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ABSTRACT

Prescnll), lharc rs rncrcascd ancntron and focus on heavy metals pollutlon, whrch arc

bccomrng onc oflhe most scflous cnvrronmcnlal problems duc lo thclr advcrsc heakh cffccG

These toxrc hcavy mclals arc not c.srly dcgradcd and requlre remoYal from Pollutcd w.ler lo

protcct pcoplc end thc cnvfonmcnl Thc prcscnl sludy $as carrlcd oul to iasscss lhc

physrcochcmrcal ch.r.ctcnsllcs ofdnnklng watcr rn Drstrrct Lskkl Marwal and treat waler

chcmrcally for hcevy mclals rcmovrlb) two Dlthrocarbamalc (DTC) Lgands TonlofT5 water

samplcs wcrc collcclcd fiom 25 srtes from tubc wctls !r h lch arc uscd for d nklng l*atcr supply

rn 25 reprcscntahvc town and vrllagcs ofLalLr Man!.1 Standard sarnplrnB tcchnlques wcrc

uscd forall sourccs rccommcndcd b, APHA ( l99t) The rcsuhs lndrcalcd that thcsc paramctcrs

wcrcrnthcr.rgeofpHTl-TS,totaldssolvcdsol'ds(TDS)4126-8796m8/L,rurb'dr$017-

278 NTU, elcctncal conduclrvrty (EC) 2866.13131 FS/cm, drssolv€d oxygcn (DO) 686-

86 lvo, z,nc (Zn') OOO3-l 538 pPm, rron (Fc) 0 001-l 799 ppm' coppcr (Cu) 0 004-051 ppm.

chromrum (Cr) O OOO3-0 072 ppm, nrckcl (N D 0 0l l-0178 ppm lead (Pb) 0IlI-0 519 ppm,

cob.ll (Co) O Ol l-O 08 ppm, m.ngsncsc (Mn) 0 001-0 046 ppm and cadmrum (Cd) 0 0001-

0 041 ppm Most ofthc physrc.l paramclcrs wcre found w(hrn thc permlssrblc lrmrls c\ccpl

EC whrch was h'ghc n 16 7o samplcs lhan lhe hmrts scl b) WHO (2008) M.an

Conccntrahons ofZn, Cu and Mn tn all watcr srmPlcs srtes Lrcrc found wlthln thc pcrmlssrblc

Irmrts whrlc conccntrahons of Fc ln 47o, Nl ln 40%, Pb rn I000/0, Co rn 40 yo' Cd fi 2t ya lnd

cr rn looz s.mptcs wcrc rn cxccss of thc wHO (2008) pcrm'sstblc llmrts Thc htghcr

conccnlr.tron ofhcavy mculs wcrc found ln lhc samples whrch werc coll.clcd from lhc wcst

ofthc study .Iea whcrc hugc cxplorrtron ofrrd,oactrve mclals wcrc canlcd oul for thc lasl 20

ycrrs rnd thc south mounlarnous pzrl, whcrc thc sccp.Ee Ccmcnl factor) cmucnls and gcology

of the mountams wcre rcsponstblc for hlgher conccnlralron of hcav) mctrls Walcr samplcs

liar) n.ds lss.slm.ni.rd ch.m'c.l rcncdt.tron 
'n E ound s.t.r rn Lakb Ma.r' Khvbd Par.hDnura

vIt



wcrc drvrdcd lnto two groups comprlscs thc mountalnous rcglon al lhe south and \rcsl of lhe

study rlea rnd plarn descrt rIca Resu|!s ofbolh lhc groups wcrc compared by uslng ANOVA

srnglc factor whlch showed non-srgnlficenl drffcrcnce (, > 0 05) for PH EC' TDS. Turb'drty'

DO, Fe, .nd Pb whrlc srgnrficrnl drffcrcnce (P < O 05) r\as rcvealcd for Zn' Cu, Cr, Nr, Co,

Mn, and Cd Tl\o typcs ofd,thloc bemalc llgands uer. syntheslsed' cheractcrlzcd b) FTIR

and usc thcm 3s chclelors to rcmova the hcavy mctals from aqucous solullon Dlthlocarbamalcs

werc sclcctcd beceusc lhcy havc good blndlng abrhq end can prccrpllalc mctal lons as

complcxcs dtic lo hcavy sulphur goups Thc mctal rcmo\ al cfl'ic rcn c) was comParcd htlvccn

both hgrnds Thc sludy rndtcatcd lhal I OOo/o rcmcdratlon was achlcvad by

drbutyldrthrocarbamrtc (DBC) al PH 5 for Co whrlc 5ozo rcmoval clllcrcncy w1s obscrvcd by

DBC al pH ? for Mn Thc dccrcastng ordcr of remedlallon of hcav) mcl.ls by DBC w.s

Co>Nr>Cd>Zn>Cr>Pb>Fc,Cr>Mn By trcatlng wlh DBC mole than 950% hc.!) mctals wcrc

rcmovcd cxccpl for Mn Thc study lndlcatcd thel 99% rcmcdlatron was achrctcd by

Cyclohcxyrdrthroc.rbarnatc (CHC) at pH 5 for Mn. $hlle lowcsl rcmoval cfficlcnc) of 20o%

\res obscrvcd by CDC for Nr rl PH ? Thc decrcasrn8 ordcr ofrcmcdratlon ofhcavy mctals b)

CHC wcrc Mn>Pb>FPCr>Co>Cu>Zn>Cd>NI CHC rcmorcd 99 l0% of Nr' E2 l2o/" Pb

1105'/oFc,72yoO fid Co,50 37o Cu from aqucor.rs soluhon For Zn' Cd and Nr thc rcmoval

cfficrcncy was lcss than 5O%o So CHC Is cffcci,lcl) uscd for rcmoval ofMn and Pb from

watcr h was obscrvcd th.l thc ldsorPtlon capaclty ofdrthrocarbamatc (DTC) rs pH dcpcndcnl.

.nd all lhcsc producls showcd wc.I .dsorptlon capacrt) al pH 9 Thc adsorplron capaclty

dccrcascs wlth lncrcrsrng pH values and lhe maxlmum capaclt) was achlcvcd around pH 5

Thc rcmcd[hon by both thc DTC .l PH 5, 7 and 9 wcrc comparcd by usrng two tarl I'lcsl Th'

p S 0 05 showed slgnlficanl dtffcrcncc bctwccn lhc mcan 7o rcmcdletlon by bolh

drlhrocalbamatc whrch confirmcd by grcatcr I crrltcal th.n t slat

Havy mct ls.ts.smc .nd ctED,.rl rcm.d'ar,on ,n ground u.ro ln L k Md.r, Khlb.r PaLnrunkhwr
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CHAPTER I
INTRODUCTION

Walcrrs onc ofthc most valuable suPPIlcs oflhc unr\crsc. whrch ls naturelgantcd dnnk

It hes numcrous uscs mosl of whlch arc vltrl for llfc and humanlly, wrlhoul whlch no llvrng

thrngcould survlve and ls uscd for malntalnlng pcrsonalhygrcnc (lsengrrd,200l) ll$drfiicull

lo clrmrnatc all fie wllcr suPPllcs of the world. 15 *atcr ls constantly rccycled through thc

natural hydrologrcal cyclc, malntarnlng the lotal quantrl) of\\ater on lhls PIancl rs aboul I 4

lrrllron cubrc mctcrs (F.rld.l al , 2012)

Quallt) ofwatcr dcpcnds on lts physrctl, blologrcel and chcmrcal p:[emclcrs that &lsc

as rcsults ofnafural and anlhropogcnlc acttvlllcs Thcsc paramelcrs ofground!,,vatcr decldc lts

.pplcebrllty for thc dcslrcd purposc (Kazr €/ 01. 2OO9) The qu'llty oftralcr varrcs \!lth 1'mc

placc and b1sc fiom whlch lt orlglnatcs':6 lt ts a sponlancous process' comPrlslng blotlc'

.brolrc, solublc, suspcndcd. orglnrc and rnorganrc subslances (Adeycyc and Abuludc' 2004)

