l found wer nuch higlq

than rhe NZ fsd and saf.ty iulionty MRb 2005 for c.ftrl grains, *hich is 0.05ug

/s. Mole sbeatitiy was mlcullLd rnd found lo bc1.09 ilor Lnol cr' and 2.lt
xloa Lmol-ronr for bat i and onlinc m.thod rdDativ.ly, Thc online nedrcd lus a

$npling tuqlacy of 90 mpl.!ru,
Pan IV ol chrpl* III d.!k wilh tho inv.sligltion of a ncw sp@troptolonetic

sclhod for tn. evsis of bbmoxylil h.6icidc $inB teo difieHt coupling @gentl

Gnilim & p-mphdDl). Tltc m.thod i hscd oo &ducii@ or bonoxy.il in lo ils

@ftspo.ding dift rr @n tdD.ntuc followrd by thc dilDtialion of nydrcllu d

pl.d!cl. Ih. dirbtiz.d pbduct we euplad wi$ n{o dificErt coupling tugdb P-

ephhol dd dirinc for in. l@tion of M dy. whicn siv6 ab$rption p€ib tt
430rn & 500m rcspdtivclt Botn coplinS d8.ib w6 !s.d for d.r.mimlio. oI

bsndtnn ir cot:wrcid fomrldior .nd in ul s@pl6. The s6itiyiv Ms
g@1.I' vns uiliE wG u*d a. coupling c!8.n1 Foi brcnoiynil- .n,linc @uPl.

LOD ..d LoQ w.rc found 10 h. 6.0 ppb .nd 22.0 ppb for b.ich tn.rysis .nd 9.0 ppb

lnd 30.0 ppb fd dlin lMl'f,i. rcA.ctiwly, Th. RSD v$ calcrlicd for $e onlinc

md bd.h on'lysis lsirg anili.c 0r coupling Etrg.nr lnd *is folnd to bc 0 32% and

3.6%. Bolh b.rci ud o irc m.lhods w.E scssftlt applied ror th.

dcteminrtion of acliv. i.sEdi.nt in fomul.lion md rctl s.npl*.nd the !sl6 or

bolh nc$ods w@ ooopdablc. Th. rcsidlc I-*l found in wheat dd nttu n.in
wc€ varicd from ?0,9 + 0.05lls/s -t6,6 + 0.01)4/s. 1l€ Esidue le*h fodd w*.
nucn hiBher in 8fti.s $in US EPA MRLs 2004, which aE 0.05ppE and 0 3ppd ror

wh.it dd sai4 cDins, d?ativcly drd NZ lood stfery allhority 2005, *hich is

o.o2ppm lq cerdl 8Einr. Onlin m.ihod hls I enPlin8 frqlcncy of 80 snplohi

Prn v of lhis cn.ptd dab wnh m.fiod dcv.loDndl lor deteFinario' or

c o6nb.. in el sdpl6. Th. elnod is h.cd on di@l exploihtion of prinary

abmdc mine to fon r dirbtizd Dmducl rd suhs.4uttdy lomarim ofaa dvc

Cn@i@l dd phtBic.l pilifutld wcE oplini4d lor bath .nd onlinc mlvds Inc



n tldl n dilr.it for d.!@ii.tir of cl omt6 h Bl .!ph. TIE I,oD ud
rOQ Fl dldLr.d !trd fould b h. onlrF ..d o.Oa tF| for or iE dbd. .rn
O05 ren .rd 0.1? !? n f.. t ![ @rFi. GredEV Ttc rSD n 6lcd.bd for

b.lt t rlt rd 6ti.. d&i! .dd m tud b D. l0.6ta.rd 83* €tetildy.
Ittoh .!.otDliviv w qloLtd .!d fo@a t h. Zasrld Lturrdn .dd 2,6a

'ld L@rroift( b.tl .d dlb ra!.d t!4ccdrv By !.hG 0E dlir
Edn d r .d9|. rhu|gh Ft of 90 ropl./ h *.| &!i!v.d, rli El@ for

ctlari!.r 6od b loo.iq d' .id cd[@ E O.l2ra.l 10116, O.l0ro.3l tF[
O,l,9lit 07 !F 6r onljr .od 0,1:tt0,lt0 D@, 0,103 1O.09 Dln! O,l{22 Drdr for

b.bh rdFir, ?@t E Ert u chat d dd rI foltd ro h. in iIE nn!. ol
88rU96.0'A.



Introduclilo|r



Patisr.r is an .src bd.d counlry. AsricultuE is thc larg.rl s6td ir $o eonony of

PaLisra ed ecomt! for 24% of ero$ donrsric poduct (GDl). GovonD€nt ngtrs

show thar avclagc Crewth h tltis s*tor duil8 tne p,sr lve y€aB tus b..n 4.6% per

mum dd i. 1998. a growtl dtc of 5.9% w6 3 major contribdor lo rhc ov€nll CDI

ero*ft ratc oft.4%. Appoximal.ly 70% of Pat<isran r forcign €xchinB. c.mnrSs comc

ftm the sal. ofagiicuhml podets ($ch s cotton, rice, f ns sd v.g.labld clc) lnd

1his na s nulat.d d@&d for tn. psvision ofnw nal.ndq cquipn€nls.nd s(i6lo
aE o b6cd anduai€s, nainly in the cotion ldtil. indulry wbich is lb€ l.rgel indnslrial

$tssector in thc colniiy. fth s*tor is ol& the Ia.g*t source of emplormflt aud

&count for ovc. 50% oI ?akisld's labour force, N@ly two Eillion new jobs lrv€ bmn

added sinc 195 6fehich ?oelo e 6tinar.d to be h fud .r€as.

Cotton. nc., what, sus& che, naiz. d najor ftps of ratisran. To incMe rh.

fedility of soil ed 10 incels. the Dloduclion rate of crcps, fannc6 uso seveol

t€chnique. Amdg fi4c arc m4huiql lSrrculhrE, cxt tuive us of fcdilid and

insricidd. Sinildly th. rrcnds foi climinariq unwanlcd pl6rs h.vc clranged ron'

meual towlrds chmical onc dd lhe usc of hqbicide i! on ihc nse. Pdiicidc se besan

in Patistd jn lh. l9J0s for locusl conbol. ln 1954, the govemmat impo(cd follulalql

pcsticids moulng lo 254 to!6. Ilis *6 th. b€gjnni4 of Lhe teticide buin* it the

couhy. Until 1980, thc Plrnt PFi@tioD DcpetDot wG BIoGibl. for p6ticide

inDorls ad fieir distribudon in the couDq thmlgb thc national agricultunl extctrsion

n€twork. Most oftlle p6ticidc inDdls wcrc used for a.rial spraying to conlrll locud,

p6rs of sug.6de cotron, ric., tobrc@ &d 6uit mps. Thc @sr of p6licid6 wa

subsidizcd md a€lid spRin8 w6 f@ ofchdgc. P€slicidd wcle ptvalizdl in 1980 and

sin€ thd lh.!e has b@n a steady incEae in p6ticid€s inporl and cotrsunDtron. As a

rNlt, consMpiid ofpqticidd in Pakisl h6 itfta.d tom 665 t!n.s i'1 1980 to

14-771 ron6 in 1990 6d 61.229 ton6 in 2000 wonh abour -7.7 billion rupe6.

UnfdnDddy, tne widcsprc.d and itupprcpri.le s. of p6licid6 hrr 6uled in

conplicating pcsit probld!, Ex@sive dd nrapproptjatc p.sticide $e hN dhlLnbed lhc

agro-ecGyltd dd killcd non-tar8.t dd 4viomat-fri.ndly oryeisns. incndnrg

birds 4an fon lading !o o0Er cnvircnmdlal prcbl.mt R6ulB from ! rou! vcot



telinS pogMn. o. takjsrsi ftuir and vcgerabl6 have shoM rhat dinum 6iduc

Iimits (MRtr) arc r.eulaly cxceeded. A conpdtivc rs6sm€ of orymopnolpharc

(Ors), orgrnochlorine (OCt .nd synthciic prre$loid ir&cricide @idue level ir fdii
and v.gcbbl6 in laLina e shoh in T$l€ L

Trbl. I : Comprrrliv. .s!.!rm.Dl of pcsilcldc bldu. ld.I in fnll rnd veg.t bl.s in

^*Vf-r;"* 
A

250

22

c
45

tl

B

93

Nonh W6r FFntia Provinc. :154

-96

50

54

:Qucrir/Pishin (Bahchistd) r9

t = Mnbq of sdpl6, R = NnbeantMtuak4 C - NMba abow MRL

An i ponaot group ol anthopogoic pollltants of 3oil rc hcrbicid.s, which cM !l$ be

d€tct.d ir Mld ed son. nic@rgeiss. Eerbicide p6dcc in tbc qvionDcnt

Esulls ilh their widcspr€ad $c on . elobal $a1e (tuuaUt .pprcrnrrtely 2,5rillion

ron). Irc behavior of hqbicidB in eil dd wats is Egullt€d by hcrbicidal pop.ni6.

eil ch@tc.islics ud clinati..o ilions. It is s ftnclion of &id or ba. stEt8l', wtrlcr

$lubilit, volatility. soil rclonion ond pctsislence. Peiicide I'as bosic, acidh or

nonioniable propcdrd. Thi! d.t€min€ iti ability lo cxit in th. soil. w.lq ot h€

r€t in.d ooto soil solid! Thus, thc &id or bsc sftnsrh ofbofi $. n.rbicide tnd lhc soil

detemrnres potend.l hdlbicidc movemenl and pl&t ullakc. h genenl, hobicide! having

pH clos 10 rhc pB of dc $it drc slMgly dained and a!. mr subject to runoII doeion

andor leaching. [r co.t6l hcrbicidb hrvin8 pE nnch dill@rt lo th.t oftlt soil ae

1ds slrorgly rcraincd tud !E subjccL ro nmolc ercsion aM/oi lcmhing. Also, lhoy rre

moc availahlc for pl.trt u akc tne rongly relain.d h.6icid6. A Claillc.l'on

schmc for organic h.rbi.idc h.h.vio. in $ilsisgiv.n in l.ble2.



Toble2:Clr$lficrtionsch.n.ror;grni(h?rbicldcbchaiiori;3oitr:,

Conmonly Urcd E.rbicid6

,Suran+/Eptan/Eradicd6

Chloo&eImida itso/Duat/FMti.r/Ha.r6e5nrpsr,Ralod

23 D^/CPA,tsanv€l/Tordon/Stin gq

C&bolylic Flbrypyr/ piclfan/ biclopyr/ cloty.alid

Acid(PyridinorrPicolinicAcid9

Roundnp4ouchdo*dlgnire

BmoxyriU Dichlobhil

Sul fonylNsd A@cni8cacon/Ally4iamoiy/Pinnele/Pek/

Glar/Aebd/Fin*3.,tsatl.Ion/P€mil

awrd./Blade*/EvikMilogardlgrr/S.ncor/Le\or.

Cyclondc@oxone arra/Diqut

Acidic hdbicid€ d widcly u.d in lgriculturc dd aoEslry; lh.y ac als rpplicd lo

cl@n up lpon dqa, railway, highwa's, c.n.t.rid and lle lo coDtrol scaweed aid othc.

vcgctali@ in maBiy arcd. w.!.r bodi6 a.d dBimge diich6.

Dlc ro rcl.rircly good elubiliry in war6. acidic hanicide 6ily o16 dilfffil wald

bodics dd othcr cnvim.nlal s,.l@s. lf lh.ir d€srzdation Fte is nol hid enough, thcy

cd hav€ hdful cfl@ti on sil ni@ flon, cd €nla in to food chain Md tlEn the

hund body. Acidic he,ticides e roxic aor nfuy living organiss. llhouSh non.



bclonSs to ! goup of very toxic pdllrlantl. Somc ae ftulagoic, rcrabgenic. and

cattinogoic. Some hlE detrimdlal e0ecls on mmdals dusinS pyaxir. nausea

lt?otoria, coru, mctabolic acidosis, convulsioh. cylosl{elelol perturb.iion and i.nal

doage. lhaolic hcrbicide, for cxmpl., didtrophhol dmaep livd pddcnFa
kidrcvs. n.dc nuslc. and mucous ndtrrn€ and cause rtin aDd nncoe idldion.

Ph.noxy acids arc di.p4.d in lh. dvidndor duc lo ttlcir ,!6isldce. polar nalurc and

watcr sollbiUty ard th.n 6idu6 and tEnslomatior pducts a€ pEcnr in rhc scvcr,l

nalrices lik. w.ler, eil, ceeb.nd other vcgclrblc prlducli. Th€rcf@c, undersmdiDg

dd padicring lhe dlionmot l f.rc of h.rbicida tu critically ihportanl. Envionnmlal

fatc is deldnnred by the individual far. proc$ses of rEnsfomratiotr and tranlpod.

Cidic.l ed ph'tsical pm4es @ pdDary d.hi.drs of trdlodrtion and

lr!s!o.t of hdbicidca appli.d to eils od pldls. Ttusfomalion dclcmin s whor

helbicidd q. degnd.d td in fte ovibonqt dd how quickly, while tra$port

d.t min6 *h@ hcrbicidq dove in th. cnvitunncni dd how quickly. Joinrlx lh.se

poc€s6 lffect how much ofa pesricide and irs mciabolils (dcgadarion p.oduc$) arc

p@nl in th. dvi6nmm! wh.rc ed for how long Hcrbicide falc also wn6 nr

esponse ro chdg€s in oviromcntal condiiions dd ipplicdtion marag.mcnt pactics

(c,g-, spny ddli. volaliliation). thcrelorc ir b imponanl ro unddstand lhcse vdiabl6 6

UnfottMt l, beau. of Iqs .ir€tiv. l.gislatioq lack of awd.n* of hamful e|l.cts,

dd bnnical tDowld8., psticid. ueg. h6 not bd pop..ly r.8nlakd. Thccfot, il is

v€ry imponml lhar p4ticid6 conldi cspccially bdlicides b. tguhny moniloEd in

$il wars, and food pbduls A vdicly ofndnods dc lvailable for lhe dctcminarion oa

pcsticide Fsidue in soil, rdrr, ftuit, vegclabhs and olh€r food producls. HoNcvcr,

nd of tn.s. methods us expmive istruD@lation tid de .ined for tdhologically

The ain oI $c present wort ws to invesdgatc such spectlphotonetric n thod. which

should bc @hparibl€ in cprodlcibilirr sd'livity dd Aed wilh the disti.s onc and

should be simpl. ad ch.ap.nough to be adopled o. rcutln.bts$ irr our country.

nE sthregy lor analylic nElhod dd.lopmdr is nosdy b&d o. crPbnarion of

ph}lico-chmical and odu Fopcrtio of the seletcd compoutrd. In rc followinS



sedom phtsico-chmical ed bxicity infordtion lbr the scldted helbicidG

flhryPt(St'Mc). Acct@ldor,2,4D, BMorylil dd chloBmbe. aG 8iE b.low.

l.l: Fr,uRoxYPyR eD

Sta@e is a comon Bnc fo! Urc hdbicidc fl@xyltr (4dino-3,5-dichlore6,nuro-2-

plridyloxy @lic acid). Flutuxtlyr b.longs ro th. Ptridi!6 grcup of ch.oicals

llubx,?tr h.rhicid. is a elccliv. posr merg€e. prodlct. It is EBisldd d a s/ay
!!!tndt for thc 6nrDl ofa wid. tugc of bodl@f vc.& in t ltow, tuen . m!iz..

nillcls, pr3turcs, poppics, so.ghomi sugd c.ne, s..t coh and winler c.Eals. Atso tor

th. @nlrcl oawoody wc€ds i. ae.icultuEl non{bp ma, @.rnerci.l and indlllrial
.ca& toct , p4luB and rishl!-of-way, Fluoxypyr work with a nod. oferion whcrc

lh. wed cannot gow due to disruption of pter ccll grcEth llurcxr?yr induc6 alxin-
lt?. Gpors 

'n 
susprible am.l od p.mial btudlatwads (uin bcing a typ. oa

plet grcwth honorc). Once .b!o6ed irro lhe ptant, il a.cumulat€s in grcwing d$ues
(o hign6 comdlllioB th& rL Daiivc auxin do6, ed dcglida roe slowty. ptdl
gowth is disruplcd by rh€ dcrcgllatio. oa c.ltDlar Itowih ptuc.$ h owins bindnrg oa

nuoxlpyr ro pltu! c.ll at$. rc.prd sir6. nuox}?tr al$ inrcrfec with rle planas

alility io mdabolit Dirrogd .d prducc ozytn.s. Whd a ptanr\ slricr gwth
rrg(latiotr lsdisruprcd inlhis ftshion. ptrnlsmBlnb@ones dhorsanjzcd, rtisruplifskcy
nctabolic p@s dd Eulrs in pl.nr de$.

ll J Pbyricll propertiB:

CheDidlN.n.: 4hincdichloD-Glluorc-prridyl,2-oxyaccric acid

Cb.hic.l Frbi\. Pridinoxy &id



o-cH.-c\
OH

cl

Mol€olar ForNl.: C'HrOlNaCl:

Moldllf w.igbt 255.09

Wrter Sol"bility: 136p8/L ar 25 "C

Solubility i. Oth.r So&dts: alcohol v.s.r dhe!s.; &elone v,s.

l l.2 Toicologt Efi.cis

Acut To city: Acut. 06l toxiciry for r.chnical fluox}lyr in rars b LD50 > 5000

mgl(8 in nald &d fods. Aclre Dffi.l Toiicity 
'n 

nb is tD50 > 2000 mgl(g in

hal* sd fdrLs. Acut lr$alation Toxiciiy in 6ts is LC50 > 2 nell in mal6 and

Srlcnm c Toriclty: In a 90-day fccdine lludy in r.rq, signillc&t nephrotoxicity &d

datn! w.rc obsePcd al 1000 &d 1500 mg/kg/day in boLlt 3qc6, and in nrlcs at 750

ntlkg/.,ay. Dcath wa duc to rcnal p+illsy tr.mis. SigG of ill hcalth, emei.don,

d@@.d food i rk , iEtwcd lddn y w.ignq .d de@cd tual Iucrion s al$
ob6drd qislological ch.trgd *@ ob$d.d in fie al'ltmls in botb sd6 at 1000 od

1500 ng&g/day. Ir nalcs th6 n@ obsflabl. .II.ctM level (NOEL) for lhis study is 80

ng&8/day Ir fd.le tb. NOEL i5 ?50 ng/k8/day. In a 9Gday f.eding study iu nic., no

significet ef4L wcrc obscred al dy d6c ldcl.

!/*tH



chrolic Torlclty/Clrcinogetrl.ity: I! rhe conbincd clronic toxjcilycarcirogenicny

sludy in 615, rh@ e$ no atp'fur rsrrn.nt Elalcd inc@e in hy tmor iyDc in eitfi..
sd al lh. dos6 t6t d fwii]i !h. dc.ption ofu incrs.d incid.nc. olpa€tolliculd ccll

addohad (single orly) in nalcs at s00 ng&gdayl. Thc NOEL is l0O me/ks/day. D.atlN

@ur.d al 1000 6g/kgl.by in ds16 wirhin rhe tirs190 days o. t6r (2 by day 28 dd l
mor. by day 56). ln lhe c@inogdicny ltudy in Dicc, rhele p€r. no advcn. cfa.cts on

5wiv.l or clinic&l rips in .irhr sd. Ttft wd !o appmr r

in thc incidae of .ny tunoi rypc in eith.r sd. tn a ore-y€d .hrnic Iccdjng stndy in

dogs. no adves. effets wft observ.d al &y d*e tw.t No abnormdlilies ii
hdalolory, clinical chfrillry or urimtrlis_ No lbnomat Undings w.c dade cr

ntupsy' nor w@ th@ my signincdr chdg6 in food consunprion or body weisht.

The NOEL for dris ltudy is I 50 nrg/kg/day. $. nighcsl dose tevet tcsred.

R.Dtuductiv. Toriciq: h a two g..@rion r.podErion srldy in nri tEarn.nr_Elaled

dcalhs dlc to qal failuE @cutrcd in borh q6 at rb. high dosc in both Scnentions.
Ibe era.cls obs.dcd incres.d prosBsivcty wi$ rinc oa cxpos!rc, Therc wcrc incress
in kid!.y wcidt wirh @Epondns sN md ni@c@ic frdi.Ss (papillary atophx
erlema, n cF is, ht.Al6ia of tn. pctvic cpnbclhm, degddtiodrcemcotion of th.
tubule .lirhclium, tubnleintdtiiial D@hliijs, dd ditalation of thc tubn16) at tne nish-

dc. Lv.l in both 5qB (boh g6a.tions) 
'Id 

ro a l.g degG. jtr fie nid doe nala
(econd g.nmtion), Ite NOEL fo. n.r€haypatnal roxiciry is 500/t OO hg/kg/day. Thc
Epm.tuclivc NOEL for mrcn.Upatedat is looMsong/kglday, thc hish*t d6c r.srcd.

Mtra.8.ricity: A total of dnc !tudi6 wa. .vaitahl. for pi€wi fivc wilh lhc aceric &id
fom of flurcxt?rr dd fou witb lhe fluoxwrr merhylh.plyl cstd The stLdjo on the

mer[ylhcplyl €t r sfr $bmitt d ro supp.d d€ bridaing ofdata bctvEn tn two to@s

of fluDxypti sinc. thc std is npidly hydrcltred to lhe aoid. Ite avaitablc sludi6
ihdiclt that nldypyr was rct muhBcnic in brctcrio. By contrd!, a nubacnic rc6ponsc

ws ucovcrd in rh. foadd 8oc bur.dm B.y wirh nou. lyrnphona c.tb b .or
widr Chjh6e hdrld ovdy (CHO) cclk, mcrc w6 also no widdcc oa ct4tog.nicily r,
vtw uing qHO c.lls. Hd@ th. Dargiral positiv. suh sm in rhc mousc tyhphond

'9y wa not confimcd itr a scod .j,m,lid 6.tl Iine dd tne tat naraial ws



negalivc for bchcdul.d DNA ,Fthai! (tDS) ia ylrc,Ilrcxrlrr h.lhylheptyt 6ter
v6 also nol nutagdic i. b@i..ia d clsiogoic eiilrd ir vitrc or h vivo.

1.1,3 Ecologlc.lEfiftr!.

Etf€cts or blrds rlir Aqultl. orernknr: llurcx}lyr is practically non-toxic ro rhc

nalrard du.k dd tnc bobehite quail on m &nrc hsis (LD50 > 2000 mg/kg) .nd
pturically non-bxic to rn malldd duck {d rt€ bobwhn. quail on a sub @r. b4is (5-

day LC50 > 5000 ppn). ll i! slightly !oxi. lo small mamn.ls 0.D50 = 880 ng&d and

pracrically non-toxic to honcy bes G-D50 > 25 s/be.).
Flwxypy i! slightly roxi. to rhc hlu.gill sfish (96-hour LC5O > ta.l .rs/L) lnd
diendy ioxic to pactically n@,tonc lo thc FinbN r!!r (96-hou LCsO rug6 trn
13.4 ns/L io > 100 nsll). Ii tu rlso pra.tically non-toxic lo Daphnb n1a$a (48,hori

EC50 > 100 ng/L) ed i! slightly ioxic lo ilD sjt!€6jd. (96-nou LCto = 40 nE/L),
Flmx}lyr acid is hishly to:ic ro rhc 4rm oFld (96-10{r LC5O/EC5O = 0.063 nc/L};
flurox}llr l-mclhylhcptyl 6tr is sliStily toxic to rhe mlm oyster (06-horr

LC50/EC50 = 5l mg/L). !t is pmcticrlly rcn,roxic !o the Cr6s shri p (96-hour

LC5C/8C50 > 120 mg/L).

1.I.4 E irorncnt.l&rc:
Grouldeat.r conrrnhltlon: Availabtc dara indicaic ihrr t]!rcr}?rr acid is mobite ro

vcry nobil., Hovever, di$ipatim by htdreltsis dd n:icDbi,l degadltion Educed

pdstd. &d linfted dowawdn ft$pon (i...,I@hing).

1,2: Acetochloro"n)

Ael@bld is ucd for @nrrol of nGr dnu.l 9@6 a.d c.dain brc.dlaf weds and

tluow nulsedgc, Tol@nt crops include cabbagc, cil,as. coffee, con (0 tt!4), co on.

gred pes, frize. onjon, orclErds, peeut!, polaloes, sybcans. sugd b..c, suSdcane,

3u0owa, &d vircy,ids. Acaenlor is applicd p@dcrgcnc.; pEplanl ircorroBled .n.t

is cofrpaiibk eft mosr othcr pcsticid6 dd fllid tenilizcs wha u.d at @ommend.d

Rtes. Usually0,3-0.6 inc1E6 of dinfall aclivria theprodnct lf it occu6 wirhin 7 l0 ddys

1.2,1 Physic.l Prop.rti.s:

AppeFtrc.: Tdhnic.l e.r@hld n e oity liquid at @m tcnp@rlrc tighr mb6 ro



Cb.nisl ntD.: 2rbloGN- (..6oxje.thyl),N-(2athyl-Gm€rhylphcnyt)accramid..

criHrclNo,
269.88

,,oct-cH,-i\ cf.-cH,

-o
cH,-cH,Hrc

Ch.hicrl .ld3r Cnbrc rc.tarilidc n.dicidcs

Sofubifity: h water 733 ngl 
^ 

25"C, SotDble in diclhyl .thcr. accronc. b.nzdne,

chloofom, etheol, dnyl a4tdq od rohoc.
Spellic gnrity: L I00 at 30 'C. 1. t 36 at 2OoC.

ro.nuhtions: 90% 8.C., 50% E.C.

srlbiUty: Althougn ,c€t@hlor is sr.btc undd nomd lcmpcnruB &d pBlE1
rh@d d€compolition pbdncts may inclMe toxic oxida ot.irogcn d c.,bon $d
loxic ed cotusiv. fum6 ofchlodd€s.

1.1.2 toti.olo8lc.l E{fdt
Acri. Torlclty: Acd@hlor i3 @nsider.d nrodd.tety roric by ing*lion. The acute oBl
LD50 oftehni.al e.rochlo! whd adninistcrcd 10 bobwhn€ qnail w6 t59o MBAg. Fof

nts eole LD50 i5 2953D9&& Acurc toxiology places r@ltnical scclochbr tu roiicily
caieSory II tur.y. initation, roxicily cr1€80ry [t for acutc oFl, acur. dmal, and dcfie

inLlrtion. Technicd acet@hlor i! in toftily category Mor prioary sknr id arion and

is c..!id6d . skin s@itia..
Chrcnic Toicity: A rhc w..k dmal study vnh ats showed ttat fed dosag.s of O.l.

1,0, 10. or lO0 
'nyks/doy 

r.sull.d in mininud to mild skin initation oft.r2l day!. Signs

of s)stcEic toxicity !@ nor rppMl rt ey l€vcl. HiShd dGB wce not pcrihte

berusc of sevc!. dem.l loxicil, al hisn r doses. In a 9ortay choiic roxiciry sr'dy in

.rc, ho sisnincant toxi@logical ellets vce obsened al di.lary lcvcls of8O0 Dpn. The



4hou inlralarion rc50 fo. tohnicrl a@t@hlor in nbbirs wB l,j ng&. Rabbil cye

itrit4tion wd subsletial b teoponryj skin irilation ws o$id..cd scvee.

Rcprodnctiv. Effet!: A tw@genmdo. rcprcd&tioD !tudy wilh nl6 sho*cd rllr a.d

dosa6 of 0, 30.4 7a.1. &d 324_5 ngrq/dry (nd*) or o. ,r4,9, r3o.l. dd 441.5

ns&yday (f.dalct, rhe Eped!€tiv. NOEL w6 jO.4 mgkyday tor mares ond 44.9

Dtg/kg/day for fcn8Ls bscd on deEsd body wcight gain of F2b pups ai 74.t

Ds/kg/day for hal6 ed 130.1 hsAclday for ftmard.

Teratosoi. Eff.crr: A srudy wiih rats $owed rhar fcd dosg6 of O, 40, I 50, 0nd 600
tg&g/day, dte NOEL w$ 150 mg/kelday baed on incE4cd rsoDlions, post-

implehtion los, dd d6t!& in nd a.rat Neight ar 600 ng&g/day, lhe high6r <to*
l.slcd. Tlc mat.bal loxicity for 1nis.hdy w6 tso ng^g/d.y b6ed on animals

kdficed aprolaling ddul. clidcrl obsdatid, rnd d*sed body w€igh! gain al
600 ngkEtd^r, rh. high6t d@ l6r.d. ln a ddetopm€nt r study ynh mbbits fed

dosag€s of 0. 10, 100, sld 300 ngr<gdd, lc.rochlor did nor induc. .irhe. nj.t mal o.
d.v.lophent l toxiciry rp ro 3OO mg&g/dax lbc highcsi do* rdco,
MntrSeric Ell(&: -ln muargoiciry rtudy acd@htor induccd a ,@oducibtc Dosirive.
nsiagdic cporo. h a shain of SatmoDclla n/ltihlrium sirh h.r.bolic dctivatiotr ar

100 ug/plaie. SiSnincer inctle in nunber ofr€vcndt coloniB werc not induccd in

Clrcinogenic Effat!: A rwo y.r clvonic f€edh8/cdircseniciy shdy wilb rars

showcd tlrar fcd dosag€so10,0.8,7.9, a 79.6 ng&B/duy, corcinogcnic e|I*ts nolcd ol
79.6 ngn€lday, th. high6(.tor ldcd, irclud.d a signifidnt incrBc in tret cpnhctial

&Lno4@ dd lh,roid hllicular c€lt addom& in both sd* al 79.6 ngrt&/day.

Orgrn Toxicityr On€ ycar fccding stndy wiih doss snow.d tbat fcd dosasds ot0.2. t0.
ad 50 ng&8/&y, ilE NOEL wa 2 Dg&g/dry bd.d oi inc@cd saliErion, omithinc

crbhyl dnsf@., md trislltdide klu6 econprli.d by dcreascd btood gr&osc

I€vcls ad liv.r ClycoeEn l.vels at l0 mg^(C/day. IrtcErilial ftphriis. tubllar
dcg.ndtion of |hc r6id rld hyPo+mia w€E Fronrd.

IO



Elfdtr otr BirL!. aquttic atrd orner orgdi.ms : The .i8!l-d!y dietary LC50 in

malldd ducks dd bobwnile qnail wd g!6ater $m 5620 ppm. Th. 96-honr LC50 in

rainbow rrou qpos.d to tecnnical acebchlor ws 0.45 ng/L dd 1.30 nyl- in blucgills

lhfish- The 48-hour EC50 in Daphni! rugrl. *e 16.00 ng/L, Accl@hlor is @midcrtd

dodcr&ly toxic ro n ncybG.

1.2.4 ENiorn.ntrl Fd.
Bi.rkdo{n of Ch.mlc.l h Soil ,nd Grourdw,ler: Acerochloi is adsorbed by soil

.olloids dd leach6 very little. Liw soil noistMe ha litdc irnu.nce on cfliciency. Thc

nri. mctnod ofdegddatiotr is nicDbial bdltddo. Ac.lo.No* lvcage petsiskne .t

Mcudcd at6 b 8 lo 12 we.ks, but mry vary d€podirg o. $il t}?e and clinatic

condniotu.It is vcry.ctive o. high orgaoic n.ttdsoih. Pholoprcducts.r€ id.ntifi.d a

lcrahydroquinolin.i 1-oxeN-(2-c1hyl-6-eahylpbdyl)-N-(cthoryncdlyl) cetanidcr N"

(.tlDxymerhy!)-2!cihyl-6hethylfohrdilidcil-hlddlac.tyl2-.lhoxyl-7-lnylindolqS-

.rhyl-l{rboxF.thyl-2{rel2J,4t.tihtdoquboliDe;4,8nimclhyl-l4thorynerhy'-2-

oxo- I :,3.+t€Fahtdloqui.olin i2-bd!ory-2 {dyl6h€dyl-N-(.rhoxynclhyl)

sc.reilide dd r edDound Elat€d lo ac.rochlor

Br.lkdostr of Ac.tochlor in V€gstrtio!: Acet@hlor is tbsotued 'naiily by

gcmiiadng pldi shoois, od sondly by bok. It lr.Nlocatc! fidugtout lhe pldl enh

highcr .omcntmtioN in vcg.hlivc rDrls mrhd lh.n io epodlctive parrs. Accrochlor

app€6 !o inhibil prcr.in synth6is in su$aribl. plmls.

1.3: zy'-Dichloroacetic acid ''"")
2,+Dichlooac.tic .cid 12,4-D) is a ncdicid. oflhc ptdoxy fhily used for Fletivc

control oIb@dlof we<!i. 2,/LD is. s}llhctic auin ldbicidc, which caus ditdPtion

of pldl homD.. rcstDEd. Plet i.jud6 iftlud. 8r$an .nd cpuluclion

.bnomaliti6, lspei.lly on n w Ellwlh. SFplons nay appcr on youns srcvlh almosl

innediarely aft.r application, but dca$ fray not oc.nr for swcol weeks 2.4-D

fofrulations d. tr?ically applicd s btuadcst, bedcd, or dir.cLd (s!my or wipcd

applicatios duiog domscy or pEgldi, pEhNsq pMerg..cc, mdgencc, l)on

dcrga4 or p.st h.d.sl usitrg gtuund o! rdial .quipncit. RcSisrcrd aoms of 2,4-D

4,8-dim.ttyl-2-oro-1,2.3,4-
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i.dude 2,4D aci4 2,+D dih.tlrylani.c a.ll (DMAS), 2,4D isoprcpyl acid (lPA). 14D
hiieprepyl &id CmA), 2,4-D elhylhqyl 6rd (EI{D, 2,+D buroxy ahyl 6ts {BEE),

14D di.tnyl min. (DEA), 2,4,D isopmpyl .sler (lPE), sd 2,4-D lodiun elt. TlF
prodlct Ag.nl OrugC'. usd €xlcnsivcly rlroughoul Vi.tnsft! wd about s07o 2.4-D.

Ho*ed, rh. conirov4i6 Mialed wirh |hc e of Agdr OEngc w Nociald wilh

a 6niami@r (dioxin) in th. 2,a,5-T 6npon.nr ofrh. d.folidl.
lij Pn lbrl Propdil.!:

AppdEtrc.: 2+D k a whit. pof,d.r.

,o
o-cH,-c\

OH

ChemiolNrn.: (2,4-dichloophdxy).c.ric&id

Molftulnr Wdght. 221 .04g

Ch.dlql cla: Phdoxy lcid hcrbicide

Wlt r Solublllty: 900 ng^- d 25 .C

Soltrbitry h Ol!e! Solv.!&: ctlml v.!,i di.thyl dn r v.s.; toiude s.i xyloc r.

V.por PreN.urer 0.02 mPa ai 25 oC(acid)

r i-2 Toricologiol E ral3:

Aat rondry: I1ie rcid fon ir ofslight io nod@lc toxicirt Th. oral LD50 of 2,4-D

regc6 fmn 375 to 666 hg/tg in lh. d! 3?0 hgi/kg in nhe, end fron lcss tlun 320 to

1000 Dgrq in gui@ pi8!. Thc dmrl LD50 val!* !G lJ00 ng&g in Ets and 1400

mgr€ itr Bbbits t€s!6tivcly. In hMrN, pElorged bdthing of2,4-D caus @ushing.
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bumin& dizziness. ed ldpotuy loss of nilscl€ c@rdination. Oihcr synptons ol
poi$ning @ bc fatigle od wlo6 with possible na6ea On @ occasions lolbwnrg

high ldels of .xpor!r., ih@ a b€ infm.tion of {F D@c ddings with muc {

Chronlc toxl.tty: Ra|3 given iigh anouniq 50 mg&g/day, of 2,4-D in rhc dier f6r 2

y@6 showcd no adveBe eifecrs. Dog3 f€d lower anounls in tlrcn food for 2 rra6 di€d,

!rcbaliy b4ousc do$ do not dcEl. orSdic &id! €ffci€nlly.

Reprod!.liv. .l!..l!. Eigh levels of2,aD Gbour 50 mg&8/d.y) .dminktcied orrtly to

prcgndt nl! did not cauF dy adv6c cficcts d lidh weighc or liiler size. Eishd

dos (188 ng&g/day) resulted in f.tur6 wifi .Moni$l cavity bl..ding and ircE6.d
nrnality. DNA ryrrhcsis in tne &st.s wis si8nincdly i.iibir.d whcn micc vere fed

with lalee mounts (200 mg&e/dry) of 2,4-D. ft6e evidence !u88.!ts that if 23-D

cau€ r.pEducliv. ctfsls in eimrk, thic only ecuE .l vcry hiEh dos. ThN

r@rcdetivc preblds N@tur.d qith 2,4D e unlikly in hurhs undd nomrl

Te.atoge.ic .fi4ts: 2.4-D may caus binh dcfftts ar high dos*. R.c f.d wirh I50

nrg&C/day on dars 6 !o 15 of pcgnancy had otrspri.g vilh incrcas€d skeletrl

abmmalitiB, !!ch 6 delayed bo.e dcv.lopnal md Mvy nbs. T[is luggests tiat 2.4 D

elposur i3 unlik.ly to b. l.Eiog4ic i. humans $ qpded qtosuE lwcl!.

Mtrt.g.d. .l[.ct!r 2,4-D h6 bd vEy dt nsively l6t€d hd wa round io be non

mulagdic ir no.t !ysl@. 2,4D did nor d.d!8c DNA id hmd lury cclk. Hovdcf, in

one stldy, sil,lilicet .afeIs occurcd jn dromo&nes in cnlluEd humin colh at low

cxposu€ lcvcls lhc data suggesl th.r 2,4-D is not nulag€nic o! hos low ftulagenic

C,rcirqdic .ftetr: 2,+D fcd k' 6rs lor 2 
't4 

cau.d d inc€r* in nalisndl

tDnoc. F.@1. micc gird a singlc injelion of 2,4-D devclopod cancd (nliculum c.ll

seona) Anothr ctudy iI mdenls show.d a low incidm€ oabain tNnon at Doderate

cxposurc lev€h (45 mg&g/day) ov4 a lifctinE. Hovever, a iunbo of qucsions h8c
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ba) Eiscd about thc valdity ofthis widcncc and tlu alolt the caEinog@ic potcnrial

of 2.4D. ln humel!| a vuiety of sludi6 givc @nflictins lslls. Sahl !i!<li6 $ss6t
.n ascirlion of2,4-D dp.$re wilh.dcd. An inc@ed ocur€icc ofnon-Hodgrint

Iyhphod. w.l found dong a Kdsas and N.brask! fm populalion seci^rcd wilh lhc

+nying of 2,4-D. Orhd siudi€s cei.d our in Na Zealdd, Wdhiigron, N* Yo!k,

AusFalia, md on Vietan vel€mns froN th. U.S, wft all nee.dvc. Tbcrc Enains

@nsideBblc c@lrov6, siout rhc m.ihods uscd in tlre various stldi6 lnd then r4!lts.
Ths. rhc @rcinogcnic $atus of2.r|'D is noi ,tt clar

Org.! loiclty: Mosl slmproms of 2.4,D dp6w djsappd vir[i! a fcw dats, bul

$@ is a rcpon of livd dtsfibction noE bn8-l.m .rposm.

F re in lrunrns !trd abimdr: h. absoQtion of2,4-D is alnGr compldc nr mmmah

ancr in8.ltion ed n€arly the enft. dos. is cxcEled in lh€ urin.. Thc compound is

Edily ablotbcd dreugh the slin sd lung!. Th. fialflifc is bciw..n I0 aod 20 hou6 in

living org&isN. ftm ir no didcnc. tha( 2.4-D dMdat6 to signiiq.l ldcl in

nmnds or in olhd or8eisDs. B.twc@ 6 lnd 8 hoB alt r dos of I ntg&g, p6k

@ncdtnrios of23 D wft found in th. blo.d, livd, kidn x lun$ .nd spl..n of rats.

The!. w.rc lowd levek in muscle &d broin. Aner 24 houB, lhd. w@ uo detectrble

tissuc rcsiducs, Only mc* oI th€ conpon havc b€d found in lh. nlilk of lactatirlg

dihals for 6 d.ys following €xpo$r.. ?,4-D pr5s6 $roLgh thc placcnh in pigs dnd r s.

h tu16. ahout 20% w6 d€t€ct€d in rhc ntms, pl.cal," fctus. ond ffiniolic nuid.

ChicLcis givd noddatc uounlr of2,4D in ddnldng walcr lion binn to mlturily lEd

ve.y lo* ld.ls of th. @nrDond in cg$,

l.3J Ecologlc.l Eflets:

E fcts on blrdq lqlorlc ard other orgrtrbm : 2y'-D t slighlly loxic to wildtowl Md

rligbdy lo moddtcly toxic 10 blrds. Thc LD50 is 1000 nCAs in m.lla!!, 2?2 ng&e in

ph..els, rnd 668 ng/kg in quail dd pig@ns,

Sonc fomula oB of2.,LD e hi8nly roxic ro firh whil. odr6 arc 16 e. For qahple,

the LC50 rdg6 b.tw€q 1.0 dd 100 ng& in cunhrat trlur. dcpending on lhc



fomul.d@ u!.d. Chei.l cdfirh hrd ld the lo'a noddiiy whd.rF!.d !o t0 n8/L
for 48 ho6t Gl@ $nfisL wh6 aFe.d to lt0 m8& for al h@.., lhowcd no c|I6t
on.wirlitr8rcllo .. Limn dsndi6indicn.rhrf{if.of 16rrhd2d.ys inli.hmd
oFiag CddFrdoE of l0 nB/L for 85 daF did nol &lvs$ly aller tn. iudiulof
rdull dNgo* cEbr Fd imlrw cE!r, th. 96hou! tl50 is 8F!td rhoi l0 ng/L
indicri!8 rh.r 2,4D is only slighdy toxic. Brlq rhrinp 5how.d s $all imEe in

mnllity .t dpdw ol2 hg& fd 48 h@R,

Modarr. do66 of 2"4D scdy iDp.hd hon yl6 s bbod produdion. Ar loea lcvck

ot dpcur., dporcd bet liv.d .iE ifio.lly lonad lhon dE cdtrek, Thc honcyb..

LD50 is O0l | 5 he/b6.

1.3.{ Ervlrolm.rr.l f.t
Bukiom In loll .tril gmudr.t n 1+D ha lN oil p@i!16€ Thc l8lf-lifc in

$il ir ls lho 7 d.)a. Soil miciobg a!! pdrnrnly rdponsiblc ror ia disspp..ranca

R.r. of td.Lden d.9cn.b upor tanp.Btut!, moi$lrt' orgdic nafi6, .nd orhd soil

ch|r&!5tc5. which .'Iet mi@bi.l a.rivity, D6pilc it' ilon h.lf.lifc in $il .nd in

lqultic @vit!m6l3! rhc @npourd h!. b6 dctctcd in ercundwarcr suppli6 i. .t
lcar 6E Si.t6 in USA rnd i! C.od4 v6y lry @ncan|tioB hdc lbo bm dcr@lcd

in sod.cc mld lhDurhout Oc ttsr{,

BrcrLdoer i! vrt.r: h .qu*ic @virD6&, nic@4lnisms rcadily dcgndc 2.GD.

R!t6 of braldo*n incr... wnh itt.@.d nutricni!, s.dimcrt lo!d, and dislv.d
oB4ic crtbd. Undd oxyad.r.d @ditiotu rhc hdfnifc is I w.t lo lcvdl watt
Bukddr ir v.g.t r,o.: 2,4-D i.1df.c wi$ mmrl plsl greMn p@cs, Uprrlc

of rh. compould i! tlwud Io6. sicm, &d NB. Pl6t Mts $$lb polo G!lt) toD!

of 2,a-D ord taE .berb mnFold (6ra) fms of 2.+D nosl aldily, ftc dt F of

2,rLD iads 10 sisr wshil8 tun pLnts ard ft lrpidly convdlcd to thc acid by pl!n15.

BF*dom h pl&L is by . vdi.ly ot biologjc.l dd chdicrl ptlhw.ys. studict hlvc

lhom cohpld€ with prct i. or nino eid!, orid.lion oflnc e.i.t moi.lyddolthc

ri.g firdblFtu to fic nE ph@ol, md conbi tion wilh Slytsid*. 2,+D is lqic lo

nGi bMd lcdcrctsr €peirlly cotlon, tom 06. b€ls. ud aruil trc€ .
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1.4: Bromoxynil ("r)

Eenoxynil €,5nibFmo-4-hydox',b.nbnirtik) b a n€dicide us; for post-drfgc

cftlrol of mul brc.dlef we& by ir$ibiirS photost lh6is in the le$l pldls, It hN

bd ucd 10 @ntrol reds in c@al. cor, sryhum. onions, fld, mi.l, turf a.d on non-

coplard, !l is avtlable 6 s emul5ifi.!|. concdiatc dd a $Aasion 6nc.nFarc. This

h.rlicid. ii also ptMt ir mncd fomul.tiW with olhd h.rt'icid6 including MCPA

linNn, di@bs, mmprop, ed 23-D. Conm@ial b@noxyril is Nllly fomul.lcd ts

th. ct ro.lc *tcr, pota$ild sah d bulttat. 6ld. Bdno*y.il is ! Relticldl U5c

?6ticid. (RtlP), sd t nol rcei5ld.d for hod@M.t Nc. R(r?s may !. puohoscd and

uscd only by ccdin€d Tplic.loB.

1,41 Pbyrl.d Prop€rti€s:

App..ntr..: Bmnoxytril is a colorlc$ .ryslallin. solid .t en rehpmlu!..

Ch.Dlcrl Nrm.: 3,5{i6mho-4ntdhxyb.Eonitlib

Molaul.r w.lgLt 276.91 I
Ch.n cd.l$: Nikile herbiciit*

W|Gr Solubllity: 130 ngll at 25 'C

Solobility i! Otl.r Solv.nli: mctbdol

tcl'lhtdFturo v.s-; all a,r 25 oC.

Meldng Polnt 194-195 "C

&eb.e v.s.i ctrron.x.n. v.s.i
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1.4.1 Todcoloeic.l E frt3

Aclt lortdty: Tcchnial bonoxynil hd m oEl LD50 of 190 n8i&g in d6, a. LD50 oI

260 mg^s in Fbbitq . d LD50 of63 nd*g in guin.api8!, indicatins modcdtc lcule

loxicity. The dmll LD50 of!rcboxynil k Cr€.ler thd 2000 m8AC in hbbik. The

ompoud is a slieht .}! iFldt but il i5 nol a skin irii.nl in 6bbils. Howdf, whd in

@.r&t wirh abmd.d skir, btuhoxynil mly podue a nild iFiiarion.

Chrcrl. toxic yr Studi4 nave shoM fi.t bomoxynil ha no cll*t on nls whor a

diciary dos6 of 15 md 50 mg&s/.ky w.a giv.n for 90 dayr. Dos6 up ro 5 m8lkg/dry

fot 2 ycd lsd no iDpet on blood cndistsy o. nrinc.

RcDDdrcriv. efiet : No chege in r@odrcdon wd nolcd i! fmalc ds wnh a fed

dosgc of 15 me/kg/day of bbnoxynil ovd d@ g.n.dlions. This suggcsk lhil

brcmoxynil d;6 ioi caue rcprcducliv. efi4is.

Tcr.toldic Glf4tlr BrFox}'il G a $sP€&d rmbad. Il)c @npound prcduccd binh

d.fcts i! Fls d or.l dos ,!ovc 35 llgkg. Toxic clrdtli included alnmal db

fomation ed Ednc.d fclal wciel . Nwbon rabbih htd birtl defecls wten bDtuoivnil

ws udnirislered lo prcgndt motlrds al does abov. 30 hs/kg. In $€ rubbi(. billh

d.l4l3 included chusB in bone fomllion i. lh. skulL and htt@cphllr

M .g.nlc eII€d!: Studid h.ve shlm ilti bonorynil is nol I n!r.ed.

Crrclnog.li. efi.ct!: R.ts eiih a Ied dos.8. of bmoxliil al low leveh of 5 nidkg 8nd

bclow did not develop any cdcd Elal.d .llct .

frc itr nrn.ls !trd .rln.k: No bonorynjl ws p'*nl in ih. nilk o. f€cs of cows

.n.r 9 darr dporr.lo lo* does orlh. horbjcid. LBs than 20% ofthe conrloud ws

€xcEtcd in unne d lhc pd.nr conpomd.
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l-.1.3 Ecologlc.l Efl.cts:

Dtfats or blrdr: Brcnoxlmil is highy toxic lo phdants (LD50 of50 mC/kE) and n
nrod.r.tely roric to ne8 GD50 of240 n8/k9, quril (LD50 of 100 nl8^g). ald nattad

ducb (LD50 of200 Dgr.g}

EtfaB otr aq!.ltc ,nd oth.r orgrrlrm: Bronoxliil is highly loxic to modmtcly

ionc b 66hwald lshi llE pot *i@ rdr of bmorynil b4 & LC50 of 5.0 nC/L in

hd.quin nsh, 0.46 mgll in goldnsh, snd 0.063 ng/L in catlish, Bodoxyil hs an

LC50 of 0.05 dgll in ninboe rrout, I1 is not toxic 10 bc.s.

r.4,3 E virohnenr.l Fare:

Bre.kdowr in soll .trd gburd{rt.r. Bomoxynil hd a low pGistencc h soil. In

sdy soil. tlE halflil€ is lboul l0 days. D.gEdation in cl.y wd slower, witl lFlfof E

brcnDxynil dcFadcd io ils mctabolitcs in about a 2-weel( pcriod at 25 oC. Thc

p6i3t ne ol t]lc compound is al$ sli8hlly longd in p.at field soils tle in ll! sandy

silr. Micob6 dd sudlight bot doM bFDoxynil ir the ovimrmdt.
TIc diddce suggcsts tna! whilc bonoxyiil is brok.n doM by sonc &il blctdia. n

my itrhibit r'& action ofotrd br.laia oEt pFmor. thc fodalion of ritritc by a troc6
qlld nitrificaiion. Bobox)nil s polential to lcch lo gouDdwaler is lowi slrfmc ronoIf

pototid is low, aod poldlial for loss or md.d eil i5 nxemediat . Bbnroxldil h6

noddt volatility dd de p.t.nti.l ror bs to lh. ltrnolphc is nod.Bie.

Br.akdown in vcgctrtlon: Thc hdbicid. works by disnptnrs ihc DlanG obility lo

poducc cnereJ for c.ll-el.led &tiviti6. lr is not rcadily tBnrl@.I.d ttbughout th.

pldl ona il na ban aherbcd.Th. oil soluble aninc rnd 6lcB hale tfie ctpuciry to

eist rmoval fton foliage by rain, the sodiu'! salt doq nol, sinc€ it is w.td solublc. It

hly bc hydei)zcd lo b@oic &id in pLnb.

Atnortheric F t.: Brcmoxrril is dischsgcd into the almoQh@ q m aeb$l dunns

slaying op@iiotu. It is Movcd ton lhc air by ghvnational scllling Due to its v.ry

low €tor t!!sr, brnoxynil should v.por in lhe aldosphe.e.
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Bb6ox',lil{ont|ining a.roels will Ddago photol}sis, lhe nt ofwhich wilt dcpcnd

on th. $l& ir.di'e ud cloud co€. In the labon$ry, ile photolydB hdflif. of
broadxynil solutioDs iradiat€d witb a 100 walt xdon ncrcu.y lmp that w& 6he!.d ro

m@ r.tliltion ld lha l0O tur w6 la the 40 nin

1,5: Chloramben(i'+,

Chloanbo is a scl6riv., ptud8d. bMic eid nedicid€ th.t is priwily applicd

to soil for thc control of mtral ga ed boadlaved w@d s..dlirys, It is moslly

pr€chery.nce wcd on syhems. dry b!s, pcdut& suo0ow.6, com. punpkins,

.uomb.G, @t!on &d pcl-Fespbnling d s@t pot 106, lomaio6. peppcu,

h.ldwood l@n shobs, sone conifqs aid vadous omlnatal pl.nt!. Chlombtr
inhibiB .c.dling Dol dcv.lopmdt lnd @!s plant! ro h.nd Nd di. a lhcy emcrgc f6m

1.5.1 PlFl.al hopertic!

Appe.rrnc.: Cnloranhcn is ! color!* rd odorld c.Flallif,€ solid .