Il rs possrblc to dcgredc thc qualrt) of walcr to thc polnl whcrc It Is comPrcsscd' uns2fc or

somctrmcs cvcn loxrc (RadoJevlc and Bashkrn. 1999)

Among thc varlous sourccs, thc ground 
'nd 

surfacc watcr 
'rc 

thc vltal frcshwalcr

rcscrvolls whrch tre uscd for dnnklng, houschold and rn somc arca for rrngallon purposcs (An

et ol ,2OOZ) In addtlron hugc quanlrty ofwalcr rs rcqurrcd for raprd rncrcAc ln populatron (Ho

et al -2003) Cood hcalth rcqulrcs safc drlnklng \r'lcr. whrch ls thc pnmary human nghl In

thc mosl part oflhc carh frcsh wetcr ls a dcfinrtc resourcc al prcscnl (Jaclson"/a/'2001)

Duc to bond polarlty and hydrogcn bondrnB ln w'lcr molcculc' w'tcr hes unrquc

chcmrcal .rd physrcal proPcrtrcs of suspcnslon. drssolutlon, 
'nd 'dsorplron 

for drffcrcnl

substanccsThuswalcrlspurcnltur.lly'whlchlsconramlnatcdbyltscnllronmentcomprlslng

H6;; l;;."-d.h""*.r "."d''rton 
rn groud $ar'r rn Lat.h M@'r' Khvbs P'thunrl*'



human, arlmal and olhcr natural acllvllrcs (Mcndrc 2005. Chltmanal and Trarchaly'pom,

2010)

Duc to declrnc rn surfacc watcr and varrcd nalurc ofthe monsoon In thc arld tnd scm''

ard rcgrons ofthc world, thc rcllancc on ground\ atcr ls rncrclslng day by day (Sundrry er o/ '

2OO5) ln fact ll Is nght for Paklstan. \\hrch Is consrdcred an arld country ofthc *orld and

rcgardcd thal rn thc ncrr futurc, It has bccn walcr an\lous and watcr scarcd (Ham'z2h tt 
'd/ 

'

I 99?) Al thc end of thts ccnrury duc lo clm alc chan8e' urban rzehon and enl, gcd popu lal ron'

thc quantrty of w.tcr bccome morc worslcd (lackson eI a/ 2001) Walcr quanlrtrcs !n rlvcrs'

lakcs rnd ground watcr.rc shrrnllng duc to lha collccllYc cffccl of lo*cr r'rnfall, snowfall rnd

hrghcr vapon?rtron (Hamzzah cl al ,1991')

Varrelrons ln ground watcr arc pcrcclvcd b) dcvcloplng nalrons' \\hlch organrz' allcm2tc

sourccs ofl*aler Duc to thc puflficellon and lacl ofdlslrlbutlon, ground w'ler prcfcrrcd ovcr

su rfacc walcr Thc borcho tc welc r ls supcrror I hcn surfecc l\ ater' wh tch rs casr ly avar lab le from

l.kcs, flvcrs, streams and sprlngs (Adcyclc and Abuludc. 2001)

ln most pan oflhc world lhc qualrt) ofwetcr dcgr'ded contrnuously The drlnkrng waler

ln many countrrcs docs not metch World Hcalth Organrz,lton (WHO) standards \rhrch havc

bccn shown rn numcrous resc.rch studlcs (Aydln' 2007 Gupla tt a/ ' 2009, Gyunfil el al 
'

20t2)

Overatt dclcnor.tlon of walcr qualrt) and spcctfic'lly ground\'ratcr ls of most concem

(Qzdr et al ,2OOt) Il rs esscsscd that due to poor qualrt) ofwatcr,309/0 ofall drscascs and

4tr% ofrlt dcaths.rc produccd tn Prt|slrn (Global walcr PMncrshrP,2000) Accordtng lo th'

nkrng of water quelrty, P.IEt.n l.kcs lhc to'i posrtron rn lhe world (UNESCO 2002'

Azanllzh et a/,2oll) Opcn walcr sourccs or underground watcr rs broadly uttlzed for

dnnkrng watcr supphcs tn PalEtrn Almosl onc lhlrd ofthc cnhrc dnnkrng welcr d'llvcncs

ffEl r,.t rt."**t.,,1""a chcm'c.l Emcdlalron rn liound sar'r rn L'lh Mdwtr' Khlbn Pathrunlhwa



arc obtarned from undcrground tqulfcrs InscvcralParlsofPalrslanlhcqualltyofw'tcrdoes

not Iirlfill lhc rcqulrcmcnt of WHo/Paklstan gurdcllncs for drlnLrng walcr It ls dccllnlng

gcncrrlly duc to thc dtscharglng ofthc unlrcalcd mctropohlan end rndustr[l cmucnts and also

bccrusc of lhc runoff of bnny dr.tnagc ftom farmlnS arcas (Tahlr eI a/ . I998, Chlllon er a/ '

2001)

fiough, thc Problcm of drtnktng walcr qualrtt h1s a srgnrficanl problem ln thc

dcvcloprng countncs, but thc ssucs arc ncgltglbl) drscusscd rn dev'loplng counlrlcs

Acccssrbrlrt) of wrtcr rn P.IIst& rs rboul I,2OO mr pcr caPrta, whlch rs rcduced rapldl) and

for lic rcason PaIIsbn has catcgorlzcd a watcr strcss counlry Fufihcrmorc, ln Paklstan only

30% ofthc total domcslrc and rndusurrl wasrcwatcr ofthe lolal 4 mllllon acre fcct (MAF) pcr

ycar arc crrrcd ln propcr trcalment Thls small amounl oftrealcd and hugc amounl ofuntr'alcd

\ratcr.rc drschargcd dlrcctty lnlo watcr bodrcs Almost onc thrrd oflhc lot'l PoPulatlon In

Prkrstzr dcpcnds on ground watcr for thclr cvcryda) uscs (Mallk tr d/. 2010)

I.1. WATER POLLUTION

Pollutron Is a global problcm and rl hes lhc unlrmrlcd cffcct ofrnflucncrng thc h'alth of

humen populatron (Khan and Chourr, 2Ol I ) w.lcr pollulron has bccn an rssuc ofdynamrc

scuch for an cxlcndcd tlmc Tte walcr would bccomc unfit for panrcular uscs znd thc b'lenc'd

syslcm m.y b. drsturbcd b) any changc ln lhc naturat waler quahD Thc acccsslblllty ofwrl'r

hls bccome thrcalenlng lhrough surfacc and groundwalcr sourccs wlth thc p'ssagc of lrm'

D nkrng w.tcr musl bc of lntcmlllonal slandard, thal ls, free of contamrn'nts ln lcrms of

physrcochcmrcal paramctcrs and orgrnlsm load (OJuhlu and Kolo, 201l )

Thc cffccl of pollutlon In thc ncrghborhood ofolcr crowdcd crlrcs' from rndustrrzl

cmucnts rnd rutomobllcs has rcrchcd lo an ahlmlng polnt and ls rncrc1slng publlc ew cncss

(Bcgurn.r ai , 2OO9) Thc maln causcs ofwatcr pollulron rnd cvcntually ofsalcrbomc drscrscs

H c.v) h.t ls lss.ssmcnl ud chcmsl rcmcd,.rron rn gound s.r.r rn Lrkl(r Muwrl Khvb'r P'IhrunE wr



arc drrccl houschold

waler tanks and Poor

rclc.sr and runoff of rndustrt.l emucnts. Icalag. from d.magcd scphc

admmrstrelron ofagrrcultural $astcs (Jaln er a/, 2005)

Furthcrmorc, ground walcr tn Prklstan decllne qualrtalrvcly end quantltatrvcl) due lo

ovcrlord of human populatton, drscardtng of solld 1s wcll as hqurd emuants, urban sprawl'

unmalntzrnlblc .nd poor rmplcmcntcd pollclcs and Poor rmplemcntatron of thc law_

noncxrstcncc oflough menagcmcnl (WWF. 2007)

It rs prcdrctcd lhat onc fourlh of .ll dcaths arc lhe rcsults duc rnfcclrous rllncsscs

produccd by pethogentc blclcrla All ovcr lhe world.lhe ralro oflhe annual dc'th oflhc pcoplc

from dnnkrng urfcnor quahly ofwllcr rs grcalcr than from all klnds ofdrsastcr rncludtng war

(wHo,2002, [NEP,200t)

Exlremc lavcls ofpollutron lre ceuslng a huBc Ioss to human and antm'l hcellh' Planls

lncludrng lroprcal raln forcsts .s wcll 1s thc gcncr.t cntrronmcnl (Kian end Ghoua, 201l)

Dlscnscs sprcad duc to Potlutron whlch affcct lhc old lhc younS' lhc cncrgcllc, all anlmals and

plants (K.nmony, 2009)

Naturally, alt mclals and othar chemrcals havc a polcntlal for hamful cffccts on ihe

popul.lron, Even rfanthropogcnlc conhmlnatlon ls complctcl) cllmlnatcd Thls Problem may

bc rcduccd rf groundwalcr ts telcn oul for donkrng aficr dctallcd chcmrcal rnvcsllgalron

Physrcal md chcmtcal propcnlcs lncludlng tracc clcmenl conlcnls ofthc nalural \Yatcr arc vcry

rmponant for publc hc.lth studlcs Haavy mctals .re srgnrficenl porsonous cont'mlnants th'l

firmly bound thc uscfuln.ss of wrlcr for houschold and me,ufactunng usc (OJutrkuc cr a/ '

2014)

Havt mdds.ss.ismcnl tnd ch.hrc.l rcmcd,.iDn In lroud rnd rn L.l'.li Mear. Khvb'r Prlhlunkl's'



1.2 HEA\ry METALS POLLUTION

In thc world hcavy mclals arc consldercd onc of thc common Pollutants ln lhc

envrronmcnt (Papatll,pPz]rJ et ol ,2OOt) The cxlstcnce ofhcary mctals rn mlnutc conccnlrahon

rnd vrtat clcmcnts ln hlghcr conccntratlon causcs torlc cflecls 'f c\poscd to lhc human

populalron (Fong et al , 2OOt) Ovcrall thc hcav) mclals grcatly affcct the frcshwrtcr

acosystcm Hcavy mctets erc thc spccrfic stgnrficancc In thc conlefilnants ofground wlter duc

lo hrgh toxrclty cvcn ln mlnutc qu.nllty, whelhcr lhe hcav) mclals cUsl n'turall) ln lhe wrlcr

whrch rncludcs weelhcnng of nalural rcsourccs' drschargc Partrclcs of dlffcrcDl metlls and

subslanccs lhlt comcs oul duc votcanlc cruptlon or due lo humrn actlvlty rc solrd waslc

dumprng, rndustrrrl or homc cmucnls, herbor channcl drcdgrng (Marcovecchfi et al '?O07)

For rcgular body functron vllal elcments llkc calctum' magncsrum, potassrum md sodrum

must bc prcscnt for supportlng thc llfc Also, zrnc (Zn) Cu. Fc. Mn, Co and molybdcnum work

as an aclrvalor for thc cnzymc proccsscs are rcqulrcd al lo\l Icvcls Heav) mclals occur ln s2tcr

rn collord.l, suspcndcd and soluble phascs (AdcpoJu _ Bclto et ol ,2009) Hcavl metal

pollulron Is a worldwrdc problem, though thc se!cnl) and lcYels ofpollutron d'ffcr b) locatron

Oncc ground walcr conlamlnalcd by hcav) mclals and trace clcmcnts' thcsc may badly aflccl

thc humrn hcalth bccausc thc dnnkrng of conlamtnaled walcr rs onc ofthc maln paths lhrough

whrch HMTES rngcsled Into thc body (Kavcar.r 01, 2009. wanga tr .r/ ' 2010)

Out of total elcmcnts only 20 clcmcnts .rc consrdcrcd as a loxrc hcavy metals 50% of

lhco rclcascd rnlo lhc cnvfonmcnt rn haz2rdous lavcls lo human hcalth Cu, Cd' Pb' Cr, Nr'

Hg Zn al|d As rrc mosl lnvcsllgelcd wltcr Pollutanls Thc drschargc ofthesc unlrc'lcd metals

poscs r major rrsk to communlty hctlth becausc of lhclr pcrslstcncc, blo'amphficallon 2nd

collcctrng rn thc rccycltng offood ln thc cnvlronmenl

ff..ry ."r.f t."*".-, ."a ctuDrql rcmcdrenon rn Sroud warc' rn L'lkr Mdrt, Khrb'r P.Ihluntn*'



Thc haard dr.lc to heavy metal pollulcd watcr has ncgalrvc rmpact rn rwo ways

Pnmarly, ln nafural ccosystem hcevy mctals pcrsrst for an extendcd trmc pcnod Ncrt, hcavy

mclals havc thc capabrllq to .ccumulatc rn succcssrrc stagas of lhc brolrc systcm, thus

produclng acutc and chronrc drscascs Krdncy farlurc hcarl and bram dlsclsc are due lo aculc

gaslrolntcstrnal aid resplratory problcm c.uscd b) Cd and Zn (Nomanbhay and Palanrsamy,

2005,tan ct ol ,200t) In thc mosl pan oflhc world thc agncultural land mry bc rrrrgalcd b)

cmuenls havrng hrgh conccntralrons ofhcavy metals The addrlron oflhcsc loxrc mclals rn lhc

phnt trssuc hevc ncgatlvc cffccts on plants and uhrm.lel! cause humen health nsk and also to

othcr anrmals (Athar.nd Ahm.d, 2002)

In scvcre ctscs ncrvous syslcm damagc, rcductron rn thc groMh ralc, organ diunagc,

dcvelopmcnt of canccr and rn cxlreme clscs may cause dcalh Thc dcvclopmcnt of

aulormmunrty rs causcd duc to thc cont2cl ofMcrcur, and Lcad, tn whrch antrbodtcs tn a pcrson

outbrc.Is lhc lndrvrdual calls, whrch may be convcned rn thcJo,nt d$cascs called rhcumatold

anhfltrs, krdney drseasc, crrculatory syslcm rnd ncnous syslem drscalsas (Rajcndran ./ d/,

2003, Johnson and Hrllbcrg, 2005, Oclofsc er a1 , 2007)

Hrgh conccntratron ofCu and Mn rn dnnkrng watcr causcs Alzhcrmcr's and M.ngantsm

whrch era mcntal drscascs (Drctcr.t a/, 2005, wange et al .2010) Drsc.ses ofthc braln,

krdncys, ncrvous syst.m .rld blood cclls arc rclalcd lo Pb (Gump.r 4I,200t, Jusko e/ d/,

200t, Kn ct ol ,2011) Pb h1s mukrplc cffccls and a probablc human c.rcrnogcn (Bakarc -

Odunol.. 2005) Howcvcr, thyrord ancry, polyc)'thcmr. and rncrcasrng thc formatron of rcd

blood cclls (RBCS) rlc thc rbnormrlrlrcs and causcs duc lo rngcstron offood .nd walcr whrch

rs hrghly pollutcd by Co Skclclal drscrsc, krdnc, drscascs and rl.rtar (ouch-ouch) drscascs arc

lnlcd ro hrgh mt.Ic ofCd (Nordbcrg et a/ , 2002. Robcd and Mr', 2003)

H.rv) mcEls.ls.ssmcot md ch.mrc.l Em.dr.lton rn tround *.r.r rn Ldh Mrrs.r Khlbcl Palhunlhsa



IJ. TECHNIQUES USED FOR HEA!ry METAL RIMOVAI

Gcncr.lly dlffcrcnt physlcochemrcrl methods used for remedranon ofhcavy mchls from

watcr arc, chcmrcal prccrprtatron throu8h Irgands (Azetsu-Scott ct al, 2007), ron cxchrDgc