Cn.midr N.ne 3-mi.o-2,Jiichlomb.neic &id

Ch.mictl clas: Bcnbic lcid he6icide

H_N
I
H

Mo!6dl.r w.rgtr: 206.039

wrter sotuDttttf 700 ng/L at 25 oc

Soldiliry In Ot!.r Solv.nts: alcoholv.s.i eih.! s,; rccloDc v.s,
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Meliing Polnt 200-201'C

Ad@rptiotr coeflicl.rt 15 6tinutcd (sal$ rl pH < 5)

1.53 Tondogi..l Eltet3.

Acur. tonci9: Thc oral LD50 for chlombd in nl! is 1500 ng/tg ed in ni4 is 1725

me/(8, Cnlodnben itrilal6 Itrrcal, lun8:, skin, lod cyes. How4{, chlorinbd k noi

kiwn to n6vc thdugh lhc atin. O. dts, a low d@ sldn ltplicarion caued mild

irir.rion th.t subsid.d winh 24ltuB. Thc d.md LD5O fot nbbits is 1136 nr8/kg dd

ror alb'no oE, il is Iratcr th! I I60 nC&8. This ituicai6 lhal chtomb.n h* about lhc

s. toxicity whd .ppli.d lo lh. skin s whm inS6ted Th. n.jor hollh conch for

humd! is dmatitis !@lling 6om skitr dposuE ro cNoEmben.

Cnrclic rorl.ity: In long.tcm r.ub on 613, nic., and do8s, ro chloomlen-rcrated

€ff4ts on body weight, body tumrioq Md or8ens weE obsedcd dcn .t vdv high

R.Droductiv. .lT*a$ No cfccrs on fcdilnv, s!flivll ot tl!. felusi or on nlBing 
'bilnv

w@ loud in e long-tm study of nts fcd wi$ ldge d.ily dG6 of cnlomb?n This

dala su8g*t thal chlotuben d@s nol susc rcpodlcliv. lodc'rv

Terrtog.nlc .tTet3: wne ptgn.nt 6bbit! werc glven high dos* of chloEmbtn durins

ih. ld3irivc p.riod of g6hrio., no da.lopndLl dcfdls w.c s@ ih lne fclus

Pr€$rnr ra$ fcd wiih low€r does of cnldmbm during dE s*itiv' Pcriod ofgcli ion

wd .ot alfdt 4 bur feral .lcarhs in64.d ed f.tal elcleral dcv'loPndt wG not

cmpLt.. At €vd lowd d6.s, rc inoese it fehl dcalhs wa s@D. blt $c bonos v'E

not fully declop€d. No chdSes w.F s@ rl lhe lNEt dG6 This studv indical4 tltd

chlo!.mbo it unlikcly io cad!. lcratogeic.ftub at.xpekd'xposuE l*'h

Mntrg.nic .tfet : Most bacterial lnd nsm@lian c'll ssavs of chlodmb€n irrdic'ic

rhar it is nol lolc to 8.n€dc mtlairl Howcvd. nuhgflicrv ws !d inocrdt u5ina

CHO cclls. Tn6e dat. $gg.st chlomb€h shows rliglt oi no n !8'nic potqtial
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Ctr.i!o8.!ic .f.ctr: Rlrs givd hiSh daily do* of chbmb4 fd 80 wccts did not

show cminogdiciiy. Bur nice giv.i sinild doses (up lo 300 m8/ks) ceh dav ror 80

e*ks d@lop.d c.lGou tMoB, T1tr4, lh€ @i!og.{tic stalu of chloEmbn is not

O.g!n toricity: L4ng-l.m dimal $udi6 did noi lhow diddcc ofctonic inj!ry ro lh.

Fnt. h huniN tn.t ndmab. Sev@l simal $ndics hAve sho*n thdt once ine€slcd,

chlotubd is Epidly dcrt.d i! ln. uirc..d f66, *irh no 6idud lound i' ti$u"

V.ry sm.ll mouis of chlolmbd fcd dsilv to l&tlting cows l.n dE bodv via nlinc

(s8%) dd rnc f.6 (5%) withis 4 day!- No .6id!6 w@ found in th' milk sinilarlv'

doSs fed witn vdy snall uoudr.t showcd apid chlodhd dcrction *ilr no r6idlcs

fou.l in the ti6u€s. Chlombcn is quicklv ab$rb.d jion tlE SBlrointcslintl ltdt or

fdaL Fls. Alout 9?",4 ofe oFl do$ it cb$ibed sd tho dcilt'd rhrclgh lh' unn'

md 4pired air. ln rats fed a single dose, 70% offiat Ecovd€d 24 hourc Ia14 fod th'

un.e ws rh. odginal conPouoit. Only 0 6% ofdc do* rdin d jn lhc bodv tnd 3 lo 4

1.5.3 E ologic.l Eltc.l3

Eff.crr oD bird.: Ite LCsO ofchlombar is 4640 mgn nr mlll,id duck!. iDdicatnlg dr'l

$c compomd is pEcnctlly nortdic !o this 3pei.s

Efi*L on !q tic trd ottlt org.litm: Chlodmba is n'ith4 toxic to fish nor bs

1,5.4 Ervircrm.trd r.t

Brc.kdom 
'r 

30[ .!d gotndtttcr: Chlo@bd is rlivc in [E $il It is nod'mtclv

!dis161. Tlc {.trcr ttE soil. lhe 8Fb lh. loxicitv of lhis coFPou'd lo ttrsct llmls

Rsnrfall o! ini8atio. Nilhin l0 !o 14 dars ot upplicttion i' ned'd for chloonlt'n ro bc

cflativ. agaimt weeds lahing k 8@i6r in sandv si! As lhc o'eanic nallcr @nl'nl

of tle eil in Fdcq binding of chloBnbcn rllo inclsass, rd lqching dccrelscs

Volatility & $it novdcdl ac m@ d?pddat on fom of cl o6obo rpplied lhan on
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&il trle- Aluoinw & ammonium salls q@ oh.fl.d to leacn casily a co$p.r.d to

olhr r()m- Mcthyl & butoxycrbyl 6rcs 6ist€d l6chin& *hil. did. wd

intmcdiate with cpcct io l@hin!" I-ike nosl prcd€rA@c. h.rbicid6, I[. activily is

n4ly the sc otr huct soils 6 o mindl eils. Biod.g6dalion in nonstnle soils may

acur via dccehxylatioq howd, rnc r . of Dicbbid d.Sndation is exp.cled lo

de!.nd on thc organic co.ldt, lenpcdruE, dd moisturc conlnt. On soil surfaces, sonc

chlombd nay phoro dcgEda In eenc..l. chlombd activ'ly lata lor aboul 6 to 8

wc.k insoil. This compobd dos not evapo!.l. appEciably,

Br.rkdom lh wal.n Chlomben F.dily d.g€d* in watd cxpo!.d ro sunlisnl

Brclkdom tn veg.t.tion: Chl@mber @c!s wilh planl conslitucnls lo fonn r slablc

md nontoic producl h both $$cptible 4d lolmr plols The .e of fomdion of lnis

mciabohe ecm io b. thc rsor lhc hdlicide is nol totally degraded wilnin thc Plant,

wlq $il-rtplicd, pler @c e rt.9rimrry sit ofabstPtio dd chloEnb.n aclion.

Roors ofr€ist nt sp.oi€s, lilc soyb.&s! cs absorb large .nouDls oftle congound. bul

EsslocrL vcry littlc of n to $c lbova8romd ponim of lhc tldr. In conrEsl lhc

susc.prible bsley plsl trelloc.l* a sisnjficml no$t itto iG le.vcs, and lhus di6

1.6: INSTRUMENTATION

Th. instrlmcnts used fo. mclhod dcvelopncnt ond ih srbscqtrent nrplicrtion to lhc Eal

saftplc for rh6c sd@r€d h.rbicid. % online w-sp@ftPhotomeuic tanniquc A

brief disription oI onhc d.ltBrs (FIA) is given below

1.6.1: FLowINJECTIoN ANALYSIS orJ0)

The manual h.ndlng of solulioN (looM 6 "bed<o ch@btrv") rorains lhe AclillG

H€l of mo<td @lyiicul insEumdtairon lt is c@rlv b.ing Epl&cd bv nov

injccdon dalyrh FIA). whhh is conPutd conpatiblc dd .llows .ulonat.d handlnrgor

@ple ed Eagc eotltions wi6 ! strict conLol ofreetio! @nditions. FIA w6 fi6r

d6crib.d in D.uak 6y Ruzicks ed tlNd in 1975 Since th.n the t@bniqnc has

gtuM inro a disciplin covcEd by six tnonographs dd EoE $d l t'000 es@rch
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pe6. Tn. smp. ol lh. m.lhod lrew fron *rial 'sy of smp!6 lo r tol lor

mbancmc.t oI perfom.rc. of spaboscopic .nd eleclrochenioal nrsltunents. Most

€6dy FI h$ found .ppli4rio. in biology for study of live c.lls by nuoEscaic.

dicrcspy ed dow eaon try. O$d n.l{ls irclude nditoring ot.c$mical pioc@
in Eal tim., biotechnolo$,, 4d innrurorse.ys includiig antibody/anligd lc&tions. FIA

is d autonated. @tinuors flow appo&h lo p..fofr chchical analysis, bdcd on

injeling a @ll, welld.6n.d volure ol mpl. imo a @ntinnoNly nowing cnier

stlam to whicr appbpnat auilirry sgent sircd3 cr bc ..lded Gee fisuEl).

wh@by a mchFaiion gadihr of thc smple it cdrcd. All of lhe virtudly

i. ndrbl., orenEalios r@6dlcd in tt. thdi.nl can pole.rially b. dploit€d for

tlE rcadolr. Thus, in cont6t to convcnlidal @ntnuous now prcccduq (and tll batclt

nerhods), FIA do.s ror rcly on conpl.tc mixing ot samplc .trd aagcn(t (physicrl

hoDogdizllion). Cobbin.d wnh th. inn@t d..t rihins of all ddl3 it is nenhq

ncc.s!ry b wait lntil r cn.nical @ctions havc p@ce€dcd io equilibnum (ch.micul

honogoiarion). The* f&ts, which dlw lEnsicnt sie.als to be $cd as lhc readonl do

rct only pmit rh. prcc.dG lo bc @mplish.d wirnif, a vdv slorl lin? (t,!ic.llv in

l.$ lhan 30 t. but hlv. opm.d nd rnd novel avdu4 to p$fom an anav of chdnical

ualylical ssa]s, which .n cithd ldy diflictrll or in mev cas* diEllv inpo$ible lo

implmdl !y Frditiorrl n.s. Its, in FIA il is f6iblc lo be $. tsv on lhc

n4u@dt of nelartabl. (iftdcdisry) conpoMd!, which dbibi panicularlv

inl@titrg oalrlicd cn&.Eisricli lo .xPloi! ddetion principlE Elving on bio_ or

cnmil@i|1.fficq 1o Irt arlvobgc of6. Ectio. t t6 oflhc i.dividuallvo@uri'8

dctioDs in m€thods @nprisins a s.ris of rcactions in odf 1o fatour the specics of

int@r (kinctic <tildininstion schcn6): and to ptfom thc so-called stopp'd_flov

n€lllmdl!, wh.re a sanpldBgol sgncnt i5 stopPcd witnitr thc dd-lor' and whft

ihe signal @tded di@ily can b€ lehred io &. conco|Erion (an lppmach *pcciallv

v urblc in dzlmct'c aayt.
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+
Fig!rclr FI brrifoldi

Principl. of nN r,je.tior Ar.Vlnl

t' its sidptdl foftt, the @d. zo@ is inj!.ted ilto a lowilg uis llftas ot@sc.t

As lhc iqi6Ld @!c nos doBtrEd,lhc sple eluho! disFs into rb. @e!tt!

tuirg th. Fodud to fod. Mi,thg sith the dgdt in th. flowing ste4 o@us minlv

tt difilion{ftoU€d ploc.s atd r cldjcal uctid o@m. A flow lbrcugh

dctccior pl@d do$r5tem €coidi rhe dlsired physiql pdmctd such 4 absorbmce'

[uot!s@@ or eldtrode po16dal,

Thc ehmtic diagm of IlA is 3noM b.lo* (n8E 2) Ihis $hmalic srouF de FIA

pds inlo tl@ st gcs lo help visuali& ho* lhc tEhniquc !6fom a ncthod or



Fisl is sdplin& whd dE sMpl. h maudd out dd injsled inlo lhc nding cahtr

shm (thus, thc nm. now lr!6tion Aralysir). This sl@ is lendally D.rfoftcn *nh a

splc iojetion valvc. Th. qond slagc b whal w. call sdpl€ peBing Tltc plrp6e

oftnis st@ is ro taslbm tlD dalt4c inlo a 3p.ci6 dd cu b€ n.aui.d by drc d€t*tor

and mdipul.t. irs concnlration inlo a r.n8. $ar is conpatibl. witl th. dctcctoi uling

one or noe of thc irdicat.d pbccss.s, Thc third st ge is dei@tion wh.!c lh. .n rlye, or

a d.livalivc of il aa@16 a signal p.rk lnll is nsed to quelify ih. 3pmi4 bcing

det€min.d. A5 indicatd, a l&ge vdi.ty ofddeb6 ce b. ucd it FIA.

B{ic conton.lr ol rn FIA $st h
Ine mod.m nd Lrj*tion an lysis !y.t n Nu.lly 6oai3l3 of t high quality

nnliicbm.l pdisraldc punp, e inj.crion v.lvc, a coil.d l@!oi a d.lorlor such 6 a

photon.tcr equipped wilh a noy cell, dd an autosdpld. Addnional conrpondB nay

inchdc a flow throug! hcald lo n{rc6c lh. specd ofch.mical eactions. colutuns lor

smple edlction. d.bubblers, and nltc6 lor pariicnlalc lmovil
Prcpubio! !!lt.!d hj.ctiotr systeD

A p€nsultic p!.rp i. B.d lo prop.l lhc slEam. Tlrc injetor ay bc d loop injetor vllve

s N.d ir nigh p.rfoMce liquid chin.logFphy. A hypss I@P allows pasage of

cmid whn th€ inj6tid valvc is in thc load politiol The smPlc loop k inslalled

acDss opposil. pons of a six-port injactioD v.lve, With dle volve j. load posnion, the

smpL str.d lloM rlrrcus! the smpl. loop to wat , and eg@ls ate pBsed l1'oush

punrp to Rc&tor. Th. valve is lhor rwitcncd b jnj-l position dd cag.nt tlt€m is

@metcd wiih spl. l@p (6guE 3). fte @ncmkalcd dalyl. Dnc nows doqslitm.

frciSinS wnh a aagdt sE€d for @c6on rnd tha dctcti@-

The inj@tcd 3upl. volnmd nay b. bctw.cn I &d 20q[ (tt?icllly 25 FL). which in

tm r.quiEs no Dore lhd 0.541 of rcag.nl 9d sanpling cltlc. This mdkes FIA a

sinplc, mioochctuicAl techniquc that is caPrble of havin8 r high sAinl)hrg rate and

dbinm lupL &d rcage cotubption,
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b) lnj4l position

ng!rc 3r a SlFPon rrj.cdo! vdY.
Fld llrolth c.ll dd D.cslor

Tb. ilct crion of the llL lign.l m b. tlon. vifi dy iBtrundr th.t sllovs ih.

mc.eils of r b@ilory litrd &d thrl ftl6L fi. folldiry @ditim:
1- Soall wlMe m@in8 ccll;

2- Linad ed qrick Epon . for a widc dolhin ofconocnbetionsr

3- High ssitivit]l:
,L be bekemund mire

E 4h delldor used in lIA sylldns should bc d6igncd to fioiitor 4 clor.ly a pcsiblc

th. wdt3 occldng in 0ic D.ering !ydd. For pH rElsuEr.HG, or in

@rductid.rdy, d lnr sir|Pl. atonic .!qorpti6, *ha ln. dieinal smpl. Mposaton
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is !o bc m@urE4 L'rc @plc nst be lrdlo.red tllouth th. FIA chlnnol and h io lh.

tlow cell h d undilutcd fom in a highly Epbduciblc mmrr, For othq rr?d of

dctcmindior\ seh 6 s!@lrophotonerqy {le dalyte ha b bc conv€n.d to a coipound

e..sMbl€ by a 8ib d.t.cioi Th. ndt oner ucd comdcial dd.ctos e now

thlough cuv.tts wiih a gcomchy thar fils.onvenlional sp.ctolhotomct.a (fig4). Usuilly

with a paft l.ngth of lonn and r volum. ofa fry lo 5G60/rL SpdtmpholonErric

ddetoB e EinciDle d€rcclor oa@t' @m@id IIA instonmr,io..

Flg!ft 4r A oDnercid llov tnroDgh

iPctrcpbotoD.t B.

Sylt.mr for tnltport &d r.lctiotr.

Two 1t?6 ol.ub6 !s.d in rh. FLA .'st@ cm bc dilrin8lishc4 6 folto*s:

a) lld'blc 1ub6 fof oe p€listeltic pMp vi$ th. iltel8l dimctd dctdrininc thc 0ow

d. or tnc oDid, thc mardi.l fFm which rhd ru66 e Dad. (PVC, nodined PVC.

siliconc rubbd) dcp6.ls on rh. D?c of fluid involvEd i. rb. FIA dcl.minrrion and th.y

nlusl be chang.d penolically:

b) The tub6 aor th. cm@tio.s bctw6 rhc @npo.@l pfis of rh. FIA sysrfls dd tlic

@ctos e g.n.rally nad€ froh Tenon, PVC or polyctl)ylme (?ET) lnd tbe inGmal

dimcla vali.s bctween 0.3 - 2 mn.

.uvette fo. cotrv.ntional
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Irc c@6tioF b.twd th. tobes @ nrdc rirh com*ioc of di{Icot rt!* dd

shap.s lh.t 6ul havc . nidnuh tLld spacc $ rhrt lh€ disp@ion rd EpEducibility

de nol alfer€d. To inc@c th. !.letivity, rho FIA can be coupled with ddcmiialioi

dcvicd for diftsid s@@iioq dialls4 liqujdliquid qF&tio(r lilling Ea1o6. frixirg
chdb.B (whq a v.ry good nixing of $. samplc witn $c E.gol is d6iEd).

Any @ordcr nay bc @tpl.d with { FIA ststcm. Ruiclo and HaEn l@mm.od th.

use of Eord6 Mth vriabL papd feed spced, Thc trsc of a conputer corylcd with an

FIA sysi.d is sctting noE ud nore coftnon Md plactically it appa6 nr rll publisbcd

w* aboll this tehniq!. lod.y,

Featu.8 of the FIA Tectnlqrct

Th. gddl as'et oftnc FLA mcrhods 6 @npdcd *ift ihc D.Ncl rEhniqr6 .nd

tho* wili continuous flow s pGmied in the lbllowin! padelrphs, vithonr Soing inro

Selsitivlty. For th€ FIA ne$ods, the sensitiviiy is highc. dle to rhc plDsical dispesioD

o! dillnon in i,le flow on onc 5ide fld thc shod oactior time on the oder side. which

lad3 lo orc obt inins of prnial reerion iclds. ln lh. FIA n.rhodr wirh rddinonal

chehicdl pbc.sscs. lhe two elT@ls aE ovarlalpin& ttus, ifth. cxperihental conditions

ft chdScd to flvour lh. ch.ni.!l yield, thc di$dion incl6cs lnd vice vcu! and lor

this !!e.! in @h FIA shbly thosc op.r.ting conditions nusl b€ chcd thll l.ad to

the b6t smirivny. These .lfccis do not.ppar in rhc c6e oflhs kincric hc$ods by

S.lfttlvlty. Itc rlA mcthod! pFent gm€rally a b€ttd scleiivity th.n thc

coGpondiry tuud ldlDiqu6. !r noy c66, ihc efeci of tne intdler.nc* is

avoi<Ld or sEsrly d&re!.d baasc lhc uwt€d pa6ll.l c&tions ac tut pnduc.d or

N in lh. bcgidng phe in thc shod sidcnc. tisc thar !h. samplc hrs i, thc renction

tubc. Th. .f.cl ofihc foEigr !p.ci6 on thc @ordcd 3igna& can b. gutly rcduced bt
dbn.g rhc qpdihdtal @ndnionr a.d thc FIA adbly.



Rep..duclbility rld p@bioL Derpirc lhe fet that FIA is . D.lhod $al is bdcd on

slsten in which tlc cquilibriun is.ol @hed, which mms d Eddiliond p.nurbaiion

fa.tor, still . vdy good Fpodu.ibility k obaai.cd c@ in thc cdc of very rm.ll

@ncdtltiG of th. &alyt4, T!6 pEcili@ dhi4.d witb thi. lcbniqu. is p€rfcctly

c@Ftibl. wiln th. oD€ oblain d in urc conv.nli@l ualysis p!6c.due.

Sp..d Otu of th6 mdr signilicdl faauc of rh. FIA is its rp..d (.xpEscd by thc

nunberofsmple that can b€ analrzcd in rh.rineunit) smplc lhrcu8nput wh'ch is l0
tina larsd lne in ih. ce oflhc s.qudiid flow e.bsis (SFA) dd nucl la4r thln

Sinpllclti, Its principle is limple. tr. ulc of asy rs@blie! and fi. 4c ofh.ndling

rDtc IIA d anr&tive lechniquq s @npar.d rith soDe rs .nabticat ndnods $ar

ae bd.d on dpsive istrudatation.

Ecolony. Fbm d eonohic poinl ofvi4, lLA ha tpo qurlitiB !.gardiig:

a) Cocmplion of @g6ts ed smpL which is ii.fr 2 to lJ tim.lowq thd i. SfA

ddofl0 up lo 100 titre lower lhe tu th. corvenrionnl t€chniqn s. Thi! spect isvcry

inpon$t w[6 Ih. ug@.5 e qp.Nivc (azyDd) .rdor drc availabl. 3rople rclumc

b) lrw cost inst'lnotation in $e 6c of "honc.Dade" llA rssdblics and Ior lhc

cotrrpLL dalys6, aLady corrs.rchly rvaihbl. liom di|Icmt @npeies, which

re!66t . posniv. a3p4r of tbis l€lnique, b.ing 5 ro 10 lnn. chea!6 rh6n the sFA

Ad.ptrb fty. Du. lo itl nodulr checr.r. rhc r.pleins of a.y compoocnt wilh anoth.r

is donc in a very sinpl. nen.r, Forq6)ple. the saFc sembly maybc adrpted lor r
enain ddlsis, its optimtatiotr bcing a simpl€ dd fast pMcdurc,

IE posibility of using son. d.suing insEud.r$ that is .vailablc usually in ary

labonrory wftn m.niun .quipn6q b @nstruct d FIA ashbly loscrho with irs

,d+trbility to all type of liquid ptd d.rminri6s. $aning lion rhc nr6t sinpl.

ores. wilhout chmical reaction, to lhc mo3t conplox, vith dilutioD or pGconcenlmtion.

wirh dr. d€nti@ of *pmtiotu. prcpnr.lion of dE Eag.nt5. their dil$on lo thc

.deq !t concmt ions fo. lhc malFi3 nctllod. cr*ltioi of dill@ntial kin.tic
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dctminatids that us. indt or mtjv. r.actoB rcpr.sdt nsy!. dc !no$ inponarl

ap(b th.t conlim th. qualilyof$i. r*hniqu-.

To d6ign ey FtA systd drio lly, il is imponml to loow

(a) How nucn $c original sdpl. dilured on irs wey towrds rhe d.t crol

(h) gow nuch tim. h^ .la!s.d t twen lh. sopl. injetions and E3<l orr.

For lhb prQGe th. dispcnion co.fficiot D hs b4n dcfined ns lrc orio of
cohcdtalions of sple mat rill bcfoE ed lnq tn. dispdion p@6s hs taten pllcr
in rhar .ldqt of fluid thal i.ldt rhe &rltric.t rc.d@1. Us!.lly $c ncsuring is don€

oD thc pcak todimun, dd D is givd ty the rclationlnip.

,= C/cnt
Wh@ C0 t th. orieinat conc@nliion of inject d supl. &lurid and C-' is rhe

corcdtdtiotr aft€r diA6io, whicd coGponds 1o thc mdinum of Eordcd cude.

ARa i.jcction, during iG Fn pod to 0E ddecror, rhc smpL is disp6cd in (he ltow.

The dispcaion of ilE sdplc taka placc due to thc hans?on by corvccrior lnd iG

diftsion. In ihe ce of FL{ i ldinr flow tak6 phcc $algddl6. p.Ebolic potitc
orln€ flov vebcni.s ofrh. dilI.rent liquid segncnt!, Tlre ranspon by corvedion is rtrc

I4ding loec d tlc bcgiming ofrhe s@pl€ rldspofl anor injetion md hs rhe redctrcy

ol $attding lh. smplc along itc whol. rub€ (Figurc,s b). 11i. r'sFn by dilrusion or
$o sdrplc hoy bc ixial or mdial (fmn rhe now di!€dion). tte lrmspon by uiil
difliior! dEt a!p6 dE to lnc @Dmt.rion gndidt fEm dE up6rrfu .nd

do*strd Fris of rhc injal.d @nc conributc e iroierifi.sr pan b rhe tolal

dilpe6ion of the sanplc.

The tdspon by ddid diftsion pe.pcndiqular to rh. flow diErion, cotrrriburd s !n

smlid parl lo th. naint inirg of fie irtcgriry of the sanple duif,g iG llauspon ro tfic

dct6.oi Duc to th. Rdial diftueior lhc arur p.n of rh. @plc ldds b reducc its

tBnspon vdociry, $. nol€cnl.r fom lh. corre of lh. lube diffusing tos.rds the wall of
&e tubc due to thc conc.ntation g'.di.nt. TIe d6€ siruation happens for rtr
moleul* frcn rh. bet @nc of rh. spl. rhrt diftu* f@n lh. llbe walt to ils 4D1tu,

moving f6ler. In tbis mmd ihc disrdion oarbe inj@t d sampl. n1rh.Ilow h rduccd
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and rhc i.jected sample dainlains ns integrny. Gigur. t c). Thc 4ne dispcNd in lhc

flow hd lhe shap. of e aFm.trical t.ak.
And . 3urnciatly lo.s Frspon dnc (hudEds of sondt lhc prcfle of tlc dnpdcd

mne tdd. to b.cmc strmcrtical, tatine rhe as!@t of a Gausiln typc cud. (Ficure5d).

FIA is worked in such @ditiotu lbal rh. pbile of ttrc pdl is thc one pccnted in drc

Con .rrddoi p6lih rari. rirM. h th.
6)b)c)o

FtgBe 5: DispeBion ofde sarpl€ in !h. Itow (up) dd tne ooE.sponding concenthlion

po6lc (lov) at diff.dr lim. nomenls. a) In the inj@lion mon.nt; b) inm.diately arl.f

inj*tioi: c) at sonc tm or$@.dr aftd injerion; d) 6nd a lonsd lin€ si.e injcrion

Ilie najority of 6eneB usc the cla$itjcr$on of th. tLA sysid by rhc value of thc

dis!6ion @efrcidt ploF*d by Ruicka &d HaEd, a Iollows:

a) FIA sr5t@3 with linited disp@ion (r<3) thdl ac usd wh.n it dircctly nalure
o.c of tlE pamctcE of th. daryl.;

b) nA !Ft.n. n.dim disp€Bion (3<D<10) vhich arc lscd wh€n d chdicll
lcetion t3k i placc in tn. @clori

c) FIA 3y.l@s enh l.rgc dilp6ion (DIo) lhlt .rc us€d wh.n a highd d.g@ of

dixins bct*ocn lhe smtlc and tho rcdgeDt is dcsired.
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Frctoa !f.cti!g dlrpeniotr coemcimt

nE dip.sion in d FIA syst m may bc rcduced by

l) Using shon rcaction nt6 (Fisur.6 a)

2) Delcaing lh. volme of th€ sdple (Figure 6 b)

3) Incraing th. flow rate orcMid dd
4) Using tubs eift snall intcnal didct6,
Th€ inc€s of thc dispeBion l.ads lo ! Iongd Ecovcry tinE to d. bsc lin. (phict

d.tj@6 rhc nunba or @pl6 rhar @. bc Malyz.d in ln. tihc unit): deaif,g of tnc

scnsnivity oflhe h.lylical h€thod; dilulim ofihe inj@ted sadplcs.

(') (b)

Flgurc 6. (!) InnMnce ollhc lL$. lengdr on lhe disp.6ion. Volune ol th. injcct d

splc lad llow nic is coatlnt (b) Etrdr of the sple volunic on lhe disp.Fion. The

tub? InSlh was 20.n Md ,low rde wa Nnndl
Tbus lpof, inc!4in8 lhe iub. lcngth on. obhis a $rid ofcutu.s, the heighr ofwhich

del!:s *itb th. inclls of lub.l.ngh (fis 6 a) n ncdtu rb.diiteEio. oll|t smplc

zonc inc@6 with lhe disldcc t6v€lled, dd $is bard boad€nin8 will evcntually rsnlt

in ! lo$ of semitivity md lo{cr s.mpling nle
whd in @ing vobn6 of ! dy. $lution @ injctcd . a !ai6 of ctrrc will bc

@ordcd (fie6b). all slaniis frcm same poini ofinjcciion S, whcr. ficnishr orindividual
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p.do d[ nEls d o q!.r fnit ".bdy,c']t t o rc.].4 Altti' fd
lc'd b t!.o.d.d 6dt@ ril c.iErord b &. @tdd of udiluld d],! C
rd D - t. SiD tu c6..d 6dtt .dy r* n dr r.d hFIA ffi.! ftnitd lolmc

Ar codrlid, tu dltEid ryt adb dodifd b oldirnE rrittLco|ldnio! br
tEprot ..d drydc.l ddatnhid.
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LITERATURE ROVIE}Y

Monils.y ct.al (l) dweloped a sinplificd procedlE fo! fte delminalion of 2,4D in

sils. Soil sdples w.re *pMt d by $p.rcndcal fluid chrtnatographv ancr.xt@lion

wiiholr daivatizrtio! rtd vithort lh. uc or 6luhn crmmltographv Ior claw
Inr.rf.rcnc6 in th. chsroloSdphic scpmlio !@ clininatcd bv using r tumblv

sel@riv€ ion nobilily deletor. A, atdo9heric p6sur. io! fomcd bv lhc fc. eid wd

&letivcly nonirorld e tLc d.t-rd could tunild 2,4-D in th. PGencc of othd

.letron.captung compouds. lor a rddonly cnos.n soil smpl., t!€ ldcl of 23_D

d€tdtcd w4 4tin.lcd at 500 pPb-

Flflrgd c1.al (2) ddcloped ! sinpl! high.P.rfomdc. liquid-ohrcmatosaphrc ssav

GPI.C) for €igli chlorephooxy (2,+D ed El.ied coEpouds) dd rwo b.nbnilnle

OMoxynil od ioxyril) nabi.ide ro rid in thc dilFosis of acut poi$ni.& Th'

nethod ws capablc of r@lving lhe cnlorcPhercxv/bcEonitlilc nixturs (2,4_D/llC??

2,4D1DCP!, 2,+D/ioxynil, 2A-D1.4CPPIDCPP, 23-Dl24'5_T,'nd McPP/ioxtiil)

€!@unrcr.{t itr thc UJc The linit ofdctcction (!rD) .l 240 m wa 20 ttc/L (10 nelL

for brcmoxtdl md iortinD. Intd-4ey ed intd eav CVs vft le$ lhan 5% and l*s

rhd 8%, rc.p€riv.ly, for ail d.lyt6.

BaBstron (3) studicd th. mobility dd d.cohpo6ition ofthe h.rbicidc nnoav?vr lnder

feld corditioDs in a sdy &d clay $ils, taclarc ws @ll6t d ir lrsim'l'6 with

udisnd.d $il Ged) dd in lit.-dnin.d PloG (clav) ll@x}?vr bv'ls alovc ih' t-OD

'n 
loil (5m8&8 dry soil) w@ never found bold lh€ t'.psoil (0 2d) in the chv pDfile'

w,til., in lne sdy prcnle, ldck jBt abov. &c LrD w.e ocaionallv in dccp'r srl

CIin .t..l. (4) ch4stdizld lh. clcvd phaok dd 2,+D ompounds dEt mav b' found

in body fluids of humds dpos.d to p6licid6 Hc ddivatiztd tfic conpound wnh

pdt.iholotdyl brcmid. md ch@ledzcd bv 8s chromatogrephv (CC) with eletoi

cipr\F .let@don (ECD). Ih6. dqivatis wm fnrihd crmcbiz'd bv Posilivc dd

regativc chmiclt io z.lion @s rpetonetrv (MS) nucl'ar nagaic t'enmcc

fa



spet@copy G,IMR), dd ed chDnatoBnPhy loltid ttufom irfraFd lpetro*oPy

(GC-FTR), Ncerriv. chdic.l ionizalion nd 6pete of a[ d€rivdlives hav. an dionic

b.* p..t dov.d fmn the p.mt d.lytc ln l,h. pciliv. mod. lh. mncNdimlcd

d.nvarivB have bsc D.rk indic iv. ofihc ealyl., wlile chlori@i€d d.livativ* aG

cl€vcd to grve th. pdLfllorcb@yl catior 6 bsc p.at.ltc posibililv ws explo.d

thar odno{ubstitn€d phdols niglft be fomcd d by ptuducts itr lh* d.rivatiatios.

Suturj dd Wat&lh. (5) d*rib.d H?l-c me{rod for phaorv &id h.tbicidd lsing

p@olMn d.dvltiation witn 9-mlhryldi&oncrndnc (aDAM) Thc Phoorv acid

hdbicide invelrgdt d w@ (23-D, (4{hlo6-2-nethylphooiv)ac.1ic acid,2_(4{hlorc_

2-mdn/phdoxy)popionic *id and (4-.hloc2-n.lhvlpldoxv)btrqdc &id Th6c

hcrhicid* rce1cd with ADAM udd nild conditions dd wc!. convdtcd into lhc

cortgonding tuoccdt d.dvativd. Th. ADAM dsivativ6 w€rc sepeted bv

d6cd-phd. HPLC &d ddmin d using a fllocedc. dddlor Th. LOD warc

rbout 5OO pg pd inj@don. !o! lne tpplicaiioh of ADAM to tfic detminition of th4'

na$icid4 i. sronnd wat s, the rcmvdi* w@ noc lhd 9l% ad the aacB8c rclat'L

lfmd'rd d4ialion (RSD) v6 6 .0% 
^ 

4.5 lgL

Torcsai .t. at (O d6!b.d a m.lbod for tne dehination of six kinds ol Dosr-hdel

pcslicid* (DP, OP?. TBz, 2,4_D, lmulil dd B4onvl) in cnrus froits snd ftuik iuiccs

by ui.B GC-MS (SM) ed rl?rc wih nuolcsc.nt d.l@ld DP for 16 sPl's, OPP for

2? smpla, TBZ for 12 @p16, 2+D fo! 10 mpl*' idazalil for 20 sdPl6 dd

Bcnonyl 61 4 sdpl6 wq€ dct cled in totdl 12 smPle6

Balimv. (7) dd.lopcd a nuliiciduc s.btical n tnod b6.d on Cl8 !olid_Pb6'

dlr&tion (SPE) dd on€-run HILC d.t.minalion for th. Enalvsis of 
'lcvd 'cidl'

ncurFl ud wak bdic halicid6 in &inling wat€r' Bdrm.c, 2y'-D MCPA' nwifoF

&id, n.loxuDn, moNlindn, mclobFi!rcA dilon' linNb' luzinc dd limuinc

q@ del.ftine<l simullm@uslv in a sinsl. M on t Cl8 EPrc colum Rcahallsis of

rnc dpb da!.$ o! a s@nd cye col!tu w@ s.d to confi@ the id'nlilv of lhc

hcutral and bdi. comDounds Th. LOD, dcnned as four limes lh' b$elinc nohc' varicd
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bctw..n O.Ol l!e/L od 0,1 lg/L dctendin! o! tne conpowd, dre detecdon sdsitivilv of

tnc icFMmr ad lh. ryp. of HPt! coll@ us€d.

Oliv.jra dd Palmo-N.to (8) d.velopcd a ncthod for det€minatibn of 2,4_D in the

rdd dd bEn tisc of .iL eut ly inloxi6Ld wil! thc dimcthvldin. stlt of 2y'-D

Aftc! dFaction wiilt .1hyl clhd, 2,4-D ddivati4lion was pdfomcd uing 2

chloo.theol ed BCI3, Th. ev.dge @cry vdl!6 lound lor mn dd bnin dssn'

*.E 98.5 a 4,8 dd93.3 +7.5, G6p.ctiv.ly The sosidlitv linitofth€ ncthon wts 250

ng/nl for sc1u md 300 ig/g fo. bni! risu..

A multi-r.siduc neilod for the d.hinadon of €ight lold rcidic hdbicid's (MCPA'

MC?B, m€@Fp, 23-D, dichloarop, b.nLzon, dicmbc sd dikesuldc) in !u &e

w.i.r ws dcvcloped by vinl d.al (9). ftc mdnod involvB an ollline $lid'ph6e

cxli&lon (sPE) Foc.dure Priot !o ifullun oltl ddvsis. Th. h6bicid* Pde isolated

on u SPEC Ctr 6lllm dd ddivtrikn vith Patafluobb@vl brcnid' Afta cl6'rp

of ihc obtdn.d elution on a dilposablc silica gel csnridg., the irerbicid€ dsivatives

wd .tdmircd by c.pillart er! chmmtognplv *ith ECD &d 6n6dcd bv sPillary

g6 chrcmatoS6phy with nss !.I€ctive dctectior $ing negalive chenical 
'oni'6iion

Tnc LOD for t!. hdbicid6 wqc in lhc lsg. of 0 02-0 05 p8lL h surf&' wat'i Th'

av.Ege @v.ry M 93%.

tund6 d..l.(lo) dddih.d ! nclhod for ih. dctminarion ofphdorv eid hdticid6

in v!8.tation. Memlcd sepld w@ exltccted with .c€t@€ and folloved bv llllration

dd &idificatior Tlc h.tbicida w@ pdnnio.ed into dic oon€th4t ud clddl'up

using high-rc5olltion g.l Pm.ation clN@tog phv befor' unddgoing npid and

cfficiat icrhyl.iion uing tih.thvlsilvldi&oncthe.. Ite BulLtt mclhvl 6te6 wcE

thm el€lilcly dd eMiriv.ly ealvr.d by GC vi6 ns s'l4livc d'lelion Th'

melhod ha bm applied to gru3 sanpl6 lpik6d wnh fou! thdoxv acid habicide* 2'4_

D, dichlorpoP, MCPA sd n6opr.p. R6ovdi6 @und 10tr']6 dd Eldducibilili6 of

5% (r=4) *€rc ehidcd !t two sPiking lev.ls, -700 and '-140 p8^g



Gabriel .t,rl (l l) dqdib€d sinul|n@u HPLC dcl@inalion of bnonoxFil iorFil

and dichlob.nil,llF !ryl.ihil. hcrbicid.!, Md thei! mcLbolic Pednc$ in sorl ql@ts

dd niNbiological m.dir r-ODs tuged |!!n 0-56 io 3 9 ppb- Sligh! ftodificalioo of

rhc nobil. phde conposiiion .llowed d.tmihadot of 1l olid .lonatic niril.s

Sarch4 .t..1 (12) dadib.d . f,loBocc dynalinted ilmuGotbat sav

{ELISA) for ln. qudtilication of(+/)_2_(2, 4jicl oFPhdoiv) pbpionic dethvl slq
(dichrortrcp ndnyl 6ld). Antibodi6 for dichlorpEP metnvl .6t.r wd. Plodnced bv

immizing dlbit' with ! @njuldc of dichlor!rcp sclnvl csid vilh bovi.e *dm

albmir Thc ELISA pioccd!rc wd $hctive for sl ctually simile cotlpounds or

usually found in fomularion peticid6. CorcqtarioM for 50% di9l&dot cupe

w@ dichlolpop, 81.59 4/nl, dd 2,4,5-T,388.23 lg/Dli lricloPtf ioxFil' bfltazonc'

sd MC?A hd no Bponse.

Apca ct..l (13) compdcd Mo m.thods for llr. qudlitative rnalltis of2'4_D and 2_

m.&yl-4chlorophdoxy&.1ic rcid (MCPA) in tinc Th€ n*t wlt EILC m.thod N'ng

! C8 column with ion suppBior dd diodc .mv dcErion Tlc LOD 01ln. d'thod wa

15 ls /L for bolh conpound! Tne p@cnl.8F cocflioidt of vettion of ihe wholc

alrlysis ryaluatcd at . con@F.tiotr oI 125 O Pg lL es 6 2% for 2'4-D lnd 6-8% for

MCPA. Thc n@ &cov€rv of loalvsi! ws 8l % for 2,4_D &d 85% fo! MCPA n'
s@nd ws a CC method in wliclt lh. conpound6 wdc fict dcrivatiz'd eilh

patafluoob@ylbroni.te 10 ?ottfluonb@vl eit6, wnich wE det€mincd wilh I
6lishlly poln c.pill.ry column lnd ECD This mclhod n.d a LOD of I r,g /L tor both

conponn ls .nd a p@6t ge @cmcidl oa vdiation of lh. wnol. daltsis 
'val@led 

at '
@nmltation or 3o.O pg /1. of 8v. fot LA-D, sA ol5 5% lor MCPA Thc Dcto l@vcry

vrsa7% fot2,+D and94% for MCPA Thc low I-OD Eade thc a'mnd hcthod suil'blc

for ,gyiig &e trc h&bicid6 i! tne goaal poP{lam

Zh6s et,.l (14) dedibcd a HP[,c nclbod for lh. s.p@tion dd del'ftinalion of

ncr$l6sn. b6s fiFtr dd &et@hlor in thc conposne h.rbicide "Nonsjiavl'

Chronabgophic endilions w@ shin-P,ck CLC_C8 (l5o nn x 6 mn i d 
' 

5 nicrcm)'

rcbile Dhe ormcth&olmtd (60140, v/v) md W d.rdtor al2a0 m QlaDrification



ws cdi.d out with tbc lnG 4tdal standtda Ttrc .v@a. @v€rv wa 98 81% with

RSD=o-8o% for n€t$tflon,99.10'l. wilh RsH 78% for bd6nlfuron &d 9972%

wilh RSD{.69% for ecloc or. Thc Ii,@ mg. of tht n.tlod wa 0.1G0 40 pg

(r{.9994) for mdelturon, 0.40-1.60 l18 (.{ 9995) fo! b@lfnrc. ed 1040 f8
(F0.9981 for e.lochlor.

Fcftr d.al (15) @tibbcd SPE wil,\ EPta.4tid_tov pndnalicdlv sisl.d .l.cftaEv

md6 rp.ctonclry (!IPLq ESP/MS) for th. rrac. &alvsis of oxuilic (OA)and sulroiic

ritts (SA) of &crochld, .t&blot, 4d sctol&hlot The mdlbollt6 wd 3'?rrrcd

chhmtoSrphically uing tveacd.phd. HPLC ed dalvz.d bv negativc_ion MS usinS

.l6tr.aay io.iatio! in &l4r.d ior bod. Q@dt.dot limitsGnQ) w@ 0'01 pg /L

for both the oA sd SA b6ed on a 100_nL wter sadpl.

Trau ci..l (lO d.volp.n h dp.bner.ic llow inj@tion inmunomtlvsis (IIIA) svslen

b6crt @ d imuol@tor wilh imobilizd bio codpondG on a silica $rI&' for lh'

d.tninatid of th€ h.rbicide 2,4_D. ln thc antig.n coatin8 modc ihc haptd wa

i@obili2cd 4d monocloMi primatv etibodv .gainsl 23-D 1og'lhd with allGlinc

phosphaid. (,{?)-lab.ll.d s@ndary mlibodv w@ ucd 6 sdsiog elendG in '
liFation dey. In tn. stibody codins dodc a biolinvlarcd mo'oclontl anlibodv wds

imobiliz.d on L\c surf.a of ln. imeorc4lor dd a 2'4-DAPsnju8!le w6 uscd for

d€tsiion. For clccF.ch.mical m.as€d.lts !-dinophenol dzvnalicallv g'n@led

fim p-di@phdyl thoAhatc *s oxidiz.d al a c&!on *orking cl'cLodc tt +150 Ev

v6ns .AC/AgCl. The sylld tubled the deleminalid of \+D in drinking wal4

smpl.3 in |lte rdSe from O 2 lo ?O lc /L 'tt whol' svslcm w6 compul4 codrolled

*ith a nasunne tin€ of 12 nh for one d.tm'naton,

cdd4 cr.al (17) ddclop.d a hcthod fo! $. dei@inaridn of lhc hcrbicido 2 4-D

Advmtag. rc talo olln. ms-EeLivrtvolr m@@lonil bt' ?.4-D anlbodv to$dd

MCPA. MCPA w6 conjrg.ted vilh bovinc aeron albmin (BSA) imobiliz'd on thc

surfac. of a micbtitd plal., dd 3aturat.d wilh th€ tnti-23"D a'tibodv Due to dre los

dnnity of tle ulibo<ly lowait MCPA (co$-Factivtry of aPprdin'tclv 307t lhc

additior of 2,4-D rNlt.d in a di3plal@eni oltne etibodv' Rdaining dlibodid wer'

lubs.qucnrly dc@rcd uing ! pfrxidelrb.l€d goa! tuti'mouse elibody Thc LOD



ws s low 4 O-1 lr8 /a for 2+D, vhich conpls wih th. Emp@ Union Drid'ing

Wa!.r DiF.itB. Wler 2,4-D_BSA wB uscd itulc.d of MCPA_BSA conj!3n'6' no

signifi.dt di5!L6@l of boud olibodv ws obst'd'

A siiole m.lhod {d ddclop.d bv Pavlov. ei.al. O 8) for lne pt'p'ntion or a highlv

activc stE?iavidin-pcFxidse @njuSat ihat cintc's fourlold the *nsitivilv of

biosays. Usilg lhk @njn8!re, a qudtitadv. Mv of simuinc and 2+D (oohp'titivc

ELISA) dd a non itulrMcnlal cxPes ncthod for simtltdols dclccdon of lh€se

lsti.idd (dot-imuo fiImdon atlav) q.rc d4.lo!€d' 'ft' LOD of lh' pdticids w6

3,4 and 2 nglnl dd t!. dur.tion ol fie eavs b l 5 h sd 5 nin foi ELISA and dot_

idm!@fi ld:tion, r6P€tivclt

Two .D€itic im!.o.$ts for |l)c d.tetion of 2.4D dd 2'4J_lncl orcphddvrcctrc

sid (2,4,1T) hqbicids w@ da.loted bv Mcdvehwa ct al (19) Th6e nethods w*

b.5.d on . speific imumcdon of pdricidd eirh dtibodi6 follo*ld bt

cldt@hdical d.t4tion of ubound.d p'slicidd bv ih hibition cltecl on the

dDaoo.lric cholin6tc@ bioe$r' Th. totar dn' of stv m ls thr 20 hin The

dtibodid w@ usd ir $lulion or i@obilised on th€ oitrccellulosc mcmbnn' Th'

imobilis.d etibodica @uld !e Fg.n@r'd sddl tim6 6d e@ $'!k fo' al latst 30

da$, Thc drndic.dga ofdei6tior of2'4-D dd 2,4'5_T d€ I I 1O_'r'5 x lO-tM Md

s x l0-rr -5 x lo-tl4 !.9dtiv.lv, Thc dev€lopcd n'lhod w6 applicd 
'ot 

2'4_D

d.rminnion in milk without sdPl. pelr'thdl'

Eu cl-al (20) uled Cttilla.v LClFrit-FAB-MS for thc delmimrion of 24 iiednobbne

dd pold paticid.s ilcluding .ine ndtral/baic od fitcd acidic on6 whicb w'rc nor

m6.bl.lo rcu$.. @./t{S High sebittilv *B obraincd 
'or 

n'uFal/bdic pdticidd

a;d sulm by adopting . nolile phd. composed of CHrCN ed O l % acdic acid' *hile

for thc olhd acidic peticidG, a nobil' ph6e onpo*d of CHrCN dd 5 FM din-

butylMo ud 0cc!.te (!Hd.?) eN efective Thc LOD of tte pcsticidG wer' in thc

dgc of toloo pell. dccat for bm@lD whose lhil ss lOO0 aclr- Eivrmmcnbl

6pl6 {l L) w€rc lakd 6on rdw warer for wald slpllv and appljed lo dalvsis ancr

corcdFation bY usirg SPE ncotod



A simpl. ed s@itivc GC ed GC-MS p@.duE wd ddclopcd by M&i .l.al (21) lor

0uooa.ric &id (F ) ud phaoxy &id hcrbi.irLs (l^Iit vi! triphGsl .xir&tivc

ldt.Ouoob@zylalior Th. LOD wd 0.10-0.20 /g /D! by GC-EqD dd 0.424.50 pg

,hL by tullscd GC-MS. PAEs w@ aho dclei.blc itr ti. senc imr eithin thc LOD

of0,05-0,Io 18 /6L by GC-EqD &d 0.13-0.25 pg /nL by full-sc& cc-MS Utinc dd
stum which bofi mtlircd a4D could abo bc dalyr.d by GC-MS aner $c riPhdal

pat Ruonhdyla,rion. Thc LOD I0.20 4e /mr h thc tullsce node dd l0 n8/EL

in lh. sclected id nonitonng mod. both for lh. urine dd sdm.

An dalr4ical method ws pr€$ted by Vdgo (22) *hich Pcftits qualit.tivc md

qustitative a;dysb of lutfonic &id d.gEd!r6 of in@ chlorctaranilid. h.rbicid6

(acctocl d, ala.hlor dd n lol&hlor) dd @ chlNlcctuide hdbicide

(din thddid) in grouodwatd at t@. l.v.ls with dctcmimrion by LCIMS rS.

Exc.llol lin*ity was ohlained ovd a calibrali@ tuge fton 0,25 to l0 n8 inj.cl.d on-

colum, wirh all litr@ corclation cocflici4ts d*.dirg 0.999, Melhod pdfomhce for

this udyrical pd.de @ validdcd by d,llzilg gtuudwater smpl6 foirili.d al

ld.ls of 0.1, I, dd 50 p?b- Tne rrdg. t@vcry at ach fonifi.ation ldv€l for och

analyrc d€eded 89%, Excellent melhod pFcision w6 ddostra&d wilh p.rc.

rldiivcsrandardd.viaiionsofl€$rbd10%loralldal,'t.satalllbninc ion levcls.

A &lid-pn6e ni@dL&tid (SPME).GC pN.dN v6 r.Poned by Nahgclo cl.al

(23) for tne @lysis of fou scl@tcd pdlicide (pbpdil, ac.lochlo., ntclobutdil dd

fcnoxFdb) h wat€! ldpld. MS ws us.d &d two diIlemt itulrunenG, a quaddpole

MS r}!tm md b ion l!.p opdting in th. MS-MS mode, w.E compaEd. A Carbowax-

divinylb@ae SIME fiba w6 ukd. Spaificity with lhec t*! i,stnm..b wc

comp@blc in rh..nrlt5is of aoud w.rd spld. Rdvdy tcsL r@ nadc lo sds
thc rpplidhility of fi. SIME pdcdue in tn. quetihliv. dalylis of contlhinat d

Gro ct.sl (24) rtct dincd Bdta-. dd 2,4D b!tyl(0r &1iv. insr.nids ofcao Di) by

dascd ple tl}t C simultsnouly sing netm/..doniFikr'.ibate hulr.(!H 3 O

a! r nobile phe on Shim-pet clc-CN colum. Re$lt show.d thal lhc lined



coftlation ud |@vdy of 2+D butyl w.rc 1.000 .nd (l0l).2 + 0.8)% Bp4riv.lx dd

lhos of bdr@or w@ LOOO ed (98.6 + O9)% Espetiv€lv Th. co.Ilici.!& of

vdiltior for b61ta?on dd 2,4D butyl wd 0.37%

B.aon .t.al (25) dw€loped d isotop. dilulion HPLC"MS,MS ncthod fo! qu.nlifvilg

fi. u!in.!y nct&olitcs of$. pasticid.! itiazinc, malatlio., fld 2'4'D Urjn. s.nples

w@ *teLd widl m demic $lvdn! ud tn. oqanic nacdon w4 coDc.nltatcd. Th'

coicdt atc ws thd &alyrcd ui4 gPLC/MSnv{S- Tlt LOD for 0!. Ddabolii6 wd
l* lhe 0.5 pg /L in lo mr of uin, with. hish d.ge of MUfuv dd pE isio''

Hosddoom .ri (26) obsd.d Lb.t lh. coupled{olum (LC_LC) confielation

@nsisri!8 of.3 Aa Cl8 collm (50 x 4 6 m l.D ) 3 lhe list olunn dd a 5 !m cl8

sni-Dmablesurf&. (sPs) colunn (150 x 46 mm ID) 6 th. !'cond colunn

r!p.a&d to bc succdstu! fd ilc wcning of &idic Pesticid* in sulfacc watd sadpl"

ln ohedien io LC-LC dplolng iwo C 18 col!fu, th. combinalion of C18/S!S_C 18

sisdfcstly deEs.d lle beli!. ddiltion oscd bv the hMp of lh. co_qt@led

hmic sb6t e6 whm lsing Uv dctdtion (21? M) Th. ddebpcd t C-tC p@ed!rc

allow.d th. simultan ou dehinalion of thc ta4.r ealvtd be !an. and bohoxynil

i. nncLd.d *tra.ls ofsurfa€e eatd wDl* to a ld.l ofo 05 r8ll in l$ lhan 15 mm

In combinltion with a sinpl€ SPE $eP @00 dl ofwatd on a 500 n8 C18-bondcd silica)

lh€ dallticll pucdure provid.s a hiSh sa$pl€ drughput Weighrcd Egr.ssion of the

@vc!y d.ra rho*€d rnal lne m€thod pbvid4 ovenll recovdiB of 95 and 100% for

bdt@n. ed bsnoxynil, Bt@liv.lv, wnn corcsPo ing intralabodloiv

cpFducibilite of I0 ed I l%.ra3p@Liv?ly

Tsia $d Cldt (2?) rcpon d ha91c. daign itr lhe .lcvcloPmdl of teo omPdnive

@ym.-linkcd immmo$rbdl dsr (cELISA) Ior 0E del4tio! of 2_chloo-2 6r

di.lhyl.c.tanilid. (CDA) dd 2_htdqy'2'.6ldi.tnvl&elmilide (HAD) Tht eetanilidc

conpound! CDA od HDA @ nviromenlal degradative poduck of ihe

chlorcac.ladlidc herbicidc alehlor. S?E of CDA ad HDA t6iducs fioil aqu@us

splB E3ults in a looGfold concdiralion f&io., eulti.s in m efl.clivc LOD of 15

pgln'- for botb Nat6. Tle spdi[cily of th. cELlSAs rcqlited ptqcd'tion of th'

d.ec of llbstitudon of Ih. ut rilide mi.lv in lnc haprm d6ier' Thc h.pt'n rynlh6is



sratcgi6 m $ilabL for ntI.bolite of olhd chlorcf.r. tide h.rbicid6 (i,c.,

.c.to.hlor. buL.hlor. d.lolehloi, ed prepehlor).