(Ochmcn ctal ,2006), mcmbruc filtratron (Bloche cl a1 .2003), adsorptron (Mata ct al ,2009),

clcctro'chcmrcal tcchnolos/ (Basha ct al,200t), electro dral)srs. ultre-filtratron, rcvcrsc

osmosrs (Fu tnd Wan& 201l)

Rcmcdraron by convcnhonal chemrcal precrp,tatron hale numcrous shoncomrngs and

duc to stncr cnvronmcntel prmcrplcs, rl rs drfficull to remove hcav) mctals fiom watcr b)

common prcclprtatlon mcthods For the remedrrtron ofhca!y mctals liom equcous solulron by

prcciprtatron, thc chclatrng hgands lrc used by men) firms (Matlock er 41, 2002)

Onc ofthc most sratcgrc ficlds ofthc modcm sclcnhfic rescarch ls to find ncw mcthods

to ehmrnatc hc.ry mct.ls fiom watcr [n thc proccss of chcmlcal PrccrPllatron, DTC lrgands

erc onc olthc most Iiurtful rGcarch matcrlals rn lhts ficld DTC hgmds are e typc ofdrthrolatc

lrgands, whrch contan a number ofmono- and dr-negaltvcly charge goups

1.,t. DITHIOCAXSAMATE (DTC)

DTC arc formcd by the rcactron of cubondlsulphlde \rrth prtmary or sccondary am,nc

ln thc prcscncc ofbase.s catalyst Mono or dralkyldlthrocarbamates are formed dcpcndlng on

thc typc of rmlnc that rs uscd m thc synthcsrs of thcsc comPounds (Rarnos, el al ,2013)

DTC arc thc coordmatlon compounds thal havc bccn wrdely studrcd duc to thcrr proficlency of

havrng drffcrcnt blndrng nature wrth drffcrcnt mclals (E\.rchos, 2001) DTC hevc thc ablllty

to stablllzc thc trlnsrtron mctals n a vanablc oxrdrtron stafc and form uscful complcxcs ofthe

corrcspondrng mctels (Hog.rth, 2009) Thcrc rs en crlra n-clcctron movcmcnl of nrtrogcn to

sulfiir through r plmar dclocalEcd n- orbrtal syslcm whrch grves dlshnct chlrlctcrrstrcs lo

H<rvy m.ols asscssmcnl md chcmrcrl rcmdflron rr glolnd w.ld rn L*ll Mlrwll, Kh]bcr P.].hlunk]'w.



thcsc llga-nds Tlls cffact rcsults rn strong clectron don.tlon and hcncc . hlSh electron dcnslty

on thc metals lcadrng to rls next hlghcr oxrdahon slalc (Pmdeya ct al , 1997)

Largc numbcr ofDTC comPlcxes have bccn slntheszcd slncc thc hst ccntury, wh'ch

compnses common towcr alkyl SrouPs l*e mcthyl and ethyl Thrs lncrcasrng awarencss rn the

ficld of DTC chcmrstr) ls lhc cheractcrE hon ofthe suppon so that ncw.ppllcatlons and

rclatrons can bc cstabhshed ThN rcsctch ficld ls rn Premature phascs, allhough Prcvlously

lntcrcshng possrblc charactcnzltlon has bccn sludrcd. comPnslng thc charactcrzatlon ofgold

nanoparlrclcs, thc stcpwlsc burld-up of multl_mctalhc collectlons. lhc productlon of DTC-

containDg suprrmolccul.J systems whlch can be used for anlon llnkage, thc synthcsts of

tcchnchum rrdlopharmaccutrcals (Ho8rrth, 2009)

DTCS arc r group ofmctzl coordlnrllng' ant,o\ldant complcxcs hevmg large numtrr

of uses rn the mcdrcal fialds for the cunng of fungal and bactcrtal tnfccttons' and potentral

trcatmcnt of AIDS (Mrla.rc.t al ,2008)

A hgands form a bond wlrh hcavy mctal rons lo form stablc and lnsolublc complcxes,

so thc hcavy mctals arc cfrcctlvcly rcmovcd from lhc aqueous solutron rn thc form ofmsolublc

precrprtetcs Prcscntly DTC rnd its dcrNallvcs are syslcmahcally studlcd for remcdlatron of

hcavy mctrls fiom wastcwrlcrs (Jnng el ai.2004,Ltel ol' 2004) Thc dlthlocarb'matc duc

to rts strong brndlng rbrhty to hc.vy mclals wh t lc do not form complcr w(h rlLah lnd alkahne

aarlh mctals, hevc becn wldcly uscd n thc rn thc rcmovaland prc-conccnratlon ofhc'!) mclals

from wastc watcr and cnvrronmcnt treatmcnt (Mahmoud e/ al '2004, Vcnkzlcsan el al ,2002,

Dmos ?r a/ ,2009)

DTCS are wrdcly uscd on r vnnous crops. mostly duc lo thcrr cffccllvcncss rn thc

trclEncnt of frrngal dtscascs ln the Plants and comparatrvcly lftlc 
'cutc 

toxrcrty ln thc mrlk

fccdrng anrmals (Celdas, 20Ol) Duc to ihc[ cxlcnslve elficacy as a powcrful rntrcanccr 
'gcnt'

Uc.rl ,n"r.tr."t ".*r -d.h.mrc.l rcmcdr{ron rn gound *ard m L.kh MnF'r, Khvb'r Ptthtunkh*a



thcy gol much attcntton In pharm.ccullcal field (Ronconl, 2006) Thcy arc uscd as

vulcanrzrtron accclcrators n rubbar producllon (Nrcuwcnhuzcn et ol ' 1999).ln controll'd

redrcel polymcnzrron technrqucs (Wood el a/. :006). and currcntl) In the Produchon ofronrc

Ilqurds and n sold-phasc organtc synlhcsls ll acls as blndcrs (Mcclarn and Hsrch 2004'

Morfel a/ , 2006). rnd ln thc synthcsls of pcpllde In prolcln, thc amlnc group rs prolcctcd by

DTC hgands (Grccnc .nd Wuls, 1999)

For ramcdrahon ofhcavy mctals from walcr, lhc prescnt study usc lhc DTC lhat arc m2dc

from chcrp, common, srmplc substanccs. caslly.chrc\cd. s.fc and thrt arc chrcfl) planned lo

rdsorb vejlous haavy mctal lons from equcous solullons or !taslc\lalcrs

I.5. PROBLEM STATEMENT

Lakkr Marwat rs tocrlcd rn thc souft ofthc Klybcr Pakhtunkhwa, Pcoplc ofdlslnct LaIll

Marwal dcp cnd on watar from borc holcs .nd tubc wclls for dnnklng and Irrtgrllon uscs

CoDsrdcflng lhc dccp watcr lrblc and lhe dcplh ofhand-dug trclls (appro\lmalel, 60'300

metcrs) and water sctcty rn lhls scml.rtd ercl.lhe surtabrhl) ofgroundwatcr for drtnktng tn

thc arca h1s rr rscd sonc conccms *h lch lncrclsc posslbl I It) o f co nlam lnal ron ofthe undcrlylng

ground watcr by hcavy mclals Duc lo thc local Sovcmmcnl arlthorlly lnabrllty lo cxtcnd

potablc walcr suppl) to thc cnhra arc., lack of marntenance of pubhc walcr supply end

ncrcascd poputetron, grcundwalcr consumPllon has becomc a common prrctlcc wtth man)

homcs ha!rng rcsorlcd to the usc ofhand'dug and h.-nd_pump wclls for domcshc purposcs

Tha rbscocc of pcrmancnt rtvcrs rn La (l Marwal have rn accumulaltvc cffecl on thc

hc.vy matals as nvcrs hclp crrry somc of thc mclals downstrcam hcncc rcducrng th'rr

conccnuatron Morcovcr thc hugc cxploral,on ofradloactlvc mctels In thc wcstcm mountalnous

part oflha stud) rrca rncrcacd lha gtound wrtcr contamlnalron b) hcav) mclals

Bavy mculs rts.tsm.nt.nd ch.m,cal rcDcdtalron rD gound sarcr tn L.tk Mat$1, Khvb.r Pdntunklu'