A dd label-la@6c tlD rbe fuSos Coriolus hinltus-ffi applicd !v zncrdev d.'l(28)

for elid-phdc oztmFlitl.d i@uosbdl daF of d'c pdlicide 2,:LD Two

prcposcd seys w@ bed on (l) @hPctitiv. hinding of dlitodv-l@de conju$lc

wnh imobil'zed 2,+D-pblcin @nju8!ic sd 2,4_D in tasted sdplc' ud {2)

@mpetition of 2,+D dd 2,+D-laccu. conjugatc iot bindi.S wi$ innobilizcd

mtibodi.6. Knetic ad cocentlalion d@.nd.nci.s for lh.s. reaclio.s Ye studi€d, dd

ile BLISAS w.E oprimied in Mo.d!.cc *iih th. d.t! obiain d The ellbohled svstcn6

pmit lh€ deleclion of 2,4D in conccntralions down lo 10_20 n8/n]-; linc ot the 6sav6

ws L5-2 h. The nain adv&tlge of &c laccsc labd, in conpanso. eiii lh' widelv uscd

D@xide onc, li6 in $c lek of hydoS.n P.rcxid. ftoh substEte dixtur'. becaus'

dissolved d,€8. 
'la'5 

dc ole ofoxidia

A na &alytic Dcthod fd lh. d.t.rni.atid ofPhcnorv eid letbicide ed a4D 6lc6

h eil sdDl6 by GC-FID ws d@ib€d bv Sdtd-Dclg.do elal (29) Tlc et'rincation

eriotr vilh Meolt dd H1sO. $ cal.lv$ hd ben sc4 oprinjzing apdin'lltl

vdiablq by the 'sinplex m.ltod'. ftc tevdi6 in eil mpl6 w@ foud to bc

b€tw€d 76 dd 9?% wiih BSD b.tw.cn 4 ed 7% (t=4) at concatraii@ level of 5 md

lO pg dl I forphmtv eds dd 2,4-D e$.4 $pddvelv

Dins er.!l (30) dscnbcd a modificd ncthod lo dnallz€ chlooph€norv a'id herbicid's in

wala sdples. The hdbicidd 2,4-D, Silv.x (2,4,5-trichlorcph€no*vprcpionic acid) and

2,4,5-T vd. ns.d to €vtluatc the nethod Tlt n.lhod involv* extnction of sdpl$ by

a Braphitiz.d cdbon blacl( cafiridgc, dd on_linc d.rivatization in $e GC inj@tion lon

usirg a legewlM. (lO-20 Pl) di@t @pl. intoduction (DSl) ddic' with tclra

alkylmoni@ s,lrs. The analyld v4 tbm iddtili.d ed q@ti6ed bv ion_tEp GC_

MS- Tne latgawlmc DSI hjedon-Pon ddivdi4liotr t@hnique povid* m$tivitx

f8t rnd Epreducible cults fo. chlobphdoxy acid lubicid€ cidues' lor quotilalion

al 0.1 to 0.2 lgn in 50Gnl waLr sdpl6 R6ov.rv of rh' herbicid€ r6id!6 in spikod

vuious waler sdpLs mgcd fton ?O io 99% whil6 RSDS ang€d nom 1 lo I l'l'



Hosteild ard ltme (31) da.loD.! dllytical Bahods using hiSilperfommce liqlid

chronaloctalhyniodc say detcction (HPLC-DAD) 3d H?LcMs lor the dalvsis of

ore following chloroac.i&il'dc helbicid. n.labolites in wald: .l@hlor ethmeslfonic

&id (ESA)| alachlor OA, acdochlor ESAI .cciochlor OA, detolac o! ESAj .nd

merot&hloi OA. Cood plecision and accu!.cy wft ddorokated for bolh tbc HPLC_

DAD dd HPLCATS nethods in Eag.d qaicr, 3urfa.. w!td, ed Sround water sadpr6.

The avalge HPLC-DAD iecovciie of thc chloolc.ldilid. hcrhicid€ m€ubo]nes fton

!!td sdpl4 lpjkcd at 0.25, 0.5 dd 2,0 pdl leged llon 84 to 112%, wilh RSD of l8%

or l.$. Ille av@g. HILC,IIS t@vaica oflnc mciabolitd fron wa,ld smpl6 spiked

ar 0.05,0.2 &d 2.0 /8/L dg.d ioa 8l io ll8%, eii! RSD of20% or les. ft. LOQ

for all nclabolir6 Eing th. FPLC-DAD ncthod w6 0 20 P8[- whded the LOQ using

the tpLC/Ms o.1hod ws at 0.05 rc& Thec ncttboliltdctmimtion methods were

liluabt for !cq!i.i4 infomation .bout wald qualilv md thc fale ed transpon of $'
parEr chldoacerdilide h.rbicidd in w.td.

A sditi* n rhod for n@ub8 th. uiMry mctabolite of aEaane. diuinon'

balathio4 2,4-D, ed @rtair syn|heric pyr.$rids in hhd uinc ws ddelop'd bv

Bakd...t (32). h this mciho4 stabl. isloticllly hh.lcd daloguG ofrhe m.tabott6

p@ spik d inro th. uin , which ed subccqud{y dtr&t d ar both ndt al dd acidic

pH EirB org&ic tolvmts. Thc alret! wt @ly,.d bv HPLC A'tS us'ne ahosthri'

p6$E ch€nicd ioniatio.. Th. m.tnod hd LOD rangins fot 20 10 500 ng/L and

A dpirt S?E netho.t vs d4.loPcd by Tho6t.nsd ci al (33) for ihe detemimtion of

bcnt@n od thc pnenoxy acids h.rbi.idc lilc 2,4'D, dichlogoP' MCPA' and

mdprcp in Noflcerd €nvnonm.ntal wotcr sdpl6 Ctrtridgs with a high'crpac'tv

coss-li.ked poltstttentbd.d polyrcr e.rc uscd fo! ofa_lift pEonccnhalron Avdage

@very of>90% wb achicv.d wilb 500 m8 $rb.nls using 2 mL of netheol witb 5%

NE. s eludon solv. . Th€ tccovdiB v.rc ind.ldddt oflanpl' PH in llc testd ang?

ol pg I ?. Using a splc volumc of rO0 nL, thc LOD for the ph€noxv acids and

boiM.nc d 0.02 pslt-. S@plc voluh6 up lo 2OOO DL at a llow ratc of60 nunin

ould b. hlrdled wirhoul dv loss of d.ltlcs, qhich makcs ii possible 10 lower th' LOD

Thc 5!E ndnod *a conp.t d to ! dutin.lv ed liquidliquid qtaction nethod



tnc dilfcM! wd.r nahic€ 3Dit<cd al 1.0 dd 005 tgll w.r..xl6ct!, .nd lhc

qMdfication ws p.!fom.d by CC-MS, Both n.tlodt p.mnEd ft. dctmination of

ph.noxy &id. sd b6t&on in dktillcd w|t.r, crak walcr, dd wcll v.t r down lo a

l.v.l ofo,Os ,rs& wilh 6ov.rie >80% for 200 nL !mpl* l,npona.t .dvanlas6 of

th. SPE ncthod compar.d to lhc liquidliqui.l cftlaion nc$od w@ thc shon

dt&riod tim6. trck of dubiotu, u$ of disldablc .q!ipm.nl, &d Educcd

dsmption of orgdic slvcn|s,

A disssion of SIE h.thod d*l@md for eidic habicida wa p6dr.d bv W.lls

dd Yu d.rl. (34) th.l @iM @pl. nsdix nodificariot, dbeiion $r!6t scl4lion

ddivadatio! pdcdoc for GC adlttu, md ct*n-up poq.dlB for H?l,c ,4.cidic

hctbicidg *e fdiliq of cdpo6& lt irclud. ddiv.tiv6 of ttdol {dinoeb.

di.oLrb &d rdtlchloophdot), b@ic .cid (einuorfd, chlombln dicMba 3.5'

dichlorcb@ic &id ldd d.clhil{ dib@oic &id dcnvdv.) &.tic &id (2,4-D

MCPA 4d 2,4,5-T), prcpeoic acid [dichtotpDP, flwifop, haloxvfoP' 2'(4<hlorc-2'

n.rhylph@xyhmpdoic lcid (MCPP) ed silvql, butatoic lcid [+{2'4

dichlooph.nory)buldoic tuid (2,4-DB) dd 4_(4{hloc2-n.thvlph@oxv)huL,oic acid

(MCPB)], &d otia ni*.uu@u .cids 5eh s pvndin*sboxvlic eid (picloM) dd

tliadirzin. diond. (b.Dt an}
Li &d tE 05) strdi.d a d'!di. ioiaxchdSc elid-phe atetion @IE_S?E)

l€h!iqu., for spl. prlPdtiotr fd GC/MS Mlvtis of 3ht a &idic h'tlicid* in

dvircmdtd {a14- C18 bond.d tilic! ws th. $lid'ph$. nddial $'d The otlin'l

sdpl. ps ws wauy eidic lo n.uEd. Howdd, for @nrcn t:p *at( and su'fe'

v.tcr. wluch M pll 6-9, .ll thc &idic hctbicid6 d@pl for Chlo@b" could b'

cIldtivcly dtractcd fioi a splc of I,()OOInL volwc without PH djutndt DcsPrl€

emc Fi.imd r.tation on tll. uprd RP-SPE c.tujdtc, m6t of $c acidic h'rbicid6

@uld b. qdet d on th. lowd DI&SPE ctiidSc wi0! Hovdv ova 80% cx@pl for

Chlombcn (5oelt, faoproP {?3%), MCPB (6?%), trd 2,4-DB (707.) whcn a 50GnL

aqu@s entl. of pH 9.5 ws pc@llcrd inruSh ihc laidcd{aniidgc svstcm Th'

.fl@tivo6c ofih. t$td in emoving thc lotrg c.tbot chlin faltv rcids a w?ll d thc

b6ic d; n.utdl orgmic inl.fding subltmccs frod th. ffiple ws aho dmonsirircd
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Hcbdlc ctal (36) d@rib.d a pec.duE ror sinult&@us dichmqt, sepdtion, and

quotificador of a.cranilid. hqlicidd ed lhct maior ionic OA &td ESA metabolit . in

lroudwatd dd $rf.@ qrtd uing Cdbop..k B a SPE rutsial- TIE e.lrr6
adsorM d C&lopack B wR .luLd eldtiv.ly frcm thc solid phe in $e F.clions

co.tainins me pamr compounds (Pct, $.[ oA hct olit6, dd fien EsA mclaboliles,

lcsp4riv.ly. Ite mhplete s@@tio. of ih. the @mpound cl4d allowed the a.altsis

of inc ndtlal ?C5 (acctochrd, .l&hlor, dd n tolehlor) ed l]rcn n€thylaled OA

nciabolit* by GC-MS. Tnc ESA @mpour& wolc ealyzcd hy EPLC with UV

d.tcclion. The use of Cdbopack B rcsulkd in good E@vdies of the pold netabolilB

dcn from h€e sdple volumB (l L). Absoluh @ovend fron spiked surlacc dd

stuu.dwal.r seples rmg€d b.t*cd 76 sd 100% for lll. PCs, bctween 4l and 9l% lor

lhc OAs, 6d betw@ 47 sd 96% for ih. ESA!. llrc mdimu stmddd deviation of th.

absolute Eco6i6 p4 l2%. 'ttc m.dod LOD w@ betwM I 4d 8 n8/L for the PCs,

b.twq I dd 7 nClL lor |nc OAs, sd bctwd ! 0 dd 90 ngll- for lhc ESAS

Lyubimov ct,al (34 d.gib.d . ndnod lo pbvidc mcdicar p€ctitiond vho cft for

ndbd of th. aSncrlfinzl @muiry vitn . @srdEciar w.v to condlct dtsuc
sMdt They sed r diEr 2,4D ozync i@urcssy (ElA) dd n€5s@ncnt of

ilc Ftio b.rwm 2,1LD-Ait d dd Dm{pikcd smpla ofthe sde uir€ to quantifv 2,4_

D lacls. TnG sinplifi€d appFach minidizd tbc cff€ct! of rcFsraific inlafding

subsldces in uine dd €liminat4 thc n cd for.hPle dttction dd clem-up Possible

ulinc o-contdituts (2,4-dichloroph.nol and 2,5-dichlorophenol) do nol signifcandv

interfc€ wi1h tni! itmuno6lay, Codcd urinc apaimons {€r. ddined for ldvels of 2,4_

D by EPLC-MS/}r'IS md empdcd wiln inmunoa$av lesulls fom lh. same sp4'nens

A.orelation co.ffciqt ofr:0,982 wilh. P valu. ol 000l lor.plol ofllP]-c_Ms/Ms

vdus imuo.sy denonsrr*ed th.t thc ftulG fon lh6e nethodr wcE conpdabl'

ovcr urirary dosc ldels rmains lon nol d.t.o!abl. (<1, ppb) to 1700 ppb 2.4_D d
d.t minedby imuoaay.

call.co .r .l (38) dchin d two phdoxrdid hdbicide (2+D dd MCPA) &d then

sii @!€aonding plools in $it by siig GCATS fo. quetitation. An altomaft

.xtra.t'or 0e2.!hd, !@oncdlntion, and chNuP Gotptron) nodde ws ddeloped to



dt&l the citbt cdpoud! ton $'1. Th. ledltc @r.ry of all !p6i6, lpik.d to

.oil rl p8&8-n8r<g lcv.h, w! 95% (.v6!9. st ndtd ddirlion +5%)- A plol of

.sricultu t cl.y eil (.pFqiE.rcly 12 Dl ws @nt EiFr.d with bou hati.id6
(.pFoxindcly 96 Blnt, d.ptn lo cn, danry 1.8 yml &d ini$tcd wirh (l? nr) !l

Klh .r al.O9) pr6a!c<l ! !6-€i6cd GC n.lhod fd rh. w.ight pfr6t (*t %)

dctdiDtio! of e.tocuor labici& i. rehlic.l dd fofrtl.Ld Droductr Th. r€t

@pl6 v@ disolv.d ir &.1d. ihd contdn d dipqryl phrh.lrl. $ s i chd
!i.nd.rd, Ttcy w@ orlzcd by CC d . 15 n spillty collm hy uiIa 3plil inj4rion

.rd . flm ioriatioh d.ieto. (FD). Acdochlor (si %) wa d.tani'.d by @npding

th" riio! of pat !d of -.ro.hlor/pc.l( .d of dipdtyl phthd.tc iltmrl st rdard

obtrir.d fo! thc t.lr $!plc ed cdibr.liotr sohttionr. R.?at bility of lh. nclhod,

apE3.d a rh. vitbinl.boErory (h.rqd r!pliql6). RsD we lou to b. 0.09-

o77% for th. 5 m.rrix6,

Dicto* .l.d (a0) dcwlop.d r ndlod ld lhc aimulltnco$ dcldninrtioi of 2,+D !d
MCPA in dinc pl.sm rnd udrc, fti3 mcthod ut.d ddivrtianion of dt&rcd !Dd4
wirh g-anthrylm.tharc (ADAlvo fo. rn.lr!i! by ltm.d-phe IIPIC wiu nuo'!.m6
d.t@rio!, PFtio! ed Mu*y w@ wi6in rh. u@tcd limic of 15% &d 85-l l5%,

Esperiv.lt fd both .n lyl6 in pl.!d ed uirc. C.libdid c'ru fd 2,rLD Dd

MCPA in 9l.nnr v.r! lilE (a > 0.99) b.twlql O50 ed 5.0 nt/L @d t.0 .Dd 100

6r/I- C.librniotr cllflc. for 2+D rnd MCPA h uitr w.r! lind (r2 > 0.9) bclw.4

5.0 .nd 70.0 !a 2,4D11 {d 10.0 .d 70.0 ns MCPA/L Th. lowd LOD *a 62.5

trg/nl' for hoth 2,+D ed MCPA.

Dijkms d.d. (al) inv6tis.td th. ctr.cb of mttrix incda@6 oi mc @lytic.l

p.rfomln@ of ! tripl. quldnpolc nB 9.cM.lric (Ms-Ms) d.l4tor @uplcd lo

wiou m6r.drba liqdd cltoolognphic (LC) nod6 tu tlc otrlitu &t mindion

of vqiou typs of &idic habicid6 in w.!.r uting dr.rt l 4libEtion fd q@dfiqlion

oa 0! e.lyr6 t6t d !t r ld.l of 0.4 p!r. Thc l,c rnode ituludcd (i) . sin8lc@lunr

co!6su.ition (ii) p@olum $iichins tnd (ii') couplcd{obnn Por dct4lion,

ctEtDa6y $d .tddphdic ptBse ch@icd idialioD in boih Pcitiv. &d n.8.tiv.

i6iz.tid nod6 w@ crdin d. Sdinity and di@tvcd orSeic carton wcc aalct d a
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nn€rf.Mqe to 3ludy narrix dIdls in thh typc of dalFis ll)e r'@vcry dlla w€re ud
ro @6BE dd cv.b.tc th. ealvti.al pdfomd4 of lhc v&os rc tppE&h6'

A saairg nclhod w d*lop.d bv Hogod@n .ral (42) for ilE ddminttiotr of

eidic peticidd in vdbs tvpc. of $ik M€lhodolog ws bs'd on rh€ us of

nicowavc 4.i!tcd elvmt .xtzction (MASE) for I6t ed effici'nl dtrnction of lhe

srlvLs fiom ihc soils dd coupl.d-colMn dded-phde liqlid cb&ndogiaphy [,c_

LC) Mth UV tLtetion 4t 228 m 6r lhc itutrum'dal alal$is of utrclcan'd dtr&k

Fou t}!6 of $ib, including s4 clAv dd P@! wilh a dgc in or8adc mait'r @nl'nl

of 0.3-13% ed td &idic paricida ot diffmr cldical fmili6 (b'ntren"

honoxynil, nd$1turcn-ncthvl, 2.4-D MCPA MCP!, 2 +DP, 2 4 5'T' 2']LDB ed

MCPB) *dc a.l6t.<t s dairiA dd .o.1y'6, r*P@liY€lv w'igblcd rcgrcssid of tne

dovery daia sho{cd for nost ed}tc'nairix combinations. includin8 ft'shlv 
'piked

sam!16 od .g.d Fidr*, dar rhe hcilpd provid6 ovdall recovcli4 belwM 60 dd

90% pilh RSD of fi€ intalaloFtory E?oducibility's betwm 5 ed 25%i LODS tcre

obtain d bctw4n 5 ed 50 lglt&
Caino .l.rt (a3) dd.topcd . Elaltc dd smidE indr@l EUStu lor thc qudnbtiE

ddmiration of bctolehlor, al4ntor' e.t &'t@hlor' Undd bcsr cotditions' t-OD ol

0,06, 0,3, &d 04 pg& fo! n.lol.ohlor, alacblot dd tu'tochlor w* @hed

r€spec1iv.ly, Th. oplinjz.d ELISA! edc ale highlv Adi6c, showing littlc or no cio$_

@ttvily to ofi.r tiruld conpounds. lhhwo$3ats wF nsdd d a lool io dctmrne

cddcal chlorcaclthilide hdbicid6 ir wd.t md $il @pl6 without plrjllcalio' stcps

Th. dc.llcnt dovdd obrair€d (nd valu' dngiry b'tw*o 90% aid 987t cohnd

rhc Dot nlid oflhi! lpPturch lo conti.l lhe nc.bicid6 in the 'nvioMml 
h'ing appli'd

6 a 'st6ing' ma6od otna fd 6.ld noniloing or bboErolv'

An inagj!8 6ey dloepus ro conp.titiv' dzldc i@sotsavs hB bccn d'v6loped

by suro8iu ct al (44) !si!e a nol.cnlarlv ihPrint'd polldd inst€ad, o l ai anlibodv Tbe

mtigd 2,4-D w4 lalel.d *iih lobeco pdxidts and rhe cnenihhiiGc'nc€ &rcl'on

of lMi@l w$ uscd ror d.te.non Micotilr plst* (96 or 384 wclls) w@ cooted wi$

po)Fd oictu+h@ inpdfted qil! 2 'LD whicl w@ fxcd in pls' bv using lolv

vinyl al@hol s gluc ln a @np.titiv' nodc' lhc d'ly'apmxidsc conjtrgal€ s

incubatcd with th. ne ant$e in tic nicrotilq glat', tna which th' bound i@rion of
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lh. co.jus c rs qwti6cd- Ano .ddnion of rh. cnmiluBin€c€nr subbarB, Ithr

dision ws moslrd in a bigh-thotShput inr;ng fomar wilh I CCD @@
CalibFrion cud4 @restondins lo andylc @.a!!tios tugin8 &!n 001 !o 100

A flow injfiion cobpetitive 6say dalogous !o drync imuoot$ays wd Ptelt.d bv

SNsiu ct.al (45) usins a moledrly idprini.d lobdd instead of thc dtibodv A Elas

calillaly ws nodilicd by covrldly aitachhS d imprjnted polFd to $e inn€(

capiUdy vall, Th. h€fticide 2,,LD w ut d s . mod.l dalyle Th. d.ltl. wd labeled

wid roba@o .drid$e ed chtuilunindcacc wd trs.d for dcldlio. i. conbitarion

wil! . phoiobultiplic. t]be or t CCD ch@ In a conPetitiv. mod.' tlE er\'i€
pdrids. corjlg.tc w6 psed togctlu with rne 6@ dalyte lhrllgh ihc lolFd_
coat€d capillrry nounled in a flN sytt m, And a wdhing !lep, thc chcmilnninescent

6nbdrarc w6 inj.ded dd ltE bou.d frtciion of the conjuga!. w8 quutili.d bv

mesuri.s tn. int nsity of tnc .min d light Calibration cufl4 cone9ondi.8 to ffElvle

conc@F.tioc ru8rry fron 0.5 sg hnL ro 30 Pgl nl- Q-25 nj4-225 lM) w@ obtlir€d-

A lowadt LOD by 2 orde of mgliludc wB obbin€d whd d.tetion wd dore in

disnriruos nod. ed lbc chfrilEirsdcc light wa @nduct d isid' the

pholomulliDlid tubc by D opticd nbcr bundlc, thu vielding a dvnahic @8c of5 pg

nl-'rr oo ng nLr (22.5 pM4so nM).

A S?ME nclhod ws dd.lopcd by H.dks.n ot al (aO fot lh€ a'alvsis of &idic

pBticidc r6idu* h Mts. Th. n.thod udliA in itn d'rivatizdon widr

bntylcbloofodr. , fotlow.d by o.linc SPME dtr&ti@ uing a mMS fibtc and

drrlsis by CC-MS. Ddivativd ofrh. Phdoxy acids n@hlorprcp (MCPP)' dicl'lorprcp

(DCPP), MCPA ed 2,+D md lhct phaol degndalion poducis 4_cnbn-2-

n€thylphcnol ed 2,4-dichlorcph4ol (DCP) wdc iddti{i.d I-OD ar 0 16-2 3 lrgLvere

@hieved. Stsdard cwes in lhe !es. Otl0.0 lClL v@ ntl.d 10 a sccond-degEe

polynobi.l. St&ddd ddiarion (n = 5) w6 bclow l0% for lhc phdnol d'nvadv4, but

20-50% for ln. phdoty .cidr

Ru6h Dd Rwi (4?) ddeloped a m.liod bdcd @ SPME

6idu6 of ciSlt sct*t.d nanicidd: Fioualin' butachlor'

afazjlc, &.tochlor, alchlor, dd nloxvptr-ncptvl' rn

for th. dcl@imriotr of

pr.tilachlor, n.lol&hlo.,

ftlrd waler smtrd.-r
0\"
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Carbowd divirylbdenc ws u.d fd SPME ofth. hanicid* Qumtindtion s don.

a! equiftnun. Tlc mcinod M lomd suil.blc for fie d.hinEtion of i€lidue5 of

hdbicid€s at concnkation lev€h tum 5 lo 20 ns r'. IE RSD ol &e det*tion limil!

w.rc cd€ulatcd. Th. hunic @id co 6l vs foud lo i!tdf.t. mor. sigdficdtlv in tht

ddmilation of cidus. A! ionic cbldid. staelh, in t.d of 3odiM cnbnda of !p

to loel. did noi ll!v. dy si8rfi@t inP&t or rhc detemi@tion Ffih@oq lh@ *s
s ernbed .asilivity ofdci-iion up to pE 3 0.

ThoErdM ct.d (48) ddcnbcd a n.thod fof the qtractid of bot@ne dicllo,!6P

lnd MCPA h lu!. scldlcd Nos.gie soih of difaal leiturcs. Initiallv tbre diff.!.nl

arlrctiotr hcuodr wd t61cd d onc $il lr!.. All D.thods Savc t!@vdi* >8 for

thc p€ricidc nixtft, but cxtacrion with lodiu hydnidc in combinaliq vith elid_

phe pEorcdrltio! ws ued io. nmtrd l@Bv toit wilh soils of dif.Ent

pmp€niG sprkcd ar four heftrcrde @nccnhlion le. s {O OOI_lO 48/8 ol ser sorl) Th'

n.rhod ws npid ed .By ed requned e iininun of orranic solvdh The @ovdies

vft id lhc @8. of82lo9, 80l2l, md 45_91% for ilE eik.ontlioib8 I 4 (ltolc), 2 5

(Kr@t, antl 37.S% (Frctrnd) orydic c!rtD., esperiv.t. LOQ usins CC-MS w'E

O.OOOI pslg of w.t $il for b@l@nc ed O OOOI lc/s of *t soil for borh dichlorprop

Geir-Cdprl!4 .l,al (49) pB.nled . conbination of a FIA svst.n wilh ni@llaF

.rne.rt pholochdicsly induc.d nuo@dcc (MEPF) d.tetio' a a powctful

dbmariv. for thc 6Did dd ssitivc dalvsk of.hlorcPnc.oxvlcid hdbicide Thec

compounds do not 3how native flnodc.nc. but fiev cm be photolvsed inlo sfonglv

tuor€scdce photoprcducF aA.r di@t imdiltion wilb ultrlviolcl liSjt The u!' ol0

c.tionic $rfadst such s celylt imlthyhnnonium cbloride povid6 a coroidcnble

oto@dl of photo.hclncaly induc.d fluosc.@ inlctui9 rnd the naruE of dE

lebnique allows a p6siblc dd 4y ed.tiltion !o FIA svsld Litrar calibrdio gnPh!,

with 6e eplic.t6 for 4h @lcdr'tlioo v.lu. v@ Glablishcd h tnc tu8p of 0 2-5 0

ps ftf' for 2,4D 6d 0.1-5.0 ps mr' fd Mccopbp (MCPP) Thc IUPAC LOD vci'

?3,2 dd 13.5 ng mf1 for 2,4-D ed MCPP, lsp€ciivelv. Satisfaclory @ov€ries w'r'

ob6ined in th. d.lys! of th6e nqbicid6 in spik d wat*
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Huc!6 et.al (50) dscrib.d a detlod rhat allowed rh. detmination of 2,4_D in llumd

uin . ftc .c@tc detmi@hon of 2,4-D in uire @ ,n inpofier f&!or in donilo.in8

wo*er dd popuhrion dposuc. Thd. sludi6 nedstully galidat d . mcthod for thc

dclrction of 2,4'D in qine at a LOQ oi 5.00 ppb usinS Gc/Ms dei@tion. The 2,4_D

ws dFad.d nom hmm ldn using , p@cduF inrclviDS htdblysis uing pola$iun

hydsd{t , aolto*cd by a liquid-li$id qlr&lion into nctltylmc chlotid.. The ql6ct.d

ldpls w.F dcdvatiz€d wiih di@n€the.. The ncthylalcd fraciion ws ealtzcd bv

GC"MS- Qleiilltion w3 m.dc by c@psison io nelhyl.i.d rcIercncc stoddds of 2J_

D. 
^,liquoB 

fonifi€d at 5', 5G, &d soGppb l*ls w@.n bz.d Th. ovmll n@
eovdy fm all forriEed smpl.6 ws 90.1016 with a RSD of l4i r%

Xirns .l zl (51) dscnbed a n.lhod ad lh. dc|mimtion of acelochlor and oxvluotfd

ty capillaly 8a chronEtognphy wilh FID sd e SE-30 c+illarv @l!nn {60 n x 0 t3

hh i. d., 1.5 pn), sing dibulyl ph$alnte as thc inlchal sla.dard. Th. sl.ndard

dcviatioG tu acetochlor dd ox'4lnftf.n conc.ntratiod(nbs fi&tion) wet 0 44% and

0.4?% Rs!..tiv.ly. n!. RSD for e€iocnlor tnd oxyAuo.f.d wft O lfA tnd 0.88% dd

rhc avasc levdie for acclochlor &d oxyfluorf.n wfte 9r'3% md l0l.l%

Esp@tiv€ly, Ih. n tnod wa sinpld, dpid and accuatc

Sbodakd (52) ddelop.d a nolhod for dctmination of eetanilid. degradatlo.

poduc$ in diinting ward Bing I-(rn gaiivc ion cldsospBv/Ms with SIE A nov.l

chrcmdo8Gphic setetion of d€ acctochlor/rlacmor ESA md OA structudl isoncs

w6 ddelopcd which u!6 & a@oniud ac.tateh.ihdol gadidt conbined with

hcatins $c m.lti€l @lumtr !o 70'C. T*.tv. acetanilid. d.Sradatcs w@ .xlrel.d bv

SPE liom lO0 nL M&! shpl6 uing cdbo. canridgd wnh nan Ecov.ri6 >90% dd

A sinple dd 6pid mcthod bscd on ni@Mvedisr.d .xt a.tjd (MAE) couplcd lo

CC &alysis wd d€veloped by v'l@ .l,d (53) Ib! L\. d.lr€is of hiazinc ialroinc.

cvouinq h.ttibuinc, sinein€ ed d@1tvlatrdin., dd deisoplopvlatnzine) and

chlmd.tariliilc (tccrehlor, .laiblor, 4d n.lola.hlor) haiicid. sid!* in eik Soil

smtles wd. pcesed !y MAE for 5 min t180'C in thc p6encc of ecloniliile (20

nusanpL). Mce rcov€ry valu6 ofmod slut ! @ >80% in the l0 to 500 pglks
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foniEcarion tuge with Esletivc RSDS < 20%. Th. LOQ md l,OD w.r. l0 ed I to 5

pglk& Ep€livcly' Rdi&c l@ls d.hin d in trcld wa0!q!d $ils wtc hiend wha

loik vqc poc6sed by MAE lnd with n oompdison ndnod baed on flst.shaLng or

$il 3usp6lios ovdi8lll Extet3 w@ dnyzcd by a GC lFld .quiPPcd eithr viln

a thcdionic (CC'NPD) o. GC-MS.

A sinple m.rhorl lor th. sinultr@s dctdniFtion of chtorelhaoxv *id halicidd

and thcir 4r.R in soil was preenl.d by Ros.l4con!.do cl.al (54) Compound! 3hdi.d

e 2,+D, 4(2,/Hichlobphooxy)butmoic &id (2.+DB), 2,4-dicblorcph@rte.ricl'

butyl 6td @,4D-l-butyl eet r), sd 2j-dichloloph.noxy&cric_l _nethvl csld (2,4_D'l _

d.thyl 6lq). Th€ chrcmtograptic mtlFis we csicd out bv llfl-c, and ulhenic

dEelion, on a Cr! p&kcd capitley @lMn wnn l.nPcErlG Shdjal, ldge injeiion

volu$$ dd UV d.lcclion at 232 m. Sopl* w@ lpiked wilh mounls belwed 2 5

dd 6.0 ,rg g:' of @h lutricidci @6i6 obtaiftd v@ h.ted 72 4d 97r/' ln-X lor

ach 3pi\.d ldct) ed LOD w.E betsed 0 3 Md O 5 18 8_

Thltlrlm .t.al (55) 4 tz€d thc dcgddtlB of &.t@hld Md alacblor (.0ldaulfonic

acids. ESd.s) in both sta dds dd in a gtound*at.! smple wing E?rc'tideof-flight

nB s!er.o6.ny vith cldrrospdy ioniation Thc ..gatitc psddonolelld ion of fte

lendory mid. of a@ochlor ESA sd alachlor ESA 8!v' avcdgc r4!e ol

256.0?5@!,0049 du sd 2?0.0?8@0-0064 mu Gp.ctirclv Acdo.nbr dd altchlor

ESA !av. sinilu G36 of 314.I098j0 0061 du 8d 314,11t3t0 0048 rmu: howtv'r'

th.y could nol be disiinguish.d by accMr. mN b@aue lhcv have lhc ade eipidcal

fomula On thc olhq hd4 th.v @v !c distin8sih.d uing p6irivcion clct!6?Fv

h.caus€ of dilfeFnl frAgtentation 6p.cirr, which did not @cur us'ng negatf'ron

Meh6e ct,.l (56) nad. e ev.luation of tbe f.sibilitv of sing Evs'd_pbde liqnid

chFDatoer.ghy/t rdd bs sp6lron Ev witn .o .lalrosp6v iddf@ (tgESI_

MSMS) to ncasu€ lr.c.s ofph.nolvacid hcrbicidc! ed $eir m'tabglitcs in surfec and

&inking wlrd sdtple. Tbe prcc.dN iLolv€d pBing 0.5 L ot riEr md drinkins

eatd sephs thNngh a 0.5 g gra?hitizcd carbon blek qtraction canridgc Rdov'ry
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ws hi8!€r l,\an 85% imlpcciive of $e aqueous matrix in whicn th. a.alvi6 w'ft

disolv.<t. A @nvatio., 4.GlM i.d. d@cd-pns. LC C-18 colllm oPdi'ng wil]t I
nobil. Dhe flow dt€ of I mUDi! wG scd to chromatograph ih. &alvi6- A now of

200 /Udin of lh€ @lum cmnenr w4 divcrtcd to th. ESI e!rcc. Thc LOD Gi8!al_lo_

ei* dtio = 3) of tnc nethod lor lhc peslicid6 coroidald i! drinlins sd surr' wabr

smpl.s @ 16! lne o l ngll for lhdoxv&id herbicidcs, md abolt 510 ngll- ibr 1hen

n labolits (2.4-DcP dd 4-chloo-2-nelnvlphdol)

A nd @lrtidl ncthod ws p6entcd by Da4ac .t .l (5?) thal d6cribd lhe 4t@lion

d{t qudtific.rion ofOA ed SA ncttbolit6 of6. hdlici& etocl or h $il s'mpl6

Eedindti were p.lfomed on sO I ofsoil using a solv.ni .xlr&tion techliqnc wi(n af,

e.tonittiL-w.td {60:/|0) hitne in d acidic ncdiu Alalvri! wa qdi'd oul bv

@d..!-ph.!. liquid cblonalogBPhy dd detdtiot bv cl4tr'sPhv ionizalioh lMs

sp4tlnetry in sirgL io! honitding md ncsEtivc nod6' Fou dilfd@t soil malrica

re spik d i! lriplicatc witb st ld.rds ol dh d'Sndalion compound d u@

conc.dration lwcls bclw.d 2 dd 80 pB&8 Thc aveFce @ovdics !'ngcd nom 90 to

r2o'l. for bolh lhe o.r6olit6, wirn RsD l@d rhe l5%- T[e t'OQ q@ ibout I &d 2

*g&g for L\. BSA ed the OA meiabolild, !4p€ciivclv

A nultiBiduc ,naltrlcal mc6od ws pt!$lcd bv Yoklcv etal (58) 
'or 

th'

dehilation of lh. chloioectdilid. hdbicid6. ndolachlor' ac'lochlor' tnd alachlor'

rhe .hlorc4ct&idc herbicidc. dincthdMi4 ed ih'ir 6p@rive ESA and oA

desnd.t6 in groud dd 3!rfac. wst r' A 5oml eatar sdpl' M strbj€cl'd to

puification lsing o C.l8 SPE colnd Th. four pdnt conPdcnts ed lh'ir 
'i8ht 

ESA

md OA dcsdt i6 *e iel.t€.t uing 8OnO methdoveltd (v/v) for 
'lution 

Thc 
'lual'

pd rcduced lo < 1.0 oL dd r.constiluted in 10/90 &etonitildvaid (v/v) to the ddiEd

final 6.clid volMc Fj.ar esbsis u* !@nplish'd lsin8 Lc/el4rrospnv ioni4lion-

nds seeclromeilyMs i! thc + (pam1@dPou'ds) &d (ESA tnd OA dccradalB) roi

dod.! by monnoritg apFopnlr€ pr@m/pbduct ior pais fo! c&h oflhc 12 A'alvl4

ft. h.thod LoQ *s o l0 ppb and th. LOD wc o i25 'g 
injccted for 4ch utllrc

Avflge prcccdural @ovdv data rangc fod 9s ro 105% Lr lortilicalion lcvels ot 0 1 0_
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w.U5 et.al (59) d€$rib6d lhe comp&ien or qudtitariv. NMR sp@lrospy (QNMR)

with cbFbatoerqhic ndnods $ch s CC or g?L fd thc d.tminatid of tlt Putitv

ofdd imputis ii t chtictl ghd. agmcncmical., 2,!LD .nd Drlapd sdium ($diM

2,2-dic!1otuprcpional.). Cohpdi$n d.al.d $at QNMR ws hor pr.cisc and

a@wr. tle tl)e cluobnog.rhic n tho&. Q@til{ivc ibPuitv pFIilitS ofl.chnical

g6dc 1 ws 6pid ed rcudte usine 600 Mriz 0) H NMR Bxlia disPmion at &e

rclativ.ly high A.quacy alloqld tuU digDmdt of th. NMR 3!4truh of I and ilr

rclat.d organic inplnties in &cnnicllsmples.

aycd .l.al (60) studi.d th. Din€ralizarion of2,4_D in clav and clav loam ESt?1idn soils

udd sbtFPic.l co.dido ovq a Pdiod of 90 d The mir@lialion of 2 4D in clav

soil w6 highs tldn thal in clay lom eil undq anaeobic mnditions Utder aelobi'

conditioN,lh. $il tt?. had no intudce on dn@[zti6 ct9&ilv ol2 
'_D 

duting a0

d. tlle soil bindinS inclesed with linc wt.ebv lhc 4tBctablc '"C roidu6

smulEn@sly deE4.d. ChrcdlogFph'c dalvs'r of th' m'$eol d@tabl' rC_

cidud ofloils d.alcd th. p6encc of2J_D 6 a nain prcduct io8'rh'! qilh 2'4-DcP'

Labolatory 6tud:es wdc co ucEd by N.ndh_K ond. e' tl (61) o dclmr' rhc sorP'ion

b.naviour olsix @monly ucd p.5ticid6 (&elochlor' alruin', c$bcnd@im diuinon

inidebpnd dd ispretmn) on gucdis boM foet soil with clav auuviar'on

Ouvilol) sinS lh. batch .quilibriun tehdqn Tlc tdsotpljon cotubnl rclatcd soil

orlr.ic cdbon conior (Koc) c.lculal.d fom Frddlich 
'quaiion 

wce 314 foi

&clochloi 133 Ior alruiic, 2805 for cebetdazin, l'89 fo! dieinon' 210 for

inida.loorid sd 1?4 lor i$PFllFn

Sirld peticids b.longinS lo nin. chnical ldilis wd' nonitorcd bv Ba6!d el ar

{62). ARa cxlEting fi. rdpl6 dd @ncotslins thc !'cov'rcd soluiom HPrc

dlysis wittr t V d.leti@ w6 pqfoded lddtiiication of lhe p'sticid€ ws doo' bv

appling to lhc Hrrc n.6uEsdt3 a novel uv-d'Lclion pmc'dlF bded on lhe

nofr.lizd lbsrba@ vdialim wilh v.v.l6gth (Nohv'ea pdcdw) Th€ p@'4

of m€tsulftrrcn ncthvl, isoplotuon, linuon, dcllmethljn (ddor nalathion)' ind

cllooDhooxv &i& (2,+D .rd MCPD {6 foud ar fi? ube tmpling site at lcvels

51



tuging lion about I !o I 130 ng n'r of ai!, dcpcnding on tn. cortrpoud &d s.npling

pdo<l On rh. runl spling .ir. €idud oa isoptutrn, deltmclhin (ddor

nalarhio!), MCP?, dd 2,4-D wcrc g@.elly deieted al hishd l.vels (19-5110 ng mr)

6d o! th. utld sir.. s dr@nd.

Ana$t .1,r1 (61) dd.lopcd a m.rhod fo! simultr.@B qFacdon dd dat€mitution of

2,4-D dd ib najor trusfomatiotr prcducl, i.e., $c 2,4DCl, in loil samples. R4ov{ies

sE oblaincd fron $il s.mrlcs lonified O.l, 1.0,2.0,3.0.f,d 4.0 heks-'ldols and

lhe relts vdi.d &om 85 b rll% (for 2,4-D) and arom 95 to 98% (for 2,4DC!)- For

borh compouDd! thc LOQS w@ o.l ng kg ', which w.c t\e loss levcl al wnich lhc

a@!r.cy a.l rhe preision w@ studi.<t. Nd.nlcl6, rh. LOD, calcutalcd by

@sidding thc bldk sbn lsrd d€vialion Md lne nininun concentration ldel, w.!c 0 03

and O.O2 ng t8:r, for 2,4-D dd 2+DCP, r.9..1iw1,

Ilalimb clr! (64) dcvclopcd inprcv.d odno<b for 4Faction dd cld up ofnuoxvptr

Bidue h waid. Two nclhodr of nuoxtlyr .xE&rion wsc use( nanelv dt.c!

neas@n4r of flNxypyr ed @ncdtltid of ilututtlvr onlo S?E adlorbd!

follovcd by.lution *irh $lv@t b.foE d.lmination of fluroxwvr' Th. @ovcrv for

diret m@u@at of lluroxF r in wtd conlai.ing 8-lOO pg L r' rdgcd ftom 86 lo

I I Opl. with !5D of 0.7 ro 2-15%. I1'. @vc.y oI nmrt?F Aom th. spit d sdtlc a! |

!o 50 rlg Ur anc! clulirs thlou8lr €ithd Cr or C6 .nd{appcd nns.d foft 40_64'l" {wilh

RSD of 0-7 to 2.15) ad 4l-65% (wnh srddad d.vialion of 152ro ll.9) Th. ue of

holnL ora, gave b.ttd duli6 lh.n lhe C8 Ctr .nd-ca!p.d or the dii*l mcas!€nnt

nctho.!.. Th. Bovdy 4d 3te.hrd dwiatro! of fl@xvPvr tDF spik d wato using

ielut€ 6v+ rdged fsm 9l - 102% dd 2-5 to 5 3, cpccrivclv

A! &ro$l tioaof-flight mss sp*nonetd (ATOFMS) w3 wcd bv wl lakd etal

(65) to @llz.tlle sizc ed @mposition oaindividuel paniclcs containing p6ticid4 Th'

.omon nn6 of th. Dsticide stldied wd€ 2l_D' at lzile chlo+Ff6 naltthion,

pmdhri4 and ptupoxur Analysk of lhc ha$ sp.cl.a !rcdlced bv dngl'_ dd lwo_s'tep

le dsrprion/io ation of P6:ticid@i.ining particle auo*s fd idatific0tion of

Dcaks rfiat could bc uscd Ior dcl@tion of Peslicidc residues in lhe amtient 
^crosol
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RNtis suggBt rhat tht r..hriquc may b. u.tul for studing th. €l-tine padniohinS

dd dili.ibutior of p6ticid* o th. aholpn* imcdi.lely followin8 applic{ion in

zhos cr.al (66) d.slibcd e melhod for d.tmimtion ofphotopbducls of eclochlor in

watd. Thc $nli8ll| pholod.gndation halfiiv6 of 20 ngll &etochlo. w.E 151, 154 rd
169 dayr in dcioniz.d watcr, nvd wald ed p.ddy vatd, Gp.clivcly When €xp6cd

to (Jv li8!! @lehld in aqu@ls 6ohdoi w3 alidly d.gnd.d Th. halfliva w.E

?.1. 10,1. dd r1.5 oin ir dcionizcd walcr, nver watd dd p.ddv valar, ep.ct'velv.

Pholoproducts of &ct@hlor w€E idodlicd by cc^'ts dd foud d l4t te.lv.

phoropoducts rdlt d ton dehldit.tion witn $b$equdl hvdrcxvlttion 4d

oy.li4tion procsd. Thd chmical structuts of la Phot@rcducls w@ pEsuned o.

rhe bsis of Fs sPdtrum inl4pEtstion md lircraturc dat Photopoduct w@

idcnriticd d 2-cthyl-6-methyleilinc; N,N_dielllvloilinci 4,8-dihethvl-2-oxo_l'2'l'4_

tciEntdbquimlinq2-oxeN{2 €lltylcnethylpLnyl)-N-(cthoxFelhvl) &dbide; N_

(.tnoryncdyl)-2lelhyl-6lm.thylfomeilid.r l_nrdrorFc.tvl'2'.lhoxvl?shvlindol'r

E-ethyl-l-.lhoxymelhyl-2{xo-1,2,3,4-t€trahydrcqlinolin.; 4'

.rnoryncinyl-2{xo- 1,2J,+l.fahydoquinolioe; 2-hydrcxy-2Lelhyl6h.thylN_

(.lhoxymelhyl) ac.tdilide md a comPowd lclated to &etochlo! The olh€r two

photopF<lucB wft d.tet d by C(yMS allhoueh th.n chcmicd slrucfur' weE lnknowr

Sutndand el.rl (6?) dcv.lop.d . n.ilodologv for udv$t of eil and v'lq onoff

sMol* concomitantly conlsirung lhc herbicidA sinuine (l_cbloro'4.6_bi{ctnvlanino)-

slridirc) and 2,4D io invdrisatc the pot.nlid fo. ruroffdd l'&hiig fmn omeenlal

rurs.ry plot3, SPE qB $.d Pnor lo batt h bv GC ad L,c Chmh'togaph c eul6

w@ coEp{cd wiih ddmination bv ELISA Thc sigincel andlvlical contrillliom of

ilis 6arch inclnd. (1) th. dw.loPmdr of . $ndc u5ing chmalogh9hic nodc

lequdcins for d. fr@tionation of simeine and 2,+D, (2) opdniation of fi'
hoDosdou daiv.tizatiot of 2,+D uinS lhc narhvlating agdl boFn trifluond' in

nerhdol s e alt€maliY€ io i! situ sadlion of di@n.lhe', sd (3) the pEcttcal

.tplic.rion ofth# t@hniqu* to fi.ld rmpl6
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,a*owska .ral (68) d6crib.d d HPr-C pecdE Ior sinulhbB d.lminalion of

cnloophenoxy eid herbicid* md thcir ndiol'tic dcaadalion piodnck in w.tols wnh

rh. Ee of od.deybilica collm dd a@rrephoromctlic dctcclion ar 280 nm. Thc

sntufactory sci@tio! w6 a.hidcd wilh a nobilc phe ofpH 2.5 coffisting of43.?

mM .cctic eid wilh !t0% (v,&) *.loniFilc. LOD valu.5 fd hnbicidos dd ph€.ol

dsie.tivs w@ h ln. tuac of 19-41 r!s1l dd I G60 pgiA. 6!.ctiEly Tn. ddclopcd

h€thod ws applicd for monito.i.g lh€ efec$ven€s! of ndiolytic dcgoddion of

ha!i.i{tcs. Sludi6 of pbducls of gal'm-adiolyris of 2,,1-DCP nav. tnoM $.t lhc

€ffci.ncy of lnis poc6s w6 afectcd by lhc Pedce of Mtually occuning scavdgeis

of sma-radialio sch d cdnoml6 or ni!*6.
Nal@wa ct.al (69) ddelopd a siDpl. dclnod for lhe npid dd simulbncoN alalvsis

of dicfilonos (DDW), nalathion, carbaryl, dd 2,4_D i. citrus filil vhich u6 now'

injelion ion splay io.aation tddd fl.$ sPccilonclrv Thc n.lbod involv.d tn.

conbin d usc of si.bl. isoloPically labelcd htemal slalddds @DvP_d.' nahtnion 40'

a6&ylJ?, ed 2.4Dd, ed a multipl. t@lion moDito@8 t6hniq!. It. .v@gc

r@vdi6 fo! the pcliicides st rh. she concfltaiios d lh€ir lol@nce ldels (DDVP:

o.l-{.2Agg'i nslAtbron. Ot-.40lr8g': cdbatvl l0l8Br; 2.4D: I o 2ollggr)

mg.d fron 90 b r19% with lnc RSD tuging frod l0 to 13l% (r - 5) Amlvsislime'

inctudi4 sMpl. pEp@tion sd d.l.dimtion, wa dlv 15 mir

Eletrochmic.l inp.d'm 3Pdtoscopy (EIS) wd d*rib.d bv NaEAtilova 
't 

tl (?0)

f6. tlE didt d.tmination of n.:ticide 2,4D Spdific dtilodv t8aitul 2,4_D was

ilMobilicd onto <tifIffil Bold cl*t@d6 Sddd neilod! of antibodv ihmobjlistion

by cov.l€nl lintagc to nodificd surf..e wet 3tudi.d S€lf_semblcd monollvd lomed

lsing thi@hpoMdt s cysltmin , 4minothroPhdol' 3'l'ii$ioproPionic tuid di{N-

su@ininidyl este.) dd ll-neeaptoundddoic eid w@ cho$n for the sens'ng

surfec &ljv.iion. Thr dilfdqt !.Mr lvp6 w@ l6tcd: @a-Pd'|€n dio dd

fing€Flite dructues dd intcrdigrtalcd dlv electod€s prduc'd bv lithograPhv Thc

n *!rcmott w@ .aEied out in a stsrion ry mngddt, ed the rctciion bctw6

hrpio ed $c imobili$d mrihodv ed obsd.d onlin' Ch&g* of inttddc'

D@n.t€R w@ evalultcd, add $e bcsl immobilisaiion Enniquc (usirB 4_
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mircthioonmol) was chosd fo. funher ma!@ents lnp.ddc. changs duc to

iMuo@npl.x fodali@ wft dahatcd, dd ih. Po$ibililv of dn.d nooitont8 of

2.+D bituli.g b thc dlibody ws ddotulatcd al . 6x.d i€qndcv For lhc tlrip sqsor,

tne calibr.tior cuwes wft consLacl.d in conenkation lange fom 45 ndol l r to 0 45

rourmc6od. e@dd.lop.d bylliinan d.at (?I) for thc @lFis of nuoxvPtr in sil
spl* fid oil Paln pld|tios The nBt m'thod invnlv'd dlc 

'xtrsiion 
of the

h.lbicidc wilh 0,05 M NaOH in nctheol followed bv puilicalion using eid b4c

pditd. Tb. c@atEtcd Nt rial @ sbjel.d b dovrliarion dd lhq cl4ning

Droc* wins 3 0orisil @luru dd fDally stltzed bv GC-ECD Bv lhis nethod' lhe

t@v.ry of fluoitpt ftom ih. spil@d soil tug.d fton 70 to 104% vi1h $' dininum

LOD of 5 ps^g The t@nd m.lhod involv€d $lid liquid *kaclid of 0wrvpvr $tng

a hori&nt.l sh.k r lollow.d bv qldliicaiion using t{!rc cqoipped with UV delcctor'

Th. l@v.!v of 0Nxvpvr uing rhis dethod tug'd aon 30 to I20% wn€n $c sil wa

sDikcd w'dr nuovt?yr ' Ol_02 r8l8 $il ln rhe lhtrd mcihod rl'c Moverv o'

flmrylli wd detmined bv solid liquid dftlction using d drdsonic bltb The

l@v6, of flsxlP}t at slitjng l4.ls of 450 p8ll- d8'd trom 88 to 98c with RSD

of 3,0-5.E% with a midnm LOD of 4 48lLg' h th€ folrlh m'thod' fluoxt?tt w's

dt&t d sing ihe solirl tiquid deacdon ncthod foloead bv tb' cl@ins up ll€p wnh

OASIS HLB (polPinyl dibdd.) ftE Eet'rv of nurcxvplr ws benren 9l and

95% witt RsD of4 2_6 2%, FsPativclv. Thc LoD in n'lhod 4 was ftnha inpDvcd lo

I pg/kg. Vha th. *ighl of sil B.d w4 incEAcd 4 fold' th' @Y'ry of flutox)?vr al

spild4 lcvel of l-50 pglkg dn8.d fon 82- l0?% widr RStr 61 0'5-4 7%

Alr&ci &d Hodt (72) studicd UE removd of p*ticid4 snch as n'lribuin bone'l

2,4-D .nd.troifle ftuh aquous solurions bv adsolplim oo high area ca$on clo$ TlE

adeQuon pds wd lollowed bv in sito W_+<trcPhotometrc EhniqJe in t

sD.crally dsrgncd adsoQ ron c.ll sP4troscopic <tala ofl\c pesticide6 wee d'Lemined

in !.pdt expdimdt! TlE drdr of 
'dsorption 

*s qwtifi€d bv cddl'ri4 tne

mout of tdso6at adstucd !d uit d@ of the cdbon cloilt &d tie pdentagc

covdg. at l!. carbon-clofi sLJrf.c' The or<ld of 
'xtcnt 

of 
'dsorPdon 

ol tb' P6licjds
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3tudi€d wd fodd 6 n Fibuin < 2,+D < bon&il < attuin . The tdsoQtion po63

wd found io follow a frsl-ordq ldneiics td thc dc @nslett }@ dctemined Thc

@Fp.tilivc ad$rPtion of pdiicidB ws .l$ qdia.d bv 
'anving 

oul tnc ad$Alio'

procAs fton . sohtior ofcqlimold FixtlF olbtonacil lnd nciibuzin'

Liubavim el.al, (?3) d4cloped conpetitivc imndochDmatogaphio 6sav tbr t
Dcslicid* 2,4-D ed simzia. (2{hloo-4,6-bis{N_cthvlamirc)-13,5-tri&i'e) in aqu@lr

smpl€. Mon@loml dlilodi6 to {G. paucid.s l.b€Ld with colloidal Spld eft lsd

to visualiz. $. rcsult! Tlc eGiuvilv ofrhc 23-D ed sinuin' a$av ws 12 n8/nl tid

the tid. of. lysir * 3_7 nin Tle n.thod do* mt dificr in sdsirivitv fon thc

conpelitiv. EIA Ning conjuSrt€s of nonoclonal mdbo{i6 to ihc peslicid6 wilh

ho$aadi$ p@xidaa; ho{.vd, thc inc of ttle EIA w I s h'

A multiraidu. nerhod usi!8 CC @upLd lo ion_tr'P randd ns sp'cbm'q

(MS/MS) ws ddelop.d bv Schever ct al (74) ror lh' u'lvsis ortw@tv sden Pesticid's'

@monly 6.d il Als&e, in tirnotphdic sdpl's baniclc ed 8a' ph36) To d*lop

thB m.thod. ealv6is olcleton rmp..l in linsle MS ws finl 
'onductcd 

lo ch@€ rl^'

Flmt 6E ofthc p€sticidd sludi.d Amdg rhe twdry *vd pslicid'u analvs'd scvd

oa thm rqnir.d a d..iv.lis.lion slct. Tbis wd thc cts' of son' uE s {chloololuroo

diuon and isoptotuon), Phcnoxv mids (23'D, MCPA, m4opop) and orbonoxvt'rr'

Thc dov.tatid wd pqfon€d *ith pdanuoobozvlbodd' W'th lhis d'lvlical

proccdN, tn. t.oD vdicd bcM@n 2 5 aod 1,250 pg m r depcnditrg on lhe conpolnds

lrkic cl,al (?5) denb.d e &alvhcd nethod lhd 6dd b' !s'd for ratid iddlificalion

sd detc@imtion of chloroPh4oxv hclbicidcs i' mod€stlv equipped laboatoriA for lbc

clircrl loxiology- Tnin hv.r ckDnlrogFrhv @ ccllDlosc lald usirg ndltrl fd s 
'on

p4ring rc4gdl g.ve th. b6t !.suls in sep@rion ofdife!'nr hdbicid$' maldns po$ible

vi$zlt.tion at the d.vligll winrout alrlhd lag'nts or 
'quitn'nr' 

H?LC n'lno{k ror

rtdton on C! ud Cr phsd qth tnd si$out ion_Pairing r'rgdt wd 6mped l'

Ms found thal t{!LC on Cr Phale ulilizing ion-srpPression modc hd lhe b4t

r.Foitu.ibnity, lirditv dd hs LOD lun'bL fd qudrincarrotr of 
'hlooph'noxv

h.lbicidd aad eute Po$otun8
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wu et..l (?6) irveii8at d d.ltoDalcd dtrDic liquid_liquid-tiquid mi.tMtr&lioo (D-

LLLME) cont olled by a prcg.mable stdnge pump ed conbined *ith HPLC-W fo!

thc aF..tiotr tnd d.lmirtior of 6ve phaorv acid halicide h 3qu@n5 tupl6

Good lincdi\t of dalylee ts &hd.d in th. idgc of 0 5-500 !g/ml with cocfici'nL

of d.l@ination, r, > 0.9994. G.od E!.!t biliti.! of dti&lio' Pdfomsnce wcE

obtain d wih BSD lowd lhd ?.5%- Th. berhod Prcvidcd np-to 490_foh dncnndt

wilhin 13 nin, In addition, ihc LODS sn8cd fem 0 1 to 0 4 nclnl (SN - 3) D_

LLLiTE *6 su.cdstutly applied fo! th. dal}!i! of phmoxv acid hdbicids tom Eal

cnvionmcnlal w.td smpt6

Moer etal (??) ddcloped a prccedue udiis alk.line txteiion sPE dd HPLC to

eallz. $e pol4 herbici{t6 2,4-D ed MCPA logctnd wilh th'ir nain hctaboln6 in

.oils. An im-pairing HPrc netho<t wd us'd for ft' dctetoi'ation e it p@ils the

haetinc seDdation of &de higr v polr hctbicidd md ih'ir nain ncllbolit4 The usc

of s highly cos-lintcd FlFtraedivbvlb@de $rbat (PS-DVB) givd dE n6l

@1t3 for th. dlysis of tlrBc cohpo! t Tbis $ldtnr dlows lhe drtct

prdonc.ntrario. ofd. a.alt'td at rhc hign pH valucs obtti'cd and guMiira v' alkaline

*ricrio. of lh. bcrlicirt . frcm sil @pld- Dillcmt p,mdd w'r' cvcluated lor

lhc S?E tMonccnlration st.p lhe high pohntv of the mdn anal,16 of intercst (2'4-D

rnd MCPA) m.k6 il o46siry lo tu* al bv now Ere (i 5 DL min-l) in ord'r foi

thde comroudds to b. lclain d bv th. ?S'DVB $rb€or' A two srase d'$rprion fton thc

SPE srbdl tu requir.d to obbin iI. daba* in solvdG lhat aE apprcpna$ fo! II?LC

d.t.midrio. A 6Ei d6orPtid with . 50:50 n?thdol:ware' mixtuE 
'lutG 

the nost

Dold ealye (2.4 D, MCPA Md 2CP) Thl seord elullon nep qr$ nethanol lmils

rh. mdysis ofth. orha ph6ol daivdive Tb' huni' !d tulvic $b3('n6 p@nt i^

lh. soil m not .lEcimllt ottiNd bv PS_DVB sorbenis al 
'lkalin€ 

plls and so do lot

fte FlalioBhip b.t*4n qc6s lhmodvnmic funcion ed bitding lo !@c of four

chlodccdilidc hdbicidd v6 studi.d bv Lit €t al (?8) using E?rc dd ouoGcdcc

sldtrun. Thc lin€ar relAlioiship b.tween lhc codposition of mohile pnNe of R!_HPLC

ud rhc @p&itv f.cto! of chlorce.t tilidc nabicid* h6 b@n ouained Thc 'xB
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$dodynmi. qthalpy (dcilaH' ) ofac.iochlo!, pr.lilacirlor. bltachlor aDd metol.chlor

*s dcrmin d, dd lh. bhding co$:rel K ed tna ndbn of binding 5it s *ith uae
w@ calcul*cd. Tb. r€lationship betwm dc.s demodynffiic function and lhe

binding @stu1 K {d suggpsr.d.

Kdhyap €t..1 (79) dcv.lolcd . fast &d cfficiot D€tnod bv sel*tion of nodilied

dF&tion .pp@b. dd HILC-W @ iioB for t!. delminatid of 2,4D iI $il
smples. Thc m.lhod ws applicd 10 the study of soil samples collectd fom the

{srituhral li.ld. Th. ndbicid. * dtret d nlh eil smpl6 bv a.ctotriEil. in a

nodit.d Sorhld app@tus. R@ov.ri6 obiaincd ve.d Eob 85% lo l0cpl for tik.{t
soilsmDl6. The LOQ dd LtE LOD wee 0,010 ed 0.005 ppm, cp4iivcly, fo! sp'ked

$il spl6. I€ LOQ ed LOD w@ 0.006 ed 0 003 ppm for u*pikcd eil !mpl6.

Th. nearucd corc4natiors of 2,4-D in lpiked $il ldplds w.r. between o0l0 
'nd

O.O2O ppn *irh d rv4!g! of 0016 + OOO3 lpn lor unspilcd eil smpl6 il *6
bctwcq 0.006 ppm dd 0.012 ppn wilh d.vnege ofo 009 + 0 002 ppn. ThG medured

@n@Lalios of 2,+D in eil ;arpls wd€ Cs.rllv lot &d do not €xctcd lhe

Egrbioly a8dci6 guidditre.

Thr. typ€ of elid-ph& choic,l dp@E sPling n€dia: @llnlosg lolv!rc|JlMe

foffi. ed XAD-2, wcr. &a\'z.d by Cardnd et al (80) for 23-D md thc aFine lalts of

2,4.D. Individual smpLs wec .xlrrr.d inlo &idi6cd odnlnol' rd lh' 4l(acb wcrc

anallz.d via liquid chDmatognPhv_lddcn ns spekomQlrv us'n8 crdospav

ioniarion dd a Cs dded_ph& rc colwn rrc 2,4_D dd a labeled b'nrcic acid ''c

or D5 wsc .nplqcd s rhc alhg'te dd intdna! slsi'dd, tuPetiElv over a $tee

y.s study olP4ticid. *posurc Mong agricultural workd involvin8 a hid volL'de or

dd's.s, v.bd ol.vdg. % twcrv lor rrc 2+D on pmnal qpd!rc empl6

tugcd frcn 8? to 98 with a % RSD rudng fton 7 lo 12

C& 4aL (81) dcwlop.d & inrti@l cEllSA Ior lhc dEilc h'rbicidc bbmoxvnil' bv

Fising tho polltlonsl uribodia against 2,6_dibromo-4{vtno_phooxvacetic tcid

(hrpld) @njugat d ro bolin. @tu alblmin bv rh' N_hvd'oivsuccif,inidaactivalcd

6tc! nelhod, AnlisruD wilh a sufliciolly hieh ritc! to povid' lhe dct'Dinafion5 ol
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tarelt d c@polnds vd obtain.d only 77 dlts a{l* lh. pnnary insuialion

Anri*rum A2 ws aPplied b de 6idu.l d.lttsk of $m. walq smpl6, urd.t

oDtinizcd ELISA condition. Th. q@ri1ariv. working rege w6 ftom l0 lo 500 plb with

n LOD oa 5 ppb. CFs{@tivily lo ddctudlly sinitd astuhdicals dd !.1!t d

chdicah ws detcmined. Thc elildd sbow.d little crcse@ctivilv wnb 2,6-

dibrcnophmol od bbnox)dil ocLro.t 6ts vhich hatc a dibonoPhdol goup N

@nuon structure. bul show.d no @Fserctivity wirh otn4 h.rbicid.s Erch w.|f
lmplc (.iv{ watd, t$ wara, puided watd, dd boltl.d Mlcr) had a @lrix elfdt.nd

ws inv€3ti8aicd by addi4 Tw@20 in th. 8ay buEd. Tt$e four kinds ofwtt r

lmpl€s w.re fodilicd viil brchoxydl !t 3d.!al concolration lQvcls ed w.re di@tly

&dyu.d wilr! orly dihrion wilh d .qul volunc of dii*rum elution, tne ne.
&cov..y wd I02.3%, dd lh€ n.d @elficicnl ofvariltion wa 5.96%.

The fiwsg et.al (82) alplicd SPME &chriquc sing a 75 nh filn or

caftoxolbolydin.thylsiloxdc for th. d.lsis of chloF&ctatilid. herbicid*

(acetochlor, alachlor, bltachlo!, metol&ltor, ed popehlor) Bidles. Th. feasibilily of

SPME *ith CC-ECD anartsis hs bd cvdnar.d. Thc ncrhod povid.d a sinpl. thd

hpid eallaid'l prc..duE fo! cnloroeetlrilide hdbicid.s in walcr wilh LOD 0.002-

0.065 lg/L for deioni2cd w,tcr, dd 0.005'0,22 tgll for flm waicr. The lsD (n = 5) lor

&alys6 of fln ertd }@ 7-20vo for 0.5 t.lL chlorcac.reilid. ncrbicid6.

Toba dd Hay (81) studi€d 0t. developncnt ol a sinple solid-ph6e bioassay fo! the

di@t dcietid of rh. h..bicid. 2,/LD ir loil sinS Rdsrou .ultbph. JMP 13+32, t
IuxCDABE-baed 2,4-D wholc c.ll bio r.pond. ltc bio rcporta wa 9oted onto 81a53

micFlibrc lilter dis thai rll .d irs EFr.r€l dd tualtsi! aner exposur. to 2,4-D

.n6dcd $ils. fte disc-fir.d cclls GF.ded in a concdtralion d.poddt mmn.r b
2.4D in solution (0-25 nsn) ed in spiked soil (G50 ng&c). Ttc innuoce or

dvinMdtd fcros on bioav.ilalitity ws d€moBldt€d in soil wnh ! bq noislur.

conidt which p!.v.nt.d 2,4D-i uced bioluin sc.nce bul yhich did Dor all*t
bioluinc$oe non already indlced cclls. Thi! dpid and low cosl bio&rlay Pbvid.s a

p@f ol conc.pt d.ho$F.dng thr Etridabl. dist-nxed cclls @ b. induc.d in soil,

lhus Fovidiig a n.6ur. ofsolid-ptd. bioavoilability.
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An momn.tic immmsdsor lo dcrd 2,+D wd d66i!.d by C.i ct.8l (84) FiFlly,

2,4-D-prctein conjuelte wa preped u.ing l-.thyl-3-(3-dimethyl@ioopropyl)

carbodiinidc hydehlond. . TIE Elbn antism s"! pt@tred e'iI substitulion d.g@

of 16, S6ondly, ln. imuromor w fabncaled Birg lcta lrinting t@hniqua. Tb.

2,4-D/PLL coojueaie ws immobilized o! the slace of screen pnnt.d cdbon cl.clrode

via clG lintilg octhod. Th. 6e ard iDiobilized 2,4.D conpeleil lhc binding sn6 of

sli-2+D Mdmn. Afi6 BRP-l.b.l.d goar-mti-hbbn Igc binding wiih anli.2,4

etis.run,lh. lubslratc was add.d md cuE nl E9ot3. w6 @ord.d. Th. d€podcncy

oa @ncdtFtion of dtistum ed ERPl.bclcd dli-IEO on cuftnl Gs?ons wa also

studicd. Thc @lt show th.r LOD b.2,aD wN l. 69 ng/inl- wilh li.@ mgc 1,69 -

30000 nglnL,

setacruz c1,.1 (85) studicd th. dcgndaiion of two chldinated pcaii.id6 (2,4-D ed
DDT) by Bine a 54nL slds @l!m rrk d with rao l. (a ioe-dst bslltic $ona)

Bact.ria w@ cllturcd in YIG (yea4 pcplon., md Bluc@.) liqui.l hedium al 32 C. The

lich mcdim wa pmp.d dudng 24 n thDlgh LrE olunn 10 inoculde n. Lat.r, lhe

w6t d n.diu I di$hrgcd and tbc p6ticiit rddcd, Oprical ddriti6, TOC, dd
pdticidc conc.nrlarion w@ d.lmin.d. ?alticide hovals for 2,4D (Mdi i.nial

concmEtion b.tw.en 100 md 500 mr/L) wdc about 99%. DDT Enoval (.r initial

@ncdFatior of up ro 150 ns/L) wd 6 hign d 55-99%. TOC mov.ls ror 2,4'D wa in

Ih.36-87% intral, wh.ffi lor DDT rh.y w.c as higi I36-78%.

Ar indi@t clerr@l@ical detminarion of 2,4D, ha b.d d6c.ib.d by Mslcki el.al

(86). TIE mcthod wa bd.d on oE adsrprion &d derption of 2,4-D on ncauy
.l.crod. Urd.r 

'h. 
o mun condrFn6 rhc LOD wd 50/gL Thc propos.d m.lhod

wa appli.d ro tha d.r.mination of2,+D in crl repl* slch 4 soil and valer.

shod.td cr.al (8?) d*dibcd a nenod of SPE vith a no.porou gdpniliz.d cdbon

sorbdt 10 qlEt fic ESA dd OA acid desddale of plop&hlor, flnf.nlc.r,

dimc0E@mi4 d&hloa ac.t@hlor and n.rolachlor fbo linkh.d ddikitrs warcr

m.rrixes. s@@rion dd quantihrion of rh€ t.rs.l analr46 ae @hievcd wilh liqrid

chbnatognpby/iand€n nds sp@lroE.try. Din€thehlo! ESA md butachlor ESA were

cho@ duing th. method dcrclopm4l d the smgatc ed int mal sra.dard. Drinking



wald smpl.s wft d@hlorinalcd wilh dnoniu chbndc Mlbout adve6ely atl6ling

dE dolrle @ovcri6. TJ/pictl ned r4ov.ri4 ol 92-l 16% in dcioniz.d waler sd 89-

t l6% in grcud wald w@ obsded with RSD of<5%.

zbao et.al (88) dBcnbed a m.$od nsi.g li.gledrp niqrcdtrelioi (SDME) and GC_

rtECD for thc d.rcDilatiotr of cbloo4.tanilidc hclbi.idd (denbr, act6hlor,

mcrola.hlor, prctileblor dd but&hlor) Gidu6. an h.thod ws pDEd to bc a simple

dd 6pid for chlorcrcetdilidc herbicidcs io wrle! witb LOD 0.0002-!,lla pgll, Th€

rclative r@ovdi6 mA. flon 80elo to 102% fd all fi. tdget analyi6, eittt thc RSD

vd!ing&@ 3,9r/' ro rr.1Y6.

W.hC .r.al (89) pdfomcd Nccclsfnl .nmtiomqic $paration of l0 chj6l p6ticid6 by

Errc ui!8 cdlulGctri<3jnineirylphmylffibdtq (cDMPc) chjnl shliondy

phGc.fic nobilc ph6. wa n-hdd. nodifi€d by.thdol, prcpdol, 2-prcpdol (PA),

but6nol, or bobutMol. Thc cffects ofDobil. ph6e composilion dd column tenp.hlure

on ri. sep,r.rio. w@ irvatigal.d. Belir. epantion wa obi.incd qi$ edDIunBltc,

flobr}?lt-a@tyl, nDlatlion. baoluyl, diclofop-nct]yl, nerhdidophos, vincl@olin,

3!d leiofm, wh4cs n6 bdclinc s.puation we oblain€d wnh prcf.nold .nd

lcct@hlor. Buiarol w4 thc bcsi nodifid for bnaldyli i6oburanol wa $. bal nod ifio
for l&!ofd, nAlathio!, diclofoPn.thyl. dd eilroflnNte dd llA was lhc b6t

modiner for thc othcr fivc. Bclt r s.parations we!€ oot llwlrs at low t mpcohnq Thc

.lution orda of dr€ .lutirs 6dtiond! wft dctcftincd by a circlle dichroisd

dc16d. Th. qud.ilaliv. dallsis mcrho& for rh. adtiond of elhofunBaq

banrlsyl, a.d diclofoFn thyl wd. arallirh.d. Validalion pm.t 6 include lin dily.

peisior, ed LOD. Thc oantiomelic Bidual dalysis prccedulB in loil &d wrter

rmple wrc .ls dev€lop.d uils ftctor. dtr&lion dd Cr SPE. Tn. medod! wcre

Elilhl. 6r Bidurl dalysis of the @riod6,

Nonera .t.at (90) dcv.lop.d a sdsitiv., s.letive ard precis. n.itod foi mmsuinB

herbicide nciabolnG id humd uina Th. m.rrod lg .!!ooal.d liquid d.livcty of

i.r.ml sr.ndard! dd acciatc butrd dd a mixed polanty Polybdic phe SPE of a 2 ml

uri.c smDlc, Th€ concolrlted elu.te ws dalyzed using HPLC vIS kotope dilution



calibFrion h uscd fo. quantincadon of 6ll dallr*. Thc LOD of nethod mg. fbm

0.036 ro 0.0?5 ne/ml, Th. vilnitr- dd b.tw6-day vdialion in pmled quality conibl

!mpl6 rdg. 6on 2.5 10 9.0% sd fFn 3,2 to 16%, t6?cclivclx for dll MIyl* al

concqEations @grn8 d'om 0.6 lo 12 ng/nL. PEisid wa sinile wnh spla
foni6.d wiIh 0.1 ud 0.25 nglnl- lhal *.G e.lyz.d in qch tu.
A n*, obsr &rd sinpl. n thod ws d€c.ibcd by lawlicova .t.al (91) fo! rh.

chmitmin@dt detcmilalion of tii6 D6iicid. brcmoxynil. Ile mpirical p@c.drE

e4 pdfomed qith dE aid of a now-injddon nejfold Fovid.d with d on-li.c photo-

ractor to oblain chd min*cdt photofralrnenls. AIter a pdiod of 12 s of ifrdialion

with an 8 W Iow-pB$re mwury ldp, a chcmilmindcdl oxidalion wd peifomcd

vilh lh. s$l@ potasiM pdnaryanatc in a lobpnosPhonc acid nediun Thc

photolyst Equircd a bsic ncdilh (KOH 0Ol4 nol tr) wiot ethdol (l%) d a

lmitizd. The method rllo*cd rhc dcrminrrion ol l14 smpls h ofobmoxFil in a

widc int pal of coMalratios, ovd lhc r&8c 5 x l0 t lo 1 ns f '; the LOD w6 5 r lon

mg fr. Tn. RSD (F24) al0.25 ng l r ofrha pqticidc ldcl w4 2-l%. Thc m.6od vd
rgpli.d ro . kt r splc dd 10 a fomularion.

A ptudcal d.thod tur 6iduc &alr€is of 2,4D, dimha dd 2,4,5 T in bat d lobcco

lav6 h6 b.d ddelop.d by Liu .t.al (92) wins non queols capillary .l{trDpbor*i3

Tn n.rhicid. 6id!6 of 23-D, dicdb. sd 2,4,5-T in tobacos w@ .xt@l.d by

ulFsonicltion widl dn/ ac.tzt , follow.d by a cl@np prcccdft with Cel pemcalion

chJmalogBplt Th€ LOD w@ ca, 0,4.0,6 t8lmL fo! tne tlfte h.ibicid6, wncrc.s th.

ovcFll @overy.dged Aom 80.8 to 84,1%, Th. poposed nelhod hs b€n sucodstully

epli.d lo m6ri€ 300 rcrl tobacco shplcs. md the r.sidue pbfil6 of lhc thr..

hqbicidd in lobeco smplcs w.F obtdn.d ed dallated.

kong ed ranely (93) studi.d, lh. 2,,LD dcgradaiion kinctis oI Anodic F.nloh lEatmcnt

(AFD in a silt lod eil slutry .nd $. .ffels of vdbu expcridental condilioc

including inilial 2+D @nqE.tion, Fdon @8@t delivdy nte, do! ofhunic &id

addniorl hd pH w@ dMin d. Tn 23-D dc86darior in soil slEty by aFT ws found

to follor . two stasp kin€tic nod€I. Tb. opliDal pti for 23-D iLgradalior in $il slurv

by AFT v6 obldrd 1o be in lne tug. of pH 2-3.
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Rodigu@ .t!l (94) studicd dlc .lf@t ofon. orysic mddnent conliriinS ole utbd

vrstc cobpod on lho spti@ P'!p.iii.. ofiic ncdicide 2+D on four roib ofdiffqar
pnysi@hdi.d .h.atai'tid. Th. $ib clt@ w@ ! TrDic Eehotthod (SD, I TyDic

Endeqt ?t , e E i. P.lioxaar, dd . Typic Bdrcct(pt . 2,+D rd&rprid 's ln.
hignd or ST sil en.@ tn. low6t .t!oQti@ ws fd SR mil, Th. ldsrb.d muG
of the halicid. on €ed dgeic fdtil,z.d oil3 diminbh€d in thc. ofi!. 66d.d $ik,
but wa ltill grod6 tb6 on lll]lmdd.d @ils, L contn t, th. ST loil showed thc

ldg6t .d.orpltotr b. l|!@e@d.d sil.
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3.t r INVESnGATION OF SPa(trROPHOTOMETRIC METSOD tOR

DE Ef,MINATTON OTFLUROXYPYR(STARANE).

Thc chdi.d shuclut of llwrlDn is sivcD below

cHrcooH

Ft!rc 3.1.1 Cb.! .rr sructur. of nurcl'?lr'

!.1.1: Mdtad itt loPrMt tt'rt'$' ror tn' tpdti{pholohctric d'&rtrl!'liotr ol

fluror!?$:
Flusypyr hFe pdMv @ntic mine goup in 0e nol4ulc 4 ilDM tboE in Ik!€

3.1.1, Tle prepos.d m€rhod for lluroxvlJr dctminatior i! bd'd on ditui dploitttion

of thc r.ruy ddtlic di@ gorp fd lh. fo@ni@ of @ dv' Th' popot'd two $q

chdical reli@ t thom in figue3.1.2 'I1l. tBr 3l? involvd le rc&tion of

Omxr!,t wtu nitite $lulion in &idic dcdru to fofr th' di@ti4d tFduct ln tn'

sd@d sr.D th. dietoiz.d ptodct is F&&d *ith $ikuc @uPling rc'8p al rcom

t np@toG to fom . @loErt do dtt ln this inv"tiSaLion thc fintl otug' @lmd to

dF wd !..d for rh. d.rcmit rid of fl@xvpvr uing barch 'nd onlib'

schoDtotonetric n.thdt

8l



SreFr : Dl.2orlatlotr R.acrion:

St F2: Cotrpllng R.lcriotr:

Flgure 3.1.2: PrcD.$d .n ricar rclctlotr

of tluroryPyi

tor th. .pdtroplorod.ttic d.t rnitr.tiotr

3.1.2: Pt limlnrry lfl.stigrtion ol tb€ DNibitity of di@ri^tlo! tnd 
'otrpling 

for

lpe.tmpbotoi.tricd.t€mlMrionof fltroxypy''

PGlidinary studid *m cdicd out to invetigal' th' Posibililv of tie fo@tion of

cxDectcd M dt! hitiallv high concdhalio' of lluroxwlt (1000 ppm)' rclatilclv ldrsc

volM. of conccnFat.d hv<tbchloric acid, sodilh nirit dd v!'ious coupling '€aa'nc

lit. anilinc, ,.napl hol dd phool vsc ded lo fom thc dpdted &o dv' d rcom

tcnpdtuft. Thc ftlmahon of tle.olottt poduct (ae dvc) indicat'd the possibilitv of

grop6cd r@rion dd .ubslquat +*tnPhotomctnc d'tmimtion of 0uotvpF bv thrs

method. Iunn.r sfudies wer. focu.d on optimizlior of vsious pdrmet'* dd aG



3.1.3r OPTIMIZATION STUDIES FOR SPECTROPBO1OMETRIC

DETERMINATION Otr' FLUROXYPYR

3.1.3.1. Ir!6tigrtto! of suit bL wav.l.lglh fo. lh. $.crophotoh.cic
d.tcmh ior or flurorYPyr.

w/ryis sp.ctophoto@t4 (l-Nlco uv-2100 unil.d Pmduct3 &d Iislrun.nls lnc,

Dayon, N..I U.S.a), Disilrl  nallti4l Barancc (S.nona handv H5l, Cmanv),

Pdishltic pEh9, v"450 6 pon injdclion valvc (UpchuEh Scieiiilic, Inc, USA ), PTFE

tubing (Bc'otr Dick$n.USA) Ll9hm id,l-way @d.ctor'

Rag.nrs rtrd chenlc.lr:

All chdic.ls ued wd€ o{ d.D4ical Eag.nl Erad€ puity. Sodiln nitiie, B'Neph$ol,

hy<trfthldic eid, cildol, dd sdiu hydDxide ww u.d duing lnis wotk- Stdddd

efcmc. maisial of llwxt?}! w4 obilincd ftdn ACROS ORGANIC Belejln.

Comocial ldplc containing flMxypo w@ pwclacd conn@iallv fod the local

i) Nllrtt roltrrior Nihite etulion (IOOO ppm) *a prcParcd bv disolving 0 l5g of

$diun nitritc in 0.36 M llcl $lutior h . l00dl tolun.ttic nsk

ii) &trrplttol sobtlolr e@phlhol solurion (1000PPn) wD prcped bv di$olving 0 l g

of8 -.aphrhol i. l.O% ediu htdend. elution in . l00t'l volun.lic na*

iii) Stlldrnr nurort!}t lohtioD Fluoxy!)r soluiion (1000 PPn) wd pr.paEd bv

disolving 0.1 g of.ulhotic atddard of flwxyPyr in 50 dL of.theol dd diluted ro

1oo dL witn dtudllcd wata. Thougn d.9viF diludon Bing tlidilt.d Mtd 100 md 10

ppm lturcxtlrr lohtion wde pEPded flod t000pPmsoluli@

nuroxy?tt slddard solltion tml fon looppm sloc* solntion w.s tmf@d to 50 nl

volu.tnc fl6k To lhis 5nl of toOOpPn nilriL elution wa add'd Th' eulting

$lurion wd.quilibd.d ror smctimc fot dE fomarion of di@iiation poduct Thcn

3nl ofr-naphfiol (loo0ppn) ws .d,Ced !s coupling Eagent and diluted to 50ml wilh

8l



dkrill€d *.t6. Blank $lution wd pr+Gd tl@tr8l ln. .h. Prcc.duF widotrt th.

additid of llurlrtDr. Il)c tb6or!&@ of tlE Gllting @ dy. wa nsud non 140

ro 580m using UNICO W-2100 sp@toPhotoneld fot finding ont ihc optimuh

Mveld€$, llE absorbdc. wd not€d tith itc6ing Mvel4Sdr ed 4.h pav.lm8or

% calibntcd wirh bbrt $luli4 ftc culis @ givo in abl. 3-l.t ed N shoM in

figrift3-1,3.

T.ble 3.1.1: Itrv*tig.do! of suialble fllvel.lgtt fot th. sp.ctrcphotom.ldc

d.tmi!.dor oan!rcI'?yr:

340 0.u7 0.914

350 0.935 450 0_780

360 0.686

370 1.033 470 0.646

380 1.t79 440 0-612

345 t.234 490 o_574

390 r.292 500 0.485

195 1.116 5t0 0.390

Lt86 510 0.226

1.206 550 0.103

420 1.067 580 0.058

430 1.006



1.45
1.25
1.05
0.45
0.65
0.45
0.25
0.05

320 370 420 470 52A 570 620
wav€lddh (m)

Ftglr. 3.13: wiv.ldgrh opliniariotr for t!. lp.drcpnobD.rric d.ternitr*lon ol

n!.oi}?tr,

€

!.1.3.2r hv*tigrtion of th€ efiect of rllrtl. concdtntior on th. diat rnitior of

I! mbdr: TIE sm. a Datiorcd b.foc

R.rg.!t: Tne sdc a m@tion€d b.forc

solullotrr: Ite mc s ddtion.d befor.

llumxj'py standdt solulion 5rnl fron 100 PPn stock elution ws ttmfentd to live

spdr. 5onl rcld.dic 0dks. To 4ch of lh6c nds 5nl of dilf"'!r orcatralion of

niEitc i! lh. msc of 500 ro 25OO!pn vs .dd.d. To 0tc suXing dizodz€d prcduct 3nl

of p'naphlhol (IOooPPm) ws atued Ar otusc )€llow @ldd eo dve w$ fom'd in

qch fl6k ed dilutc.t wilt dhljlled v.Lr up 10 tld natk ScPdal. blsnl sol iotu w'rc

pFpu.! uius thc sm. p@.dr wi0Dul tt? addirid of il!rcxvpjt Thc absoibanc' of

rh. @ dyc wd h.!e!td.l395m $inS LNtco uv 2100 !!€lophotomtt'r fo'

N'ttiic $lutior (1000!pn)

en ththol $lutiotr (1000?Pn)



finding o[t th. opiimum concenlralior ofnilrila Th.6ult3 e givon in 1abl. 3.1 2 ed

@ sbom in fBF 3.1.4.

TrbL 3.l.t, In€dltttod of tt. .f.ct ol !|ffa. cudtr.rio! o. l}. .I@i&rtior

of Lnryw'.
8NO

(ppr)

500 0.633

1000 Ll43

r500 t/t7
2000 1.()0

5 2500 1.399

't.5

1

0.5

0

5oo 1000 1fo0 20@ 2500

NiSb@rE nt !q{Prn)
3000

Ilgrn 31.4.Ina.dirdon oflh..lf4t oflldt cotrartrtdotr o! O' dl'edario!

of 0urcx}lrc

\-. 395rn

FluuylYr $Mstl roPPm

Nititc &llnion (vaicd .m) tnl
P-nahrhol (l000PDn) 3nl
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3.1J.3r llvdtigrdo! oa tn..fi€cr of volun. of !ftrlc lolutiotr on rhc dieodzatlon

I$hn !t!: Th. rm. a ddtion d b.fd
Rerg.nt : The sme a ncniion d beforc

Sohtio : IlE sm6 a mcntiolcd beforc

Flldr!,r srrldard $lutio! 
'nl 

&m 100 ppm rtock slution M trdsfcntd lo six

s€pmtc 50nl volmefic n4ts. To thd ilaks v4cd volum6 of njtite (l500ppn)

slution in lhc sgc of I to 6 ml es add.d, To lh. lelting didotized plodlci 3ml of

Fn phlhol (loooepD) w6 add.d. Ar ods. yclw @lot d @ d,€ wd fom€d in acn

tl6k sd dilured with diniu.d ward up to ihe nark. S@Mtc bltnt solutioB w@

pi.pd.d lhrcueh tlre ,mc prcc.durc wilholt lhe addltion of nuDxrpy Th. ablorb&ce

of t!. @ dt! wN n arur.d at 395M. ftc @ll3 @ gjvd i! l!bl. 3 I 3 &d d€ shoe

Trbl. 3.1.3 lN6tigrrio! of t!. €,Iet of voluh. of litrit solutior or tb€

di!tutt.tlon of flurorypyr

s.No

(DD

I 0.995

2 2 1.400

l 3 I ,|1|0

5 5 1.540
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t

Fignn 3.15.Iocda.tlo! ofrn. clfdt ofvohn oflildt slldotr ort}.
diuriEdo! of lhorypro

F'lldioy! elutio!
Nirrit $lutid OJoopld)

P-Daphuol 0000!Fn)

3.1.3.4r llv6tigltion of tb€ .fi41 of rcdlq or

I!t.E|mr': TIE sdc a n@rided b.foc

R..g.!6: Thc !m. a idtioncd bcfoF

Soludonr: The @c a mdtion d b.foE

nmryplr stodard 3oluti@ 5d non loo pp! stock $lution wa Fafdild lo lir
sc!6dta sohl wlMctri. fb6lc. To 4h of lndc 0.!k! 5Dl oI dEilc 3olulion

(l5ooppn) pEpa!.d in difcrcnt concdhttion ol htdshloric a.id @dng foh 0 l_

O.6M wd add€d for ftndinS out fie optinum moalrily ofhtdrcchlo.ic acid rcqtrLed &r

thc fondior of di@liz.d Drcduct To thc @lting di@tized ptudet' 3ml of p-

n.ghrhol (loooppm) *s lddcd. An omsc J€uow @lotd @ dF v6 fodcd in 6ch

fl6k dd diluted with dhlillcd *atd !p lo thc ndL SaP&atc blank slutions w'rc

tne rb3oibolc. behrYior of th..zo
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t!9&.d thDu8h t!. tu p@!dw wirhout 0!. rddili@ of fl@rtlyr. Ttc absorbe@

of th. @ dyc wa E@u!d a1 395@. 'n sll13 @gimhralL t,I.4 and @shoq
irfig@3.1,6.

TtbL 3.l.4 | Ilvrdg.don of ft€ effer of rctdt0 otr rhc .b.o.buc€ b.h.rtour or the

s.No

rICr (M)

I 0.t2 0.058

2 0,21 0_l?3

l 0,t6 0_172

0.48 0.304

0.60 0,2t4

E

{

0.35

o.25

o.2

0
3

Figlr. !.1.6: tlvddgrdo! of tL. .f..1 of rcldity or the rbsrb.ft. bcirlow of l!.

)\*. 395m

Flexypyr ebtio. loppm

Nihite sol!1ion (l500ppm) 5ml

Hldlocnldic eid (M) vdi.d

d-drhthol (l000ppm) 3Dl
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l.lJ.s: Irv6tig.don of t!. .fiet of.od|[|D bydbltde co!@llntior otr dt.

.bsorldc. b.h.uor. of lh. uo dye

INtruBe : Itc rd. a ndlioned b.folc

R..g.!t!: fte sd. a notided bcforc

SolIliou: Tn sm. a ndlidcd b.forc

FluloxlpF sldddd solution sml fton 100 ppn stock slulion wa Farolercd lo six

s.pdi. 50nl volrmcldc ll$t . To €acn naL Snl ofnilrilc {l500ppn) elution w6

add.d, To Lh€ Butting d'@r4ed prcdEl 3ml ol &ntthlhol (lOOoPpn) sluton

pnpuld ir diFddr p.tqt @lmE!ti@ of sodiM }ldDrid. rugiry frodo.l lo l%

w6 add.d for fnding oul th. @tinm nolnt ofsodiM hld.oxidc An otug. y.llow

coloed e dlr w6 fom.d i. each flst and dilut€d tidt distill.d w.t€r up to thc m.rk

S.pd . blanl sol!ti@! w@ PEp$.d thou8h lh€ tu6 p@.d!E wiiloul th. addjtion

of fluorrpF 11. abaofttlc. of tll tzo d]& wa n6@d tl 395m Tnc c!lt! @

giv6 i. tau. 3.I -5 &d N stom ir 6guE 3. L?-

T.01.3.1.5: Opalnladon of3od|!dnydrcxtd. colcetindon for lh. mittmun

s.No

0.1 1,250

o.2 r.850

J l_660

4 0.6 t.045

0.8 0.984

1.0 0.199
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E

{

2

1.6

1.2

02

ng!rc 3.1,7: Opd.drltio! ofs.dird hJdrcld. co!@tr.do! foi O. nrtlnun
fom.dor of@ dyo

Condlltols: \-" 395nn

Ilubawltsolulion 10ppn

Nittt eltrtion (I500PPD) 5dl

. &@pntnol 0 000ppn) 3nl

NaOE(yt vdcd

!.1.3.6: Investigltion of rn€ eflEt of ,-DaPhttol concentratlon on lh. tbsorb.ncc

b.ndbrroftt. M dy€

I rnnclrs: an.3dc 6 6dtion.d bcfoo

Rag.!c: Th. s6c a notiorcd bcaor.

Solutiori: The smc 4 nation€d belorc

Flurcxwyr sldd.rd soldion 5ml fiom l0O pPo slock sol i'n w* trmfeftd to seed

sdp@t€ 50mt volum.hic lt.slc. To c&h of $6e It*lG 5ml of nildte 0500ppn)

$lurion w6 addcd. To th. Gutins dit?rliz.d ptudlct 361 ofp-mph0to! fton lhc d8'
of 500 lo 6OOOppm ws ld.lcd for findi.8 out th. optimM on @karion of&n'ghthol

An om8p yelow coloErt @ dye wd lomcd in €&h llsk and dilut'd wnh distill'd

w.t.r up b lne nrk. The absorbme of th. do dtt ws m.6!red a1 395nn The E3uxs

dc givm ir t bl. 3. l 6 dd @ shoM in ngorc 3 1 8

'l



TrDL 3.r.6. Opal|nL.dor of &ltpltlol cot.6trrdo! for t!. m.{non rorn.tto!

ofso dF
sJ{o

500 0. 7

1000 05
3 2000 1.060

J000 1.580

5 1000 lJ50

6 5000 1.999

7 6000 1.999

2.5

2

1.5

1

0.5

o

..s .ee +$ 
"o' 

*s 
".s

cona ol .ouplins E.gent (PPm)

Flturc 3l.&OPdi zrdo! of gn.Phrlol coldtrrtlo! for tte dxlnum formtlo!

of @ dya

CordtdoB: \* l95M

Fldrt?)r slution loPPd

Nitileshtion(U00r'lm) 5ml

&!4!eol (EiGd) 3nl
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3.1.3.7 Invdrig.tio! of rnc ef..t of &trPhllol vohn' on th' dsorbarcc

b.havior oflh. @ dY.

l$tnm.!t3. Thc rd. 6 ndtiotr€d b.foE

R@gatlr Th€ sm.4 ndtion d before

sohtion.: Thc @c a nmrion.d bdde

Flurcxtlyt sioddd $lution 5d Aon IOO pln stock lolntidn wG trsfcrcd to six

s.pe..tc 50Er rclMcEic flst To .!.h of ihd' lltsks ldl of nilritc (lsoopon)

$tution wB addcd for finding out the opiihu volum. of f-naphlhol To ih' GuliinS

dizotir:d ploduct vsi.d volM. oI p_mphl,bol (5OOO!Fn) sohiion in l!' 6n8' of I to

5d vs .ddt<t. An ofuge y.ltN @lorEd @ dv. *s fomcd in *h flst &d diln|d

virh distilLd *atcr W to thc narLmc ibsrlecc of d€ uo dr€ ws m'erqr al

395m. T!. Nlt! e givd in tlbL l.l 7 od @ shoM in fi8!rc 3 l 9

T.blG 3J,?, Optlnlzrtlor of tbe &n.phlhol volrm. for narihum lormatlon or azo

s.No
(.1)

I 0.448

2 2

3 3 1,240

r.420

5 5 t_270
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Figurc5.l.9.

I
0

1231
couprho E.sn.r vol!h. (ml)

OpriEizarior ofitcp{.pnthol yolon for n.nblu romirio. oruo

Niililc lolution (1500ppn)

3.13.8: D.l€nir.tiotr ol th. linlt of det dion .d qratrtlfic.rion of fluroxypyr by

I$tmndt3: Thc s. s nation dlrefoE

R.rg.trs: The sde I ddtion.d bcfod

Solltionr: Tbe sdc 6 mo!o!.d b.foF

lom sledard flurcxypyr eludon (looppn) dif.Enl volunc fq l0 to 0,5 tpn w.r.

t.tm i.50 tr volM.lric flsk. To dh nek oDtimu volM. of ls0opPm nir .
lolurior (5dl) ws add.d sd nircd w.I. To $. Euking dieriz.d product. optinun

volumc (4m1) of Fdphthol elulion (5000PPd) va 8dd.d ll'e sulrios 4o dve tas

dilurcd uD to t\. mar& wilh distilLd ward, Bla* sol$on w4 prcpaFd in ln. 5mc wav

eiiholt th.lddiliorofnNrypyr. Tn abGotbdcc of tne rBlhing 4o dve wa nesrcd

at 395 M. Tlc 6dts e grva in tablc 3 1.8 dd d€ slrown in fi!!re 3 l.r0 Mola,

abeQtivity @ calculat d by using ln€ fouowD8 lomda ed lound ro b. 2 19'lO'

cxL



wh@ A = .bsorbecc C sLrds fot concatstion (noldlit .) dd L st dds aor t.|n

l.oD and tOQ s.E c.lculatcd lor six rcplicde of 0 5pph $ludon bv $ing rhc

Linn ofDat.cdon (fd c@.nlt!tio.) = 3rs

Linil of Qudlifi.lrion (fd cotcdtr.tion) - loxs

wl@ S = Stddtd Ddi.lion

Rel.tiv. stddar.l daiation (RSD) wds calculatcd by using iE follovitB fomula

RSD = Srsdatd ddi idx 100

Me

T.b|.3.1,8. lN.ltigltlon olln..lIet ol coft.nrddon or iborbrnc€ b'hivior or

0trmDTyr.

(Ppn)

0.5 0.00? 4.0 0.431

0.6 0.01 5.0 0-534

0,7 0.067 6,0 0.58?

0-8 0.098 1.O 0.640

0,9 0. t,l8 8.0 0-690

1.0 0.235 9.0 0.121

2.0 0.3?5 l0 0.?60

3.0 0.424
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i
T
TI

o.2

0.15

0.1

0.05

{.05
Flurb)gn t conc.(Pnm)

!-r.rc L!..t|dr.f n drd.a.a.-!rto d' 
't|ornd"H|rlorof

ItrtnryPtrdbt r..6t !a'

coDdtdolr: \-. . t95M '
FldsrPtrDld@(l0oopF) llhl
NdliL$l ion0506!d) 5Dl

&!thh.l (500Q@)



3.l..tr INVFSTIGATION OF PEYSICAI PARAMEIIRS rOR ONLIM

SPECITOPEOTOMEIAIC DETERMINATION OT FLUROXYPYR

Alt physic4l pui.tss sch s the @dor lencth (Rl dd R2), flow 61. ed injeaior

volume w@ oDtinized for $. flov i.j.clion spel.opnoton€tric d€tminrtion of

fluroD?yr, while sl! th. ch.nictl paM.tcs oPtiftiz.d lor thc baich .nalv!tu of

fturcxyla ffi kcl th. sa SiM the optidM tmP@twe for diabriation ws

rcon r.mpcdtutldl FI Mifold! *@ sd at @n Ldpratle A oow iijcciion

!*nbly is sh(M in fuuc L 1.1 I

lig!rc 3. I 11: schcmatlc diagnn of ln€ FI @nirold (Sl) nitit. strcM (S2) F-'aphihol

strc'n\ (Rlidi!4tiz.ia'o @il, (!r) couplins @il (tp) pcRistllric punp, (w) w&51e, (D)

3.1.{t In6aig.tid of0w dt ol3ttt d folo.lh. lDdrnhotod'tnc

d.t .iintaio! of f!turtpYi
hltrun.lt nE snc as neniion€d b.fo.c

Rogdn: Itc !@. !s ndtioned bcforc

Sotlrionr. Ill. m. s i.tti6cd lcfor.

In. flow thr@sh dedbly nitdte $lution (l5ooppn) wd allowed to flow in tubc Sr

whil. rn @pliry ug€D! 0-mphthol (soooppi) w allostd to flow i' rub€ 52 FloP

rarc of rhe sy3t d *s studicd in rhe 6nge of !8mvnin fta 6il lenglh of @'10r

Rl.!d !2w 5odt dd 3ftd r6t clivdy r@ top9n ilurcxvPvr sobtioq lttl *s
injecl€.t in thc nitrii. djtd thrdsh . 6 pon ide'ior Elve to form di@tiz'd

+
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@g6t.Tlis di@tiz.d rEgot coupl.d with &mpllhol D @lor R2- The !b$r!$tc of

ilc @ dlt f@.rl {s Dasur.d a! 395m bv Bina UNICO UV 2100

lp€mpnold.ld sd di3plaFd tnrcus! obrutd pros@e Blark wG tdj$tcd bv

Uoeing contilous. strcm of nilrit. md p-.aPhthol solurion thrcugh lhe 3vs&n Th'

@Is@8iminbbl.3.l 9ardtnoMitt8llE3 1.12.

T.bl.31.9: ha6rig ion offlow .ofry3ten for onlln. 3P4leh'rontfi'

d.t rDirrdo! of nr.orypYi

s,No

I 1.0 0.@l

2 1.5 0.w
J 2_5 0.029

1.5 0.0t5

5 0.045

6 5.5 0.034

7 6.5 0.0?2

3 0.020

9 8.0 0.020

E

0.05

0.04

0.03

0-02

0.01

0
0.5

Flow lato otsFtsm (mumh)

3.1.12: IlvBdg.dotr of fld rtt' of 3v!r'h lor o ine sP"rDnoron'tric

dd.rriinrdor of lh.orypyr.

3.5 5 6.5
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colditlo*: L- 395d

injdtion w!m. (10PPn) tnr

Flowdt (n!4n'n)

Rl 5och

R2 30@

3.1,4.2: Inv6dgollo! of inj€crior volune for online spe'rmhobn'tric

det€rni! ion of nurotYpla.

hllnm.nlsi Tnc @. 6 natiotred b.foF

R..g.n8: Th. se s lutioncd b.f@

SolutioN: The se s mation d b.foc

I! a nov tuough ssmblv litrii. solution(l5ooppn) wa! tlloved to llow in t!b' Sl

while th. coupl4 68d p_mPhtlFl(5OOOPpn) M atloscd 1o flow in iuh' 52 llow

nrc of thc lFtd ws {.5n1/ni.. Ilt 6il laglh of catur Rrdd R2 *d 50m dd

3ocn tlpdrively Frm loppm flwivplr $htior vdied volund (lrml) ta injccled

in ine .iEit si.an . Thc tbsorbdc! of {re a@ 
'lvc 

fom'd wd m4sued a1 395!m

Th. eulls dc grv@ in r.bl.3 l l0 ed shown in figuc 3 l 13

T.bl€ 3,lJo:trvdtig.tton of irJ.ction volrE tor orll!' spettotoronciri'

dct rnin.lion olfl ororyPYi

s.No

I 1.0 0.041

2 2,4 0.040

l 3.0 0.040

4.0 0.040
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I
€

ngtrr !. 3:Irv6dg.lio! ol tlrddor r|!d for drb' tp4trolotom't'ic

d.idmln.ilo! ol fl ltoryDti
co!.tlttolt: \* 395@

- hjetion voldc vantd

Flov ralc (nYbi.) r'5

Rl :oon

a2 3ocn

3J.4Jr traddgr o! of dl.tolizhg col l"gth El) fot ollile lp€clrchotom'tric

d.t rDtudor of tr!.olyPtr.

I..truFdt!: Th. sd. s nalion'd tcfd!