Lekll Marwat rs tumblcdown \rllh poverty and therefore thrs communlty cannol rfford to

hvc wllh thc cffccts of thcsc pollutanls as thls was costl) for thcm to look for trcatment

Rcgardlcss ofthls, no workh1s bccn rcported on thc level ofhetv) metals on watcr ln lhc study

ere. Thrs study, thcrefore, rccommcnds dctermlnrng the levcls of Cd, Cr, Pb, Zn and Mn 
'n

undcrground water of Lrkkr Marwat and chcmlcrl rcmedlaoon for the r.moval ofthcsc metzls

ftom watcr

I.6 SIGNIFICANCE OF THE STUDY

Thc .sscssmcnt of hcar', mclals ln watcr of LakLr Mar$et wlll bc uscd to senslllzc thc

gcncral popuhlron ofthc area on lhc lmporlancc ofcnvrronmcntel conscrvatron Thc study wrll

.lso bc hclpfiil for thc euthontrcs ln cnvrronmcnt admrn$tratton tn dlstrrct l'alkl Marwat to

cstabhsh ! baselmc for thc futurc studlcs The prcscnl study wrll hclp takc posslblc rcmcdral

tctron, rncludrng Ecrtment ofthe watcr lo rcmova thc heavy metals whcre lhe lcvcls wcrc too

hrgh

1.7. AIM OF THE STUDY

. Thc elm ofthrs stual) wes to contrlbute lnowlcdg€ on prolcclron ofpubltc hcallh

SPECIFIC OBJECTI\'ES

Asscssmcnt ofheavy mctals ln ground wdcr ofthc study 
'rca

lmprovcmcnt ofwatcr qu.lity by chcmrc.l rcmedlahon ofthc rdcntlficd hc'vy mclrls

nEiT"t"l*"**'*r-a 
"hcmrc.l 

rcmcdr.rron rn sround s'ter rn L'Lk Mt 
'r, 

Khlbs P'thunLhPe
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CHAPTER 2
LITERATURE REVIEW

The rnlcmaltonal organlz.trons such as WHO USEPA. EPA. and EUC set thc

gurdcl,ncs for thc prolccllon of human hcalth from the of hea\) mctals pollutlon ln *'ler

WHO set the st nd.rd of numcrrcal valuc \rth a lolerable m'rB'D of safer) to cnsurc no

advcrsc cffcct on human hcalth, \thrch rs the cnforccablc standard for thc prcscncc ofhcavy

matels havrng a m1\lmum contanrn.nt tcvcl IMCL] (Marco\cchro er o 2007)

Khan ./ a/, (2015) studrcd lhc drtnkrng walcr qualrl) and human polcnlral hcalth rrsk

ln Pcsh.wer, whlch ls lhc most populous dlslrlcl ofKh) b'r Palhtunkiwa Provlncc' P'k'slan

Atomrc absorplron spcctromclcr w15 uscd ro analyze lhc samPlcs for heavy mclal (As' Cd'

Co. Cu, Cr, Hg, Nr, Pb, and Zn) Thc contamln.llons ofCd and Pb wcrc srgnlficanlly hrghcr

@ < 05) than thctr maxlmum .llowablc hmlts scl b) the $orld Hcalth Organlzrlron

Dnnklng watcr trcatmcnE and contamlnatlon controllrng Pollclcs wcrc sogBcstcd to avord

thc ha2rrdous afTccts ofto\lc hcavy metals

Sz.cdelal .(2Ol4) rnsPccted the quaht) ofu' crground \\arcr uscd lmgalrcn El

LrkLr N,hIlIa. Khyber PakhLr*hua Thc EC arxj ttE pH valtB tndrcalc tllat tt€

gro![d\\dcr m t]E rrgon rs sLghll] sahnc ard alkalnc T]E ovcr-all stud)' sho\\6 that rEnc

ofttF uatq sarrplG tEvc a negatrvc effecl cn thc ]'cld ofb€rle) sorBhLm ard $hcal \\tilc

7. dd I ,yo of thts u€aer r6pectvcly rcduc! thc )rcld of c(,n ard cn'm by 5U/" Als. 1"/o

of tlus \ zrer rcd.E6 thc trld.groo of alfalfa b) 25% The d'ep ploughrng pror, srcn of

adcquaac dranage dd croP ri2lron hke nTanagcrrent prrtlces can trrFmve the uttll?4lorl

ofsrEh $arer \ as cancludad ln tlE cogtallon

H;;;;;..r""-.d "t*..t ,*dranon rn sround s'r'r rn L'tkr Mtq'r Khvbd Palhrlnt'hs'
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A.an,l. el al , (2014) rcportcd the study of heavy mclals rn drrnklng watcr of dlstnct

Bannu, Khyber Pelihtunllw., Pakrstan All physlcochemrcal p:u.metcrs ltnd conccnlrahon

ofhcavy mctals was wrthrn lhc WHO pcrm,ssrblc range erccpt TDS and EC

A rcscarch study was conducted to c!aluatc the hea\) mctals concentratron rn dinkrng

watcr of drstnct Karak Thc healy mclals rncludrng Zn. Mn. Fc and Cd wcrc al thc

permlssrblc hmrt ofWHO (1993), whrlc Cu. Nr. Cr and Pb conccntratrons cxcceds lhc WHO

standards ofdflnkmg water whrch can causc scnous health problcms (Hassan e/ a/ 2014)

Jrbccn el a/, (2014) studrcd lhc surfacc and ground walcr qu.lrt) ofHanpur bastn

(mcludlng lndustral statc), Pat$tan Thc everagc metal conccnlratlons ln surface tnd ground

waler wcrc found m thc dccrcasmg ordcr F.> Mn> Zn > N, > Pb > Co > Cr > Cu > Cd > As

> Hg and Zn > Fc> Pb> Mn > Cr> Cu > Nr > Cd > Co > As rcspcctlvcly fic dnntrng

wrter sho* no hcalth nsk 1s spcrficd from chronrc dall) l akc (CDl) and h.zird quotrent

(HQ) ofthcsc clcmenis

Hussarn at a1. (2014) conductcd thc stud) to assess lhe drlnklng \ratcr quallt) of

Islampura arca, Swat Thcse srmplcs wcrc tnveslrgatcd for phlsrcal and chemrcal p.rtmeters

mcludlng hca$ metals (Pb, Zn, Nr and Cr) Thc rcsults rndrcetc lhat mosl of thc physlco-

chcmlcal paramctcrs such ts total suspcnded solrds (TSS). pH. sal'n'ty. TDS, chlonde.

sodrum, pollssrum and Zn wcrc wlthtn the pcrmrsslble lrmlts whcn compared wlth

mtcmehond stand.rd Wharaas EC, alk3ltntt). hardness, Pb, Cr, ntcLcl. calclum and

magncsrum wcrc .bove lhcrr pcrmlssrblc hmll ln thrs resPccl thc drrnkrng water quallt) of

the arc, rs unsafc for dflnkrng purposcs

Bllal er a/ , (2013) dcscrlbcd thc concentratton ofheav) mctals (Cr, Cd, Cu, Fc, Mn, Nl

and Zn) md Lght metels (N4 K, Ca .id Mg) ,n thc dnnkrng qalcr of Hasan Abdal To*n'

Punj$, Pr*lstrn Thc result dclcrmrncs that allthc ph) srcal_chem,calpropcrtlcs wcrc prcsent