Rttglrt : Thc as. 4 odtio&d bebc

Solndot!: Th. tme a! Ddlid.d b.forc

Ior opnmit.nd oI di@tiz'rion @'l l4gth El)' thc aamc pocdN w$ led s

ndid.d b.for. dlv llc tddn of iliazotizing @it w" vdi'd 8!ln lG8ocn Th'

&adtdcc of th. @ dvr fod'<t wt' mtll&d !r 395m Th' rasut! @ livd in ttblc

3.1.11 &d slbm h fulE 3.r 'I4
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T.br€ !.1,1l:OpdEtatior of dlsli'tiob c.ll ldgl! (Rl) for o h'
s!.ctmnoton€trlc det mltltio! of fl!rcxvpvi

s.No
l0 0.105 0,2r0

20 0.149 60

l 30 0.165 70 0.2t1

0,190 80 0.238

0_3

0.25

o.2

0.15

0.1

0.05

l0 20 30 40 50 60 7A 80

Flglr. 3.1.14:OPdblt tion ot dl.todttug @il ltlgl} (R1) fot onlln'

.p.cishoto6eti. d.i.rbhrtio! of fl lorvpvi

CondltioN: \* 395@

lnj@tion volum. lml

!l6w dte (nvnin) 4 s

Rl (cm)

R2 :ocm

3.1.A4:Oprtmiatiot of couplirg stl l'nglh (Pl) for otrlt!' specliohotomerrl'

d.t rDit.lion of fl urctYPYi

l lfln€nt Th..mc d i@doncd b'foG

R..g.!s: Thc a.mc s n.dtion.d b'forc

Sohtiou: Th. 3m€ s mmlid.d b'foE

l0l



lor oDtimiuitio! of @upling @il laglh (i2), dc s. PMcdwc wa ued d m'ntionc{l

b.foE only &e l@8th of conplir8 coil wa veicd Ii@ 5-?0cn color ws ddoped in

thc sde {ay d Edtid€d hcfoF, Thc aborbecc ofihe uo dvc fomcd vs ncsutd

ai 195M. Tlt Fsults @ Srvm in tauc I l 12 ed shoM in ngu' 3 l 15

T.bL 3.l.l2: Oprimlzrtio! ol corPlilg .oil ldgt E2) for orltlc spectrchotomeiric

d.t rnbrtlor of nurcrypYr'

0.020 0,240

l0 0.026 50 0.388

20 0.050 60 03?5

lo 0,126 0.100

0.5

0.4

0.3

o.2

0.1

0
10 30 40 50 80

Figui 3.1J5 OpliBL ion of couPlilg coil I'tr gtb (R2) for orll n e !p 
'clroh 

oton etric

d.t€miltrlotr of nurcryPtt'

E

{

7A6020

R1

R2

t02



3.1.45: trBtig.rior of limlt of d.i.crior

tp4troh oto n.lrl c d.t.rnl!. iion

lnstrun.lli Tle sMe ac n.nlioncd b.for
R.rg.rk: Th€ smc s maiioncd h.for.
soltrtio.s: Thc amc d ncntioncd b€foE

!tr.l Ilnit of qranrificrrbn fo. o.lir.

Standdd nmxyplr solulion of 0.6ppn -10?pn wa p.cpared i, sepdate l0 frl
volmctric ildks by taling lhc cquftd volumc of standard from looppm and l0 ppn

stock solnlion ed diluting wifi distill.d e.td. h ! tow $ronsn $.mbly nilrir.

$lution (l500ppn) ws allowed to flow in tub. Sl whilc the coupling Eagent p-

n rhthol (5000ppm) wa auow.d to llow in trb. S2. Th. fiow hre oflhe srsln *4
miltain d al 4,5mlrnin. The coil lo$n of !.!cror Rled R2 we 60cn md 50cn

Espatively. Ftum sl.Dd&d flEirltr solurion l-ml wa inj@t.d in ri. nitiic slrcu
$msh a 6 port injetor valvc to lod diuoriz.d rc.BoiTnt dizorizd e86t couplc

witn &na!h6ol in Ector R2- Thc ab$ibdcc of th. @ dyr fom€d *4 m@und d
395m by Nira ( llCO Uv 2100 s?dtophoronctcr dd displatd $rcugh cmpuler

Fogm. Bler re dju €d by rllowinS lo 0ow a continousc srr.sn of lile dd f-
naphthol solurion rhewh rh. st5to, ,A,iq .ach ntuing, systcm ed *hed wnn blek

$ltrtio. ed spl€ @il length w& wah.d eith dinillcd waia and dd.d by pdsing .n
tnrcu8n iL ftjs siv. a mdimm @plin8 thrcudDut of 60 Mpls pd hourThe rsnlls

eegivdinlabl.3,l.l3 dd d. shoM in figur 3,1.16. Mol.r absorptivity wa calcluded

by uitrg tn€ fomlla givd befoE e.d found to b. L5 x lolLmol I.cnr

10.1



Tibl. 3.1.13 : rd6tig.tlo!
oftr!rcryptr

of t!..fdt ofcolcltntio! o! lblorbrnc. beh lor

Figlr l.l. I d: hvdtig.aion o( tn. .lt4t of @trdardon o! ab$rb.!e behsloi

olo.ort?tr .t ld.r olcrtdtlo!.
Cddldoa: 

^*lnj@tion volMc

now Bi. (nYnin) 4.5

s.No

0.6 0.010

2 0.7 0.056

l 0.8 0.103

0,9 0 t52

1,0 0r00

2.0 0.340

1 0.456

J.0 0514

9 6,0 4.512

t0 1-0 0.622

u 8.0 0.680

t2 9,0 o.145

ll 10.0 0.8J3

0.25

0.2

0.15

0.1

0,7 0.3 0,9

Frlrdypyr corc.{ppml
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3.1.5t APPLICAaION Otr THE INVESTIGATED METEODS FOR TllE

ANAIYSIS OF FLUROXYPYR IN REAL SAMPLES.

Illtrurn.nt th. sMe s denlion.d bcfoe

S.mpld: Mai& dd whqt spl6 puEhacd &on mdk.l

Srbpl..nr..tiotr PN.dtrE:
Slddsd ooc.d@ fd th€ dF..tion of h.rnicid6 fqn lll' ral smplc a $'d r"'

Accoding to tbis ncrhod , U I of hom8.m?rd food spl6 (nai4 dd what g6in&

nour) w.rc hl6 ,n a bata hd tO hl of etv? ! (pchlnm ethd ind acdon' in

l : 

' 
)ps .ddc{t to ir fd extlction of hcrbi.id. Thc hixlDE ws sbakd for 2hi An"

.quilrbBtio6, lh. smPle ws filro.d dd rhc tilint. qd con'drakd on otdrv

cvaDorator uP to the volun of2nn

f!6 lh. dtret€d slpl.2bl Pft t kd in.50Dl volMelric fldks. To dch flalk 5ml

ofnihitc slutiotr vd add.d &d color ws d.v.topcd in tne sc wav a m60ondl

b.forc, Thc aberb@e of thc @loEd sohliotr eG ndw.d at 395m'

In cs6 ofontin dalysis lml oatn. dtrEl.d food sdpl' w6 itjeLd in rh' 'iurl'
dFm ilrcugh six po.r idetid valvc &d lh. color ws ddelop'd h tl& amt wav a
notioncd b.foE. The alsortoe of itt oloild sludon ws n*urcd ai 395nE Tlrcc

rcplic.tc udings wee tat n for ..ch samplc. A coml)irienn of both batch tnd FI

d.lrlis N givd in lable 3. 1 14

T.bltsJ.l,l4 ConparBotr of quarrlrtdv. .tltysk or nurorvpvr in rc'l ttnPl'!

both by b.tcn .bdyds t onllft trrlvllt.

agc)
5.6@0-00?

t.30t0.016 2.?l *0.010

3.30*0.001

4 2.6t *0-013 2.?0+0.016
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3.T.6: APPLICATION OT TIIE INVESIIGATED METTIODS FOR TIIE

ANAI-YSN Of FLUROXYPYR IN COMMERCIAL FOIIMULATION.

Ilstnment 'I h. 3m. s nention d b.forc

Srmple:Connercralsamplelsrann.rwd purch.sedfomloctlaarker'

l-3d of nuoxt?E fomllation ws lalch in lhtcc s.pa!.te 50nl voluncldc fl6ks &d

dislved with 25nn dhdol md dilutcd up to Mk wilh distill.d watd Fnn each

slutio. 5nl w.rc lakd jn $E. !.D@ic 50Dl volun.llic n4ts dd color wa

ddctope<l i. th. sd. w.y 6 notioncd b.forc fot bltch dtlvsis. Th. absolbdce ofthe

uo dy. fomed wa mqsulcd at 395M.

Fd o.line daltEis lion mpl. nek slulion dilul. $luiions w* Prepded in epd.te

lonl volMeFic IIa5t sd lbl frcm th6. dilut sol ioE wa injdr.d in nilile slr.m-

Thc aberhd@ of $. uo dy? aod.d m n drd .l 395m Thr.. Edicatc @dings

wrc l!t@ foi...h 3dpla Th. @lc of botb b.tch and onlin daltsis dc Sivd ii

T.ble3.l.I5 activ. i!8t di.!t ol t.rbicid. itr conD.rci.l fomlbrior'

(FrA)

0.1210.01 0.loro.0J

3.1,7: PE*CENT RXCOVERY OF FLUROXYPYR FROM REAL SAMTLES aND

TORMULATIONS BY USING TEE INVESTIGATED METHOD.

Ilstrun.nc The sdc a m.ntion d b.foE

A @v.ryt€st wd p.lfmcd o. @l.ol smpl.s, fonifi.d with tloM @ncctrtllion or

flurcx'"jt solution. IE solvot wd 4.Porat.d.t boE tenp'nluE for lhr' Tfie

qa&tion Drccedue ws cxsily thc sec wav as for lb' sample Six lcplicates of the

fonified sdpl* wec analrzcd by bai.h and onlinc icthod lsiig lhe sane prcc'dure as

ndtioncd beforc. Pdent recovarv w6 calculaicd bv usinS fodula given below Thc
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@ll! of p@6r t@v.ry of nuDxy?yr in @l sPl4 dd fodnulrlid bv b.ich lrd

d it€n thod e Sivd in lluc 3,1.16,

% R@vay = ac fould i. fonifi.d hpl6 u found in luDla t 100

,rg of3bndrl

T.bl. !.1.16: P.rc.ot R..Miy of ouotyprc h r.rl !.npL! .td fomul.iiotr. by

!.bt itc ltr€tk.t il D.ttod.

IIA

96.00 ro.0l6 97.5@0,Oll

95.50*!.01 9t.t0+ 0.014

93.00.0.009 92.00{.0r

96,0240.03

93.00+0.01 90.80r!.012

Itc chdicd @rion inrclrcd i! 6it Pdldw i.3hM in ii8uc l r'2 nwx}lvr ha

I pnnry riqndic die 8rcu! in th. moldla t! i[k Prcedw lhc pdhary tmnic

miE group es di@tly s(ploircd for thc foEltion of tzo dF Ir th! li6t tLP

nlMtprr ws r.r.t d with liEil6 in &idic n diu to fom thc di@$z'd Prcdlct'

rhich ws 3uh6cqudtly @upkd with oflimiz.d @pting Ergat p{rphthol lt Foh

rdporrN, A! o.egp @loFd .ro dy. w* lhc lirrl Prcduct' *hich wB n.NEl
spccllplDton tdcdly for dctlsindid of flNrlDyr.

Vdo6 !.@.td liLc *o.ld8tlr niFit cmatr'tion hvdrochlodc eid

@ngridolr @DlirA €8g!i 6n6lr.!io &d phFic.l pDh't'R for flow injcc$on

e.rysi3 r@ optinizcd fd rhc nuiNn fomriion of @ dv.. Crlibalion curw 
'nd

linit of ddation ws .ls inv6tigd.d for lh. Prepos.d h.tltod uing both blrch &d

r{fia udini!.ry .iFinErt! th. .zo dF fmcd wa i4dtigrrld for lh' optimun

wrvcLngth. tlE lslts t! grd in nble3.l t .nd @ lhom in ligu' 3 l 3 At d b'
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s4o fron li8urc 3.1.3 lh€ eulting &o dr! ts ! Duinun a6$rban@ t! !95nm which

ws lub.quen{y use<l s optinm wdv.l.ngth foi tunha inv*tigation of nloxr?tt'

sodium niirit. corcdhlti@ ws optimiz.d b.lw.d 500_2500!pn(tzble 3' l 2) ftd it cln

b. sdn ton liguE 3.1.4 {rat lsooppn ws tlt. optimr cnncdlration of nilrit' fo!

tsimm di@lizatior Vdiou volm6 of 1500ppn dtdt' $lution in thc mgc of l_

6dl vE 8.d for rhe 'dinu fotuadd of @ dlt Tlt' BuIs e sivd i! labl' 3 13

ard shoM in liglc 3.1.5. As m bc s@ ftom fguc a r 5 tbar 5Dl of nitril' slution

ws sulncidt for the IdiJlN di@iiadon. This opddm volm' of nitir' $lution

wa ucd fo! ifihcr i.vcstisation of flNxvpF dd@inaton

ftc di@tizition Ea.iio! iakc placc in lhc eidic mcdia thftforc t}tc molirity of

hyd@hloiic eid w6 ale optinizcd for $c maimun fomalion ofeo dv' Thc Esulis

e given in rablc 1.r.4 dd d. snown in figuc 3.1 6. Ar oe be secn fton fi8lr $al

0.36M of hydr@hlonc &id wd ihe otiimun concdtralion for ruximlm uctton

Simildty |he ldcdoga con@bation ofsdiuE hvdoxide ws studied in thc rd8p ol

O.l - l% (rabl. 3. r.t. lierlr. 3 l ? shows th.l o 2oZ or $di@ hlddide is thc optinun

For coupli!8 t@!o4 lhc @nentdtion .nd volumc ofcoupling dgot p_naPhlhol was

oDridiz.d tor $c fomaliotr of mdimutn @o dyc The culls d€ Civ'n in labl' l l 6'

3.1.? dd dc shown in 6guft3 i 8 & 3.19 A! can b€ sm li'on the li8lrB $at 4Elor

IOOOlpn t-naphthol is the opiinum volunc for ndioum fomttion of ad d}l'

Opltnlzltlo! of Plram€tcn for onllrc.ntly3b

For onlin. studi€s all lhc ph$ical pd@.t.s wft optimidd for Fl an'lvsis of

fluoxypyr, Thc PI a$dblv'6 s.l al rc.n t'rnP@turc ed shom in figurc 3 l I I

Th. 0ow 61. wc optimized in lh. dg. fon !8hvmir for tnt dlin' ddmintlion o'

nuorytyr (t blc 3.t.9). AJ.e bc sq aom figw 3 r'12 lnat eha lhc flos dtc wd

inc@.d, ih. lign l inMed up to . ltow tat! of 4 5nl'tnjA ed d4@cd al hi$d

now Etca. A flow arc ol4 tmvmr qd scl@Ed 6 lhc opimu nos mtc to ob@:n a

good r$Pfit; rare, p.zk eidilt e{t sdsitivitv. With 0tis $te a sdpling tho$gh Ptrt ol

60 mpl.s/h wd a.hided

t0E



Thc nj@tion wlum. of sffiple wd ale invca$8ated in mge of I _4ml s given in table

3.l,l0ddcdbcsc.n fron figm3 I l3 Asampleloopof ldlwasscldlcd tonaint'i'r

Thc @it la$h of @clor Rl ed R2 ws invdtigdl€d in lbc mgc I0_8&n dd 5_70cn

rcr*rivcly s Sivcn in tlble 3-l ll &d I l 12 fd shoM in fi8uE 3'l t4 & 3l-15

r6petiv€ly. As cd b. scen Aom fisut 3 l 14lh't 6ocn is th' oPtimln losth for

@ctor Rt. Abovc 6ocn ihft vs a slight dEr4' ir $e 3ig'al of lhe di4o$zed

lroducr Sidildly figuc 3 r'15 show dut coupling @ctjon is fdt 6 conpar€d to

di@azslio. redtion. Thc sient wc muimun al SOcn ldeth of ib' Eelo' coil R2

but de@s.d at ga1* logtu, be.se of Up d@mpcition of @ dv'

Ar optinm conditiotu. th. cfr6t of lovcr corc@tarid of nNxvPtt O'lowl ppn) on

rb$rbdc. n.h.vior wd inv6ligalcd 10 cdcd.tc ih' l-OD dd LOQ for ihc inv*tigald

n.lhod both for batch ed onlin€ ealr5is Thc Buls arc givc' in tsblc l l 8' 3 1 13 a'd

e shoM i! 6$rc 3 l,lo & 3 l-16 Gpativ'lv Tn€ LOD md LOQ wd' calcnlaled ior

thc invstiSar.d mctlDrl sin8 fomula givd b'foE dd wft folnd lo bc 0 olppfr md

O.I ?ppn for FI datysis dd O.073ppn sd O,25Pph for barch eal,lit cP@tvdv

Thc RSD wd also calcul.kn both for b.tch stlvsi! and @line @allsis md w6 routrd

ro be 2,4% ed t 6?% BPectiv.lv. Mold $$ptivitv es calculttcd a tonnd to b'

1.sx lO4L,Dofr.cm I dd 2,l gt lOaL nol'r'cs rfoi odine dd batch analrlis F6p'c$velv

thee pala€h6 indic.i. lhe suitalilitv of th. n thod to he adopi'd fo! dalvsis

Apptietion of tt.lov6tigt d n tnod lor th' dtltsir ofnuiotvpvr i! omnercitl

foEd.6o! rtd i! rdl !.mPL

Th. ,nvdtgal.d n.thod ss applied lo! thc d'tmination ol nurrvplr in commcEial

fomlldon dd allo in Gtl smples of sh'al. hrize gE:ns and in nour (lable I I l a &

rablc 3, L 15). Cslibration cut. of st ndard nuroxptr was ucd for lho ddminanon of

nurcxyplr in foftulalio. sd in sl smplcs Thc following fomul' wd usdd fot

dlolaljn8 lhc &tiv. ingEdiol in fonula[o! dd for cidlc d'tmi'aion h @l

r0d

G.R(!s/nll\ volr€ maddml)r D F

Wcidt of smpl. lal@n (g)

WIae G R reptcadt g.aphic2l rcading tnd D r stands for dil ion f8clor'



ror dlin mrbtsb ih. Bidue ldel in rhc andtz.d wnst gdin sd floui smpl4 we€

foud to bd 4.0olo.047pcls ud 273+Oor tr9J'ftsp@tie.rv rn haiz' gain dd 0ou'

sdDle, 3.30d0.015 pelg dd 2.?Ot 0.016 P8lg of tmx"tt vcrc found cp.ctiv'lt

ah. 6iduc l.v.l foud s@ Duc! higb4 lhd thc NZ f@d saf.lv .utlF.itv 2005 MRLs"

*,Iich t O.l t g/8 for @aI graim. Thc @lts of o.lb. dd bat h ncotod w6' ale

@n@.d. Th. n.i!od. v@ rucs36rlly 4pli.d for thc dct mination of tn€ eftc

iryrcdidt cotc.nlralion in comftial fomulrtior of 0@rv!'r hdbicidcs- The lover

valu€ of $c etivc ingledidts oblained in lhc com@id fomulations show'd lho

aduttdtion of h.rbicide by local d..l.B

A rovery ldt @ pdfoded on th. mtol s@pl6 fd ih. d.tmiBtion of flmxt?vr

(tablc 3,1-16.). Thc t@vai6 of ilNxyPvr ton thc foni6'd what dd haize sdpl4

wi.d bcts@ 93% ed 96% for onlinc tdllss dd m 8% ro 9? 5% for balch @lvsit

l) J.Shah M.RJ&, M.Naf*6, S.Noutd ed Nol!@ Bhatti, 'Monilolins Pesticid'

R*idB in FEsh Fruits Mek€t d in P6hawe, Palislm , Am'ncd Laboalorv .

rrplic,rion rct 22, (200t.
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3.2:INVESTIGATION Of SPECTROIITOTOMETRIC METEOD FOR

DETERMINAIION OF ACETOCELOR-

Th. ch.dical shnctut of scetochlor is givcn below.

cr-c,,,-{ fB,-cH,!-ctir-o
cl{r-cHrH:C

Figlt !.2,1: ch.micd llructurc of ,4locnbr

3.2.1 M.tbod developn.rl ltrtt gv for tn. sp€cimPhotohelric d't€rmlnntlon of

Ac€r@hlor is ch.mi.atlv 2{hlocN_(clhoxtmdnvD-N-(2_elhvl'6'Fctfivlthenvl)

eeimidc, Lookirg in to tn. ltructur. ii i! cltu rhal on hvdobtsis it would lead ro

desndalior pmd@t 2-c$yl6-nethyluilinc Acelochlo! give ln€ s0nt p!od!c1 wlls

apostl io lighl 0). Th. psp6ed chqnical Eethod i! ba.d on using lhis poducl as

couplng @8dt with alradt di@tiz.d spai. Ttr. pbPGcd Fa'rion involve 3 sl'ps

s shoM i! nguc 1.2.2.

3r.2. Pr.ltnhlry itrtstigalion of lh. Po$lbitrv of hvdrol$i! and 
'oupling 

for

lD.ctroDbotoDclrlc dct.ruildo! of rcdocblor.

Pr.limin!ry sl!(|i6 wd condlctd ro invdtisarc thc Po$ible bdolvst of ac'l@hlor

dd {t $|)s.quot !* oa thc hvdol}zcd Prcduct s couplins ragent lritiallv higlr

concotratio!_of acetohlo. (lOO ppn), nhtivelv lage volune ofhvdbchloric' sodium

nirik od @ioB di@tizins @sdt lilc sufadldid' eilin" P-triloanilinc 6d

sdfrnilic scid wd tlicd lo lom 0E.iP*t d @ dlt at oon tmp'nlutc Boln acd

dd bse hydlol'6is wq. ticd by n tdng ot waLrba$ fot a timc p'riod of 30 rinut6

Ile lomdion of th. colorcd m dvd *ith acid hvdrolFis indicaled th' Possibilitv of

racdon rld subs.qnol 3p@ltDPhorodcltic dct.dimriot of acet@hlor bv this ncthod

FDrtbd studi.s w@ f@$cd on optimiz.tior ofvdious paMd6 ard arc Aven below
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1.2.3: OPTIMIZATION STUDIES FORSPECTROPHOTOMETRIC

DEII RMTNATTON OF ACETOCIILOF.

3.2J.r. hvAtig.tion of.!il.bl. eav.l.nglh fo. tne der€rnln.tior or lc.lo.hlor

Thc Fl systed .omprk.d a pdislaltic pump wilh PET (i.d, Llghm. B.cton Dickson,

USA) dnd silicon (i.d,l.7lnn) now tubcs, a V-450 6 pon inj4lion valv. (Upchurch

Scidrific lnc, USA) and r UvNis sp.ctophotoocia (UNICO UV-2100 Uoited

Mucts ed Insrondrs lnc.. Dayton, N.J, U-S,A) 4 r da.ctor wd uscd.

R€.g€n& .!d ch.mi€b
All chdicah used wcrc of an Yical G!8crt exod€ plrily Soditrn bjdlc. Anilnt

(Merck), @ncdtraled hrdochlonc &id (M.rck) ed ethdol (Mcrck), w.e urcd dunng

fiis *ort. $edad rcf@c. mat dat * pwha.d li.n Dt.Eh4lortd CnbH

Cmdy, Com€rcial smplc containinc lc.tlcblor ws purcnsed conmcrciallv fbnl

Arilirclolnrior (r%): I % dilinc elulion wG pePaial by idding I Dl ol Milin. in 50

Dl of cihmol md dilulcd wirh distillcd walf up ro l00ml.

Nitritc solnion (0.15%)r Nil.ite soluiiof, was prepa.cd bv dissolvine 02258 sodiun

nirril. in distill.d wat r.nddiluredWlo l00nn.

Dibli, d uitil. !ol!do!: Dietted milin elution vG pEPard bv mixin8 .nnb

elulion (0.l5%) dd anilinc soltrid (l%) ii a 3: I 6to.

Shntrr.l hydrclyzd lc€rochlor solutior: Aceiochlor lolution, l000Ppn *is pEplBl

by disolving 0.lg of acalochlo! in linlc .r!!nol dd dilut.d uplo na* wilh dhtillcd

wdd in a loonl voluhcd. flsk, A loml ponion w r.Ln in a tlsk frod l000ppm

sI@k solurion dd 2fr1of@ncmtnled hydrcchlodc acid ws addcd to il followcd bv '
few ml of elbanol md disiill.d watd fte resulting eluliotrs *as heated or i boiling

watq b.th fo! 30 nnrnrcs, cool.d, dbelv.d in20nlofe$6nolond diluled wnh dhlilled

wara in . l00mi volun.ttic t6L. \vo jng slmddd slutio.s w@ pFpdcd |'on

t tloltz.d s{@k $lution by dilulion wilh disliu.d wter-
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FF6 !t@k solution of di&otized &ilin. snn w6 ral€n in . 50ml volmelric n6k aM

5mlofac.t@hlor from looppn hldollz.d siock solulion w'! add.d to it. A Ed colorld

uo dt€ wf fon.d .onntuin8 the coupliig abiliry of the hydrol)zed producl. Blank

slution ws pr@aad in lne sc vry wilhout lh. addition of @lochlot. Th.

ab$rb&ce ofthc cultina @ dyc w6 n4!r€d froi 380 lo 600u Ging lDllCO UV-

2100 spci.ophotomctd lor dnding our thc oPdnun wavclcngd'. ftc absrb0ne *a
notcd widr ircEing wavelength dd *ch wavelenglh sxs .hlibnldd witfi bltnk

3olution. The eulis e gjvd in lable 3.2,I .nd .ie shovn in ll8trG 3.2.3.

TtbL 3.2.1 : Ilv6tlg.lio! ol suii.bl. sw.l.nglh aor tt. d.i.rmhation or

J60 4.532 0.91t

3ta 0.985 480 o.146

380 L_375

390 1.491 500 0.487

1.53 510 0 421

410 1.492 520 0.372

420 |.421 510 0.tl
Ll69

\.297 o.26

450 L113 590 0.206

460 I 068 640 0.192

|l4



e

1.3

1A

0
2fi ,150

Ftgurc 3.2.3:hv6dg.dotr of rritabl. w*.l.4lh
Cotrditios: I^.

for th. d.t.rmin atlon of r ceroch Io r

3.2J.2: Invdtig.tion oflrit.tl. dl@ti.ing t ag.rt for t!€ spetrophotoD'bic

d.l.rmllitio. of tct chloi

IBtrumenlt: Tlc sd. d idtioncd before

R.rg.nt!: Thc sd€ a menloned before

Solodolr Adlt{ical Gagdt gFdc puily rulfa.itic &id, srlfarildid" siline' dd P_

nitroMilift q.rc used s dielizirs Hgdi. Sl@k elution of 1% of caqli dieolizing

r.agenrs w$ pr.ps.d in fou! s.?mlc volunelric n6ks and diazolizd wnh nltil'

solution in I:5 Erios 6!6tively. Th* stc* elulions wF u$d for irnhcr

FDD sto.k lolution of dh di@tiz€d sgmls, 5nl ws tol€n in a 50sl Yolumdnc

n8l< ed lnt of &croclior tom lc{hpn h}dobz€d sto.k soluli@ wd 
'ddcd 

b n A

rld colded azo d)€ ws fomcd S.pmre blonk solulion w$ prcParcd in tl'e same vtv

wnhou! rhc addition of rcdochlo! Th. absotbNcc ofthe ellling uo drt vs medurld

at optidm *swldglh (400!w) sing UNICO uv-2100 3p*tophorod'l4 for linding
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o the na{num abs.rption. Thc lslts arc Avm in lablc 3 2 2 ed arc shoM in figulc

3,2,4,

T.bl. !.2.2Jtrvdrig.tion of 3ulbbL di@tl2hg rc.g€nr lor the 3perrophoron rric

dd.mln ionofuc"lochlor,

s.No

0,119

2 0.089

.l 0,126

1.28,2

€
0,6

""'-"

3,1.4:Irv6tis.tio!olsrirrbl.dimriziryr.rg. forrn.sp€ctrcphotomctric

d.t rn|! lor of aatochlor'

3,2.3J: Irv€ igalior ol.cid concertration for hvdrolvst or nc'tocxlor'

ln.trunerrlt Thc same s nrdtioned before

Reg.ni!: T6. *mc a mdtioncd bcforc

Sol'rtions: srnc$ mfltioned abovc

l16



lonl of shnd.rd e€tochlo! fon IOOO ppm st@k elution {6 tekd i. livc scPodie

rirrafion fldk! and vdi€d volu. ofconcdratcd hldMhloric eid w8 added lo il to

fom 0- l-0.5M HCI $lulion on dilution- This M follow.d bv addition of I nl ol dhanol

ed lO nl ofdisrillcd walq. It N6 healed o. boiling wat r blti lor 30 dinut s Ailo

c@hnB2oml of.$ool ws addcd to rl dd drlurcd up lo narl wrlh dishlleo sat.r ir d

loonl volumcrric flsk. Iom ttek slution ofdiuotizcd Mgcni 5ml wd ltlcn D a

5oml voluoetrjc fldk dd 5nl ofe.tochlor fon loppD hvdrcl,zed siock elllion w6

adC.d ro it A red colored ah dy. wd fodcd Bla.l solulion wa prcp.rcd 
'n 

thc sm'
qy wnnout th. addition of r.!oc oi Th. alsoftsc. of tne culti.g zo dtt *a
m@urcd at 4OOdr, Th. Eult! ac given in €ble I 2 3 dd arc shown i. Iieut! 3 2'5

T le 3.2.3:lnv*tl8.tion ol lcld .on..n lrution lor hvdrolvsis ol nc€iochlor'

s.No

0.1

o.2 1,47s

3 0.3 1.475

|.415

5 0.5 |,475

1.17

1.465

1.46

o o,2 0.4 0-6

Hclconc.{M}

tnvsdgrtiotr of l.t conc!(ntior for hvdrol$k of 
'ccl'chlor'

t 17



3.2J.4: Invad$tiotr ol hyd.olysi! tihe for lD.crrcphotonet.ic dcterrdutioD of

lnstrumert!: Thc sme s Dotioned bcfor.

Rc.8ctrts: Thc srmc d nention€d bcaorc

Sohtioq: en. a ddtioncd abov€.

loml of llandmd f.lochlor foo l000ppn stock solution w6 taken in wcn sep.rllc

titation flak. md hydrcltzcd in the smc way a motio!.d bcforc. Thc hrdollzcd

$lution w@ b..t d otr boililg ward hath, Ilc harinS rin. e6 varicd lrcr 5-50

dinur6. AIt r celing 20ml ol e$anol was add€d 10 it Dd diluled up ro $a* *nh

distilled w.tcr in a l00ml volu.kic flak. Color wa dryalop.d in lhc aanrc say I
n lrim.d b.foE. ft. ab$6d.c ofthc 6dlh8 @ dt€ w6 mdur.d al400.n. Th.

lwlrs m aiva in rabl. l-2.4 .nd e. rhoM in 6gure 3.2.6.

Trbl€3.r.4i Inv.rtigation ofbydrolyd! rln. forspectrophoton.rlc dct.rnlndlon

of rc.toctloi
s.No

I t.538

2 l0 1.545

3 20 1.545

l0 1.538

5 1.535

6 50 t.515

II8



E

1_55

1_545

1.53

1.51

Flgurc 3.2.5! Ilvsdgrtior of hydmlyri.

ol.etochlor.

Ac.lochlor soluion

Di@tiad qSol

tln. forspetrophotom.t c det rmir.tion

3.2.3.5: hv.lllg.don of lh..ff.crorNiirlt onc.ntrtdo!or lh.aborbr.c.

b.hdlo. ol tte &o dye,

l$tnndilr Th. mc d b6lion.d bcfoE

Rqg€.b: Th. lde s mdtioNd b.l@
gohtioN: s. a! oentionrd .bove.

Hydloltz.d edo.nbr elutlor ws pr.p.t d i! de tuc sv * m.nfioncd aborc bv

h.aling on boiling Mt . bsth 16r l0 ninlt s. Stock $lution of di.zoliz.d @gdt vce

pr.pe€d by nixinA variols .oncentbtion of nitriie elulion i € frcm 0 0t0 3% with

anilinc $luli@ i! 5:r rado, Flom @h oalh@ $lution 5nl wa r.lcn in a 50n

volumet ic nsk and color wd d.wlop.d th. $mc wav d nEndoncd bclorc' Thc

r.sulrs @ giv.n in iable 3.2.5 d e snown in tisu€ 3 2 ?

ll9



b.brvlor of tb. @dya

0.05 1.514 0.20 t.541

0.I0 1.52' 0i5 1.541

0.r5 1.542 0-10 t.5t6

Table3.2.5: Inv.Ntigltiotr ofrle efl€ct of Nlhn. concentratlon on t]. rblorbaDc.

E

figrr. !.2.?: Ilvari4tior of th. .fiet of Nitrir. conc.lttltior or lh. .bsorbarc.

b.h{vio. of ite tto dyc

Condttlor!: tr-,. 4oom

A.ctatlor$lution loppn

Dizoriz.dtagdt 5ml

3,2.3.6r Irv.lltgtdo! ofth. cff.ct ol Nilrtt volume on lh. !bso.b!n.. b.havior of

Inshment!: Thc smc a mcrlioncd bcforc

R.lgetrts: Thc sme d n.itlo..d bcfoE

SolutioN: sc s mmtimcd .bovc.

St@k solution ol di&orizod r48ot welc prcpded bv rixing nirdlc (0 l5%) solutioi

with miline solulion. Th. volud..ftrnili.c wos kcpr conshn i.c lmld lhalofnitrit

{s vsicd frsm 5-18 ml. lom 6ch of tnd dietiz.d @gcnr $lulion 5nl w$ $ld
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in ! 50nl vohdetic fl$k dd color w6 d.veloDed in lhc same wav a neniimd

b.forc. flE r.sulls aa give. in i.blc l.2.6 .nd .re shown i. fi$le 3.2.8

Trbl.3,2.6I!v6aig.rion ol tl..fidt ofNittt rolun on rh. lbsorb.rc.b.lEvior

s.No

5 t.242

2 8 1.521

3 l0 L538

\2 1.5?8

5 l5 t.513

6 18 1.539

Figun 3.2.8:Ir!€dg ior ol lb. Gfacct of Nltrll. volune or rhe absotbuce behdlor

3.2J.7. IDv6ligtdor ofrhe.lfcct ol. lin.cotrcenhtiot oh the lbtotb"c€

b.hwlor of the @ dY€.

InlrruMts: Th. .de a nolio..d bcfoE

R.r8!nB: Thc asF s mcnlion.d bcfoE

SohtloN: sdc s Fdtioncd above

5101520
MEft. vorum. (ml)

l2t



Stoct elutioc oldieliz.d Egmc wd. pEpalld by miri.g vdiou corcmtralid ol
sili!. slulion i..- 6!m 0.5-2-5% with 0.l5% nihit€ solution in l:12 nlio. Fmm .eh of

tlBe diuoliz.d reagdt solltions 5nl *s tak@ in r 50ml voluneiric n6k dd color

w6 ddelopcd in lne @e w.y 6 rdtioncd b.foE. Tnc caulls e Cir.n i. labl.1.2.?

dd N sloM itr fgw 3-2.9,

T.bl. 3,2.7:I!v6tigrtio! of thc €{lecl of rnllln. corc.ntrdio! otr llr. lblorbmce

b.hreior ofth..2o dys

s.No

0.5 1.090

l0 1.541

t.5 | 521

2.0 t.452

25 t.4|l

Flgure 1.2.9 tlnvsligrtio! oflb. efi4iof.trilin. @ncenktdon on rhe nblorbance

b.b.{or of lh. rrc dyc

Cordiliom: I^. 400nn

Acctocblo.&lution loppn

Diazotiz€d s8@l 5nl

31.5

€1

€ o.s

I 1.5

t22



3,2.3.8r ltrctlg.rior ofth. efi.cr ofaDltne votumeor th. lbsorbifte b.ttlvior ot
th.bdya

Instmme r: Th. smc as mfitiore<l befo!.

Raeols: T[. hc s m..rioDcd bcfoE

Solution!: srmc as ne.don.d abov.,

St€k $lution ofdiuoti2.d @g.nr w.s pEpd€d by miring of to^ aniline sotution with
0.15%.ilrire $lurion. Tn. btu6c ofnikirc elution ws kcPt 6nsre (l2mr) md lh
of milinc pas v{ied foh l,8nl. Fom ..ch of rhBe didotizcd rcagflr solutjon, 5ml

E lr&co in a 50Dl volmetric ftsk a.d cotor w6 dd.loled in rtrc enE way a
h.nrioocd h€fo.., The l8ults ac 8iq jn labl€ 3.2.8 dd d lnown in nsur. 3,2. t ().

T'DI€ 3.2.8:ttrvBtlgation of tn. .faet of rnitin. votuh. o, lle ,b!o.b.re b€n.vior
ofth.rzody.

€

1.6

'1.2

1

0.8
0.6
0.4
4.2

0

0.5 2.5 4.5 6.5

anilin6 volums(ml)

85

8lgEr. 3.2.10. Invetigltion of r!. .fi.ct ot.niti!. jotuD. on

b.hrviorolrhe aa dye

(nD

0.218 5 |.u1
2 r.029 0.721

l 1 261 I 0.324

L362 8 0,157
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Cobdhlo$: I"-. 400nm

Ac.tochlor$luIio loppn

Di&tiz.d rcagal 5ml

!,2.3,9: Inv6rlgrrior ofrhc €lf€ct ofvolun. ofdilrotized r.rg.nr on rh. ahorbrnc.

b.hrvior oftb€ oo dye

|!sFun.!t!: Il)c @c a ndtion.d befo€

Rclg.ntsr Tr. sm€ d ncntion€d bcforc

Sottrdonr: sc a nnlion.d abovc,

Stock solution ot draolizcd HAhl ws pGP&d by nixing of I %anilin. elulion wilh

0.15% rilrite solution in l:3 Flio. Vdious volMe of di@riz.d egdtranging frcD 2-

l4ol w.d hkd in s@a6tc 50tnl volm.tric flsks ed 5nl ofaerochlo. from looppn

tydmly2cd stock elulion wc addcd to eeh fltsk. A r€d colo!.d uo dye wa lomed

Sepdtc blalk elution e.5 prepdd in fic @e way witholt (hc addi on of el@blor'

The obsorbance oflhe !€sulting azo dye w.s nedtred al400n !si.gUNICO !V-21()0

slebophotomad.Tnc @tt m Eira in t.ble 3-2 9 dd .E snoM in fisuc l2.l I

Tnbte3,2,9:lnvcallgarion olticclf@t olvolrmcol dltzotlzcd rcle.il o. tto

.horbd.. b.nrvio. ol lne % dye

s.No

I 2 0.4:0

2 | 521

3 6 1.529

5 t0 1.541

6 l2 t 54l

7 1.54 t
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1.7

1.5

r.3

1.1

0.5

2 4 6 310 12 r4
Drr6ii4d D.s.nt volun.(nl)

ngn. 3.2.11:Invcatigttlor ol lh. cfldl of volun of di@tit.d r€.g.nl otr th.

dsorbttrc. b.hrvior of rhe no dyc

Corditlons: l-". ,l00nm

Acctocblorelltion loppn

Di@rizd dg6t @ied

3.2.3.10: In{rtlgrtion oftn. df*t oI €qulllbntior tin. on tlr.,horb$c. beh.vior

INtrtrn€nts: Thc sme a6 nEdion.d b€forc

Regdts: Tb. smc 6 nc.li@.d b.foE

Soltrtlonlr sme I mentioncd abovc.

Stock sohtior ofdi4olrz.d @gdt wd p!.pdtd bv nixirs of lol@ilire $luliotr with

o.l5% nit ile $tutior in I :3 6lio, Didotized E gml (l2nl) wa Gk n in spdtc 50nl

votmcki. lldk ed 5nl of lc.t@hlor ftoD looppm hldol)zcd slock solLnion ws

!dd.d to 4ch flsk. A rcd @loEd @ dr! ws fom.d. T[e solutios w.E equilibrrt€d

fo. difd.trt tim. intdak @Crng fton 2.60 niNlc dd ab$ttdc. wG m6$'d d

4OOm using UNICO UV-2100 sp4lropnolon t€r' Thc Bultl de given in tablc 3 2 10

and arc slbm in fiE!rc L2. 12.
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r.023 30 1.18'

1.456 1.739

10 1,789 40 1.789

l5 L789 45 | 789

20 l.?89 50 1.789

25 1.789 60 1.7s9

T.bl. 3-?.Iorllvgrig.lton oftt..lldr of.qollibndor tin. on |n. r[sorba{c.

b.bar4or of rh€ @ dye.

f

0,4
o.2

m

ItBlr. 3Zr 2:Inrerigtdor of rh. .lfEt ol.quilibntion timc on th€ ebto.bocc

behrvior otthc rro dyc

Colditiod: I *. a00ml

Acclochlorsolution loppD

Di@tiz.d e€6i lonl

3,2.3.11: rNstlg.tio! of tb€ lihlt ol der€cdor ..d llhit or qunlific.tlon for th€

tp.crroptotom€tric de!.rmltrrdon of tcerochlor

hrtrum.r.r: Thc mc s Mtion.d lEforc

R..g.nts. Thc !m€ as mendoned bdorc

Solutiotrs: Thc 5d. s mdrion€d b.f@

126



Fo. d.&miution of ddetior limit, dif&F.t wlM6 of 3tudald fiydollzed

ac€{ochld ( loopprn) $lution fo. narine t 0D9n to 9ppb w@ irk6 in 50 n! volmcldc

fl6k To *6 fl.6k oprintrn volmc ofdi&otizld eiline $lnrior (loml) w6 addcd ard

m'red wcll ed .quilibmL.d lor lOmin!16. ThcEultitrg m dy. sE drlur.d up ro de

odt wnh dbiill.d wald. Blanl eldion was pEpded in th€ san. wdy withoul lhe

addition ofacclochloi Tbe lbsorlecc ofthc Esulling @ dye ws ncusucd 01400 nn

uing (,NICO UV 2100 spechphotomctq, Th. E rssegiv.nin tablc1.2,1I and aE

slbm in figw 3.2.11. Tatjng the 9ppb $lution wd npliotc ealjBis wft done.

LrD .nd LOQ w@ c.lolatcd by !si!g thc fomuh givn beloq.

Linit ofD.t ction (fd cotumFation) = 3xS

Linil ofQutntificalio! (for concdiladon) - loxs

wh@ S = Siddad Dcviation

3.t-11: lN.rdgttio! ol th€ .ft@t of colc.ntr.tlon on rbsorbrn.. b.b.vior of

tccto.Ilo! .l lor.r colcdlndo!.

i0 1.990 80 0.262
8_0 1.453 60 0.188
6.0 1.620 40 0.125
4.0 1.453 30 0.085
2.0 1.200 20 0.049
1.0 1.160 t0 4.024
0,5 0,990 9 0.009
0.'l 0.720

E

€

o25

0.15

)30405060703090

Figrr. 3.21!: ltrv6tigrtior

rceto.hloi at

of rne .fiet of otuentralion on lbsorb.nc. bchavior ol
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3l.t: INVESflGATION OF PFYSICAL FAR MEIERS FOR ONLINE

SPECTROPEOTOMETRIC DETERMINATION OF ACETOCEiOR.

All the physicd pamet6 $ch 3 dr r.iclor l..gd, ($, no{ atc dd i.jdtion wludc

wft opnni4d for rh. flow inje.r'on 3p@lrcpholooelric det.min.tion of e€t@hlor'

*hile aU thc chcmic.l pa@.tqs optiniz€d for the batch .nslylh ofacdochlor tere

kepl se Sine th. opljrum tenpq.turc for @pling va rcon r.npdaturq all of th.

FI n6ifol& 94 !.t at @m tenDcnturc. A tlo* injetion denbly tu shom in figut.

3.2.14_

w!
ligue 3 2.14: Sch.mlic diagm offi. !l @.iaold (Sl) diozolizitg !@&.n st am ,

(R) ouglirg oil, (!p) p.sistdlic punp, (w) Me., (D) dcdor
3.2.41: InvBtig.tior ol do* rut of eylt.n lor FI spdttuhotomctric d.l.rnirtlion

hdnn.nt!: Tlc sc a ndtioned bcfor.

Rag!.t3: Th. s. s @.lion d b.forc

So|oriotu: m. a mc,tiored aboE.

In a sinsle ctanncl flow rhroush tssenbly, diMoriz€d rcaBent solution was flowir8 in

reAent st@m. llow nl. ofrhe sFlem *B 3tudi.d in the 6n8c of 0 5-4tl/mir th. @il
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ls8mofE&iorRwa l20cm.lrcm lopph hydblyzed &elocblor lohrion lnl w6
injet d in lh. rc.gdt 3ir.d of di@tizcd rc.8.nt tkough a 6 pon injccior valve. Thc

@pling r.rdion r.k pl&. in @tor R dd rhc alsoltdce of tlc &o dlr foded wa
mdurd at 400m. Bla.t wa adjultd by flowi.g di@tized @gat in lhc syst€m. Th.

optimu iloe rtc 6f tdvni!% fo6d sfficdr fd conpLt @upling Fction. Thc

@lrs e. giv.n in t.b!. 3.2.l2 dd e shM in ligu. 3.2.l s.

Trble 3.2.12rlrveslig.tio! of flow r.t. of 3ystcn for trI sp..lroholonefic

dermir.dor of .etochlor-

s.No

I 0.5 0.686

2 1.0 0 686

3 2.0 0.450

1.0 0 342

5 4,0 o.259

€ 0.,1

I

12

Figre 3.2.15: Inv.stlS.tlon of fld nte of lyrtcn fo. FI sp.clrchoiom.lric

d.rernln.tion of ac€tochlor

ColditioN: I-". 400@

A@tochlorelution loppn

targth of R@tor l20cn
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3.r.4.2:I!vBaig.tio! of @ctor @il l.lgth (R) for FI Sp.ctrchoton.rrh

dd.nd..don of .aaochlor

Intmh.rt : Tn @c a mdtiotr d b.foE

R.rgent: Th. 3d. a odtioned bcfor.

So|!do$: sd. rs hdlion d above.

In r s'nglc ch6n.l flow tl&lgh a$dbly di@tized 16g6r $lurion wls ,lowing in

@gdt 3tr.M. Flow nt of d€ srsld w* rr rnin. Thc @il l.qlh of rector

Rr(coupljrS l*tor )wa wied bcrva,l&2oocb. Frcn lolpn hldFllz.d a..lochlor

elution lnl wa injdt d iI ln. r€gmt st cd of iti@tized @g6t rhrouSh a 6 pon

injetor valec. I1le a!$rbdc. of th. @ dyc fomcd wd n4ucd ai 400m by usitrC

UMCO llv 2100 speeophotometd. Blaol w6 adjusted by coddnously nowins

didotiz.d r6g.nt in thc slstd. ft. r.6uh!.rc givd ir t ble 3.2.13 and !r€ showh in

fieuBl.2,l6

Ttbt. 3.2.I l: Invdllgltion oa r.ador .oll l.ryrh (R) ao. Fl Sp.ctroiolom.tri.

d.Lrmh.do! of.c4ocnb.

l0 0.006

0.161

30 0.101

165

200 0 858

ll0



1

0.8

0.6

0.4

0.2

0

E

40 80 165 200

FIC!rc 3.?-t 6: l.v6tig.tior of @dor .oll l.trgth (R) for FI Sp.clrcholom.tric
' d.t rhln.tior of ac.lochlor

3.2,43: Irvdrlg ton ofd.t ctlon limit for odltr. 3pdnophoron.tric d?tdminauon

of.c.bchlor !..bicide

Insrnm€n8: In. sc 6 mdrioned bctoE

Ragd(!: Th. sm. $ mation€d bef@

Sohtiors: se. a m.ntioncd above

For detwninaiior of d.l.otion limit, sted{d rclutioG ofhtdnl}z.d .cctocnlor (9ppb to

loppo) wft pEparcd i! a scnd of 10nl volM.tlic ltaskr by dilllion non lootpn

hydftlyzcd sto.! $lud@ h a sirgl" chdcl flN urrcugh sdblv di@riz.d regot

slution rs tlowinS in dgEnt.ri4.'I1. flow 6r. of lh. svst.n wu rDunin Th€

lorgih of @utling coit w k@l20ocn. !6n slddard solltioM thl *a injel.d in

tt. reagent slrcd of dieolitd @geni tholgh a 6 port injeclor valvc Thc coupling

r.&lion trk ple. in Eclor R ed $c abetbance of the 4o dlt fomcd {a! n4utd
ar 4OOm,Th. !$ult! e Ervd in rabl. 3 2,14 dd e shom i. fi8uE 3 2.1? lor low.!

l]l



t0 1.801 80 0.208

4.0 1.699 60 0.073

6_0 1.539 50 0.056

4.0 1.400 40 0.048

2.0 1.230 30 0.035

1.0 L100 20 a_022

0.5 0.856 10 0-010

0.1 0.54:| I 0_005

Trbl.l.t-r4:hsdg.tbnoltn .ffctof.on..llr.tionotr.b!orD.!ccbchrvlolrof
.c.to.blor it lor.r .o!@o'rdo!.

€

trlg!rc !.2,17: Ilvddgrllon oftle dt .l of cotc.llndo! or rblorbllc b.htvlour

of leleilot .l tor.r co!.dlnooL
Coldilios: I*- 40OD

Acetoctdor$lution vdicd

Reelorcoil letg& lcrn

Flow ntc lmrninure
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3.2.5 : APPLICATION OF TBE INWSTIGATED METEoDS FoR TIiE
AI\AIYSTS OF ACETOCTILOR IN COMMERCTAL FOIIMULATION.

Ilrtrument: Tne sde as mention.d b.foE
R.rg.tri!: Thc sde d nmlion€d b.to..

Cobrn.rcial s.mpla: comftid sMplca of &crochlor wa pnrchded fmn tocat

Sohdonr: Th. smc a nddon.d b.fm

l-3nl ofedo.nb fomuhtion ws t!k6 in ritration nrsks dd hydrcllzrd in rfi. samc

way 6 sl4&rds. Fmm rh€s hldettz.d solutions 2ol w@ lakd in sohl volum.rric

naik and color ws d€velop.d in thc !!ffc way s mqtion.d befo€ for bdch anolysis

Thc ibsorblnce vN mc.surcd igdnst bl0nt .r 400nm using Unico 2lOO UV

For Fl e.lyst lnl or hydrellz.d hqbicid. spl. wa inj€ored in e8dr.ram &d
aberbmc. w6 n€$tr€d uing th. sM. poc.de a for srand,rd.

I! etiv. irsdiar of eciochld in colm@i.l fodDlation w6 qlcul.i.d bolh for

balch ...t FI ncrhdd Eils rh.n r6?ctiv. crlibatior d6. Th. 'alE e siv.h it
tlbI.3.2.15

T.bl. 3.2, 15r Aclive irg.edidt of h.rbtcld€ ln conn€rchl fornEhtior

(c/nl) (s/ml)

FIA (g/ml)

0.5 0.4210.01 0.45r0.008

3.r.6: APPLIC^nON OF IEE INWSTIGATED METSODS FOR TEE

AN T,YSIS OF ACETOCELOR IN REA' SAi'PLES.

In run.rr: Tbc smc d ndrioncd b.foE

Rog.lBr Thc ade a nationcd b.forc

Soluttols: Th. sme s ndtioned b.forc

ltl



Sland&d t@.durc for the dt action of h.rbicidd Eom th. @1 supl. vs us!d, 6
malion€d bcfoc fo. fl@xyDrr. Ac@ding to rhis n€dio4l5s of nonos.nizcd food

smpl. {maiz? gFin dd flou) and 20nl of lug@dc juicc wN ta,kd in . balc! md

50rnl ofsolvc.i (pchol€um erha dd acctonc in lrl) w6 added to n for cxlracrion of
hdbicid6. Thc mixle wa shakd for 2hi. And cquilibration th. smplc w6 filrEd
md pds.d $rcugh l0 g ol sdiun sulf.t.. lte iltrarc wa daporatcd on rcI.ry

evaponior up lo a volu. of 5nl. Th. aulting slutio. ws hydloltz.d wnn 0.2M

hydrcchbnc &id by hatin8 or boilir! watd balh for 10 Ditrut s. rbn dis hrdrclyzcd

qtracr rd .!d 2! w6 u&d for onli.a &d ba,lch udFis speriv.ly. Color wG

developcd in ih. iM€ way a nmtioncd bcforc fo! barch and II analysis. The 6ults

Trble 3,2.16t R.stdue l.vel ofherbl.ld.ln rcnl s,nple

I t7t009 tSlE L35+0.13 pglg

L05+0.20 tYg 0994.t2 Nlta

1.63+0.01pC/nl 1.6+0.01Fs/ml

3.2,?: PERCENT R.ECOVERY OF ACETOCHLOR FROM REAL SAMPLES

USINC AIIE INVESTICATED MEAIIOD.

Insimm.nc Th. s. a m@iiodcd h.Iorc

A dovcry i6t w6 pdfoned o contiol sdpld, fortified qith a tnown conc@Lqtion

of &etochlor lolution. The $lvonr vf w.podlcd at rcm l€mp.rltuE lbr lfi. the

dlraction ws donc qaclly the ss. wey os thc sanple, Six r.plicaics of the fortilicd

smpl6 wcrc eolyzcd by barch lnd Il mcthod in thc same 5s dcntioncd bcror.. Th.