Hc.la Inal]sdsNDcnlDd chcmrd r.mcd'{ton 
'n 

!ro!.d Eater tn L.}tr Maea, Khytq P.$lunlhsa
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undcr thc permrsslblc llmrts rccommcndad

organrzatrons No loxrc pollulants wera prcscnt

purposcs

drffcrcnt nahonal & rnlcmatronal

uflnc ,rnd ls non-toxrc for dflnkrng

by

M rhar, (20I 3 ) studrcd thc hcav) rnctals (Cd Co. Cr Ctr. Mn. Nr, Pb. Zn and As)

conccntralron rn ground\ratcr samplcs ln lhe area ofdrslrllery spcnt w:LSh evaporr(ron ponds

and refcrcncc groundwarcr s.fiplcs collected I to3 lrlomelres far a\ra) from thc source lhc

study rnvcstrgales thc possrblc cffcct ofdnnkrng hca\ ) metal conlamrnalcd wetcr The resuhs

wcrc coftparcd to pcrmrssrblc hmrE ofPakrstan Envrronmental Protcctron Agcnc) (PEPA)

.nd WHO. sct for Indushal cmucnts and dnnhng \ratcr Thc he.lth nsl asscssmcnt such as

ChronrcDerlyInukc(CDI)andHa2rrdQuolrcnl(HQ)\crccalculaledonlhesourccsofHM

conccnlratron Thc CDI ofhcav) metals rn ground \tatcr sas rn follosrng dccrcasrng ordcr

Fc> Zn > Mn > Nr > Co > Cu> C r> Cd > Pb > As The HQ tnde\cs ofHM rn thc Cw

samptcs ncar the drstrllcr) spcnt wash claporalron pondr was rn the ordcr As > Cd> Nr >Cu

> Mn > Zn > Pb > Cr Thc rcsults rclcalcd thal thc dtsltllc4 spent wash was the cause for

thc devr.hon ln HM contcnts oflhc stud) area

Kh.n el al , (2013) rcponcd lhe concenratrons of hcav) melals ln dnnkng water

sources (surfacc and groundwatcr) of Srvat trlle\ Khlber Pathtunlh*a. Pa|slan Thc

concanr lrons ofCd, Cr, Nr and Pb \,rerc hrghcr lhan lhelr rcspcctr\c pcrmlss,blc hmrts'

*hrlc Cu, Mn rnd Zn conccnlratlolts Ncrc obsened !llthrn thclr rcspccll!c llmlts

Muhrvanatc end unrvaflalc stattslrcal analJscs sho\cd thal gcologrc md enlhroPogcnlc

rctrvrtres wcra thc possrblc sourccs of watcr conlamlnatlo, !rllh hcz\) Ineuls ln lhe stud)

Ahmcd el al , (2012) conducled a slud) to assess thc qualrr) of dnnlrng wetcr,

rncludrng hcav) mcl.ls ofDlslrrct Kohal For lhc assessmenl ofwatcr qualrt) semplcs fiom

Hc.ry mcr.ls.is.smcnr rnd ch.n'cd rcm.dr.rron rn lround E.t.r rn l-.tll Mar*at, Khlb.r Prtllunkhva
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Brltrrang, KDA, Nasrat Khelsnd Chongcc wcrc colleclcd Thc rcsuhs showcd varratron from

the WHo/Palstrn standard fordrlnklnB waler The results lndrcatcd that mosl ofthc srmPlcs

wcrc cont.mrnatcd duc to gcologrcal bands AmonS lhe sourccs, storrgc end Wclls \rerc

found hlghly pollulcd whtlc tub. wclls l'\cre found to bc lhc mosl sultable sourcc for drlnktng

Khen el a/, (2012) rn Kohal (KPK) Indlcalcs most ofthe samplcs talen from wclls'

tubc wclls, hand pumps, strcams and tanks \Iere conlamrnatcd partrcularl) ln Shaka'dr'r''

Lachr and Ara Khall Evaluatlng thc varlous sourccs of qalcr stonge tanks and t\clls wcre

hrghly pollutcd whcrcas tubc wcll walcr found safc for human usc

Thc study rnveslrgalcd lhc conccnlratron of vanous pollutants and hcallh rrsl rn

Charsadda drstncl, Khybcr Pa$tunkhwa. Pakstan Pb. Cd Nr' znd Fc concenlratron wcrc

hrghcr lh.n thclr rcspcctrvc pcrmrsslblc hmrl scl b) drffcrcnt organlzanons Add(ronall)' In

somc samPlrng polnt thc cohform b.ctcrl.lconlamrnalron (2_5 MPN 
' 
l00ml) was found elso

rn watcr, sho\+ rng thal drrnkrng watcr was beclerlal conl'mlnatcd (Khan er a1 , 2012)

Shah e, oi. (2012) lnveslrgatcd drrnkrng $alcr (surfacc $atcr and sub_surfacc $aler)

qualrty of Mohmand lgcncy, nonhcm Paklslan Hca\) mclal (HM) conccnlnllons $erc

analyzed uslng graphlte fumacc atomtc absorpllon sp'clromclcr Statlsllcal analyscs llle onc_

way ANOVA, wcrc uscd for conlamlnetlolr sourcc! Thc hcarJ mctals conccn tr'llon $cre

found ln fic ordcr of Cr > Fc > Nr > Cu - Mn > Zn > Co> Pb > Cd rnd

Nr>Cd>Cu>Mn>Pb>Zn>Cr respcctl\cl] \\alcr contamlnatron !*as the matn sourcc

ofd6c.s.s ltkc dr.rrher, vrral hcptllos headrche hlpencnsron' abdomlnal Prrn hvcr lnd

krdnc) problcms end falal crrdrac arrcsl as cornplarned b1 mosl ofthc rcspondcnts dunnB

ficld vrsrt.nd rcPoncd rn basrc hcelth unll (BHLr)

x-.*l.",,l,.","',..nr.na"rc.,"":rcmcd].1,onln8Iound$n.rhL.}tlM-*al,Khyb.lP.j\.hfunk}'s.
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Muhrmmad, (2010) conductcd a stud] rn Kohrstm rcgron. north Pahstan, \ herc thc

cxposure ofmafic and ultramafic rock (Kohrstan rsland arc and Indus suturc zone) and meta

scdrmcntary rocks (lndlan platc) were appercnt In some samples, the Fe and arsenrc

conccntratrons hlghcr thrn thcrr pcrmrsslblc lrmrts For a heallh nsk asscssncnt ofarscnlc,

thr values ofHQ wcrc found >l ln thc samplcs collectcd tiom Jabba, Dubarr, whrle HQ

valucs wcrc < I ln thc rcst of thc sarnplcs Th rs lcvcl o f contam rnalron shou Id h avc lou chron Ic

nsl and mcdrum carccr rlsk whcn comparcd rr lth US EPA st.ndard Wltcr qu!lrty hes bccn

changrng rapldly for the last fcw dccades rn dcvcloprng countrrcs Thls hrgc scalc varrahon

rn the water qualrty could h erthcr due to gcogcnrc or anthroPogentc sourccs

Furthermore, a study conductcd by PaLrstan Councrl of Rcscarch ln Wltcr Resources

(PCRWR) 
'n 

all four provrnces ofPal'rstan rcponed that a hrgc numbcr ofthc sarnplcs of

watcr found rnsccurc for drrnkrng purposcs ln the chref lndustrlal cltres of PunJab hlgh

arsenrc concentratton was rcportcd due to lndustrlal and chemrcal wastc drschergc. In Khybcr

Plkhtunkiw2 (KPK) hgh Fa concentratlon sas In\estrgated whlle tn Srndh hlgh turbldrt)

levcl was obscrvcd (Soomto et al ,2011)

Cul .r o/, (2OlO) conductcd a study on \!ater rD the drstrlct Marder Among thc maJor

cahons and hcavy efld tacc mctrls, concenrmltons ofC4 Nr. Fc, Cu and Pb wcrc rclatlvcly

hrgh rn somc watcr samples Howcvcr, conccntrltroDs of K. M g, Cd, Cr, As, N t and Zn 
'n 

all

thc water samplcs wcrc found wrthm thc .llowablc Itmrts of WHO and USEPA

Thc groundwatcr qualrty of Sralkot, an lndustrlal clt] of Pakstan, was asscsscd Thc

rcsults dEcloscd thal thc groundwatcr ofthc stud) .r.t cannot bc consrdcrcd ofgood qu:lrty

as rl rs hlghly turbrd (5702 oflotal srtes) wllh hrgh Ievel ofZn, Fc .nd Pb, whrch l,terc abovc