6ulls of E.6.nt @ovcry ol &clochlo( ir r.al smpl6 and fomul.tion by balch dd
orlin D.thod arc gjva in l.blc 3.2.17, P@@l @vcry @ cdculal.d by $inB lbc

Imula notion.d b.foF for nNxyplr,



T,bl. !.2.1?: P.r.dt rccdcry or hdblcld. fom r.tl stmpl.

SAMPLES FIA BATCH ANALYSIS

95.sr0 08 95.tr009

93r0.26

9110.16

Anq Drclininary invcstigltion it wD obscdcd lhat th. Poposed re&tion lhown in

nsure 3,2,2, i. feasibl€ fo! spcclropholom.tric deiminalion ofacetochlor Th.D various

physic.l sd chdical pdm.t.E w@ optitui4d ed rc discused below

An6 pElinirdy dpdimdtr, oplimud wav.!6gh for thc @ d)c fom.d wa

inv6iiSltcd, Th€ results dc Sivd in t'blcl,2 l a.d re shown in nerre 3 2 3. A5 cm bc

sd fton fi8irrc 3.2.1 th. rAulting e dy. hs a hdiolm alsorbanc€ .t 400nn and

M $bs.qlolly u.d as opliEum wav.ldelh fo. tunher studiB oI acetochlor.

DilI@nt di@dnns eecnts (labl. 1.2.2) wcc ued lo fom tb. m dvc to fi.d out tnc

n61 suirablc diMolizing cagcnl for spetoplrolonctri. dctcminalion of acclochlor

Sulfmilieid, sllfeildidc, p-nitromilinc .nd uiline w@ u@d for lhis puryosc lt *as

obw.d thai mons .U th. di@rizi.g egmt inv6tisalcd a.ilirc w6 found lo be lhe

nci suitsblc (figm 3.2.4) rcagdr for fodation of @ dvc dercfore a.ilinc wa

seletcd N n diaatizins Mgcnt lor funftcr studis.

The conccnlBtio. ofbydrochloric acid rcqriEd for mainuh hvdolrlis *as opt'nized

in tugc of O.|O5M (tihlc 3.2.3) Ai inc!6c in lbsotba.c. v6 obscdcd with

im@ing liml acid concolralion !p to 02 M of hldrcchloDc acid solulion (Frg!!e

3.2-5). Abovc this concdlralion the ab$rhancc mained @nstant, ther.iorc 02 M

aci{iitv for tn€ final solulion w6 ued fot funh.r hvdrol}€is of acclochlor h*bicide'

Ar bydrcltsb wd donc on boilins ml.r balh lbftforc, tn? dn. r.qunld for hvdrolvsN

q6 also opnnized in lh. ang. 5lonin 6 (a!lc 1 2.4) ft *as obsePed {licurc 3 2 6)

thal mdimun nydrolysis rcquircs tOminrlc hcaring on boilinB water bath. bcvou'd rhis

timc itrcmains constmt. Thcrcaorc,lO mifl t.s heatiog on boilinSwater bslh wN laken

a optimum h@ling nmc.

ll5



Nidc conccntration wd optimiz.d fo( dieolizarion in thc ranse ot 0 05-01%( tablc

3.2.5) drd it car bc sn lrom nsurc 3.2.? that 0.15% ws thc optinun cocc.tnlion ol

nitite f6 DaihM di@lizltion. Similely ihc votunc of 0.15% nit il. elution wd

oprinized intn. nnse of2-1861(lable 3 2.6),It wd ob!fl.d {fisur3.2 8) tbal l2ml of

0.15%ofnitrit solutiof, was suiiciat for maxinm diabiialion md subsequentlv for

ndi6M f@ltion of @ dt!.

Simitdly ihc @nc6tratio. dd volune of aniline sohtion w!5 oplimized (tabl. 1 2.? and

3.2.8). It t6 obscru.d (fisur. 3.2.9) t\at I % of uiline b th. oprimun conccnriation and

abov. this conc.lLalion a d@its in absttdcc wd obwed Figur€ l2l0 snows lhal

4dl of I % eilinc is tije oplinun voluc rcqrir.n Ior ndimum fotmtion of m dt€

The stock solurion of diazoliz.d ugent wG p€pffed bv adding niiritc and anilinc

solution in 3: I r.tio respaliv.ly. Tne voludc of didiizcd r.a8ed reqlir.d lor couPling

r&tion wd studicd itr the m8. of2-l2ml (tsbl.l-2 9). It v6 obsd.d (fiCuE 3.2.1I)

lhri loml of di&olized Easdl is Eqlitd for ndinM tbdalid of u o dv..

Thc equilibralion tiee lor coupling r@tion (tible 3 2 l0 & liglt€ 3 2.1 2) lhows lhal th'

@tid is sloe &d lo minutes equilibalon rine is oplimum tin. fot @npleliof, of

oacrion. Altd this rinc d. poducl is stabl. snd no charlc in ab$rbmcc va obsery.d

Optimi4tiotr ofp0rahelers fo. o.lir€ tr.lysir

Th€ cndic.l p&@.16 optini2€d fot b.tch e,l,sis wdc dirdv $.d for onlin'

!.alysis. ThR opriniz.d pdmct€G wrc aPplicd for onlin. anal'5is lsing a singlc

chmel 0ow injcclion st5t d. In lhis s)stcn a $rcm of diuoti2cd rct8dt wd

conrinmusly punp.d ed . vollo. of I ol of hydiollzcd smplc wa inj4l'd in Easenl

str@ thmrgh a six-port inj6tion valvc Thc €nplirg @clior tatc pl&' in @lo' R

o.t ab$rbdcc w6 n4uEd !t 4OOm The pb6ical Pamcld likc 0ow Ele md

F4clor coil l.ngth wde opliEizcd IlE oplimun flow ratc ot tte ststen (iable l 2 12 &

liguE 3.2.15) ws lovninut. Ar hjghd tow d. tne aberbmcc dmas'd This is duc

(o de l@n that th. @cdon i3 slow md il f,?.dr $ne linc for @nplctio lhc lmsth

of @clor R w.s studi€d in tlc rsge of10_200 cn (tabl.3 2ll & llsurt 12 16) sd 1r

ws aoud that with irc@c of coil length dt. lbeIbmc. o f @ dve incr'a's 6 it Inds

hoD dspdion tinc for @npErion oa E&rion Th*foE, . coil l63lh o' 20&n w$

l16



sclccied fo! Fl sys!.n lor keping good smphrs fcquacy i c. 60 somples Pcr hour iDd

ro avoid ln. sLidy stte condition.

Ar optirun .ondirions, lh. .lIect of lower concntBtion of .cetochlo! (belo*l ppn) o!

.b$rbsc. b€havior w4 inv6tig{.d for assing (hc tnD 4d LOQ for lht

inv6tisatcd nethod both for balch lnd FI an.lytsis. Thc result re giv.n in tablcs 3 2.1 l.

& 3.2.14 dd e shom in figue3,2.13 & 3,2.1? r*pdtivcly- Thc l,OD ed LOQ w.rc

calculat d for the invcstigat.d nethod and w.rc found lo be 0,40 ppb and l.ooppb for ll
elFis md 0.9ppb ed 3.0!pb for br,rch an.lttsis Gpelivcly,

Thc RSD was also calculdcd ddwas fonnd to b.155% dd 3,6% fo.onlinc and balch

drlysrs Bprtvely. Mole aSeDUvny wG c,l.ulaGd and loud to bc 4 36x I Or L mol'

rcm'r and 5.3? !1Or L.nol tm tfor online and batch hefiod @p€cliv.lv.

ApDlic.tio! oI tn. tlv6tig.t rr ndnod foi ll. t!.1!6is of .c.tcnbr. in conm.rcirl

formlution ard l. r€d sEnpl.t.

Tn. inv6ti8l.d n.thod tG tppli.d for rhc dehination of 4.tochlot in commqoar

fomuladon ad also in rcal sanrle Calibnlion cudc of 6lddard acctochlor ws n!'d

for thc d.l.miution of e.l@hloF in fomllalion md in @l sdpl6 Tbc follovin8

fomula ws $ed for oalculalins lh. activc ins!€di.nt in fomulalion md lor Bldue

dct@iMtion i! tal sdtpld

Whqe G.R iep6dts gltplical icadin8 ed D.F for dilulion 
"'tor'

TlE dsiduc lscl nt nrizc goins vN lolnd to bc l.l7+o09lCg and I 35l0 llAc/g by

onlin€ dd batch m.thod rdp€ctively whicn is nucn higner $d fie NZ food and saletv

auftonty MRr5 0.02 pglg . tnce of flou. spl6 the cidu' l4cl wN folnd !o bc

I 05+0.2 pelg and 0.99+0 12lglg ond in $garctncjuice th' r€siduc level found wcre

1.53+O.Ol prlnl drl1.6t0.Ol pglml bv onli.. ed b'rch ncllod repolivelv I1!'

dcihod vs $cc4stully apPlied for thc d.tcminaiion of ihc conccnkation ol activc

ingqti.nts i! @nnftial Codulttio! of adt@blor hcrbicidd (r'bl' 3 2' 15) Th€ vahc

ofactiv€ inllcdiol detemin.d bv lsing lhc optiniz.d m'thod ws closelv relaled to (he

hbcl valu. of activc iteEdiot Thc ldvcry t*l thows ttar P@nl rfovcn6 r'

ml) volum. m!d!(4Dl
wssht or shpl. tals(8)
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rdt&. wicd t6 9345.5t4 fti AI -dyd dd t45.l9t b. bdd .t lvti. (i.lL

t,2,17t.

tr ir|| nlkd.ay.d tt l t!. rslt of tt. tso ndodt.gtlcd vry clo.clv dt[ 4h
oe... Fldiatt tdn|itt od l.FqbdDiIty i..h.d 6. @.. Hffir'4i'g i!
Did lh.co! dd tr!.ofubdtaIAvodd b. ii.n ibd ofctoic!inlhl|.g

l) EEZa-g d c'f*Y., 'It.bd.gdlio of .t'lodlor in *e dd W
pt bFqhli. id.{t'6.d lyEr ?..t@.!f' J ElviE 9i (CtiB} 155, ?E3-

90 orn),
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3.3: IIWESTIGATION OF SPECTROPIToTOMETRIC METIIOD fOR

DETERMINATION OF 2,+D.

Thc chcmical sid.l!rc o12,4-D is givcn belot

Flglr. 3.1.1| Chcnical Smcfur of 2+D

3J.l: M.thod d.v.topm@t strtle5' for 3p'cfopnobn'nic det'inirrtion of 2'4D

2,4-D is chemic.lly 2y'-djchlooph6oxv lcclic acid lt hs 2 chloride goup 
'tiach'd

onc al Fosition 2 dd oth.r at potilion 4 2,':kichloFPbdol (2'+DCP) is thc ndi'

c.nbolic mer.bohl. ol 23'D 
'n 

mr'd $'l ed il E rle N'd a a preuer in th'

n&lfactule of 2,4_D 1hc prcp6ed nethod for 2'4_D d'ledi'ation is bced on

hydobsis of2,+D io fon 2,4_dichl@ phcnol followtd bv $c couPling offiis Phool

wirh t sulabtc diazoti?.d leagan to foE 4 @ dvE 'IlG Poposld chdicil t@hor

h6 lh@ sr.Fr 4 sh@! in ns@] 3 2- thc f6t st'p irvolv4 th' be hldrclvsis or

23-D to 2,4-DC! dd eetic a.id ltt econd sq involv* lh' lomation oI didotizcd

Fagmt ln thc lbal tt€? lh. hvdeltzld Phdolic poduct is coull'd {ilh alr'dv

di@tiz.d sg6l lo fom @ dle L lhis iNdrigation lh' dpal€d 6ml pbducl

odng. rcd e dy. foned {s u*d fo! detemination of 2 4-D
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lJ.2 : Pr.Unh.rt llvgtlgatio! of lh. posil,ili9 of hydrolysis ard oupling or

hydrolyz.d produ.t for 3p€choptotoD€hic d.t rmlfttion of 2"1-D.

Peliminary studies wcF @ndlded to iLcslisat. $e po$ibilitv oflvdrolvsis ol2'4_D

dd U€ $b6€qua{ uc ofthc hydbl}zld podtrct s couPling Eogcnt for lht fomarion or

qp€Ld @ dt!. ltrili.lly high @n@nlntion of hdbicidc 2+D (1000 pph)' larg'

vollhe ol nydollzinS r.lseni sodiun hydrorid., sodiun carbonate, and ditatjzing

@gcnrs Gulfanitic acid, sulfdilanid., Aniline, P_@ino bdbic acid tnd nnb aniline)

wc@ lricd to lom lhc dperql .a dy. at r@o tcmpdlw Both tcid and b$c

hydslysb v.r. Fi.d on h.rtins Thc fomation of ttte colo*d @ dt€ wi$ be
hydolt5is indicatcd tbe possibilitv of fie propoed r'&tion md ils subseqlot

applicalion for $e spdEopnobmelic d.lmination ol24'D lurthcr slDdlcs w'E

f@u.ed on oprimiarion of veoN pametd md e givm b'low'

3.3.3: oPTIMIZATION STUDIES FORSPEqTRoPfloTOMETRIC

I}ETERMTNATION OI' 2,+D.

3.3J.1: hv6dgrtion or tuit bl. r.El.lgtj for ftt tpeftophoron'iric

d.iern r.tlo! ol2'+D

w/vh sp€topholonect (JNlco tw2loo Unitcd Poducts end lnsrmcnls Inc'

Dar4oq NJ, U.sA), Digiial A.,lvrical Btld" (s'nonus hedv Hsl G'mdv)'

?dist.ltlc pump, V_450 6 pon inj4tion v'lve (UpchuEh Sciotilic lnc USA ) Polv

dnyb.€ llbitg (i.d. I l9nm, Bccton Dic*en USA), silicon rubing (i'd l Tlmm) ' 3_

wly 6d€ror, Th@osritic {atcr barh (SMIC cbim) 6d PB mctd (wTv PE

a223l2o wiln.ln ! OB, w. Gmov) wsi' u*d duin8 rbl3 won<

Re.gertt ard ch.mlcth:

All cheoicals uscd wE of d.lvtical E Eot 8t'd' puntv Sulfdilic acid' Sodjun

nirric, sodim celonate, hld@hbnc &id dd sodiud hv'tonde wm us'd dunns ftrs

work. Comn rcial sdpl. containing 2l_D eas prrcbd'd frcm th' local mdt't

Authmtic standar.l of 2,4_D ws purchased fbn dcald



i) Nftrite 3otutionr Nitrit soluiion ( 1000 ppE) ws prcPared by dissolvin8 0 I5e $diun

nirritc in distilLd w.ra .nd dibt.d !p lo fr2rk in : I o0 nl volunctric flsk

ii) srlldilic .cid lolutioni Sulf,nilic &id lolllio! (0 67.) 8 prep.rEd bv disolvins

0.6g of sulfoilic lcid in Enl of conccnlrat d ECI and a linle dnflled watd bv h.ding

on boiling *dd balh ed thd aftcr @lin8 dilulcd up l,o m,rk in a l0onl vollnctlt

iii) Sodium..rboMte sotrllo!: Sodium cdbontte $lulion (10%) qas pEpar.d bv

dislvins !Oe ofsodium calbonarc tith dislillcdwcld i. a 100 ml voluneti' flsk

iv) Dt@tiz.d srlf.nilic .cid: Sloc* $lltion of di@liz.d $lf.nilic acid {d tEpaied

in a scpmt. flask by nixins sulfdilic acid 4d sodiun nnlitc solution! in l:10 ratio

This stock soludon ws u!.d for flrlha inv6tigaliotrs

v) St!!d.rd 2,4D .ohrior: O.l g ol autholic sldddd wls di$olv€d wi$ dhlilled

waier in a 100 n] vold.tric fl6k lo fom l000ppn solltio' of2'4D

vl) St:ld.nl Eydrollud 2,4D solnilo! (looppn): loml of l000ppn 2,4'D ws lard

in a s.p@tc bal(d dd rou of 1% sdie cdbonalc wd rdded lo it md h€aitd on

boiling wai4 bath for 30 ninutB Tbc resnlting soludon we coolcd and diluled up lo

l00nl wirh distill.d watcr'

From slock solution oldi@iized sulfanilic acid 4nl ws tak'! in o 50ml vollmclric

fl.sk ind 5nl of 2,+D ltum lOOpPh hvd'olv d solltion wG add€d to n n vas

followcd by thc addnion of 5ml of edi@ c&botutc md diluted up io mek witl dislilled

Mte.. A red colorcd azo dve *ds fomed Blank soluton w6 pr'palcd i' thc sdc wav

widour the addirio. of htdolvzcd 2 4-D The absorbd@ oI thc Bulling 'b 
dvc w6

n4!nd from 320 lo 6OOM ulinB UNICO Lrv-2lOO spdtophotod'ld for iinding our

r.rE oprinum eavclenglh In. atsorbuce w.s nolcd vith incrcding vavclcnFh ed

@h wlveldeth wa calibnl.d win btad( $ludotr. Thc tNlts e giv6 in lablc l3 l

ddeshoM liSPre 3 3.3
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320 480

.]40 0.0?l 500 0_4t4

160 0_136 520 0.416

380 0.2M 540 0.298

400 0-21a 560 0.194

420 0.352 580 0.1l9

0.420 600 0.076

0.430

T!bl. 3l.l: Inrddg.don of ruitrblc rrrclctrgrn for tn. rparrophotonefic
d.t rnln.tton oa2r4-D.

Flgnrc 3.3J . Inv6tlglaior of suit bl. w.t l.lgth for th. sP.ctrcPhotom.lric

d.t.rmllttio! of 2+D.

2 J-D elution 6rd'olyz.d)
Di@tiz.d $lfeilic dd
SodiM carbondc (10 %)

3.3,3.2t Inv6tlgltlon of sritlble di!@drlng rc.8crt for spetroPholoh.liic

d.t.rmlmtlo! of2,4-D

I$rrun.trt: Ilrc sMc !s mdtiored b.lorc

Rdg.nt': Thc san. d mcntioncd b.foE
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Sohtton!: An.ltrical rcagcnt 8tsd. purity sulfaf,ilio 4id, sulfanilmid., silin., P-nito

milii. and P-amino b.nzoic mid w@ lscd d diazotizi.g Easdt Slock solutio. of l%

of c&h diMotizing r.lgflts vF prcpacd in liv. s.pdatc vollmctric n.sk and

dimtiz.d vith nihitc solution by nixing it in l: l0 dio. wiih .ach di&oti2ing Eag.nl

cp@tiv.ly. Th. Gulling stock $lutionr wm uscd fot funt.r invqliSations

Im 3ro.k $lltion ol ach didoliz.d rclgpft 4nl ws l.ta in . 50nl volun Fic flat
dd 5nt of2,4D nom looppm htdrltz.d ltock 3olulion wa add.d b ir' A rcd colo!.d

@ dtr rs fomcd. S.p@t blek lolulio. w.! prcParcd in thc aM. w.v wnnoui lh.

a.tdition of 2,4-D. Th. a!6ott6@ of thc 6!lti!8 @ dy. wa m.&t.d al @l!n!m

wavcldgth (480m) Ning UNICO Uv-2100 tp€6EoPhoromctd for finding out rh.

mdimm ab$Ation, 'tlF talt3 e giwn in t!bl. 3-2.2 attd @ lhoM in fig@ 3.2-4

3.3.2: Invdig io! of dtt bl. dl@lirirg uSdt fot .PdtroDhorod.tn.

0.240 0.t71 0.000 o.245 0.225

0.3
0.25

i o.i5

' o.o5
0 rIJ

.9

EE
p
E

g

3j,4lNdrlgldotr of $lr$1. dl.zolitltrg rc.g.Di for 3p.ctr.Pholon.trk

det.rnln.tio! of 2,+D



Condlllo.lr I-,
2,4D solutioi (hYdolrzed) IoPPE

Di@olized srl&nilic lcid 4nl

sodinr cdbonatc ( l0 %) snl

3.3,3.3,I n v.lrig.rion o I 3uitable b ale for hydro lydir of 2,4-D .

lnsrdncnr: Thc smc d mcnlioncd bcloE

Rerg.n6: Thc sm. a m€.lion€d bcaorc

Sohriors: Thc san6 a malioned bcfo!.

losl of l% sodiun csbonal., l% $diud cthoxid€ and l% of sodiun hvdoxid. ws.

takcn in thr.e separalc bakd dd to cach bcakc6 loml of l000ppn 2J-D was addcd'

AU rbe be*6 w€r€ covered md heat.d on boiling watd baltl fo. 30 nintrcs, Thc

Gulting hydtoltzed pmduct was cool.d sd diluled up !o mdk wilh distill€d walcr in a

looml voluncbic ilask. Fron tb6e hydDltz.d solllion 5ml ws lalm $ . couplins

@8ot &d color wd d€elopcd in li. *nc wty 6 nenli'ndl heforc' Thc absotbac'

ws dduEd st 4aom Dsins ITNICO UV-2100 spelrophotom.t r''rhc sllE ae

sivdintabl.l.3.3. and sbown in fisurc 3.3.1.

1,3,3:tnt.nigrtion or3uibble bar. for hyd.oltdr of r.4-D

0.260 0.160 0.165

3 L
3,3.5: Inrd r ig rtiotr ol suitablc ba3. for hvdtolvsis of 2'4D



CoDdtdoni: l^ vdied

2,4D elulion Oydftlyzcd) lorpn
Di@tiz.d sulfeilic &id 4nl

SodiM carbon.r. (10 %) 5ml

J.3,!.4: hv*tig.tiotr ol brr. concdtt tlon for hydrolysi of 2t+D .

Idadhdt The s. a hotioned b.IoE

R..g@t!: ftc sc a ndtioDed bcfoE

Soluliod: Tbe sdc a ddtio.ed bcaot.

l0nl of l000ppn 2,4-D wa bkm in sd6 sepadte bcat.6 ed 10nl of (0.t% 6%)

sdim c.rtoetc wa add.d to thd Eletirclt. All rbc bcrk6 wrc cov4ld rod

hqtcd on boiling watd barh for 30 ninur6. Ixe Gtnd.g htdolyz.d pDducr E
cool.d dd dilutcd up to nark with dislillcd warr in a l00ml volunclric nsk. Fron

thc6. hydrollz€d lolulion 5ml wa Lk.n d a coupling reageni and colo! was devcloP.<l

in th. sde wly d fr.nlioned beforc. Th. ahorbane wd n*urcd at 480nn using

UNICO trv-2100 spetopbotoDc!.r- Thc 6!115 e 8rvd in Ebl.3-l.4ed snown i.

Trblc 3.3"4 : Id.laigdor of bls€ .orc.lrdrlo! fo. tydrolysh of 2,4-I)

0.5 0.098 0.,201

0.t71 5 0.198

2 0.224 6 o.190

3 0.201



{

0.25

0.2

0.r5

0.1

0.05

0
0.5 12345

sodlun c.rbon.t. con6.(t{

Figlr. 3.3,6: Irvsdgltlo! of De @!.otrttion for hydrclylis of 2+D

Cordltlotrs: \- 430M

Hldrolylbt mp@t!rc 100'C

Eldrclysh time 30 minut s

Diatiz.d lulfnilic acid 4ml

Sodiun.artodql0,4) 5ml

3J.35. Ilvdtig.rion of bB. rlld€ lor lydrcl$k oa 2+D
lNtru m.nr: Tte samc .i mdrioned bcfor.

R.ag.!!: The sd€ 6 mdtioned beforc

Sohdolr: The sdc d ndtioned betdc

10dl of l000ppm 2,+D wB taLd in sd.n speie bcal<s lnd di|f€ral volum€ of

$diw *bomre i.e. 5-10 nl w6 addcd to lheo Ep.cliv.ly. The solllios we€

bdelfz.d ed @lor ws ddeloped in tic sdc way a mdtion d b.foc. Thc

a!6orb.nc. @ Fcucd .t 480tm siog UV-2t00 spctrophoiom.ra. thc Bulc tG
givcn in rabl. 3.3.5 dd shown in ligurc 3.3,'t.

T.bl. 3.3.5, Invgrig.tior of bse volun. for hydrotytic oa 2t-D

5 o.vl 20 0.205

t0 0.168 25 0l14

l5 0_245 30 0.085



o.25
o2

0.1
005

10 20 30
stun c@i{. vorqn. (n0

Figur. !,3,7: Itrv€stigrtlon olb.re vohn.

Hydrclysi3 t npcratnrc

AldrelFir lim.

Didotiz.d sllfuilic &id

sodiun cebonare 00%)

I00'c

3.3.3.6 | I n vctigatioa of optinun tenp.r!tu r. for hyd rolyi ir o t 2!4-D.

lnttuh.rr: Tt. wc a motioned bdoE

R..g.!!. Ihe sm€ s dhtioftd b.for.

soludon!: The sM€ a m.ntion€d beforc

lonl oa l000ppn 2,4-D wa rak@ in sc!@te beal6 dd l5nl ol2% sodium

cdbonal. 9a ainted to @h bqtd. AII the bqk6 om @rcred and h..lcd fo! l0
minutcs.l dilfcr€nl lcn|p.hruc mngina fon 2G100'C. In thc rsuhins h)diolrTcd

soluiions color p6 dcv.lop.d in lhc srn. way .s mentioned bcfoe. Thc absorbancc wa
ncNr.d al480nn lring UV-2100 q@lrophotomeld. Tbc Bults m given in table

J.l6 lnd shosn in fis!rc r.3.3.

ArbL 3,!.6: hveslig.lion of otlimrh l.np.r.t!rc for hyd@ly.t or2,4-D

20 0.045
0.09

6o 0.148
80 0.198
100 0.23
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E

-3

{

o25

0,2

0.15

0,t

o05

0

0 20 40 60 80 r00 120

Ter!€r.tu16(,c)

FiirE ljr: Ilv.idtdor of oDtimln t DD.rrhE for tydmbd, oa 2,+D.

Coldri.d: l* .t80.m

EydrcbrtuLmp*!tua wi.d
Htdrolysk tih. 30 ninuld

SodiM..$onate (2%) l5bl
Di@olizcd dl&nilic &id anl

Sodiuro c$oDt{10t6) 5nl

!3.3.7: rnv6 grdo! of nadng dm for ntdmltrb of2,a-D

Inrt.um@t Th6 r.tn. .r mdtiored bcfo.c

R..g.Dl5: h. s@. a nmtion.d be&r.

S.luriou: ftc tu a natioNd hcfoE

loml of t000ppE 2,+D w rata in FpGr. b.itc6 and lsnlof 2% sodiln
qrbonrte w.r .dd.d 1o it epdtiv.ly. AU b..k6 wdc covdld lnd h*l.d on boilinS

w.td b.th fo vdicd timc i,a 5-60 niiutc' ft. @ulting soluton. w.rc nydrobzcd and

cok. ws ddclopod in tbc .u. way s martion.d bcftrc, Thc .ls|bdcc I m*urcd

d 1|30D EirS Irv-2100 qetrDptoroDn r. Iac I@|t' @ gim in t bL l.3.7 ud
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T.b|.3.J,7 : Ilv.rdgr.lor olt.db! dn.lor lydrclydr ol2.+D

s.No
0.181

IO 0.316

20 0.394

t0 0.519

5 0.7t0

6 50 0,512

7 60 0.423

{

0,8

0.6

0.5

0.3

o.2

0
10 20 30 a0 :'0 60

ng!rc3J.9: I!v6tig.do! ofb..d!g al aor tydmlt.b of2'+D

Cordition. \n 480nn

Hydmtysis tcnpmtuG loo'C

llydrelysis linE

sod'm c.$d.ic (2%) tinl
Dieorld$lfeilic.cid 4hl

Sodiu calb@.l (l0e/6) 5ml

3,3J.E: lnvsllSrilon of lh. .ltcct of nitrlL conc.rtrrtion on rn' rhorbtlc'

b.hwior of @ dy..

Idlnmcrii: Thc sanc 4 n tiion d b.foa

R..g.rt!: th. sm.4 nelioncd bcfoE
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solutlolr: Th. sanc s mdtion.d befor.

Di.zoilz.rt srlt ntlic tcid: Stock soluion ofdi4odzed sulfdilic acid was peparcd in

fiv. scsratc volumchic ndb by niin8 lulfdilic.cid (1.0%) and sodium niililc

lotrlior of dilt 16r concalEtios (5OO-2500PPn) in I : l0 Etio BFcriv.ly' This llock

soluiion wd us.d fof tunn.! i.v.sdgadoN.

rom 100ppn hytrcbzcd 2,4D $bdon. 5Dl w3 tato in five scp@t. Joml n6k!. lo

qcb of tn6e 4hl of vari.d concfllration of di@tizcd rdsent w6 added lt {as

bllw.d by th. addition of 5hl of sodiun crbonale to .ach nak. Th. Euling do dt€

* dilur.d ur to trsl wirb ddrd *ald, The ab$rb&@ ws hcNEd ar 480nd

using (DIICo uv"2loo spdtophotoncta. Th€ 6dls ar giver in t.bl. 3 3.8 and are

T.bl. !3.8: hv€tigidor ol rh. .llet ol Nftrtr. colcdtr.tion or lh. ,bsorbane

b.hrvior ol tb. .zo dy..

S.No

500_0 0.166

1000.0 0.243

1500.0 0.201

2000 0 0.105

2500.0 0.08J

€

Flgur.3,3.10r Inveltigrtion ofth. !fi..r of nitrire colcerrnti.n dn ih.,ltsorbrnce

. bch.vior of tb. e dy..

t5l



2 J-D elution (hydrclrz.d)

Di@li2ed sulfanilic &id

sodiM carbon.t (loYd

1.3,3.9: Ilr6dgitlo! or tte .lldt of 3llf.nlllc rcid corc.lhtion or tb. .bsorban..

behwlor of 3zo dyc,

I rmme!l!: Th. sue 6 ddtioned befor.

Rdgdts: Th. ssc 6 n.ntion d bcfoE

Dl@iiz.d lrlf.nilic acid: Stock elulron ol dieti4d sulfanilic acid wd prepmd in

liv. s@d1c volumcltic 0sks by nixing sulfdilic &id solutiotr ofldious concdbation

tusing tron 0.27-l% @rcmtradon Md optimized nitil! lolntion {l000ppd) ii l:10

Frcm looppm hydblyzed 2,4-D solntioq 5ml wa rak6 in fiv. sepaat. Sod ndks. To

cdch of these 4ml of vdied concentrarion of didolizcd egdt was Mded. I wa8

follow€d by lh. lddnio. of 5nl of $diun c.rboiat€ 10 cach ndk. Th. rBulting uo dy.

wa dibt d !p to m.* widr dLdlled w.c.. Th. a!€oib.nce vs neauEd at 480.n

usins UNICO UV-2100 spetbphotoner.r The r.sulrs !rc eivcn in l{blc 3.3 9 and are

T.bl. 3.3.9r llvddgrdo! of l[. .Ifet ot rllfoilic .cid @m.ltrttion or lh€

.b!orb.n.. b.hrYior ofrh. @ dy.,

S,No

(%)

0_2 0.281

2 0.328

l 0457

08 0.422

5 1.0 0.t69
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o_2

E

hv6lle.tior ofitc.r.ct ollull' nilic acid @nc.rlt.tior otr itc
,bsorbrnc. b.h,viorof th..zo dye

2,+D slurion (hydtuItzcd)

Di@riz.d sul&rilic &id

1.3,3.10: Irvdtig,lion oarhe nixing ntio ot nltrite a sulf.nillctcld tor$e

fomlior of di.atiad r..g.rl .

IBrEmd&. Th. smc 6 mation d bcforc

R..g..ts: Th. ldc as n.ntioncd b.for.
goltrrions. The sm. a molion.d bcforc

Dt@ttzcd strU.lillc !cid: Stock soldion oldirzodzed sulfmilic acid wa pEpd.d r
two sdis In rdid on. tn. wlm. of niirit solulion (l000pPm) wa vttied fron 2-

I2mt ed sulfanilic &id volme ws t.pl @nsbnr. ID sdi6 t*o, lh. s fmilic &id

voluic rd v{i.n b.twcn l -5ml and nitt'i. volume @ k.pl conslant

Ircm looppn hydroltz.d 2,4-D solulion 5mlwts ltken in two !.paratc seiies of soml

volunctic flst' To.ach of lh*4nlolvdicd conc€nrdion ofdiaetizql Eagc.t was

r5l



addcd. Il w6 followcd by tne.ddilion of5ml ofsodiun carbo..tc lo @h n!*. The

Bllling !& dy. wd dilut€d up lo nart wiIh dinilLd w!rd. Th. .b$rbdcc €
n.@rcd .! 480nn usi.s UNICO UV-2100 sDetoDhotometd.

Th€ eull3.E 8ivd in t ble 3.3.10 dd @ shom in fisuE 3.3.12 (A&B) for d. rwo

Tabl.3.3.10 lrvgrlgrtlon oftnc miing r.tto of n rire &d sltfr.t c.ctd for the

fo.D.lton oI dietizd ug.nt

0.173 1.0 0,262

0209 )0 0.169

0.279 1.0 0.08J

0.015

l0 o_ln 5.0 0.009

l2 0.294

0.2
0.15

0.1

l2
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s.rig 2(B)

o3
0.6
02

0.15
ot

o6
0

2
qltr c .dd !duE(ni)

ngurc !.3.12: IlrBiig.tjo! of ttc nLhg rttlo ol nlEil. .!d trlfrtrili. rcid lor $.
rom.don oldl@tb.d usdr (^) rld (B).

!.3J.11: Irv6dg.do! of a!. .ltca of .ddlty o! lh. .brorb.t.. b.h.vlout ol lb. e

Idtmrdar: Ti. @. a n nrion d b.foc

Rc.gob: Th. sc a nati@cd b.foE

sol{do!$ Th. trn. a ncnli@.d b.foc

Srr.nlc .cld lohdotr: sultdilic &id sluion (0-6%) w pcp.Fd by dislvine 0.6!

ofsulfa.ilic eid in diffcrdi volu66 of hydehlodc acid on hoili.g wdd bnlh Thc

$rution3 wdc@lcd.nd lm.sa.Fcd in ro l00nl voludric rlak af,d dilulcd wirh

distilt.d *!t r ro natc lh! lin.l &idily of$lulion nnging lom 0 5M-2jM

Fo6 l0oppn hydol)zcd 23-D sltrtion 5nl wa! lat n in tivc $prnt 50nl ndks To

4h flsk 4ol of di@lizcd F.g.nt of vdi.d concdtdion wd addcd ll wd tollos.d

by lh. .ddilion oa 5hl of $diw ca6on.t. to @h fl6k m. Gulting @ dt! w6

dilut.d oo to md with distill.d $Lr. Thc ab6ot!&e w.t rn.su!.d al 4E0nn sing

2.4.D elution (hrdblrzcd)

Di@tizcd slfDilic tid
Sodild carbon.t O0%)

48otrd
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UI{ICO tN-2100 spckophorometd, Thc rcsuli! d. 8iv6 in labl€ 3.1.t I dd aE lhown

in 698c3.3.13.

Trble 33.11: INdrigrtiotr ofrh..fi.ct ol.cldity or tte absorbre b.bdviour ot

SNo HCr(M)

0.5 | 850

2 l0 1.999

J 1.5 l 999

2.0 1.999

5 | 999

Figur.3,3.13.Ilv.stigltion ofthc.fi..toficidily otr lhe tbsorbarce bel'tviolr or

ColdihoN: 1..,
2,4-D solution Oydlol)zcd)

Di@ti2ed sllfMilic rcid

sodiM cabotur. (10 %)

0_e/,

3.33.12: ltrvBtig.riotroltt..fi6tof volln.of dluorizd r.ag. or itc
dsorbrlc. benrviour of .D dye

lnrtrum.rt : The sme d n6tion.d bcfold

Re.g.rr!: The sd€ a nenlion€d befor.

So|Iilo!3: Thc sue s nentioned b.!br.

rt6



Dietiz.d 3urrllllc rcid: Slocr $lution of di@tiz.d lul&nilic eid va prparcd bt
ftixing $e sulfanilic acid (0.6y0) dd iitrit. elutio. (lo0oppn) in l:8. This sloct

$l ioc w@ ued for tudhd inv6tiSationr.

Fm looppn hrdftlyzcd 2+D $lution 5ml vd lakd in sv.n lepdar€ 50nl

volmctic llaks , to e&h of th4e v.riad volum. oadimtized eg€nl rmging lrcn 2,

l4ml wa added- It wa followcd by thc addition of 5ml of edim cdbonate io each

nak. Thc retrlti.g e d)€wasdilur.d upro mark wnn distilled wald. Th€ absodance

*4 nesuEd at 480nm using UNICO UV-2100 spotrcphotonetei. The results nlc

siven in table 3 3.12 and shown in Iigrrc 3 3.14

Trbl. 3,3.12 :Itrv6tig2rion of th. efiectofvolun. ofdldotlz.d reagetrton the

absorbrft. b.h.vior ot th. azo dyc

0.553 t0 1 t00

0.628 t2 0.900

0.7t6

0.935

1.2

0

{

4 6 310 12 14

Di.zotlr.d r..g.nt volum.(ml)

Fi$r. 3j.i,t: INdrigrtior of ft. .|I.d or robm. ol di.zotiad &.g.nt otr lhc

.b$rbde b.htvlor ot lh. tzo dya



Condltlons: Ind. 480nm

2,4-Dshtion(htdolr2.d) loPP.

Dieoti2.d R.agctl vaned

sodium cdbon.lc (10'l") 5ml

3.3J.13i l!v6dg.do. of ttc .tfftt ol DB o! th. tbstbtlc. b.hfliour or e dy..

IBruDoc: Th. s. a n nrioncd b.for
R..g..b: Ite me d bdtion.d bcfor

Soluriolr: Thc se 6 mqtioncd bcforc

Frod looppn hydFlrz.d 23-D eluiioi 5ml wd lakd in swm separate 50nl

volwet ic nsks. To 4ch ofihese loml ofdiazotikd icagenl ws added follo*ed by

th. ddirion of vdied volnne of l0 % lodium cdboial. to haintain the pII betwan 8-

10. Th. Eslling ao dye ws dilut d up !o hek wirh distill.d w:t€!. The absolbec.

ws ndurcd a,r 480m Ning UNICO W-2100 spelrophotmeler. Ti'c Gul$ aic

Sivd in rablc 3,3.11md G down in fi8la3,3.15.

T.bL !3ll: hv6rigrrio! of tL. .r.d of pB or tt. $sotbde b€h.viofi of.to

s.No

I 8.0 0.194

3.5 0.110

l 9.0 a,J)2

9.5 0.1t4

5 l0 0.318
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7.5 3 3.5 I 0.5 10

0.35

3 0.3

t 0.2
3 o-1s
{ 0.1

Figrr.3.3,15: Invatigrriotr ol th. .lLcr ofoH o! tI€ rbrorbarc. bentviorr orth.

2,a-D slutionotdrclyzcd)

sodiun cdbon.r. (10 %)

3,3.3,14: Ile6tig.rior of rhe €ltet ol conelrnrio! otr .bsrbtnc. b.hrviour ot

2,4D lt loed @nc.!ti.don

I$trund6: Thc Me 4 nmtiolcd bcfoF

R.rg.trt : The lde 6 ndtion.d b.foE

solrtto!$ Th. same 6 mqlioned bcforc

lor d.thination of d€teclion limit, fon steded 2,4-D elulion (looPpm) dift.Ent

voluh. for 0.5-2oppm w@ tal(d in s.!ot. 50 nl volManc flaks. To ..ch tlaL

optinum vot$c of di@rizcd sulldilic &id elution (lonl) wa .dd.d foud.d bv

addition of lo'nl of edim cdhdal. b m.irtdn the pH at l0- A r€d coloEd do dv.

B fo6.d ed ditur.d np ro Det with distill.d wlt€r Tr| aberbqce of th. slldng

@ dr! was ncducd at 48onm uinS UNTCO UV-2100 .petrophobncl4. Th. 6ult

e givd in tabL 3.3.14 dd e shoM in ti8lic 3.3.16 for lower @centrlion LOD and

LOQ vdc c.lcul.ted using lhe lomula giv.n beforc for flurox}lvi.

t5t



0.5 0.005 0-195

0.6 8 0.473

0m6 0.533

0.8 0_109 t2 0.699

0.9 0.t6 0.821

l0 0.184 l6 1.014

2_0 0.r9 l8 r.i56

0.328 20 t.2J0

Trhl.3i.r4: Irv6rig.lton oftt..fi.ct olcorc.rtration otr rbsorborce behrvlourot

2+D at lorcr conc.trt..rlon,

o.201
0.141

0.031
0.061

0.o21

0.7 0.8 0.9

Flgrr.3i.r6: Itrvestigariod of th. ef.ct of con.ellrrtior or rbsorbarce behntio.

of 2+D lt lowr corc.ltr iot

sodiuh c!ftonarc 00 7o)
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3.!.4: INWSTIGATION OF PEYSICAL P II MEIERS FOR ONLINE

SPECIROPEOTOMETRIC DETERMINATTON OF 2,4-D.

All phyliel pd@€i6 sch B rh. @dor @il leieth (Rl 6nd R2), to* nte dd
inj.clion volum. wft oprihiz.d fo. thc now inj.dion spdlrophotom.lric d.tmi.alion
of 2,4-D, whil. all the ch@ial p@m.t€s optiniad for the b.tch aMlysb of 2,4D

8. k.pt th€ s.rc Si@ thc oprimuo r.@pmnr€ for d'!@tizltion B .@n
i4p.6tu c, .ll of dE FI mdfddr {d. 14 d dm t rpdztw. A *n.h.dc diagnn

oanw inj@lion 
'5sbly 

i shoM in fiBuE 3.3.1?.

Figu..3.3.l?: schanatic diasm of6. FI maiifold. (S1) Dieorizd zulhnilic acid

slMt4 (S2) sodium cdbonat€ $ream, E) couplinB coil, (PP) pedstaltic pump, (r,

33rl.l! Itveiig.tio. ofnd nt of!y!l.o for FI lp..trototon.rri. d.t.rnirrrion
or 2+D.

IBtmD.lt: The m. .e D6rio..d b.foF

Rogdb: Th. slm a Mtioncd b.forc

Solrtio.!: Ilt sa8e B Mlioncd b€for.

Io . double chdnel flow lhsrgh rsnbly di@lized $lfanilic acid slution was

rllowd to llor in tubc sl while sodiun o.bo6re 00%) slui,o. {as allowed io flow

i. tub. S2. Flow.ate of th€ sysled w$ uried io tbe ldge of 1.5-5nymin. The coil

l.rg6 of rcactor R (@upliig .@ctor )w$ k pt 50cn Frcm roppm hydlolyed 2,4-D

-------+
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solulion lml was inject€d in thc rea8dr steh of diazolizcd dgdt throuCh a 6 pon

inFclor valv. Th. couplin8 rcaction lake placc in E clor Rl wh.r. lodinn carbon .
Equircd to nAintaine th. pH l0 ale mir.d with ir Tn absorban@ of the @ dyc

foncd a d*ued at 480m hy Eing UNICO Uv 2100 sp4lrcpholonelerund

display.d ihou8h conputer pro8xde. Blank wa. adjwt.d by towing conlinouse strcdn

of diuoriz.d kgflt dd sodium 6bo.at 3olurion. Thc reulls m giv.n i. labl. 3.3.I5

ed e shom in figue 3.3.18.

Tab|.3.3,15: Inv6tlgation of now rrt€ of sylt.n for rI spectrohotonetric

l5 0.00

2.5 0.008

.1.0 0.349

t.5 0.451

4.0 a.t59

5.0 0.214

8itIr.3.3.18: Inv..tigalion of floP r.tc
deterninrtlonof 2,4-D.

Flov ratc (ml/min)

Reactor Coil Icnsth

of3y$cm for Fl lpcctrchoron.lric

0.5

0.3

02
0.1

0

-0.1
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r.3.4,2: optimiador or ..r.rlo! oil ldBtn (R) ror FI rpdttutotohetric
d€t mindon of 2,4-D .

Itrllrun€nls: Thc same a nentioned before

Rcrgcli.: Thc mc 6 ndtioncd 6cfoE

SolltloDi: Thc sdc d ndtioncd before

h . doublc c[m.l now thiough adbly di@liz.d sulf@ilic acid $lurion *6
allwd to flow in tuh€ Sr whil. sdium cdbonal. (10%) $ltrtion wa allowcd b noe

ih tub. 52.Ilow hle oflhc system w6 iaintained at 3.5nynin. Tbe coil lng& of

r@lor R (@uplinS @tor) wa dicd b.tw.d 3Gl75cm. I6d loppm hyddlrz.d

2,4D $lniion lnl B injer.d in &. rc.8or srmm of dieriz.d @gdr rhrclgh a 6

port inj€cbr valv.. Tn. .blotbece of thc resulirg azo dye v6 nc$ued al 480nm

ui.g (rNlCO UV 2100 spcilDphordeid. Tbc reults @ givd in rabl. 3.3.16 &d e

Trbl. 3.3.l6:Optlmiz.tion of re&tio! coll l.ngth (R) {or m spectrohotonehlc

d.t ni..tior ol2,4D-

4.t19

l5 0248

25 0 295

l5 0.J4'

0.401

55 0.560

65 0.151

15 0.699

85 0.528

0.457

t05 0.400

125 0.175

0.t58

175 0.101
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€

rs 25 35 45 55 35 75 35 95 105

R..crq 6ir r.nshr {cml

Flgure 3,3J9. Optimizatlon of rerction coil l€rclh (R) for FI sp€clrohotom.hic

d.termimllor of 2,.1'D .

CorditioN: l-. 480nd

2,4-D solution Oydtullzcd) loppn

Flow d. (nt min) 3.5

Rscbr Coil lmgl,t vried

3.3,4.3i Oplimlzltiotr of hjetior volun. for FI sPatrohotom.tric dct rninarion

ot',+D,
l$tEmdG: Th. tu6 d nation€d befoc

Rdg.rts: Thc tue 6 ncntioncd beforc

Solrdobsi Tlc 3e.6 n.nlioncd b€foE

In a d@bl. chmel noe thFugh 6mbly dieolizcd $lfanilic did sol ion *4
rllowd to now iD S1 vhilo sodnm cftbotritc (10%) solution was allow.d to floq

inb. 52- FIo{ nic ofthe systcn ws naint.incd at3.sdvdin. Th. coil lengthofe&tor

R (@uplinB ddot ed 65cn. Fmo loppn hydmlyz.d 2,aD elulion l-3 ml wd

inj.cr.d in th. FaSdt slream of diuoliz.d @8dt tnough t 6 pod,injcctor valve Th.

a!5o6&ce of th. Eulting .rc dye rd m..sued at 480m using LNICO UV 2100

g4rrophorohct r, Th. 6ults &. Srvd in ttbl. 3.3.17.



T.bl.3,3.17: Optlhizrtiou of inj€ctior volune for Fl spe.rrohoton.trt.

d.l.rniMrior of 2+D.

0 ?80

). 0.?80

l 0.780

3.5

3,3.4,4: Inv.rtlgillo! of eff€cl of@trcentr.tlor or aho$rnc. b.hrvlourofM dye

,tlow.r.onc€ntntiotr,
IrsrEm.trr Th. $de a nmrioned bcfoE

R€4.Dts Th. sanc a notioned b.foE

Sohriolr: Thc s. a o@rioned bcfoE

Standad 23-D solution ofo.2ppm -2oppft wa pEpar€d ir a l0 hl voluncllic n6k by

Ifiry rne rcqui!.d volme of stantud IioE looppn hrdrclr%d solution and diluling

with disti Ued {at.i In . double channal nop lhrolgh a$mbly d iaetized sul lani Ii c acid

$lution wa! dlowd to flow in tub6 Sl whil. th. sodium cebonate (10%) solution e6
allowed !o IIow i. tub. 52. Flo* Bt ofth. stsrm wd mainlain.d at 3.5munin. The

coil lagth of.ouplirg rcactor wa t.pr 6Jch. A lml of v4ied .onccnlation (0.2-

20ppm) of2,4-D sohtion wd injElcd in $c rcag..l strsn of diaalizcd Hgenl

thrcu8h a 6 pon injelor valve. Th. coupling uclion lale plac. ir r.&tor R wheE

sodiun ctrbonat. is also mixed to naint8in dE pH at 10. The ab$rbmcc or thc azo dyc

fomed ws ncasurcd at 480m by using LNICO UV 2100 speciiophobn.td. LOD,

LOQ Md RSD w.r. calculated sing fomula givcn b€fo. for flmrypyi. Thc r6ul1s aE

Ajva ir trblc 3.3.l8 ed e shom in nguc 3.1,20 for low.r corccnration.
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T.bl. !,3.18: Ibvdlig.rio! of .IIat of corc.rtntiotr otr d.orb.nce benrviour .f i@
dye at td.r coreltnitor.

0.2 0.017 0,241

0,3 0.014 6.0 0.30t

0.4 0.05 8.0 0,450

0.5 0.0?r t0.0 0.552

0.6 0.088 12.0 0.654

0_7 0.105 14.0 4.157

0.8 0.122 16.0 0.85t

0.9 0.139 18.0 4.962

1.0 0-159 200 L064

2.O 0.199

o.12
0.1

0.03

o.2

Fl8trc 3J.20: Ilv6rig:aior of.rdt of @..rtrrtior on .b.orb$c. b.h.vlou. ol
@ dy. rt low.r conc.rtntlo..

lnl
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3.3,5: AIPLICATION Of TBE INWSTICATED MEIIHODS FOR IIIE
AN{YSIS OF 

'TIENOXY 
ACETIC ACID IIERBICIDES TN

COMMERCIAL FORMT'LATION.

Instruh.trc fte smc as ndtioned befo!.

R.rC.!t. Ir sd. a mdnon.d bcfor.

Conn.r.i.l empl6: @omftial smpl6 oa 2,+D dd MCPA w..c purchded aon

Solutioft: Thc sdc 6 mdtioned bcfoa

A !3nl ofconm.rcial fomuhtion of 2.4-D and MCPA was l.l.n in s@s€te beatc6

dd lsnlof 2'ldodiuh c.rbomi. ws rddcd lo @h b.akd- Th. bc.l6 wec cover.d

&d hai€d on boiling watd bath for 40mi.ut6 for hldDltsi!. F@m thc mlling
hyjolyred solnriorr, 5 ml w€r€ raten in 50nl volm€tric flalc And color wd developcd

in the sm€ way as ndlion€d bcfot for batch a.alt€is. ft. absoibdce wa m€aruEd

ag.inst bldk ai 480m usiry Uni@ 2rOO Uv tp.clropholom.t r'

For onlin. analyds lnl of hydrclrzcd hcrlicid. smple vs injet.d in u361sttsm

dd lhc alebmc. wd m6lrEd using thc am. poccd!rc 6 for stdda.d

Tnc octivc nrsrcdicnl. of2,4-D and MCIA in commcrciol fodul.lion w@ c.lculitcd

both for baich analylis and onlin€ anolysi. uting lb€ir 6p€ctiv. standlld cudes Thc

r*ulls m 9v4 in iabl.3,3,l9.

Tlbl. 3J,le: Actlv. hgr.di..l olh.rticid.r

2,+D 0.35 0.3010.018

MCPA 0.50 0.J9010. t0
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3.1.6:APPLICATION OF TEE TNVFJTICAIED METEODS FOR TIIE
ANALYSIS 2,t.D IN RlAf SA.I4PLES.

INtrumebr The ldc as mdrioned b.for.
R.rgdrs.It. sc a n ntid€d befoa

Solurions: 11|. sd. s ndtioD.d b.foE
S.mpL $luaiotr:

30 g of honog.nizcd sdplc in ach ca6c aa exrracled by usinS sllndad proccdurc

mdtioned b.forc for nurox}llr.

FDn exEml.d r.al *dptc 4rDl wd tr*d ir ep@re bdt4 an.t hydetyz€d in lh.
. se *.y 6 Dorion d bcfoc. Frcn fik hydrclyred exrmct tnl 6d 4nt M u.d for

i online ed barch dalysis !€sp*tiv.ty. Cotor v6 ddelopcrt in the sde w.y 6
menrione{i b€fore for baich and FI matrsis. Th. lesuls arc civ.n in tabl€ 3.3.20 The

fouowing fomula ws uscd for ciduc d.l.miMtion in Eal sdples.
ppnor2,4-D = g8.lGs/rr volmcnad.x p.F

wci$t or mple ratd (8)
Wh@ G.R rcallst! g6phic.l Eading ud D.F for dilurion f.c!o..

T.bl. 1.3,20: R.!idu.! td.t ot 2,4-D herbt id. iI t@d s.hpte

FIA
2,4-D (t!slz)

6.02t0.42 L12r0.ll

o.92!0.22

5.11028 r.5r t 0.35

3.1.7: PERCENT RECOVERY OF 2,+D FROM RXAL SAMPLES USINC THE
INWSTIGATED M'THOD.

A @overy t6t wd perfomed on @ntrol sdnpl.s, hrlified with a known concenrrarion

of2A D $lution. Th. solvcdr w6 d.poral.d ot rooh t.mpmtlE aor lhi. Exbrrion
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wa donc aacrly |hc mc vay a for rhc smplc. Sir Eplicat6 of the fonified 5dpl6
w@ daly4d by both balch ed dlin. n.lhod uins $c sme nerhod & n..rion.d
befoE. Pddi @overy B calcllat d hy aing thc fomda given beforc for flurcxFyr
111c rcsullr of 2,4-D iecov€ry Iron r.al sanplcs dd fomulalion lbr borh batch a.d

onlinc hctlbd Erc giva in labl€ 3.3.21

T.b|.3.3.21t P.retrl r.cov€ry of n.rbl.ld. from rcll srnpl€.

FIA

2,+D

91.6r0.088

94.5 r0.ll

90.810.32 92.0 !0.27

For findi.e thc mct rnilabl€ di@tizine rcoB.nl, diilcEnt diazotizinS edScnls (fiCrr.

3.3.4) wfic inv6ri9lcd for tne fomltion ofe dyc. Sulaanilic &id, sllfanilanidc. p-

Aft€r pr.linin.ry invGtigadon it ws ob!.N.d thot the proposad Eao on shown in

nsule 3.2.2. I feaible for spdtrcphoronctric d.teninalion of 2,4-D. Thcn vanoN

pdmdm for phFical dd .hfrir.l pd.mcl.rs wft optimized ed .r. djscu*d

Ana pElihin.ry dpdin .is it wa oh.dcd tut m d'€ is fom.d. Tn. w.rcldgIh

optinjatio. srudiB q@ cond@tcd &on 320-600m ro find out rbc m6t slir.blc

wav.l.ngth. A3 ii is clcr ftom ln. E ulB ( rabl.-3.3.I and fiClr€ 1.3.3) thc cultin8 @
dr€ hd a mdimu lbsolldc€ at 480m md this wavelengn ws sub!.qu.rtly urcd as

oplimun wlv.lagth for nul}ln investiSaiion of 2,4-D.
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nrlrc eilinc, p-dinobdoic &id dd dilin€ w.G u$d fo.lhis puAGe.Itwas ob!.dcd
lhit mong ,U th. di@tizing @Cqt only p-nirro eilin. did noheact wilh hydotyzcd

coupl'ng @gol. Anilinc md sllf&ilic *id 8av6lh. sde vatue for fomarion ofazo

dtr. Ar anili!. is ceinogoic th.reforc, srlfdilic &id ws s€l.cted for tunh.r !rudi.!.

For Edinm hldellsis ol 2,+D vdious bag lik. $dim hrdmxid., sodilm

catbonaic ard sldiu clnoridc w.rc oplimiz.d. ! d be sen froD fignr€ 3.3.5 Oal

sodiM carboture show 0r b6t r*ult, Wtil. $diun hy&oxid€ lcad to cotorld btdt
solution $crcforc, $ditrn cdbonaie {d rcl.cicd for hydrclysis o12,4 D.

Simila.ly thc @ncor.ation .nd vohnc of sodilh cdbonore rcquired for nlxinum
hydnlysis w€!€ aho optimized (ldbI.3.3,4 &3.3,5) cpcclively. It was found rhdt wirh

incrc!6. ofconcenn?tion fom 0,5-2% [ydrolysis incles6 and aner lhi6 a dedcasc ]n

hrdoltz€d prcduct wa obsfled. It wa5 furlh.r obsryed ln.t al high conc.ntration of
sodium .arbonar€ fion 5{% $. hydbl}zcd poduct is lhick whil. p@ipitat . Thh

pBipnrt wd r.dislved by usirS.theol bd n giv6 lowa valua ofab$rbbc. for

&o dy. fomlion (nsm 1.3.O th@forc 2% of edim calbolarc w3 s.ldtd for

muinu hydrclrsir wittr no pEipit tion. Simildly the volun of2% $diun dbonar.

w6 siudicd in lhc tuge of 2r 4ml, It wB obsd.d (ngurc 3.3.7) that I 5ml of 0.2%

lodium cabomt is the optimun valn lo. nax'muh btdolysh.

As hrdlolrsis take plac€ oh hearing, d,crefoc hydrcl$is rcmpfiature tas strdied in rlr
r&gc of l0-100'C. FiguE3.3.8 sho$ lhct nixinum hydbllsis takes placc on boiling

wal.! bltn. Simildlx the line Eqdrd for htdolysis w6 ale oprifrized in dr rangc

b.tw6 5-60minuid (tabl. 1.3.7). ft wa obsd.d (fBE 3.1.9) rhat maxinun

htdolysis ..quiE a0 minnt€ baring on boilinS wat r brrh .nd ancr ftar a d.cr.a. in

htdDlysis I obs€de4 psbably d!. to deonpcition of byd@ltzed pbducl.

Thcr.forc, 40 ninnt6 hcating 6 boiling ertd brlh wu s.let d oplinm h.alinS limc.

TIE conchrralior of nitritc ed sulfdilic &id w4 oprimized for lhc fomation of

dirzotized @sent. Nirile was uscd in $c nngc of 500-2500 ppm aDd Sulfaniliclcid in

lhe id8c oi 02-1.0nlq elulions. Mdinln dia&tizaiioD occutr€d by usins sohrlion

beins 1000ppm innit ite(Fi8.3.3.10)rnd06%iisulftnilicacidCFis.3.l.ll).
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llE @Dbining nrios of@gors were opritoizcd in rhe rmSe of1"5 hl ot0.6% surfaoitic

&id ed 212 ml ofl000ppn nndt. solltioft.It wd found (tgur.3.3.12 A & B) lhal

naidm didolizario! @cred ar tbc combining dio of I ed I mtotsulIanitic rcid

and niEit solulioN €s"dtircly. Th.E *s . detEc in abeib&cc bcyord @rinuD
lolh€ of rh. dieotiz.lio. Egdrs
The elfcci of acidity on lh. fomation of <tieliu ion wd al$ invatig.r.d. Conshnt

ab$.bdcc war obtaincd in rh€ rmge of I 0- 2 5 M of hydlochlolic acid (Fig.3.3.ll).

Tnerefor€, LoM HCI &idity ws slectdd for the fomalion of diaoniln ion.

Thc ef€ct of volu6. of didolizcd @g.nl on di. lomatior of @ dy. w6 studied nDn
2-l4nl. It wa ob@.d (figw 3.3.14) thd l0 ml oa iti@rizcd dght ws strfficidr for

naimm fooatior of @ dF
Conplins Eaction takd place al hasic pH. ThcrcfoE, pH of rhc final solurion aner

addiiid oI2,4-D *as rdj$red wiih l0% edium carbomte solLnion in the rrgeofpH 8-

10. MdinM abso$ece wa ohs.p.d atpH t0 (!ig.3.3.15).It w.s obsded rhat loml

of loplo Sodinn c,rbonarc is Equird lof tn. optinm pH. Tlis volumc of sodiun

carboml. wa uscd lor aunhs stDdi6.

ODrinizrtion of pby3i..l prEm.t s lor onlh. $.lysn
IE pbsical variabl6 studied vqe flow ral., r.rctor 6il l€nglh dd iij@tjon volunc.

llow rat w!.tudi.d in the rmgc of 1.5-5nynir (Fi9.3.3.18). when &e flow rale

incited, tnd siSndl incHscd np to thc now 6tc of 3.5nl/min!tc ond deresed lo!

gdtd now !.18. A flow rarc ot 3.5dtmrn wa chosn 6 a compomFc monB

.d€quate smplinS El.. p€l width, ed 3milivily.

Thc ldgth of @ror R wa shdi€d in tlr ang. of loJ 75 m dd i( wa found rhar *ih
increase of coil lcrslh thc $sdibance of arc d'€ incEas6 up to r lcn8lh ol 65cnl

(Fig.3.3.19). Thdeforc ocoil hngth of65cm *4 sel@ted for funher studies.

Th€ €fidt of inj@tion voluhe wa irv*tigatcd wilh loop in angc of l-3ml volms. A
l@p of lml e8 sl.cred ro nainrain e good sanpling nre. Abovc rhis rclumc

boadaing p.,l .ff@l wa po<luced M$oul &y inct6. in th. pdl hcignl. wnm all

ilr. above @ndiliotu dc @upled a smpling ratc ofgo/hour wa &hi.v.d.

Ai optinun conditioc, the .ff6t of lowc! conc.hlration of 2,4-D (belowl ppm) on

abso.bmce bchdvior wd invesligoled for o$qsin8 the LOD and LOQ for rhe
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invdtigal.d methods, Thc @ltr @ givd io rablc 3.3.14 &3.3.18 and @ shoM i.
3.3.16 & 3.3-20 Espelivcly- The LOD dd LOQ wE.alculat.d rld w@ found ro b.
o.l3ppm dd 0.42ppd Lrr FI analtsis ind 0.084pph Md 0.28pph fo. balch analtsis

Thc RSD vs .ls cllculnl.d ad wd found to b€ 7.2% dd 8.2% for the onlinc ort
b.rch eal,sis rE!€tircly. Mold absotprivtiy v6 calcdakn rnd found to bc l O9 x IO'

trotrcni dd 2.39 t I d trorhr for barch dd ortine ncihod @*tiv€tv.

Appllc.tlon of the invgrigrred herhod for the rn.lystu ot ph.noxy acerl.ncid

h.rblclda iI conm..cl.l formrLtiotr ud r€rl s!nDl6.

Thc invetigared ncthod is €qually suitablc for all phqory ac.tic acid hcrtricidd. To

dhonsl:E thtu, 2,4D &d MCPA w.c sclet€d Thc hcthod % appli.d fo!

dctcminalion of thcir &iivc ingi:dienis itr connmial fomulation, Thc r.sulls oblaincd

.r. grven in labl€ 1.3.19. u wrs obseru.d rhar rhe vduecaloularcd by this melhod wcre

vcry clos. b A€ labcl valuc. Tlis shows th. applicabilily of m.lhod for all pn€noxy

&clic acid hdbicide, On hrdolysis il phdory acid hcrhicid. siv. phhol,which is

couplcd wilh suitauc aedt forrhe fom id of @ dle Th@forc thc me6od cdot bc

N€d for +cciatioa blt could o.ly b€ us.d for lotal phdoxy ,cid hdbicid€ delemination.

In oui cde the Fsiduc dciminadon wde don. only o. &de sanplc on which only 2,4-

D wa sphycd. Th.rcforc w. hav€ repoitcd oui eults for th. !rmc. For II &alysis th.

Giduc ld.l in |l)c aaltz.d whqt snin ed oou @pl6 for 2,4.D w@ 0-871 0.1 5

Uglg ed L 12 I 0.13|18 /E whilc {d mda Bnin md flou sdpl6 0.92 r 0-22wlg rnd

1.5+ 0.35 rslg re3p.clivcly. Thc r*ulls w.!. rlso conped with baicn alalysis (tablc

3,3.20). Tb€ 6id!. I.val foud w@ nuch hi8ncr lban dE NZ food and safety authorily

MRk 2005 for cft.l gnitu which is 0.05Fg /8.

Th. r@v..y 16r shows lhrr pd@t lt@cria in sfipla wricd ttn 92-95.3lc lor Fl

sdtlis ad m-94.5% for bd.h ddFb (tlblc 3.3.21)
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!.4: hVESTICATION OF SPEqIROPIIOTOMETRIC METIIOD FOR

DETERMINATION OF BROMOXYNIL.

Th. chcDi@l slructure ofbdhoxlnil is ejv.! b€low.

ligurc 3.4.1: Cncnical shlctu. ofbrcmoxy.il

3.4.1 : Merhod dd.lopmdr 3rrr&g for rperb rotoh.Fic det rmi!.tior of

Brcmoxynil is chhicauy 3,tdibrcmo-4-hydroxy bcnzo nilrile, lroldng in to the

stdctur., it wd iholelt lhat th. nir.iL gmlp could bc r.deed to prinary aminc using

acid hydrclFir. ln Bodl.d mine @uld bc di@lied dd colpl.d wilh slilrbl.
coupling rcagot to fom eo dtr. fte proposed chenical @iion k sbown i. fi8ue

1.1.2,

3.4.t: Prclinin.ry lrv6rig.rio! ol th. po$ibility of reductiotr ,nd couplins for

3p.cft opbotoneft ic detcrnination ot biohory.ll.

PElimimry sludiB wce conduct€d to invsrig.te ln€ posibihy of rh. proposed reacrion

(fi83.4-2) for thc fomtion of e4ar.d @ dr€. Inirially high conccnhtion or

bonoxynil (100 ppn), Flativcly ldge voluh€ of hy<lrochloric, sodiun nnrilc and

vdious conpling @gdt lik€ &n.ph&ol, and anilin wd tried for thc fodarion oflh€

dp4t n do dt€ at rcom r.mp.Etur.. Rcducrion ws t icd both at rcom topeElur. and

by b..tins. fte fodalion ofthc coloEd azo dye both rl ioon temp.latuE and upon

ftqting indiai.d lh. possibility of rhc rc.clion dd il3 $bsequeni application for

spetophorom.rric d.tmin.rion of bbmoxy.il by this ncrhod. Funhq studiA v@
Iocuscd o. optihizalion of vdiou! pedeteF dd e givcn below,
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nts.3r3: h.n ..d E dor rdrh ftr 4.do!|.loD.irlc d.'dth'rid
ofDllooryntr

r
r^)

dt

{=x

l

i-=

r7a



3,4i: oTTIi4IZATIONSTItDIES FORSPECTROPEOTOMETRTC

DETETIMINATTON OF BROMOXYML

3,4.3.1: hvgrigrllotr oI.uitdl. wrvete.gth for th€ lpfttropnorometiic

d.l.rhilrtlotr of br.Dorynll

Th. onlinc aysteh @npris.d a pdisialtic plnp *ith PET (i-d. l 19nm, Bdlo. Dickon,

UsA) ed dlico (i.d.l-7]mn) llow hbes, a v-450 6 port inFcrion valv. (Upchurch

Scidrific Inc, USA) sd a (w/Vie A@rropnotom.ra (UNICO W2100 Unircd

PDducts dnd lnslNnenls lnc., Dayron, N.J U.S.A) d n dcrccror wa nscd

Rdedtr.rd ch.nic.L.

All chdicals uscd wdc ot analrrical rc.got Crdc punty. Sodtum nilritc, anilinc

(M@L), p'n.9htlrol, @ftdtrated hydrcchloric acid (M@k), rld .$eol (M@L), wcle

uscd duri.g dis pork. Standard rcf@nce material Orcmoxlnil) wls purchNed ftom

ACROS ORGANIC, BclEiM. Cotmdial spld @nlahjng bromoxynil wd

pwcb6ed fton thc locat mdket.

i)NlkltcsolutionjNitritesolulion(0.15%)w6pE .!.dbydissolvins0.225 g

ediun niEit in wotd sd dilulcd uplo 100 nI wilh dislillcd valci

ii) Anilire lolution, Anilioc solution (2olt w3 prPded by nirihg 2 ml of aniline in

70 ml of.thtul dd drlntin8 up to I00 drl with s,rd.

iii) p-nnphrhol sohtion: p-naphthol (0.2%) ws pGPar€d by dissolvins 028 or p_

n.phrhol in L2% sodim htdmxide $lurion i. a l00ml voluictnc flak-

iv) Srardrrd bronoxytril 3olutionr Sldd.rd bodoxynil solulion (1000 ppm) was

prcpar.d by dislving 0.05 g of nddad bEnox'llil in 50 mL of.rhdol in 50 ml

volun.llic nsL Frcn lhis !loc! $lulion l0 ml ws tlkd dd EdDc.d with 0 4M HCI rt

Dom tcmpdne, Tnc Erltins elution ws r00 PPn in Enuc.d trcdlcl. Thftugh

st pwis€ diluiion wilh dislillcd watd l0 dd I ppm bromoxynil eludon weE p!.parEd

Fron stek IOO pph r€duccd bbhox'4il solution 5ml v6 takon in two sep.mts 50n11

volunctric !lsk. To a.h aak lonl of Ol5% nitrit solntion ws ddcd lor

diarctiz.tion, Thesc aolntions vetc cqDilibrat€d for sonelimc for lh€ conpleliod ol
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.eciion. lonl &n.phthol (0,1%) wq addqd lo @c sci oI sturio. while tohl (r%)

dilirc wa addcd a couplinS Eagdt b ln. od.r &( Th. eutting e dye wc dilur.d

up to mrk vilh distill.d walci. S€Pade bldL solurioG weE pepded thrcuen the sAne

pocedu. wilhour tn. addition of brenoryril. ft. ablorbecc of tic @o dyc ee
m.durld ar diffeMt wav.lagth fron 390 io 550m nsins LNICO Uv,2r00

spchophotmcr.r fm filding out rhc oFihm w.vcl@8rh. Thc aberbdce e3 nol.d

wiih incMing w.v.l.rglh dd @.h wayeldgt\ wa calibded wirn bhk solurior Thc

6ults e gi6 in tahlc 3.4.1 md aE shoq in fig@ 3.4.3

Ttbl€3,!.I : Invclie ior olsuitrblcsnv.l.ng(h lorth.3petroDholon.rd.

d.t mtmdotr of bromoxynll

ab3orb$e $lng Fn.pndol a

t90 0.065 0.340

0.067 0.145

410 0.069 0,381

420 0.070 0.,t00

4t0 0.071

0 073 0.J98

450 0.083 0.311

460 0.101 0.371

0.116 0.364

480 0.115 0.361

490 0_l4l 0.359

500 o.t42 0.350

5r0 0.134 0.146

s20 0.1t5 0.33J

530 4.321

540 0.047 0.291

550 0.020 0.210



0.5

0.45

0.4

€
Bo.2b

' 0.2

0.15

0.1

0.05
380 530

(nml
560430 4E0

Fig.r.3.,t3: rNsalgrtid of t!ft.bh t.v.ldgl! for d..paltoFhotor.ttic

d.t .n|!.dor of b.o|norynl

Corditldr: ln. ftied
Bmoxy! .olutid loplm

NilriF solution (0.15%) loml

&nah$lol slution (0.1%) lonl

lnil'nc lolurion (lo4) 10nr

!.a3l: Oprintt aD! of .cld d@ctdo! fo. Edlctio! orbororttll.
In!hm.!t!: The sd. 4 mcntion€d bGlorc

R..g!!ir: Thc a@c t6 n€dlio!.d !.foE

S.tdrou: Sm. a dotid.d &o*.

lonl of dodlid bo@xyd t@ 1O0O PPd roct eluli@ B t td in flE !'P6tc

loonl rclMcltic ddk sd vecd 6lme of concoLat d hvdtuchloric eid wts dded

to it b fod O.14.6M HCI $lulid on dibli@. Ip mltinA $lutioa wh looppm 
'n
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lrcm .eh of th6c looppm slock solulions snl ws ta*a in two *pade s.ri6 of
50ml volln.ric flak.'ro ach n..k loml of 0.15% niri!€ solulior w! 2ddcd dd
were .quilibr.ted lor $nciine for rn. foration of di@niun ion. To lhe suting
diaolircd pFducl I0 m! orp-nrphlhol (0.170) .nd (t% anili.e) was addcd 6 couprihs

@gcni in thcn n+.ctivc si6 drd dildcd to 50nl wiih dbriltcd watd. Thc atxoDmcc

ofthc rcsuliing ab dye wa D6urd al 430m dd 500nn for p-nephthol a.d aiiline

Grelively. The t4lIs e giva in t!!le 3.4.2 and @ shoM in tglE 3.4.4.

T.bl. 3.4.2: Optmltrtior of r.id con@trft.tlon for r€docllotr of brcnoxynil

(Couplltrg r..g.nt.!llhe)
0.1 0.652 0.154

0.2 0.889 0_2.t0

0.3 r.245 0.I0
1.102 0.,$0

0.5 |.lr7 0.365

0.6 0.906 0.298

I

0.1 02 0.3 0.4 0.s 0.6

Flgurc 3.4.4: Optihizrtion of acld .oncent.rdon fof

gnaphthol solution (0.l o/t

lonl
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3.4J.3. OpdntAdo! of@oc.ltrrdotr ol trltriL shdo! for dl@ibrrion of

lmttun. !: Thc emc a ncndoned b.for
Rsgd$: The s. 4 nddon d bcfoe

solutlors: The sam. a! m.nlion€d belorc

l0 ppn of hydrcltzed b@oxydl sirnddd slution wd lat€n in two *pd.le sdie ot

Iiv. volmatric fl6Ls (50 nl). To acb odk, lonl of difffit cotucokation of nitrite

solurio! @Fns non 0.05"4.25% w@ add€d. Cold wa ddclopcd in $c em. wav

4 n6rior.d abovc, Th. absbdc. of tle e$lring @ dye w- r.&ed a1430m i.
cse r"naphlhol ed 5OO nn in cde ofeilinc 6 couPline reag. Th. Esults a6 Eiven

in iabl. 3.4.3 &d @ shown in figue 3.4.5.

TrbL 3.4J: Optihlrrdo! of cotcoitrd.! of litrtl. 3o|!tio! lor dl@tLrlio! or

blomoxynll

(%) (CooDllng dg.!l alilitr.)

0.05 o.275 0.343

0.350 1.513

0. t5 1.203 1.701

020 l.I46 |.610

0.25 t.096 r.391



1.8
1.6
1.1

1

0.8
0.6
o.4
0,2

0
0.1 o.2

Fl$ft 3.{.5: Optlnlrtdo! of@!@tr.alo. ol Nllrltc loludor for di@lt .tio! oa

broiotynil
Coldltiolt: \'., 'Bom & 5oltutr

BMoxynil &lurion lopPn

Ntritcelution(vei.d) lolnl

Ftuphlhol ,olution (0.1%) looi
mlin sluti6n (l%) Ionl

r.4j.a: OpdDlrldor of votun. of lttritc lohrion for diMdallon ofbtunortnil.

I$lne r: The m. a mrio@d hcforc

Rogdt!: TtE s. s ndlidcd bcf@

SoldoB: Thc 3ro. a dalioocd b.foE

Th. .ee ptu.&@ s ndtion d t'borc *s u.d oilv th. vohmc of 0 15% niti'
sludon re varied Aom 2-l4il- Thc .b$!b!n@ of th€ rcsulling.zo dve wa mcaur'<r

ar rlc oplmirrd wavcl@gtn. TIF dlts @ gi@ h LrbL 3.4.a sd e dDM in fi8llE

1.4_6,
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Trbl.3.4-4. Inv6li8.lio! oflh..[..t olnllrit votum. o! tli..bsorb.nce behavior

of th. .zo dyc.

2.1

1.6

1.5

0.9

0.6

0,3

6 810 12 14 16

B-naphthol

3.,1,6: ODrimitrllo! of vobd. of tlfit solution for di.@tiation orbrororvnil'

s.No

I 2.O 0.255 1.480

2 0.50J | 512

3 6.0 0,262 1.58?

80

5 l0 0.126 L630

t2 0.102 t.7)l

1 |.495

8 l6 0.961

niline

l3l



Conditlons: tr-,. 430nm&500m

Bonorynil rolution loppn

Nitrit elurion(0.15%) vdi€d

,-naph$ol sohtion (0.I %) lonl
ailirc eltnion (1"/4 lltf,l

3.4.3.5i lrv6tlg.tloo of Oe .fidt ol coupllDg rergerr cotrcetrlr.tio! on th.

.b.o.brnc. b.h.vior of co dye

I!rtmm.!k: Tn. su. a mdtioEd b.aor.

R..gertlr Thc ah€ 4 nmdoncd bcfore

Sobtio : The sme a mcnnon dbcforc

Broboxynil sledad solution 5ol ton looppn edlced stock $lution s t@f.Fcd

ro two s.ps.te sdi6 of rix volm.rric f,slc(50 Dl). Fom 0.l5vd niLitc $lution, l2nl

&d 4hl wd add.d i. sri4l ed si6 2 respativ€ly ln !di6 l, 10nl ofv.ried

@ncdtdtion ofp-n.phlhol dgi.g fon O.0l%-0.3% wr. .dd.d, vhil. loml ofv.licd

@GnnatioN of &ilin. (1-57.) s@ addcd d @uPling @8€nl in *ri6 2 Thc

absorbdcc of Esulli.g a2o dy. wd n4snr.d al th.n resp4livc oplitrlud wavclsglhs

It. culr5 e giva in t bl. 1.4-5 ud e shoh in fi$rc 3 I 7

Tab|.3.4,5: Ilvatigrtiot of lh.€lf4tol.orplirgretc.lt.otrc. .a{onon the

dsorb.rc. beh.vlor of th. Mo dY..

0.05 0.378 1.0 0 186

0.10 0.564 20 |.542

0.15 0_686 1.106

0.20 0.772 1.24'

0.25 0.652 5.0 1.0t7

0.30 0.230 6.0 0.9?8
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a) Sdi.ll

(b) sdi6 2

1

0.8

0.6

0.4

0.2

0

0.05 0.t 0.15 0.2 0.6 0.3

Coupling reegent conc.{%)

8

1.6
't.6

1.2
I

0.8
0.6
0.4
o.2

0

34

Figrn !.4.7: hvollgrtior of lh. .fiEt of @lplilg r..g.nt @.cdtrrtior on tl.
.b!orb.!e b.trvior of lL. a dF

I-. 430m & Jooffn

Bto|MFil $bti@ loppto

Nitrir...lutio' (0.15%) 12ml & 4ml

t8l



p-iaphnol $lution (varicd conc.) lonl
milinc slulion (vdicd conc.) 10nl

3/3-6: I!v..dg.lio! of &. €Act ofmhDe of cotrpliDg .e.g.!r otr lt. lblorbnc.
b.t.vlor ot ah. @ dtc

I*lmd€or': Thc hc a Imtion.d b.foE

R.rg.nb: Th. srnc a ne.lioned beforc

Solutions. Thc sffic 6 mcotioned b€foE

Brenoxynil standad elution 5nl iioD l00pp6 lrduced s1o.k solulion wa r{sfmed
io rwo scp.nr. ldid of 50 bl hlmcrric n!*5. Th6. elurions w@ dieriz.n Ning

thc optim volm. of 0.r5ol' nilrit. lolulionro $c @lting diuoniun ion uncd

volune mgjrg from 2.l0nn of colTung Eag.nls w@ addcd in th.ir Epetivc s.n6.

The absorbdcc ofae dyc fmcd ws ncasurcd at 430m dd 500nn for seri*l and

si6 2 spectivcly, The esults e giv.n ii t.blc 3,4.6 ed e shown in ng!rc 3.a.8

T.bL 3.4.6: Itrvdrigrrid ol rh. .lLct ol volln. ol @uDllng ug.nt on ih.
rbsorb.re beh.vlot of tt. @ dy.

s.No

(hl)

2 0.067 I 034

t.022

6 0.700

3 1.384 0.696

LO r.341 0.612



8

8

1.2

21
or couprlns reaq.nllhl)

Figure 3,4.8: Inv6rigrllotr ofth.eflecl olvolrDe otcoupling reagert on thc

absorb.rc. b.h.vlor of th. .e dy.

P-narhnol lolution (0.2%)

3.4,3.7: Inv6rig.tior otth. cfi.ctolsodlun tydrcid€ conc.rtr.tion on thc

lbrorbanc. behrvior of th€ rzo dy. ulhg eraphtiol ai coupling rclg.rL
ImtrumdGr Thc se a h.nlioncd bcfoE

Rag.Dr.: Th. 3de 6 mdlione<l bcfoE

Solutiotu: Thc see a m.niion.d beftr

Brcnoxynil 3t6dard slurion Sr ton 100ppn Ednc.d brnoxFil srock $lution wd
Fa$f€dld Io wo s.pr.l.50 ml volMcnic nak. To dh llak l2nl of 0.15% nilrite

solution ws .dded followqd by th. additio! of 4nl p-Ddphthol $lntion pEparcd in

dilfedt concdtration of edium hydrcxid. (0.4'l.8i'4. Tn. absorbmcc of arc dre

fomcd qa n@red at 430nn. Tt culk @ cjrd in rablc 3.4.7 dd aF shosn in
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Trbl.!.4,?: Itrvertigltlo! of th€ efi.cr oftodinn hydrortd. corc.rrrarion on thc

absorb.nc. b.nwior of th. r2o.ly. urirg &n.phrhot..s.oupling

s.No sodinD hydrolld. .ore
(M)

l6t8
0.6 r.66t

0.8 l_668

1.0 1.670

5 1.2 t.612

6 L646

7 t,6 ).521

1.66

1.62

1,53

1.56

1.52

1.5

1.2 1.4 161.3
sodium hydtotrde conc.(Yl

Figor. 3.4.9: Inrdrigrtior of rn. .fi..t of lodiud nyd@{d. co!..lrnrion on th.

dsorbnc€ b.h.eio. of rhc Nzo dy. nsirgFnaphtnol.s conpllng

ConditloB: I*. 430nn

Bremoxynil eludon loppm

Nn.ib sohtion (0.1570) l2ftl

P-naphthol solution (0.2%) 4ml
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3,i.3.8r Optimiz.iior of tne ef€cr of dm. or coupling re.cuon,

tn!lno.!G: The @. a n@lioned bcf@

R..gd&: Tne su. s hdtioned b.foE

SolulioB: Tr'c rdc a mdtion.d beforc

frcm looppm rcduc.d slak $lutid ofbbmoxynil ,5rl was lr&sf.r.d lo lwo r.pialc

sdi6 of fourtq 50 hl sllncEic flak- E&h si6 w* diatiz.d by thc $me

m.lhod 3 dationad b.aoe. Optinuh vollnc of coupling Flg.nls v@ added in their

r3pcc(ivc scncs. Tno rcsuhin8.zo dtr wls cquilib.lted for difer€nt time intcdak

rdging fFn 4-30 nin!r.!, Th. absrbdc. wa n*ued at tho oplinized wav.lenSths.

Ttc 6ull5 rc giv.n h lablc 3.4.8 sd 4 rhom in fisurc 3.4. l0

T.bl. 3,,1.8: oprtnlrrtlo! or the .oect or dm. or .orpli4 r..ctlo!

r.701

1.730 L.7OJ

1.750 1.701

10 t.154 L?08

t2 r.151 1.708

r.157 r.708

t6 l_157 t.?03

18 1151 I ?08

20 t.751 t.?08

22 t.151 l.?08

24 t,751 I 708

26 t.t57 l.?08

2a \.751 L703

.10 1,7t7 L708



1:t6

1,72

1.62

3

20 30

Fl3rr. 3.i.I0: Optihiddor olrhe elTet olrlm. on coupling r.lction,

Condltloft: lnd. 430ns & 500M

BoEoxynil solntion loppn

Nilrit.elution(0-15%) r2n &4nl
,'naphthol elutioD (0.2%) 4nl
dilinc soluiion (2'l,) 6ml

3.,t.3.9: INcrigrrio! of tte limii of dereuo! rrd quotific.tlo! for

speroDhotom.i.i. dcldnindio. of bromory.il

lnllrumcnt!: Tlc a.mc a! nEnlioncd bclorc

Raedts: The sdc a ncniioned b€forc

Solutiotu: Ir smc a h.ntio.ed b.foE

Fron srandrd rcduccd bonoxFil elution (lo0ppm) di|f.6I voluhc for 0.02-5.0 PPn

*cc iakd in two s@etc sdics of 50 n! volumctric fl6k, Thc oilinun vollmc of

"nritc 
solution dd coupling reagents wcr. added in oach $ri6 and k€pt for

cqlilibhlion Th. .bsorbec. of @ d}! fom.d w6 m*lrcd !t 430nm incd. of r-
Depn0tol ad al 500m irc& of eilinc d @upling Egot. Thc Gulls ft givm in

I88



bromoxynll low.rconcc.lr.ilor.

o.g2 0.005 0.0?0 0.058

0.03 0_008 0.5 0.093 0.075

0.04 0,012 0.6 0.I05 0 097

0.05 0.016 0.? 0.l.tl 0.114

0.06 0.018 0,8 0.199 0.160

0.07 0.20 0.9 0.2t7 0,290

0.08 0.022 1.0 0108 0.J70

0.09 0.024 0.006 2.0 0.821 0.635

0.10 0.i21 o0L0 3.0 I lt5 0_?01

0.20 0.016 0-023 4.0 1.495 l tSl

0.30 0.050 0,051 5.0 | 662 1.455

r!bl. 3.4.9 ed dc slroM in 69@ 3.4.11. Mol{ a!$rprivity, LOD, LOQ .nd RsD

wd c.hul{.d by Eing the fomuh giv.n bcfoc for ohx ypF.

Trbl. !..1.9: Inv.dgrtion of ft. .tret of coleltrrdon or aborDmc. b.hrvior or

Flgun 3.4.11 i Inverigltior of fte €Ir.cr of corc.rltttion on .b!orb!r.. b.hnvlor or

bromoDnil !t loa* conc.tt..tlon

a

0.12
0.1

0,04
0,06
0.04
on2

0

0 0.1 0-2 0.3 0r4 05 0.6 0.7

Bromoxynll concontration (ppm)
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Corditiou: td. 4l0m & 500no

Bmoryril $lurion loppm

Nritc !oldior(0.157o) 12nt &4nl

P-n'Phlhol $lurion (0.2%) 4nl

eilio. lolution (7.) 6sl

3,4..r OI'IIIMXZATION Or PEYSTC.{! PARAII.IETERS AOR ONUNE

SPECTROPEOTOMETRIC DETERMINATION OT AROMOXYNIL

All physic.l pdmcrG $ch a the @ctor @il lengtl's (Rl od R2), flow rat and

i'j€lion volu. q@ otinired for th. flop injeclion 3pGlrophotomerric d.imiration

ofbrcb.rrynil, *lib tI t[. cbdicd p3rrnads optinir.d fo. th! batch r lrh of
brcdoxFil Fc kcpt thc oc. Si@ rhc optjnum tcn p@nft for diaarization us
r@n tcrnp€Bturc, d! of rnc FI naiifol& wd. s€t at @m t.npmtuE A shmalic
di!8ru of flow injsl'oo.snbly us.d id ihis wo* is shoM ir figure 3.4 12

Pi8or 3.a,r2: Sch.oltic diagM ofd. n nDifol4 (Sl) niiril. slr64 (S2) @upling

€gcrt str;..nq (Rl) dnzoiiurion @il, (R2) @pIng 6il, (P?) pGbLltic p!np, (w)

3.4a,1: Ilvdti8ltiotr of llo{ nte for onlirc .p.clruhotonllic d.t niritior of

Irl.nD. : Ite s. d Demided bcforc

Rasdt : lr'c @. a n riior€d b.frE

.---..-->
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So|[no$: h. m. $ motiolcd bcforc

Ii. now tiough $dbly, nitlilc solnlion (0.15%) wd lllow€d ro flow in ieageolsirem

Sl ehib tne ouplitrB E8dt (oiliD. or A@phtlol) wa allo*d lo lov in @s6t
strq4 52. Flow Et of rh. stsifr rc vdicd in ihc mgp of 1.5-6,5nlt n-Thecoil

tagth ofle&tor Rl dd R2 wd3 k.pl60cn ed 50m Bp@tively. FFE loppn &duced

trcnd}lil sohtion lrDl wa inj@r.d in lh. Egal srr.u of nirrnc tnm4h a 6 pon

injalor vatv. ro fom di@tiz.d rcagat This di@dzcd Mgat.oupled wilh couplins

Mg.nl in teior coil R2. Thc absrbdcc of ih. do dr! fom.d wa m.a!red at 430m

ilr. of enadlhol &d ar 500@ itr ce of eilinc a @udi4 tu8ar lltc rslts e
gi6 in i!!le 3.4.l0 ed e shoM i! 6guG 3.4- li-
Tlb l. 3.4.10: Inv.rllgatio! of now r.t of sysien lor onlift sp.ctrohoto m.t.l.

d.Grnri!.tion of bbboMll.

0.110 0.092

2_5 0.l]5 0.102

0.t56 0.102

4.5 0.t29 0,102

5.5 0.10! 0,100

6.5 0.070 0.099
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3

{

o_12

0_1

0.04

_0

Fnaphthol

ngute 3.4,13: Itrv.rdgtdotr ol dow r.i. ol llst B lor otrlln. ! p.ctrohotom.tric
d.t rDl..tio! of boDortl|L

lDjatjoi voluc (loppm)

Flow drc (nl,tnin)

R1

F2

3.44,2: I.vef4r6on oa ilidlio! yolM. for .llirc lp.clbhoton tric

d.ttmimtion of biomo4lil.

I$trundtr Th. sd. a nolion d befoF

Rsgdt': Thc @. a mori@.d b.tuG

Sohdols: Tlt @. s ndtion.d b.foa

lor wlun. .ltiniztio& wicd vdm. (l-4nl) of lopPm Educ.d llmoxvdl eulrion

wd irj.ci.d lo rh. nitlile slFm dd ablorbee ws m6u.d !t opiini&d

e.vctdglhl- IXe rdlt! m sivd in t ble 3,4.11 dd @ shom in ngw 3 4 14
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Tible 3.4.U: hv6de ioE ofhjecdo! tolur. to.ollln. sp.clrchoioEctt,c

d.r.rnlnrlio! of brcmo:yrll,

3

I

ngm!.4.r4:hvdrigrdo! olitrjdtlonvolune lororlln' lp'criolotob'rttc

. d.termttrtlio! of brcnortrll

cor.titioN: lnd 43od & 5oonn '
Inj@tior volM. (l@Po) vad'd

llowFl' 3 s(mltnn)

Rl 6ocn

R2 Soch

3.4.4J: Irvgtigrrion of ditzotlthg coil Llgth (Rl) for otrlitr' lP'ctrchoton'tric

d.l.rdr.rio! of broEorYDil

tnltmn rts: Tla 3d. ts n nii@.d befoF

R.rgdt!: TIE sm. d m@doncd bctqr

I 0.105 0.168

2 0.105 0.t60

l 0.096 0.102

0.083 0.0?9
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Sohtioni: Ilc sd. d m.dioncd b.forc

For optimialiod of dieriz.tion @il l68tfi (Rl), lb. sme poccdrc ws ued s
ndtion.<t bcfoc ha. only tb. di@rizing coil l6Ath wu v&icd &!m 1c180cn Th'

absorbmcc of thc eo dyc fomcd ws nedurEd at oplinun wavd'4ths The @ults &

d@ in tlble 3.4.12 .nd e sboM in trg@ 3.4 15

Tablc 3.4J2: Ilvest grlion of di&oatzing coil lengtb (R1) for orlhe

lDdFohoton.tric d.t rndurion olbtunolvtil

30 0-079 0.053

60 0,156 0.100

0.189 0,115

120 0_240 0.180

150 0.120 0.112

r80 0.065 0.150

0.3

0.25

0.2

0.15

0.1

0.05

50 100 150 200

Fk!re3,4.15:hvalig.t!or of di,otldlg coll lcngtt (R1) for odtn'

lo..trototoi.tric d.tcrDinrtion olbrcmoxynll



Injccion wlunr (loppn)

RT

R'

34.4,4r hvddgado! of @P[ng @[ Llglt (Pl) lor o!|ltr. 3p.ci'ohotoD.lric

de&rnintllo! of bFnoxynll

lnsFlDot!: The s. e mdtid.d bdd.
Reag.nt!. Th. sM. 4 nention.d b.fole

Solutlotrs: ftc m. !s ndtion.d b.foE

For optinizatid of @upling coil l;gft G2), ile smc pM'duE vb lsed I ndtion'd

bcfoE, orly lh. couplinc @il l€ngth *6 vticd fioD 50-200cb- Th' aborbdce of th'

do dtr Imql @ n.@rcd al oPtinm w.vcldSths. 'tte resulb e ljva in table

3.4.11dd@ ihom i! 6gw 3 4-16.

Tabl. 3.413: Ilv€sdg.tior of co[Plhg coll l..gtb E2) for orlirt lp€ctrohoton'l'ic

d.t rrilrtio! of b.oDotlil

rt5



I
6

i 0.15

Flgurc3.4l6: id€ grtlon of couPlttrg cotl ldgth (Dl) lor onll!' lPatrehotonetric

d.n .nin.iior ol bnmoiral

.Irj.ction voluc (10PPn)

RI

R2

3.4.45: hvdde.lror of liodl of d.t ctiot [d qurtrtiotrlitr'crriotr for otrlin'

sp€crrcPhotoD.tticd.t.nl!.tionof brcmotlail

Inrrdh.rrr Thclsc $ mdtion.dbcad

R.rgert!: The 3@€ e ndtioncd bcfore

Sobdo : Th. smc d botiocd hcfoE

st.rxtsd tldlced bronortlil slution in the rtnge of ooljppn was prcPdcd 
'n

sepFte, 10nl volMelric nsk! bv rrldnc thc Equir'd rclmc ofsrarddd lFn loopPn

rEdlc.d st@! slurior u.t dilut€d with dislille'l watd ln a now tl1oug}l 6einblv'

niFit slutiotr (O l5%) ws allow.rl lo ftow in r"gdi strEd Sr whil€ thc cotrPxnB

dgldt (dililc or &nathrhol) wd .Uw'd b noq in a€ar sttt4 32 Thc fld Bt'
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ofrh. sFrd e! 3.sDvmir. The @it ldglh of sclor Rt ed R2 w6 k@i l20ch and

l65cn Ep€liv.ly. Frcn diffmt cotcqhrtion of rtdqc.d bbmoitdil solltion ldl
w6 inj4t d in th. FrSenl shcd of nittir. thrco8! r 6 pon inj.clo! valvc !o 

'@
dimliz.d @gmr This di@dz.d ro86t @!pLd eilh coupli.g r.ag@t in @td R2'

I1i. abroftdcc oftn. @o dr! fom.d vs m.a$r.d tl4l0M it ce ofp_naPhilol ild

at 50O!n ince of&ilinc d coutlingMe@t ftc cdt @ giva ir Lblc 3 4 14 ed

{€ sLoM in figue 3,4.1?.

T.bte 3.4.14: Ilveqgrdotr oltn€ .tfet of conenlntion o! .btorb'trc' b'h*lor of

broDoxYnil it loe.. .ordltrtio!.

0.01 0.004 0.1 0.11! 0.108

0.042 0.3 0.r50 0133

0.05 0.006 0,9 0.187 0.153

0.06 0.062 0.016 1.0 0.250 0,254

0.08 0.070 0.025 2_0 0,408 0.301

0.10 0,084 0 041 3.0 0.190

0.519 0.425
0.t0 0.094 0.052

0.50 0.098 0.071 5.0 0.592

0,6 0.103 0.090
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0.07

0.05
0.04

0.01
0

a.12

arom>iYnll 6nc (PPn)

FlgrE3.417.ItrGdg.do!oltn .|lciof .or@lndo!ordlorb.tc.b.navbrol
brohoxyrl tt lover cotrc.otnlior

Ilj€ctio, volunc (10pPb)

RI

82

3.4.5r AIPLTCATION OF THE INWSTICATED METIIOD FOR TllE

ANALYSF OT BROMOXYNIL IN COMMERCIAL TORMT'LATION.

INtrum.nc: Th€ smc 4 m.ntid€d bcforc

Rag6ti: Th. sc 4 ndtio&dbcfoE

soludols: Th. sm. !3 tudtiored b.fore-

Conn.rci.l trmpL: cmdial 3epl. co aining LFhorlil w3 plEhded liom

l@al i&kcl Com@itl smplc ws . nntuF of borurynil dd MCPA iD l:1 dtio

For lh. detedidtios of bomorvnil in coFmdial fodllltion, 
'iBl 

hrcnorvn'l wa

sepdatcd foln MCPA (2-n.1hvl-4{hlorcphcnoxv sctic aoid) which is in l:l ratio in

@E!t@ial po.lucB, using cv.loho(ea Fd $it' O 5 ml of the lePlc wa dilllcd ro

2oml vitll distilled wata hd dlracLd twic. wilh 10 ml of cvclondee using sepdttory

tumcl. Tle 4t'&1 vs t!.n d@onl?d oD boiting wrrq bath &d thc tmailing Giitu?
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v6 di$otv.d in ethdol dd Fduccd vi6 0.4M hvdrcchbnc &id in a 10Dl vohdelric

lldk Ib. @lting solution ws dj&oriz.d ed @lor M ddclop.d in rhc sdc wav a
n6tion.d befoF,. Th. abslbdce of re colored prcducts v6 ncasured dt 500 nn dd

410 M Gp@tivcly for dilin 3td p-mphrhol u..d 6 coupling dgcnt. Six EPlicatc

r.adinSF e@ lakd for ach spL both for lalch dd odin. mcthod Strndard

cdib.arion plol E ?Fpar.d sd th. dosr oft&noxrml wa calculrt d using lhc

followin8 fomuh Th. r6u11l e eivd in t blc 3 4.15

. rcluc of sPlc tald hn)

WheF O,R epHats 8laphicol sding @d D t for dihdon ftcloi

TlbL 3.4.15: D.t ml!.tion of rctlv. irgr.diot of brohorvll iu cobn€rci'l

(ddDG/mU

0.r5+0,100.r9j 0.007

3.4.6: APPLIC,{TION OF IHE INI'ESTICATED METqODS rOR THE

ANALYSS Of BROMOXYNIL IN RTAL SAMPLES'

IBftn !t Thc s. d m.ndded b.foe

R..g.!15: IlD s@e s oation.d b.fqe

Sobriod: Th. rme s dfltiot.d b.fote

Extrlcito! from r€rl ltDpl6t Exlicrion pmceduE uscd *s &' sd' s monond
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TlE dtr&t€d 3m!le w@ rcduced in lbc @. My d st&d.rd wa &dE.d wilh tnd

moldity of0.4M ECI $lulid ir a lohl rclu.tric llak, Frcm thiu hydFlyz.d.xtdct

I il dd 2ml ws u$d fo orlire &d bnc.h .n bsis tl3pdtieely. Cold wa dd.lop.d in

the sd. way 6 ndtioncd bcfoE fo! b.tch dd orliE albsis, R$iduc ld.l in @l

mpl. ws c.Lutat d by uine thc fomdi Avo bcfoe fo. ilex)lvr' The cultl G

T.blc J.4,r6: Rglduc ld€l ol h.rbicl& ltr rdl t.hple

89_9 + 0.02

9r.04 0,007 90.0 + 0.01 88.OI 0.07

?0_9 + 0-01 ?l.l + 0.043 ?1.0+ 0,009

69.3 + 0.08 ?0,0 + 0.006
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3.4.7:PERCEM RacOi'ERY OF BROMoxl'lqL FRoM REAL SAMPLES

USING TEE INVESTIGATED METIIOD.

I trumclt. Th. rd. 6 ndtioDed belbr.

R..g.Dr!: Th. lde 6 mationcd bcfoE

Sollliolr: The @. s tmlio.d b.forc

A @rdy Bl *s pdfomed otr coftol smpl4 fortrficd qilh ! kioM concdFstion

ofbremoxytul slution. Th. $lval wG d+odt d at Fom rdpmt@ for lhr' Th'

dlraction md nductid ws done d!.tlv thc 6m' wav s inc ldple nc ion'd lofoG

Sii FplcEt6 of thc foni6e<t s@pl4 w@ salrzcd bv bltch dd onlin' n'thod in lnc

s. way d ddlio!.d b.for. ldml.sov€'v w8 calcllated bv using foftula pvcn

b.for. lor flmxtlJa Tn.6ult3 of p4or ,@v'ry of bonoxFilin Fal sdpl's ud

fodulNrioo by bdcl dd dlin melhod e givo in tluc 3 4-1?'

Trbl. 3.4.1t: P.rc.!r r..ov..y of!..bicid' frcm rttl lrnpl' rnd lo'ndrrions'

'/. Rdov.rY (otrlb. E.thod)

SAMPLES

% Reddt (b.t l Be&ott)

901t0.0, 9l,oj 0,00397.0 f 0 002

90.640.01 902+0.010
88-04 0.01 88.910.02

80_0+ 0.05 81.48i0.05

87.55 + 0,r 0 E?.0+0.01 8?,8I0_029
88.0+0.10

88.8+0.r0 90.@0.0t 90,01 0.009
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And pFliEirdy iMtiSation it vs obsd.d $ar thc aoposcd tlction lhom in

fi8rF 3.4.2. is fcbibl. fo! lp€clroPhotonctlic dctdniration oI btonoav.il Ttren

vdiou physical ed chdical p!ma!6 q@ optinized sd aE didss.d b.low

fi. a dJe fom.d @ invdliS.r.d fd tb. optimM w.vclaglh. Thc t6lt' e Siva

in labl€-3.4.1 ed de lhom in ngurc 343. A! cm bc Fen frcm tgnrc 343 tbe

cullilg @ itF hs r ndinuE sltorbdc. at 430@ if&na?htltol is !5'd a mupling

@gdr dd..5OOM in c4. of dili!. u.d d coupUlg ugcnl. ThEdore th6a l*o

Fav.largi.h wE !$d fo! nflhd invdtiSation ofbonorvnil

Thc @nc6trrior ofhyr't@hlodc &id &quicd for hdidu Fductiotr @ optidiz'n

in rus. of 0.1-0.6M (labL 3.a2) An in@& i! absbsce wB oh'fled wim

inc.!6ing fidl acid concdletior uP to 0 4M of !]drochloric acid solution (figuF

3-4.4). A6orc lhi5 A ddce in alerboa ws ob6dcd ft@forc O 4 M &iditv fot the

6n l solntion ws u*.1 for furthd Eduction otbomoxvnil h*bicid'

Nitrit. concorr.tion ws @limiz..t for dieddbn in lhc dgc of 0 0s-0 2t%( hblc

3.4,3) ed it d b! 3M fron 6ge 3 4 5 lhat O ll% of nihite es th' oPtimun

concot$tion for ndimuh di@tiation sinildly tnc Yolue of O-15% nildlc solltion

M opritnizcit n lh. r&gc of 2l4nl (htlc 3 4'4) ll vd ols4td (fuw3 
" 

6) $ar

I2nl of O.l5% of Dtrit $lutid ws $I[ci6t for ndimM dieorization wha g

naDnihol wG lt€d s couplin8 Hsdt and 4nl of O 15'"6 nildt' w$ fotr'd to bc $e

oDliFd voldc wna eiliD. ws B.d a @uplinS 686t
Sinilely ilc conc@lr ion oa couplioB @8'nls (lniline md d'n'pht[ol) ws oplidiz'd

(t!bl.3.4.5). It {d obsw.d (nBrE 3 4., ihtr 2% oI dilin' md o 2% or8_naphuol 'c
6. opnoun @ndlFtotu of .onpttr8 dgdls dd tbovc tbi! oplrnuh mdrralion '
d@e in .b$Ib&ce w6 obrw€d

votMe of @upling @t@is *d slso @tiniz'd fot ldidw bfralion of tzo dv! It

s ob@.d (68w 3 4 S) dlt 6ml of 2% diLin' 4d 4FI of 0 2%'_mphlhol d' th'

otUdm volm* fd mdmh'mrtion otM dtt

Crupling s.tioo t*c !l@ in b6ic n'dia ed fot ndimm couplitt th' on@nrratDn

oI sodim hldrcxide wa! optinizcd in th' t&ge of04_l'8M It wa obsed (liglc
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3.4,9) lhat 1.2 M $diun hyduidc i! th. opiimum c@@ni6tion t.qliEd fo. mdinun

Timc atldy ws 6rducl.d lor opljmi4tio. of.quilibdtion lin. for coullin8 ctclion bv

uins botn colpling r.agat* lt w6 foud (figutc 3 4 10) 1nal whd eEphlhol *6 !s.d

d couplins &a8.nt couplirs tc&tior i3 3ponld.ous whilc itcs! of a.ili.c' @upling

@tion is slow &d i.k6 12 minule! for @mpl.lion How.vcr, il ea obw.d th id

borh cs. thc r4lth8 &o dF is rl.bl.,

OpdDidtio! of p.r.n.reB for o!lh. rt!ly3t!