WHO alld PSQCA pcrmrssrblc hmlts Thc dlstrtbuhon maps scwcd as tmPonant tnfomatton

lo undcrstend thc ccologlcal status of thc groundw.ter syslcms and for thc ldcntlficatlon of

Hary mcLls Nscsrmcnl md ch.hrcrl rcm.drthon,t ground w.l rn L.III Mt$.r, Khybtr P.btunlhwa
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groundwalcr qualrty paramctcrs \ lth conccnlratrons abovc thc allowablc hmrts of WHO and

to find out potentnl .rc1s whcrc walcr bcatrhcnl planls and lcchnologres crn b. tnrgcled rn

Stzlkot(Ullah et ol ,?009)

A study was conductcd rn Islamabad 10 cvaluale lhe mrcrobrologrcal qualrl) ofwatcr and

food rtcms Thc samplcs wcrc collcctcd from drfferenl schools and collcgcs Rcsuhs sho$

thal oul of30 water and l0 food samplcs, 20 walcr samples and 7 food samplcs wcre hrghl)

toxrc ard not safc for human usc (S.ddoz.r el o/ 2009)

Chromrum rnd Lcad lcvcls wcre rcponcd h,gh ,n almosl all ground watcr sources,

howcvcr extrcmcly hlgh conccnlralrons wcrc found rn ,ndustnal arcas ofKarachr Prcscncc

ofan) onc ofthc hcavy mctal contamrnalron ncccssltatc thc nccd for thc cslrmatron ofothcr

hcavy mclals as srgnrficanl posrtrvc corclatron *as found bctwccn chromrum and lcad

conccntralron, rndrcahng thc possrbllrty of Smrlar contamrnatron sourccs rn Karachl ( Arlln

et al ,2009)

TrIrq st a1 , (2006) cvaluatcs lhc possrblc rmpacN of cmucnls of Halal.b.d lnduslrral

slalc on thc qualrty of undcrground wrter Vrnablc .csulls wcrc obtarncd for varrous

paramctcrs rn undcrground watcr stnples Thc pH. TSS. mS. Fe and Zn were w(hrn thc

pcrmrssrbl. hmrts rn all but Cd, Cr. Cu, Mn. Nr rnd Pb c\cccdcd lhc alloweble Irmrl5 rn onc

or morc water samplcs comprrcd wrlh lhc WHO and US-EPA stendards cslabhshcd for

dnnkrng walcr Thcsc rcsuks suggcstcd that emuenls d,schargcd from varrot:s rndustrtcs

showcd vaflablc characlenslrcs rnd arc a potcntral nsk to undcrground \ta(cr contamlnatlon

ll rs thcrcforc rccommcndcd lhal wastcwalcr lrcalmcnl planls musl be burh wllh ctch

rndustry

Srmrlrrly, Nrckson el a1, (2005) rcporcd lhrt drlnLlng watcr samplcd rn Muzeffargarh,

Prhslan, rcechcd up to 906 lrg L I As and that rn 58o,0 ofsamplcs > l0 Ig L I As wcre found

Hqvy mclrls.ss.ismc md chcmrcd rcm.dr.non rn lround *.rcr rn L.}}r MdBn Khlbn PAlunkh*.
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Lodhr eI al, (2003) rnvcshgalcd lhe asscssmcnl of hca\y rnclals rn drrnkrng watcr of

Skardu, Pakrstan, followcd thc ordcr Zn > Fc > Nl > Pb > Co > Cu > Cr but no survcy

rcgardrng thc portabrlrry ofwalcr has bccn conductcd rn lhc p1st

It has bccn rcportcd thrl thc w.tcr qualrt) ofmarn crtrcs such as Srallot, CuJarat, F2ts2l

Abad. Karachl. Qasur, Pcshawar, Lahorc Ra\ralprndt and Shclhupurl ls dclcrrorellng

because of thc unchcclcd dlsposat of untrcatcd munrcrpal and rnduslrnl waslcw'ter and

c\ccssrvc usc of fertlllzcrs and lnsccllcldcs (Bhulan er a/ . 2002)

Batg el o/, (2009) studrcd thc heely mclals rn surfacc and ground\tater rcsources of

Jamshoro Srndh, Palstan Hydrlda generator .lomrc absorptron spcctroPhotom'tr) (HG_

AAS) rs cmploycd for the dcl.rmrnahon ofarscnr! rn walcr slmples In most of lhc w'tcr

samples Amenrc lcvels cxcecded the WHO pro!rslonal guldchne \ras due lo *ldcsprcad

,,\aterloggmgfromlndusrrvcrrrngatlonsystem$hrchcauseshrghsaruranonofsallsrnihr!

seml-rrld rcgron rnd lcad lo cnrlchmcnt ofAs ln shallotr ground $atcr Il ma) be concluded

that oflgrnatc from coal combustlon at bncl faclorlcs and powcr gcn'ratlon Plants

2.1. CHEMICAL REMEDIATION OF WATER

Abu-El-Halawa- (2015) comparcd th. chclalrng abrllt) of allPhalrc and aromalrc

carbamrlc, dtclhyldlthlocarbamatc rnd d rphcn) led lth rocarbama lc rcspcchvcly and usc lls a

chclators lo removc Pb, Cd, Cu and Zn fiom potlutcd walcr Dllhtoc'rbamatcs wcre sclccted

b€cause ofe good brndlngabrllr) and prccrpll,tc melal rons as comple\cs The mctalremov'l

cmcrcncy ts comparcd btwecn both lgands and also comp'rcd wlth thc efficrency of

actrvalcd carbon ln an rdsorpnon proccss to ramole thc samc mclals Ttc rcsults shos lhat

thc dlphcnylcdlthlocarbarnatc hgand lras more emclcnl In rcmovrng thc sludled mctals duc

ro aclrvc brndlng sltcs of thc phenyl group lhan the drclhyldrlhrocubamate rn'logu's

H-."}.,,]'."*".."n.-d"h..""lrcmcdl.tlon'n!round*.GllnL.kklM-q1.KhybdP.l.hhn}.hwl
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Addrtronally, thc mclal rcmov.l efficrcncy ofthc drphen) ledtthrocarbamatc Ilgand was morc

cffcclrvc than uslng thc acltvalcd carbon method

Lt, Q cr at - (2015) rcportcd DTC based a nctr c.rbon nanotubc (CNT) composrtc'

functrona|zed mullFwallcd CNT (DTCMWCNT). and \',as prcparcd b) reachon ofo\tdrzed

MWCNT wrth cthylcne dlamlnc and carbon dtsulphrde Thc phlstcal structure and chcmtcrl

proPrtres wera charecterrzcd usrng FT'lR. TCA and SEM The adsorptron condrtrons such

as pH. adsorplron hmc rnd lnltlal conccnrallon *cre slslemallcally InvcstlSaled The rcsulls

rndrcalcd thal thc adsorpllon proccss malchcd $cll nrth lhc pscudo_sccond-ordcr L'nct'c

modal Thc rcsuh lndlcalcs lhat lhc rdsorpt,on process w1s spontaneous and cndolhcrmlc ln

mturc DTC.MWCNT Posscsscs adsorPt,on caPacrlres for Cd (ll). Cu (ll) and Zn (ll) of

l6? 2,9t I.l I 2mglg, rcspccttvcly, whrch rs maxrmum for Cd (ll) md mrnrmum for Zn (ll)

Lrz et al , (2015) chcmlcrll) modlncd ch(osan Sr (ll){oordrnalcd polyrrEr wrth

Drc groLFG was prEpdtd Thc adscrbent \r'as characrmzld b) FT-IR )GS SEM ard

niE En adsorPbo+-desortr,on Sr (ll) -llP }las regdar sdEflcal gpofiEE_y and p6s€ss€s a

larger su-fae a€, porE voltrrE ard av6€e pore drarrEtcf, as cofilPdld to ttlc' of chltGarL