T!. chdiq..l ptuct B optinied &t b.Lh u.ltsis wd. dicllv ucd for o inc

dal'5i.. Ite optdiz.d p.mdd v@ rlPlicd for onlinc dalvsi! !si.g a do$lc

ch.mcl flow injcction systd. h this srsrm ! strd ofritrit $lution.nd colPling

@86r ws cdti!&uly pMp.d ltd ! rclm. of lal of €du..d .dd. wa irjet'd i'
Hgldt sslu 6Fugh a lix-pdt iljelid vdva Ta. di@ti2lrion dd @upling

r.{.rioc taL pl@ in |@(or Rl .Id R2 dPeliwl, Thc ab6orbeca of @ dtt fom.d

we d.@Gd tt 43onn inc4 of gr$hthol sd At 500.F incac of djlinc u*d a

1!. phFical p@.r.r lit! flos 6tc rnd Eactor @it ldrglh w@ obtihi2.d. TIE lloe

6tc rsrng Aom 1.5{-Jdl/ninuc w.. oPtimjzcd for u. onli!. dctdniMrion or

bFFoxynil ui!8 bol[ couplirs Ersds (t bL 3.4 l0) Il a obsd.d (5su'c 3.513)

lhat in c@ of & phthol ligdl in elt d !P to . Roe 6tc of 2-snvdinul' dd

min.d qoBt rt .t hi8!a oow dc wnik foi dili!.' sien l ilcqscd !p to . tlow aG

of 3.5Evninutc ed det5!.d al hiehd ooP nlc ThdfoE, a flow 6tc of 3.Snvninulc

w6 $lelcd s oplinm ltow ntc fot both couPlinB Elgdll.

Thc volm. of spl. inj6Ld ws opdnizcd itr thc rugG of l4nl FiSrE 3 414 lnows

&at pirh irc@c of @pl. tolunc lb3otbecc dd@6 p@iblv b'cauc of

idfficidt tide for ditzot?ation @li@ dd plal bo.d.nin8 wa ako obtttued

'Ibc oil lmgth of celor RI wts rnvBtigat.d in lhc E8p of 30-180 cn (labl' 3 a 12 &

fguc 3,4,I5) s.l it wG foEd thAt with 
'ncr.e 

ofcoil ldgth th. lbsoltecc of &o dvc

in@s* up to . coil ld8lh of l2ocn dd ddrc$.d whd tht coil lcnglh *6 lurthar

ir@s.d. Sinildly lhe.oil l68th ofE.cto.Iu ws optihiz.d in rmsc bdwa 5G

2o0cn, FiguE 3.4.16 shows lhst narinum @uPli.8 t.l@ placc al l65cm ild l30co
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who dilirc ed p-Mphthol wd€ ued * @uplilg ESal rcspdtivclv Above the

optimm l@gth no chdee is abrcrbdcc vs obwed Thercforc, thc ooil ldeth of

l65cn e6 sclal.d for online s)slm for k..pio8 good sdpling ftcqudcv ie 80

spl6 pa hN ed lo {oid Ihc st ady sLc @ itiot.

Al optiom conditios, ttc cffat of lovd @rcaFAtid oftrcnoivnil Oclowl pPn) m

alerbecc b.havior wd inv6tigar.d for s!.ssing tle LOD ed LOQ fo. $.
inv€sligat d batch dd onlin m.lhods. Thc @lt! ft grvd in tabl. 3,4 9, & 3 4 14 tnd

e. shoM in ligre 3.4.11 & 3.4,17 E9@livcly Th. t-OD dd LOQ w.E calculat d for

th. irve.tigaLd odno& uing fomula giv.o b.fore lor brcmoxvail_ diline @upl.

LOD dd LOQ w.E fould to bc 6-0 ppb &d 22 0 pPb for batch ealvsis dd 9.0 ppb .nd

3O.O rpb for onli& @lrsir i6p41iv.ly, ItniL for brcnoxvnil- &@ph[bl couplc

LOD dd LOQ *@ found to !€ 21.0 ppb ed ?0 0 Ppb for balch ealFi! dd 24 0 ppb

ed 8O,O ppb for onlinc eal)ais ttsp*tivcly. Ariline is li. b*t couplitrg @gd1 frm

sftitivity Doint of vicv, *bil€ Eaction i! fsld in ce of8-nalhthol

Ite RSD vs .le cabdar.d for thc bdcn dd onlire udvsis sd ea fonnd b be

0.32% dd 1.6% for bomoxvtril- {itinc @uplc rEpetivelv. Simildlv for brcEoxttil_

p-Mlhlhol coupl. RsD w4 foud lo bc 12 ??% eit I0 50"4 for ln. birch dalFs ed

ontine alal)th !.spetivcly. Molai tbsoplivitv wN cdculaLi and ws lound to be

5,141104 Lnol'l@n & 1,2?t1d Inorrcn' for batch ed onlin. method Fspdtivclv

whd eilirc u.d 4 .oupting @gdt. For t'nlPhtltol couPld nola lh$lltivitv wa

foud to be 1.4xld Lnol''@_'ed 3 285xld Lmor'cn' fot onlinc &d batch nedod

Appliotlor of th. hverigtt d n.ttod lor th. rntlvs& orbrcnoryril i! comnercitl

fotuulrtio! .nd h rc.Iltnpl*
The inv.stigrl.d h.thods w€re epli.d for lh€ dchi'atiot of bromoxvnil in

6mdia1 fotullalros dd u rc,l 5Mpl6 lil@ wh.al ed nd&

Thc v.le of &nvc iner.di@i d.tctuincd by Bi!8 thc optihiz'd m'tho<ls w@ closlv

Elat d ro tn. LbcLd v.lG of a.tiv. ingldidt (lalle 3 4,15) in'dc ofonli" nelho&

Mile lor hatch n lhods .xpaimdtauv d.imincd valuq @ sitnild to lhe label valuc

Ihc rcsitue ld.ls found in f@d sdplcs wcF hiSlc in srains th'n in llour in bolh casd

(lable 3.4.16). Thk could b. due lo beal loss6 during Prcc*3in8 Fo! b'!ch dd onUne
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D.eod! li, !!dA! bEL bd iEl. m.h Didd b E iG 6n lr8 IPA MRI,| 2004

lbit I! 0.0t[F d 03Pti! ft i,id !d & Ad!. r.q:.d$U d ]g ftod

nn y ddiu 2I|05, 'tid n ornr b( cr-I tniE Ftr6.r' 6. tErb of toih

Dd.d! tira LtildF.l- edin c.n9b d btddFi! @l corPL & 'lo
@c-$L. Ptft.d ffiiy E ?tt! p.h.d 6. $od .qlr .ta tumuLi@r

Ttc raDlt! ti. dvra h nbt! 3 d1?. 1!o lEov.iy w. tood ed ll. lt.db ofbrtdh atl

oli@r! S.drvt!. coqdDla
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3J: DWESTICATION OF SPECTROPIIOTOME1TIC MITHOD FOR

DETERMINATION OF CBLOR MBEN.

Th. ch.nical stuctlE ofchlotubo i6 givc. b.low.

f
tott

. H-N Cl
I
H

Itgrr. !.5.1 Chdi.rl ,lnct!.. of.hlonrb.n
3,5.1: M.tt.d Dd.lopDcrt Stnr.g for spdFopboton.trc D.l.mtu.tion of

L@king at th. stmctuE of chlomb.r! il 8le h!6 m mino SFuP like luoxypJt, It wa

thouahl lhat it @uld b. ucd 6 a di.zotizi.S r€agan dirc.dy dd and couPlitg wi0r !
sirdbL @WlinA @aot it wil girc & @ itF Th. Flling @ d]t @uld b.

d.t Eir.d by stdtrophotoo.tric n.lhod. Thc prcpo$d Eetion is shom in ligue

1.5.2.

3.5.2r Pr.lini!.ry Inyaiigrtior ol tne pGdbili9 of di.totlztdor ard ouplbg ro.

rpdtrcphoron.ftc d.t.rrdlrtio! of cblorrdbd-

Pclinindy sndi6 s@ drd@t€d to irGtigare ile posbilitv of di@rianot'

@uptidg ed thc f@tioD of .xpdtcd e dtt. Idtially high concdt6non of

chlolmtd (100 ppm) rclatively l&ge voluhe of cmcdtrai.d hvdrochlo.ic .cid,

sodim Diirit dd vdious @uplins @8d$ lik. dilin , f'mphuol ed phdol wcc

rricd fo. the ftmtior of cxp6t d e dtt tr tuom ldp.dle, Thc fonalion of dE

@lord @ ilr€ i icltcd lh. fdtrilig of drc @tion dd iB $bt.qudt applialion for

iic ap..tophoton.rric dctmilitiotr of chlombe Furdrd !tudie wft fo.uid on

oplinization ofvdioN pdmcid dd d. givd b.low
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S!.p l: Didotiznio @rior

+ NaNOI

Si.p 2: CoupliDg re.ction

o
]-/

r,kur.-3.5.2. Fropccd chcmic.l r.nctlon tor lh. rorm.tion of ,to dvc tor

chlortnleL

[ .MDhlhol Drdtizd prcducr

3.5J: OPTTMIZATION STt DIES FOR SPECTROPEOTOMEI RIC

I'ETERMII.IATION OF CSLORAMDDN.

3,53J. I!€dg.dotr olldt bL t.v.Lrgt fo! rn. d.ldmi!.rion of cblo'lmb"'

me FI !y!ld compn&d a pdisidtic pump with PET (i,d 1 19mm' B@ton Diok&!'

USA) ed lilicon (i.d.1.71m) flow tube,. v-450, 6 porr ilj€ctior vdvo (Upchurch

Scidliiic Lrc. USA) dd a lry/vt acclroPhotonct€r GTNICO UV'2100 Uiitcd

Poducl! tnd IJEEMots Inc., Dat4o[ N J, U S.A) 6 a det@rdr was used
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R..gc!rs od.t.Dc.b:
Nl chdicals scd wdc of sabaical @Sc gEd. puity. Sodiun nitlile, &Nephtrbl,

hydrc.hlqic &id, ehanol ed $dm hJdoxidc w@ u$d du ng {ris vork. St&ddd

Ef.race Datdi.l ea ob6ir.d fiom A@ Orgdic, BelgiM.

i) NltiL solodo! (0J %)i Niiril elution wu pEp&Ed by dislvin8 0.158 $diM
ritiic in a lnb distill.d wltd in a l00nl volunEtic !6t dd 3ml of concdttal.d llcl
wls rdd.d ro it. T'h. Eulins slution wa dilutcd up to mdk with distilled wats.

ii) &mphlhol loluttotr (0.r %)r E -mphlhol solutid wa pftpecd by di$oMns 0,I g of
p-N@hthol in 6% of $diD htdrcndc lolution in a l00nl volM.Fic llsk.

iii) Strd{d cblondbo sohlion: ChloMbd solulid (1000 ppn) wa Pr4ad by

di*llving 0.1 g ofauth@tic sledard of 3-midc2,5{ichl@bozoic &id (cN@nbm)

in s0 nl of clhmol and dihted io 100 ml with distilled Mt.r- Threugh 5t@ wb. dilulion

100 ud 10-ppn chlomba sohrion w@ popard,

lolpn ofcblotubd st ldard $lulj@ ws di@riz.d vith 10dl of 0 l % liiritc &lulion

h a soml volmciric fl6k, This solulion M cquilibBled for somctimc for thc fomolio.

of didoniM ion. To thc Buliins slution, 10Dl p-N€phthol (01%) was added a
coupli.g rcagdr for lbc fomatid of eo dtt dd dilut d up 1o tuk pilh di.till€d wald

Ble* $lution w pr.par.d tbrcush $c !d. p@edw wirhour lhe addition or

cNo@ld Tne.bsibu@ ofd. @ dy. wc ndDral .t diF.rcnt wav.ldgrh fion

460 to 52OM cin8 TNICO UV-2r00 sPccltopnolmetd for li.ditg out the @linum

w*elaerh. Thc .bsotboce *3 noted vith 
'nde4ing 

wavel.ngth dd cach wav.l.nSlb

ws crlibra&d wiin bhk solutior Thc rclulL @ given in l6blc 3 t.l .nd sr€ shoM in

figN3.5-1.
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T$h 3J.1: Wle.lelgth opddlr.tto! foi r!. rpcctropboron.tric derermtn. on of
chlor.Db€tr.

450 0.8t0

455 0.869

460 ag25

&5 o95
410 L0a5

475 r.t20

480 1.110

485 1.065

490 0.935

500 0.na

510 oA20

520 ol66

€ 07

0.3

0.'l
,160 ,lEl 500 52i)

r|gtrft 35J: W.v.l@gtt optlDt do! for tpclnploton aic d.t nlm{otr of

.Llor.bbd.
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Co.rItid.. I 6d. Vei.d

Cuordb@ &lutio! l0ppo

NitiLslutid(0.1%) 10ml

B-n.phthol &lurio!(0.1%) 10nl

3.5J.t: ODttDllidu ollLlit d@rt do! for dl@fbrtio! ofcllonmbd.
IlrnrDoG: rb 6. a 6rion dt fot!
R..gat : IAc m. u n dlioEd b.fdc
Solodo.r: Thc @c a ndtidcd t for!

Proc.dur.:

l0 pu ot c$ombo d&ddd $ldion ru tr$faFd to rix !?mtc 50ml volMotric

fl.dc To ...h O..t rotd ofdif.(at @Bat ti@ ofritit !|ali!8 tu 005%-03%

ru ddql Color s dcv.l@.d in th. 
'.@ 

w.y s Doniodcd bcbr.. 1rl 
'boibncc

ofth. Gultioe @ dy. wa malur.d .l 4?5M. ltt cult! .!. Sivcn i! t blc 3.5.2 .nd

N rhoM iD fulln 3,5.4.

T.bl.!.51: Optibl'rdo! olnildt .on@lndo! fordl@tb.tlo.of cblonDb@.

(%l

0.05 0.0t9

0.10 0.20t

0.15 0.382

020 oaaz

015 0.350

0.30 0.u0
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0.0

0,5

0,2

0,1

0.05 ot o,t6 02 0.25

hrn Con@nlr.tion (tg

ftrrc3.5,,{: OptlDir.tion of ltnte@n@6rdo!f6dluoilrrdo!of cnlonobd.
cor.lhhn.: 16& 475tu

Chlordtashnid ropph

Mtitc $lulion (wi.d coDc.) 10nl

&!4hrlDl(0.r%) r0Bl

353J: voh@opdDErdo! ofrtrrit o|!dd lq dlrolb.ltod ofc on|tld.
I"t uDcltr IlE w. $ ricudd.db.foF
Rc|gcl!: It6 sme .| mlntioftd befor6

sdDrio8: 1! s&re a D6tid.d bcbG

lopp cblombd st nLrd lolutiotr va rrL! in 6.potc 50nl rcld.iric tl.!k. To

4h flat 0,2% litric slutid nnejng nw l-& wt! idd.d for di@liation, Anq

diratiz.tid lb. 6lq w.. dd.lo!.d ir dE s.m ny ! Dalidcd bdo.. &d

.hdnocc oftb. @ dF w i*u!d tt 4?5@ Thc l..uli, @ gi@ in trblc 3.53

ed N droM j! nslE 3.5,5.
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T.bL 3J3: volo4 opdbiarid of llrdt tohrior lor dLatiati.r of

chlonDbd.

0.1

FIFG !.ss: mbtu opdmt rtior of lldG ol!60r lot dl@ttttdor of

.blo lEbcl.

CordltloB:

p-nehilol (0.1%)

s.No

I 0.419

2 2 0_437

3 l 0_495

0,555

5 0.520

6 0.146

7 1 0.140

a 8 0.t38

3.53.4, Opinbbldor of r.lutio! rcidi9 for l!. fondion of dlatotlz.d prcduct

I[rlruhdtsi Thc ahc a mmti@.d bcfoE

R.rg. !: Ite sd6 a m6tio!.d bcfd.

Solndob.: Thc sc u Ddtion d b.forc
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Chlo'uba rtandard $lulion 5ml EoD l0O tpm llock elurion w4 tdsf.ftd lo six

sepdat€ 50nl volumctric lL!k. To eeh of th66 nrsks ael of njtiitc soluiioi (0.27')

pEp{d in diff@t d.dti.tiotr of hydEchloric rcid ead film 0.1-0.6M w6
.dCd for 6ndin8 oll 6. optinu noairity ofhyde.hloric &iq that is requiFd for tte

fom.lion ofdieoiikd prodet. Color ws dev.l@cd iD th. sm. way d mdtioned

b..foE ad r!.o$ecc of th. @ dye wa nc!s@.t 4?5M. Thc @lrs @ sivo in
tallc 3,5.4 dd e sboM i! 6sw 3.5.6.

Tabl. 3.5,4: Opllnlr.dor of rolltio! .cldlty for tbe fo.Fatior of dl@tiz.d producr

s.No

ot
I 0.t2 0.514

2 0.523

! 0.40 a.$2

0.50 0.602

0.60 0.580

e

{

0_62

0.53

o.u

0,5

Pigxr.l,5.6: Opdndzatiotr or lohtiotr rcidlty for th. formtio. oldhzotized

Coldldotr.: XrlL
Cnb@!6 &ludon loppn

NiEil.slution(0,2%.) 4ml

HydDchbnc &id (d) vdi.d
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p-n phihol(olyo) lomr

3.5J.5: Opdntatbn ofth€.lfet ofsodhD lydrc d. for couplltrg rc.ctlon,

I6tr!D@6: Thc sde a n niioned h.for.

R..g.!b: L ld. $ m6ti6.d bcfoE

Solutlo$: Iac rec u mentionc<t belc

l0 ppE Chlombd $lution qa .liaatjz.d wilh 4bl of 0.294rilril. rolution (F?.r.d
in ojM llcl slutio!) in six 3@antc 50nl vol@etic flak, To cach llak lohl of&
mphthol (0.170) pr@&.d ir difahr concatration of sdim hldrcxidd fron 2-12%

wd .ddc<L Th. rbldtra@ of Gulting .zo dye *a naslr.d 6. 4?5M. IlE twltl ft
givd ir lable 3-5-5 ed e shoM in liguE 3.5.?.

Trblc 3.5.5: Opdtriatior of tl. .trdt of todiuD hydrorid. for couplitrg refttlor.

$NO N.OE C/.)
2 0.203

0.293

3 0,1t1

8 0.6r5

5 t0 0_41?

6 t2 0.400

0.8

0.5

o_2

46810
N.oH conerldtlon (to

Figur. 3.5.7: oprlniauotr o(tna.f.ctof lodiub hydrcid€ fotcorPling rucllon
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Cordfdonr: lll!{. 475ffi

Cblomba $luti6 lopp-
Nitrir. lolutio! (0.2%.) 4hl
sodiMhydDnd.6) v{i.d
p-D4nrhol(0.1%) lonl

!.53.6: Optlrnlr.don of t -brphtlol colc.lk.rion for hrldhun fohrdo! of.ro

l$rrun ri3r Thc sd. d ndtioncd befor

RaSats: Th. !|@ 4 h@ri@.d b.f@
sohdois: Ttu lIF a hE i@cd t forc

lop?o Cblordba $luliod c,n diuotizld in 6rc s.!alrl. 50'nl rclmcitic flak! uitr8

th. s6 p@cdw d ndlioFd b.fore Th. sulting 3olutiot va coutlcd with 10 nl
of v!i.d .@6t!tid of &rptthol mgiis fion 0.05{.25% The tbstde of fi.
uo drt w6 nc@Ed .t 4?5M, Thc @lte @ gjva i! tabl. 3,5 6 dd @ shown 

'nfse 3.5.8.

TrtL 35.5: Opairizrdon oItI. .ft€ct of, -!.ph rol cotcdtnllo! for nqi4ln
forfudo! of @ dy.

0.05 05r0

or0 065l

0.15 0.5,29

020 0.450

0.25 0.414
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E

B

{

0,7

0.65

0.55

0,5

0.45

0.05 0-1 0.15 0.2 0.25

couplhg r.as.nr @nc.{'g

Figln 3.5.8r Opdrdation of, -!.phtlol corc@ltdor for MtlFUD foi[rdion ol

Coldido!.r ldA. 475M

Chlomba $luliotr loPP-

Nllrilo tohtion (0.2Yd 4Dl

Fnahthol(vui.d) loml

3,53.7: OpalDit do! of p -trrphool vol!tu to. idlnuE ford.do! of.to dv..

In.tEtut': Th. @. a natid.d t foF

Raldb: Th. m. a boiioncd b.forc

Sobllollr Th. s. a notion dt fdr

loppn Chlonnba olution ws diMliz.d i! 6@ s.pnt 50nl rclM.hic tl'*. bv

{rc sDc {.y 6 m.niioEd b.forc Dd couPlcd willr wied KluD. of 0.1% ,-naPhotol

elutior tu8ilc nlo 2lont. Tlc &aot'M ofthc @ dF m nNur'd !t 4753m

ft. t@lb slt givd in t Uc 3.5 7 ed e shoM itr i8ilre 3J.9
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T.bte 3J.?: Opalrdlado! of F -rrphlhol YoluD. fo. DtnND forn'tlo! or @

s,No

I 2 0,345

2 0.633

3 6 0.511

0.402

5 t0 0.in

g

8

dprrns n.!3 slcn.{dl)

Flgur.3l9: ODtlolz.dor of , -!.Phnol vohn for nalmtrD fom'lio! of {to

co,.lido : .)srs. 475nn

Ctl@ba$lutiotr l09pb

Nlritc lolution (0.2%)

&n ?htol (0.1%) 
'!nl

r.5j.s: Opdtn don o1l!..6.d of rtu fot dlzo'brd'n Pdid '
I!rt!@!t3: ft. !u. s n@tionld b.for.

Rogot! Th. s. a batio*d bcf@

Soltrtion!: Tn .d. d ncntion d bcfoE

2t7



loppD Chlotubd solution vs di@li4d wilh 4nl of o.2%nikile slulion in six

5.p6re 50nl @luctric fl4L E!.h $htion ws .4ujlib6ted for di@lialjon usrtrg

diflqdl tiic intcflals tu8j.9 nom l-20 ninut6. Color w8 dev€lop.d in ..ch $lution

by thc s. my $ hdtion.d lcforc, Th. lt6otue@ oI rbc M dve {a o.4rd at

4?5M. Th. rdul6 @ giv.n in t!bl. 3.3.8 ed @ shoM in $g@ 3.1 10

TrbL 35.E: optinb.do! ol th. dte( oftl@ fot di@tt .60! t .ctioL

sNo
I 0.875

2 5 0.905

3 l0 0.900

l5 0.895

20 0.895

€

0.42

0 510 15 27 25

Equlllbdtlon tlm. (! nul.)

Figlre 3.5.10: Optlmit.lto! ol th. .fiect of tin for diazotiztrion r'tction

co!dttio!3: lrnd. 115n

Chlorubm $lution loppm

Nitritcaohlion(0.27c) 4ml

&Daphthol(oI7t 4ml

3,5.3.9: OPdniz.ito! of$G .fst ol dmc ob .oupllrg r'lcnon

IlrtruD.llr: Th. !l@ d ndtion d b.forc

Rdgdt3: Thc !d. s mdtioned boforc

Sobdou: Tbe mc d bdtioncd b.6E
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loptm Chloluhd sl&dld $luii@ @ didolt.d wtu4d of 02% nibie solllid

for 5 minutG in ninc scalntc @lm.hic llsk, To th. sulring di@tiz.d prcduct 4nl

ofo,l% 8-Drphtbol wd !dd.d Thc!. Esllting soludons Pd€ allow€d o .quiliboic lbr

ditrcml t'n inld.ls mdng ftoD l-40 hjn!t6. fic .t$rbd.. of.lh. uo dve fom.d

w6 m.'swd at 475m, TtE q!h! e !iv.n in l.blc 3.5 9 and aE shown in figuE

3.5.11.

T.bt.3.s.9: opdokrrlor of thd.fi.ct of tlm. or couplitg reoctlor.

s.No

I 0.615

z 0.615

3 r0 0.609

l5 0,567

20 0.559

6 25 0.548

7 30 0.5,o

8 15 0.5J6

9 0.528

6

5 10 15 20 25 30 35 '10 ,|5

Equltlbrallon trm (nlnoto3l

Fig!..3.all: Oprimt.do! oll}..trdt ol dm. on @lDling F clio!
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3.53.10: Ilv..tlgrdon of at. .tr ct ofon@.F.lioo oD .btotb.r@ b.h*lo!. or

cblonmben rt low€r ..!c.!t!tlion.
bsFru.!l!. Thc @e a m@rio.a<l bcforc

R.ag.r&t Thc 6e€ a mcntion.d b.fole

Soloiionri Thc sc 6 motioted b.foF

!@ srdddd chlotubctr slution (loopph) difr.dt @lM. for 0.+r0 ppn wd
t.km in s6.ra1e 50 n1 volMet'ic n.dc To .rcn of fla5k 4nl of nnn& (0 2%) sobnon

vs addcd dit e{lilibhtcd for 5 iinut6. To tne rtsnring di@tizql lbdlcl 4nl of

O. !% & Phthol e6 addcd. An omg. r.d coloEd e dvt *a fm'd llt' $$rbdc'

of lb. rzo dy! ws o@tud at 4?5M- Thc !4lt3 ec 8i@ in ilhlc 3-5 10 dd d'
lhoM in fige 3.5.12 for lowd ldcl concdt!.ii@ Mold &lo'ptivily, r'OD, LOQ od

RSD w@ calcu[r.d by uirg the fo@uL rivd h.foE o@xvP]r'

Trbt. 3.5.10: InvBtigldon ol th. .f.ct ol.orcerh6on or 
'bsorb'le 

betrvior of

elrphrhol (0.l%)

chlorrmb.! rt lor.r atr@lntion.
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0.025

0.02

0.o1

0.005

0
0.5 0.7 0-9

Chlo'rmben @nc.(Ppm)

FiglEJJl2: t!vcd8.do! oftl..rdtol@!4 rido! or 
'botbdc' 

b'h'vlo' oI

cnbrmb€E tt lo*.r colc.nhlio!.

Coldldon: Nnd. 475m

Cblombm tolutio. lopph

Nititcelution(02%) 4nl

&Mpftnol (0.I %)

Dieoiizaiioo dne 5nidicr

3.5.4:IN!aESTIGATION OF PEYSICA! PARAMETERS FOR ONLIND

SPECTROPEOTOMETRIC DETERIWNATTON OF

CIIORAMAE.N.

A11 ph)ec.t pam.r6 such s ih. E*lo. @il l@sths El dd R4 now Et' ed

inj@tio! vol@c a@ oPtimiz.d for tiie flow injetio! spdlrophotodelric d'terminrtion

of chto@b6. wh'L all the chdicd !!m.t€d optinizcd fd thc latch dtbiis or

cL o@bd w@ t Pt $. mo Siic. lhc optimun lcmp@llt! for diazotization w6

llm ldpdture 6ll Fl nsifoftk w@ &t at rom t@pdate A schd'tc diagM of

ON injetion Mbly uscd in tbi wort is shou i! fiClt' 1 5 13
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_---->

Fi& 3113. sclEnlt c dr€rd oflhe Fl-Nifold (s I) nidit€ nrt.r4 (s2) p-mPhthol

'nao, 
(Rl) di.adatid @t G2) @plilg @it, (PP) Poli'ltic Pmp, (s) spl'

inj€.te4 (\, v!.Iv., (w) w$t , (c) @ll, (D) dct&ror, (RD) @dour ddi@'

!.5ar : Iry..dgrlio! of Od nte for n lPdttoholoDctri' d"'ninrlio! ot

Inttmdt Tt. !!ne s n rrion.d b.forc

Ro€lntr: fte s. 3 @.lion d h.for.

Sol ionlt Th. $mc s ftntion d bdor

h 0 fld thrcugh ss@bly njttiL $llnion (0 2%) va! dlowd ro now in cas'nr stt€am

sl s,nib lh. @pling 6a.d Fophnol (o lvt s sllN'd !o 0oe in r@gml sd
52. Ilow Etc of the sydcm v$ veied io the tmg. of 0 s{Fvnin fie coil lcnSth of

ractor Rl !!il Iu B t.ot 50 @ Fos lop?m ctloMbd toluti@ lnl w inj'd'd

in the r€lrp.t sitcan of limte thmugh a 6 port injcolor valv€ to fon di&otiz'd

agdtt.This di.zodu.{t ra€ptt dPlc *ith Fit?hthol in Edd R2 Th' $elt$@ of

th. uo dy. fom€d vs n.!$.d .t 475@ by u$ng UNICO I]v 2100

sp6lrcphotom.td.Blrii( ws adjBl€d by flwiig @ inone $tm of nildt' ud 0'

n Dhthol $tlnior il@gh ihe svst E ThG..sult! lrc Au h tlble 3 5 1I and 3hoM in

iigur!3.5.14.
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T.blc3511: Ilv€tig.do! ofONht lor FI ttEcbohotomfti. d?t.rbildion of
cnbnnb.L

0.5 0,725 4.0 0.660

1.0 o90 5.0 0.432

2.0 1.t25 6.0 0.201

3.0 0.850

!

0
0.5 12 34 s 6

Fld nr. (nU .hur.)

Flgn35.l4: Inv.ltlerflo! ofnor rrt lor FI speclroloton ntc dlt @i!.don ol

.tlonnba
Cmdldo$: )[dd 475M

Injdtiotr volM6 lldl
Piow 11! (bl/Bi!) wicd
Rl 50d
R 50cn

!J.lr: Ili6dgrtlo! ofl4..a!on yohrr for n 3!.chtoton Llc d.Ltnh.don 0f

hlbrtn.nai Thc @c 3 tMtio&d 6F
Ilalat'.'th. !s. a mdli6.d bcRtrc

goldons: Thc Mc 3 n niioncd b.foF
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For voluc opimiz&rion vdi.d voluc (l_4dl) of 10pPm chlormbd $lut'on wa

injotld in tbe niitile sn@ ed tnc .berbDcc ws Dct$r€d :1 475m The @lte arc

giv@int blc3.5,12.ndshoh ir 68N 3.5.1t

T.blc !.s12. rlvdtigtrion oa lrjcdon vo|Itu fot n spntbhor'mctDc

d.rdoird@ ol.hlot.Db.!.

s.No

0.153

2 0.142

0,120

0.700

t

0.3
0.75

a3
volum€ or chrormb.n(nl)

ngurc 3.5.15: lltdrig.tio! ofltrjectlon votlmc lor FI 3P"1r'hoton'tic

d€t rmirttlo! of chlonmb.n

Condidont: }Ird 4?5m

Injdtion volu. vdi.d
' Floe6tc 2nl,tnit

RI 50cn
' R2 5odr

3.5.4Jr tnv6tigatio! of di4litilg cotl l.!9l! (Rl) fot FI sPc'trctolonelrl'

d.t ni tior ofchlonnb..

llltnmert : Thc sde s mdlion.d bafoE
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R.rg.trt5r Ih. se. .r mdtioncd bcfolc

SolltloN: In sM. a notion d b.fdc

For optihiation of di&oiiztior 6il laglh (Rl), iI. !d. pMcdw wa us.d 6
notid.d b.fd€ only th.l.trgth of dietizing coil ws vticd from 2Gl00ch, Tb€

abertucc of i!. @ dtr fomed wa d6urd !t 475@,1t. @ults {c givd in rable

3.5.13 ,nd shoM in fg!r. 3.5.16.

T.bL 3J.l3: hv6tlg.do! of di@ttdlg @[ ldgth (RI) tor m spqrrchoron tiic
d.tqDtndio! of cllor.nbd.

s.No

20 0.024

2 JO 0_mE

3 0.t20

50 0.196

5 ('0 o.210

6 10 0..t33

80 0.333

3 90 0.331

9 100 0.313

3

{

0_3

o.25
0.2

20 30 50 60 70

rg!rc !J.16: I!y6dg.do! of dietlrirg coll loglf, (Rr) for FI lp€drcnorortric
dd.rub.do! of chlonnbctr.
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Coldltlotrlr 475M

Irjetjd nlm. Inl
Flrynr. 2EYnin

Rl ve.d
R2 50cn

3.5.a.a: Ilv6ligttior ol cnplitrg oil Lngtl (Rt for Ft tp..ttohotod.tric

d.t mturdo! of cilor.bbd.
Instrrmcnt Ih. sm. a molioncd bcforc

Rag.nt': Th€ Mc a hddoned b€foE

Sohdollr Th. @. s notion dbcforc

Fd optiFiatiotr of coupling @il loglh E:) ,tt @. proc.durc wa ud a ndlior.d
beforc only rlre ldgih of couplitrg coil was vdied fion 1G80cn, Color ws ddcopcd in

lh. 3b. wy a ndtior.n b.forc. Th. .b6oftsc. of rhc @ dy. fomcd w6 n.auld
.t 4?5M. Th.lalts e giva in illc 3.5,14 ard d shoM in lig!rc 3.5.17.

T.bl. 5.5.14: I!v6aig.do! of @qlirg @il Lqtn E2) for FI 3p.clroholoD.lrlc

d€Grdh.tlo! of .hloirnb.!.
s.No n] b!d! Gm)

0. 9

2 20 0.223

30 0,348

40 0.540

50 0.850

60 0.E50

10 0.850

30 0.850
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1

0,8

0.6

l0 20 30 40 50 60

Ftglr€ 3.S.1?: Ilv€dg.rio! ol couPlhg coll Llgth (R2) fot FI $.choholomdnc

d.tmi!.do! of cLlonDb.r.

lml

RI

R2

3.5.t.s: hr6dg.rio! .f tt. .tlda ot.o!..!tdllo! o! .borb.ne b.h.vior of

ctlonnbd tt los.r concdlnfro!.

Ilsf[n nt ft. @. a ndlioncd b.for.

Rdg!!G: Th. s. a narion d b.f*
sohdor3: Tne sd6 s mcntion d b.forc

$eded chlonobd sotutiotr i! thc nn8. of 0.2!pn -lop9n wd lr'Pmd in epel6

lo nl volmct ic nat by bking lh. EquiEd hlM€ of lted.rd frn 100ptn ed I0

p9m stoct elltion dd diluiing with diltill.d e.td h t nw thF!8h a$dblv nitnle

$lution(0.2yd) wd allowcd lo llow in !..!pn! tlr.m Sl whilc th. @lpling reagot P_

rEphthol(O.l%) ws atlow.d to llow in Eag.nl ltcm 32 Th. Flow rat' or the svstd

qs roint.ined al 2nL/rnin IrE l48tt of oclor Rl(di&olizing eebr h's TOcm and

for Ector R2 (coupling rcelor) w4 5ocn Fmtn dill@nt concml:''tion of cllorsnb'n

slddlrd solution lnl v6 injccl.d in thc rcag.nt !li.e of nitri| lhrlg[ d 6 porl

inj@tor valvc to fom dieiizcd rca8dt.This didoiied u8dt coupled {irh F
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N.phthol in @ctor R2, Th. alerbhc. ofth. @ dlr fotued M n aurcd.t 47Jnd.

Ele|( wa adjuned 6y allowirs to now r cortinou& sEcm ol ritril. &d p-n.phrhol

eluliod il'rcugh d. syst m- And.eh lmin& lr5tdn v6 wdlEd eilh blanl rolulioi

ald tmpl. coil la8lh % vsh.d with dillillcd watn ald &i.d by prsilg air lhlough

it ltc sult3 a. Civd in talle 3.5.l5 dd 3hoM in 6g& 1,5.18-

T.bl. 35.15: hv6dgrton oftti dl|.i of.o!.dlntion on .borbr!.. b.hwtor of

cnbnnbd .t lorc. @Clotrtdo!.

Flt!rc 3.5J8: hvehg:tior 016. .tr ct oa o!e!lr.tjo! o! .b3o.t.ne D.trvloir
ol.nbnDb.! at loa.r co!.dtEtl.L

Coldlllolr: }nd 475M

hj€clionvolum. lml

FlowFrc 2nllnin

Rl 70cm

R 50cm

0.2 0.006 0.9 0.ll6

0.3 0.016 1.0 0.168

0.4 o_0u 2,0 0.212

0.5 0.044 4.0 0.416

0.6 0.058 6.0 0.605

0,1 0.073 8.0 0.815

0,8 0.@5 l0 0.980

E 0.0€

€ 0.06

224



3.55: APPUCATION OF TIIE E*aESTIGATID METSODS FOR TIIE

ANALYSB OT CELORAMBEN IN RIAL SAMPLES.

INtaturt llE s@e a notid.d b.foG

R..C. * ftc 6c a m6tio!.d b.forc

Solulio$: IAc s.re s matim.d b€forc

Coladon ol i.rpl6: Ral ropld v@ pwhacd fon t]. Iocal aDiker

Exlrrlio! fr.m ral srBpl6:
2t g of E.l sple w@ l.tfr &d 4irli@ wa don. usin3 rhc am. pbc.duE d
ddtior.d b.foE for flwxypt .

2 oftn€ dFacted smpl€ wd lak n in thr.. !.pdAr. 50ml volm€tric nak. To c.ch

fl6k 4nl ofnitrile solutid 16 add.d ed color va ddrloped in ile sde way a!

n nlior.d b.foe lor h4:h srEl)6i!. Th. lb3orbdc. of de mlor.d $lution wa

Fd FI rn lFis Inl of llr. 4hlctcd mpL wa inj*t d in F58al slrcm dd
lbslb.E rc n@d uira lnc @c p@cdE u for sred.rd.

1!. cidu. l*l of chlotuba i! E l srl6 wd calol.r.d boln fo. batcn &d FI

ealysis. Thc followins fomla wd ucd fd calcul3lils thc Gidtrc ld.l of cnbtubd

ppm of chlomb.n = G-R lar)x volnp. nd.x D.F
w.ishr of !.Drt. riko G)

WtE G.R Epllgrs gnphioal Esding ed D.l fd dilution f@ioi

T$L 3J.16: R4idr.l4.l of chlorihb.! In r.rl 3rDpl6.

uLUc) O'Fld

0.130+0_130 0,12*0,n0

0.t0140.09 0.r040.13

0.10@0.22 0.0910.07
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3.5.6: mRCDNT RICOI,ERY OF CIiLORAMEEN rROM REAL SAMPLES

USINC TgE INWSTICATED METEOD

Inrtinnenr hc ssnc ,! moti@ed b.foF

A @vdy 161@ pdfom.d or co rol spl.s, fonined vith . kmh anmiztion
of chlombd solution- Tn solvot ws drponl.d ai rcon ldpd.tuE fo. ltr.
Eln'action wd don. aaclly ile sme vay d for ihe ieal sdpl6 hcnlioncd beforc. Six

Ellicald ofthc forti6.d smpls e* dsltzcd by balch dd !I m.thod, The sulrs of
p@dt l!6vay of chlomb.n i! fonificd pl sdrde by bo[t mclhods e givo in

tluc 3.5.1?. Fmuh Bcd to dlcul.r. p.Ear l@vdy ws so a for ll6xypyr.
T.1,L 31.17: P.r!r r.c@.ry of .nbnDbd h uI sdpl*

FIA

88.0+0.03%

96.@0.10

91.04.08

Ile chmical r@tion involvcd h this prccadurc t lhown in n8!c 3.5,2. Chlordbd
haE a prinary dndic min gbup in th. ndl.cuL. I! this n.drod the pnmry

dD.tic di.c gbup wa dnedy dploitcd for th. fomalid of @ dy.. l. di. n*t sl.p

cn|Mb6 r'l r.rct d wirh ,irtit in &idic m.dim ro fod rhc di@rizcd Drcdlct

whicl va $bs.qenrly corpl.d yith coupling Eagol &mphlhol al ron t4pdarw.
Ar o@ge coloi.d @ dye wa tu li l prcd@t, which v.s ncaurEd

sp@hophotondrically for d.tenimrion of chloDDb.n.

Afi{ pFlimiarry invatieation it M obwcd lhat Oe prcposcd r.&tion is fdible fd
+4trolholon eic d.rmia{ior of chlotubcn. w.veleEth oplimi4tion $!di6 w@

@ftlucr.d non 150-520M ro 6nd our dE m6t suir.bl. mvelagri. It ir dd non th.

6uts (tauc3.5,l ed 0ew 3.5.3) rhat lh. @ dt! h*. muinu lbsrnm. ar

475m whicn wa sub.quatly ucd a oprinm wavelagrh for funhcr inv*tisation of
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For diazoliz.tio. t@tioA riEit. conccnralion w6 @rimiz.d in th. lmgc 0.05.0,25y0

aad it w6 obsd.d (figE 3,5,4) t\at 0.2% ra the optjnM concotration olnikitc

!.qrir.d for ndinm diMlizatior For volmc optiniario vdiou volumd ol 0.2%

nihit solulid in ile tugp of l -8nl vd ucd fd tF mdinm fotmtiM of di@nium

io (teuc 3.5.3)- Il @ ohsdld (fi9!r3-5.5) thlt 4nl of 0.2% of nitrilc solutio. wa
lul[cidt fo. l@inm di@rizdid ed sbslquady fotuatid of @ dy..

Th. di@rizdd l@rion t 16 pLc. in &idic n di., d6.foc ilc cfr@t of &idi|y ea
irvdtigrr.d for mdimu flmrj@ of diMnild ion. Optimm c@dlr.lion of nittit

solulion wd pr.paEd i! HCI sollrion ofwi.d &idi|y tuging fron 0,l2-0.6M, Il can b.
s*n frcm lig@ 3.5.6 tlBl 0.4M HCI solution h th. optjmu hola.ity of &id tquied

for nixinm diazotiation reetio(

For coupling rc&lon coMntralion of sdim hydbxide wa oltimi4d in thc nn8. of

212%, It ws obwed (fierE3.5.t) thlt 6% of sod'M ntdbxidc i5 lh. optinnm

@rcdbatid rcquirEd for DdinM fomation of@ d'€.

ConMlr.tion dd Elme of ;!t[.g @!!ot ensentnol ws optimiz.d fot Ihc

lodlrion ofn*inm a dyc. !c@br5@ lion 6g!e 3.5.8 &3.5.9 ib.r4d or

0.1% &tuphthol * $trcidt fornuimon @ dyc fomatior.

Tim. study w corduc.d for optimization of.qlilibntion 6mc for di@otEadon and

coupli.s EecrioN. h ws found |n.t di@lialioo Edd is slow (fieue3.5.10) and

n.cd 5 minut$ Ior conDlction, Di&onium ion fom.d wa stlble aner l56jnulca at

looD tcmphll.t. Mile coL?ling relclion h fal (fiCu€ 3.5.11). I|c ae dyc fomcd

wa si6lc up lo 5 tunuts dd ai.r ila! il llowly d4ompsed.

Opdmiatio! ofprnn.l.B aor onlln. m.lyrls

Th. chdical p,mel6 optidirld for baich &rlrsb weE diftdy us.d for onl'n

rn lt6is Th6. olrimiz€d p.fud6! w@ agpli.d for odinc dalysis wine ! doubl.

chm.l ftw iljetid systd. h this sFtd a stle of niLite solution dd colpling

B84r ws contiNouly !Mp.d dd a voluc of lnl ol cblotMbo sdpL wa

injetcd in Fagpnt strEn thrcugt r six-pon inj*tion valvc. Didotizalion ra&lion t.k6
pl.c. in @clor Rl dd coupling asclion lakc ?lrcc in @tor R2 Absrbhc. of lhc

Bulling do-dye ws n@snrcd al475m. lhFical pdm.td like now 6te dd rcactor

coil lcuxh s se optn zed
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'ftc flow 6t dSing ftom 0.5-6hvditut wa optimizcd for lhc onlin. dctminarion of
chlo@b6 (trblc 3.s.ll). Ii wa ob!.rv.d (nr!r 3.5.14) ilal witr fie ioc@c in now

dt , tr. sig.al incrasd up lo ! flow nrc of2inyrnin, &d d.cr..s.d ai higler llow rat6-

A oow Ft of 2hllnin wa 3.ldt d 4 th6 .ltinM flN 6r.. Ar highd noe at€

ab$rbd.. ddt!&3 b...!!. th. podlct oond out h.foE tb. Iom.lion of di@nium

ion sd subequcily |zo dF. ft. wlm. of 3Mpl. i.j4t d w'l aptiniz.d in t,t. rbs.
of l-4m1. !i8w 3.5.15 3hos thrt with in.Eq of !mpl6 vollnc absoddc.

dmd6 Fsibly b.auc of iNflicimt tiDc fo! dietiarior Elctior dd pak

bFadahg*a.l$ oh3d.d..

T[c .oil l@g0r of rc..id RI dd R2 w@ optidiz.d ir ru8e b.twan 20-l00dn sd
lo8ocn sp€tiEly. It cd b. 36 tbn liSuE 3.5,16 th|t70cr ii ln. oprinm coil

ldgt! fd Rl &d abovc lhis ldglb rc ch8lg. i! .!sdtuc. w.! obrd.d. FiguE 3.5.17

sboB th.t mdinu coupfirs F..tion takc pl..c d ! coil ldSlh (R2)ol Jftm. AtoE

thn |6gtlr .t dbuc. ea th. s.. h va futld ob!.rrcd thal coupliry @lio is

edd ths dietiznioo @doD,

Al oprinM @ndid@, tn. .lIar of lN4 6n6in!@ of chlo@b@ o! lbsdod
!.hvid wa iNcld8{cd b cd.ul.tc LOD dd LnQ fo! th. inv€ti8r.d hcthod both

for b.rcb ald Fl edystu. Th. Bult3 @ 8i!d i! t$1. 3.5.10 &d 3.5,15 dd e lhom

in 6suF 3.1.12 & 3.l.lE r€p.ctjv.ly. Tl| IOD dd LOQ wat calcllalcd for il'c

inr6tigrtcd n ihod @d wF foud io bc o.olFpn &d 0,04ppm for FI !.dysi! &d 0.05

tpm sd 0.17 lpd for b.rch u.lydr sp€tiwly.
Thc Fl.riE nedld dai.tion *a .ls crlcult d both fd onlinc ad batch dd'st .nd

s foud to b. 8.3% sd 10.6% r.spativcly, Molr $sorptivity M calcul.tcd and

foud ro b. 2-45x l Or Lnot r.Dr dd 2.64 t loa Lno!]cm rfor batcb &d onlirc n.lhod

Applicrdon of &. ilv6dg.Gd D.lto.l lor lt. !.ly'i! ol chlor.hb.n ir
codd.rctrl foldlhdo! !!d h ir.l unPls.
Tn iN6Iigltcd ncthod ws .ppli.d for tlE d.!.nitalion of chlombln in E.l
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rt! vds fr! ctld@b@ fqDd i! lo@d, c@ dd c@ f,oE *.r. 0.12r4.llQF,
0.1010.33 Dpm, O09{.Cn lpn t r Fl orlyli. 6d or3+0.130 p@, 0.103 *0.09 Dlrr
0.l*0,22 ppn br !.rch e'bd! (r.bL 3.s.lO €petirclt
Ti. p46l@ovqy &od !epl6 w .bo inwstiglt6d by fonitins lh. !mpl. wi{t

boE colcahrion of sld|]rtd cl ordbc!. Th. Eult3 @ shoM ia i.bL 3.5.U both

for bd.h od FI brlFis IE r!.ul! of ih. % 
'@vqy 

wicd 6!h EE.0r{.03F

96.010.10%.



CONCLUSION

Iiv. dittad sp@EophobncEic ndnod! !@ d.vclop.! for 6idu. eatFis s.t
d.tffiinrlion of etiv. irgrcdidts in cohd.ejd fomrulatio, onc €dcn for fluorr!'r,
2,4-D, &crochlo., brchoxynil &d chlor6b.,.
Thc ncrhod lor fleiylyr dclcdidtjd i! bo..d @ di@r drtoitatid of primlry
en.tic dinc group for dieriz.rj6. fo[owd by fo@arro, or e dy.. Vdious
ealytical @ndiriom ljt. *.v.ldgrh and r.agmt ancdrnrioru vere oDdhiad for
barch aMlyris and lppli.d diredly for o,ljnc Mlysis. phrsrcor p{aneleE Lkd now rarc

, disetiznio! @il ld81h &d @lpling coil lcns$ wft oltimiz.d for onlinc elysis .d
w@ foed b bc 4.5nunir, 60cn 6d 50 d cpetiv.ly. Using fi. opriDiz.d
@ndjtios . soplirg &cqua.y 0160 tuplc/hr w4 &hi.v.d for o!Ii,. &.tyris for
0urc4!yr, ft.I-OD ed LOe for d& invqdgaiert n rhod w@ foud io b. O,Osppn
dd 0.lTppm fo. online ed 0.0t3 ppm & O_246p!n for balch h.thod 6pectiv.ly. Th.
ncrhod tu rp! ic$I. fo. d.ttuirdior of Rmrr?yr in cdM@irt fmuldion bd for
r..tduc ara\6is, Th. cutl! ofhorh barch &d onljrc n rhod e .onp@bt..
Sinildly sp@pnoton.rric tuelhod ns bcd inv6tigat d for |ne dehination of
ac.toohlor in fomnlation dd for 6iduc dalysis. Acetochlor w.3 hldrolrzed ,ilh 0,2M
I{cl by hqdng d a boilin8 water harh for t O minur6. The nydolyz.d prcduct (2atnyl
6-d.rhyl.Dilinc) wE @!pLd wirh tODl ofdi.zorizcd e i& $lurion &d lhc Esutring
e dt! B Ecau.d .r 400nD hca. ofonlin. aldFis' a siigt. chmcl mdifotd was
ra .t llh tdp@ie wjtn a flow 61. of lDyminutc, By lsina the optinud
conditions, a sdtlc through ptrt of60smplctu wd dhievcd, Thc LOD and LOO wqe
fmd b be 0.40 ppb ad LOOppb for oitirc &allsis ed 0.9 ppb ed 3_O ppb for b.rch
dalylis G!@tiEly. Ttt. p.thr Eovcry @g* ien 92%_95.1% fo. barch m.thod
trd 93olt95.5% for onlin n.rhod.

Sp..rFphton.ilic n.rhod for 2j-D dclcniErion is bscd on bd!. bydrotysis of 2,4_D
follow.d by the couplidg ofhydrobzed pDduct vifi di&oliz.d sllfeiljc eid elliion.
vdio6 r&btical @ndnioB titc.olc@rorior ald dtio of nirrirc md suuditic &i{t
rolulotu w@ @timiz.d for fomErion ofdirzoiiz€d sdl,lilic &id ad il E found rhal
l:10 Frio of 0-6% sulfsitic $id ed 0.t5|o nitritc is sufticicnr tor fomadon of
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n,nimun dj.zodzcd sul&Dilic @id, Mold ablorttivtiy wa calcdared md found to

b.l.CB 'tO'lmol''dj ed 2.39 xlo. trorlcn' tor baich rd ohtinc h.thod
cp@tivdy. Tbe n€thod es validlrcd for b![ch dd onlirc datysir of 2j-D
dd.mi@tion in Ed s.!tpl6. Ttc h.thod t sinptc, falr Eli.hlc ad ..n b. !!.d for .lt
ttF of phaoiy &.tn rid habicidB, Ontin. v6ion hs a suptc $re!s! pur of 90

A trd ed simplc sldtropholm.t ic m.itrod *.s dael@ed fo. rhe dcthi.atio, of
bFnoxyril by uing teo diff@t courling EEg.nts tite diline ald p_naphrhol. Thc

n€d:od is bded on rcduction ofbbnoxynil wnh 0,4M tIcl al bon rdp.alulc and

dieoiiation of r€duced prcduct wiii nirdtc solution followed by corpting wilh rwo

coupli.g reagents. Relgfir con nhaiion ed physicat pamd6 wft oprimiz.d to, the

rnvBtigated mdnod by !!ing borh corpling eag.nk. M.ltod is s'oilanftu whcn ,-
nlphlnol is usetl e coupling uScnt dd rakcs 12 minul* for conDl€rc too.rion ofauo

dyc irce ol diline s coupling @goi. Howcv.r, lhc sdilivity oa hcrhod is high&
inca. of diliE T!. ncrhod ns ben $ccdfully .pplicd for Bidue dcthin,rion in
Eal sd6 and &aivc irgEdioi d.rfrin.lim j. fomulatios. ?@d1l6v.ry wd
calcular.ddrlrhctmlrof barch.!d onth.ncilodw@.orDared.roronlin,oatwis
sdpli4 fr.q@cy w6 found io b. 80 sDl.s,tr
Thc last m.tnod for chlonEbd dcl@in.rion is bscd on di@l dptoitarion of plin.ry
arcmtic minc 10 fom a di@ti2.d prducr with niirite solutio! followed by qoupling

wi$ r snirable col?ling Eag6r p-naphlhot, Chdical bd physical param.t6 vcrc
optini&d fof the b8ich &d onlin€ nalDd, FI m.nifold w4 !.1 at rcon tempcnlulc with

a nov mrc of2mvminue rld dia?olizarion coil ldgih of TOcm dd coDpliig coil t.ngih

of 50ch. At optinm conditioB a ddpling ftcqudcy ot9o smptotr wa &hicvcd.

Mold ab&Otivity wd ;abul.tcrl od fobd to 6. 2.45:tO. L.Dol_romr lnd 2,64 iloa
Lmol cb'for barch ed m.6od E 4liv.ty, pcl@t lqvcry nngcs fFh
8E,0{0.037-96.@0.10. RSD @ found !o b. ?.6% .rd 8.3% for larch dd onlin
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