Batch adsorFton o(P.rlrYE[s \\d€ pcrfonrEd to cva]uale the adso(poon ccndltlors ard

selccltltyTher6ultssho\a€dtllaltllcnExrmlrn$arrca&orptrcncapaclt/ofsr(tl)_llPfff

Sr (ll) v,as t666 ng gl ar 45oC \\hrch tlas targer lhan many o(hcr adsorb'nts Thc

cxpcnmcntal data werc m good agccmenl wlth pscudo'sccond'ordcr and Lrngmulr lsothcrm

modcl A contrnuous 6xed_bcd column stud] on Sr (ll)-llP showcd lhat thc rdsorpllon

clpiclty hcreascd wllh Incrci]slng lnflucnl conccnlratlon- but dccrcascd wtlh Incrcasrng bcd

depth. flow relc and tempcr.turc Sr (ll) 'llP'nas rcgcncral'd and found to bc surtablc for

reusc rn successlvc rdsorPllon-dcsorptlon clclcs se\€n lrmcs sllhoul slgnlficant loss of

H;;ffi;;G;t -d "h"."d "."d-ion 
rn gound "reln r:rr' Mt*l' Khvbcr P']hrunlitw'
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rdsorplron capaclt), *hrch showcd that thrs nolel adsorbcnl could bc cmploycd as an

cfTcctrvc m.tcnal for lhe selcctrvc rcmoval ofSr (ll) from aqucol.rs solullon

Xftng et ol , (2015) work on thrcc typcs of DTCS modlficd starch derlvahves

compnslng DTC starch (DTCS), DTC cnzlmollsrs sttch (DICES) and DTC mcsoporous

stdch (DTCMS) \rcrc prcparcd, whrch showcd lhe srgnrficant hcav) mctrl .dsorplron

potcnlral Thc dcsccndrng ordcr ofthesc threc DTC rnodrtied starch dcrr\atrvas on thc basrs

of absorplron lras DTCMS > DTCES > DTCS An ,ndrtrdual hcav) metal removal from

aqucor.rs solutron wcrc thc follottrng dccreesrng ordcr Cu (ll) > N' (ll) > Cr (VI) > Zn ( ll) >

Pb (ll) Thc chclal'ng bchYecn DTC hgands and hc.\ ) mclal rons the lhrough thc pH cffect

mcasurcmcnts provcd klnelrcs and mcchanlsm ofhcr\! mclals Thc adsorphon klnellcs of

Cu (ll) on sErch dcrvrhvcs wcre found to follo\\ thc pseudo_sccond'ordcr model

Addrlronally, lha adsorptlon potcnttal of lhcse thrce DTC modrficd strrch dcrlvrllvcs wcrc

rdcnncal rcsull rn tha prcscncc and absencc ofEDTA

Gfi|i,hat et al , (2014) synthcslzad $ro ncu hgands, ammonrum 2, 6- d'melhyl

morphohnc dlth,oc.rbernatc (ADMM_DTC) and ammonrum 3_mclhyl prpcrdrne

drthrocarbemat. (AMP-DTC) Thc chclatron ofCo (ll)and ADMM-DTC/AMP-DTC takc tn

thc prescnce ofNaOH rl pH 7 2 and t 2 to producc catel]lrc hldrogcn currcnts 't 'l 28 V

rnd -l 38 v vs SCE rcspectrvcly and pnor dclecl.d b) DC polzrognphy Optrmum

polrrographlc condrlrons wcrc documcnlcd b) chan8lns pH, holdup clcclrol)'ic (NHTCI),

chclatrng rgcnl & mct l ron conccntrahons and Influ€nce ofopposrng rons on pcak hclght lo

rncrcasc thc sensltrvrty. scleclrvlty and dctcctron lrmrls ofthc prcscnt mcthod Thrs lcchnrquc

rs cffcchvcly uscd for lhc dctcctlon ofCo (ll) In drff€renl mcdra wrth rccovcncs rengrng from

9l- 9E % rnd grvcs rdcnrtcrl r.sulls wnh thc dtffer.ntral pulse polarography (DPP)

Hav) mclrls Escssh.nl rnd chcmrc.l rcncdr.xon rn ground uar.r rn Lttkr MdP.t Khvbd Pdlrunrser
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Tav.rcs, (2014) studred DTC funchonalrzed g.oups based on stltca and slllca coated

megnctltc for thc lbsorptlon of mcrcury Tbc sorphon condltron lncludlng degrce of

functronalrzatron, sorptlon hmc, sorb€nt dosc. and rnllral Hg (ID conccntratlon cvaluatcd

removal capaclly of thc slnthcszcd matcnals wcre cvaluated systematlcall) chcckcd b)

changrngvaflous factors Rcmoval profic tenc rcs up to 99 6'99 99'o *crc attalncd, Irrcspectrve

ofdosc. substratc and amount of fiinc honlhzal lon ln E l4 h The orlglnal concentratlon of

Hg was rcduccd by .ll thc sorbent, trlmg thc bcnefit ofmaCncttc seParetron ln thc case srhca

coatcd magnctrtc apphcd by extemal ficld Thc strong blndlng bctwecn mctals and DTC was

rndorscd by rhc rcmoval ofHg llom waler

Shraben er a/ , (2013) rcportcd chclalrng resrn (DTMAN) contarnrn8 DTC grouP was

slntheslzed by copolymerlzrtron ofacrylonrtrrlc $ rth N.NLmethylencblsacrylamldc' and the

obtarncd resrn was subsequcntly heatcd wlth ethylene dramrne a,d carbon drsulphldc'

rcspcctrvcty Thc prcpered chclatrng rcsln was cheracterlzed usrng FT'IR, SEM, (TGA) The

kmctlc and thermodynemlc Pammclcrs showcd lhat the adsorPtlon proccss ls sponhncous

and followcd lhc pscudo'sccond-order klDctrcs Addlttonall)' uslng fixcd bcd column thc

rbsorptron ofmctals by chelatmg rcslns was studrcd The stud) lndlcated that rcslns cen use

agarn and agarn up to fivc hmcs wlth small reducllon rn removal ln batch type lcchnrque

drfrcrcnl condrtron lftc pH, conccntratlon of metal lons, tcmpcrature' and adsorptlon hmc

wcrc rnvcsitated Hrgh affinrty towrrd Hg (ll), Cd (II) and Pb (II) rons lowards rndrcehng

by chclatrng rcsns Thc maxrmum sorPhon c.pacrtres for Hg (ID, Cd (ll) and Pb(ll)*cre

found to bc 2 3, I 94 rnd I 14 mmol grrcsln. rcspcctlvely

Vcnk.tcsan eI al , (2013) studlcd the cxtractlon of Co (ll) lon from aqueous solutlon

usrngsrhc. gcl graftedwnh DTC lrgand (S'-dtc) The hgands waspreprrcd bl rcactrngsrhca

gcl wrth amrno propyltrlethoxys anc followcd b, .lLahne carbon dlsulfidc NMR, lR sPcctra

H-o,y..,.],*."'"n..n,-dch.mlc.lrcmcdl.l,ontn!round*at.ltnLrIhMNtt'Kh)bdP.}htunkhqr
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werc lakcn to cstabllsh the ett.chrng of DTC lrSand on srlrca gcl Thrs modrfcd surfacc

contarns 037 mmol g-rofthc hgand sltcs avarlable tbr lhe extractron ofCo Thc sorb€nt

cxtracts Co only whcn thc pH ofthc aqueous phlsc rs above 7 and the c\traclron proccss docs

not follow rdcal lon-cxchanSc mcchanlsm The elcclronlc absorptron spectra ofCo prcscnt ln

lhc sorbcni phase suggcslcd lhc oxldatron ofCo (ll) lo Co (lll) Klnctlc data wcrc fincd to

surface complcx.hon modcl and thc rarc conshnt (ks) for such model \\ as found to vary from

I 5,1O_3 lo 5 t3,10-3 I mg-l mln-l dependrng on lhe lnrt'al concenlratron of Co

UIlmann. (2013) raported an Ad!anced brodcg'adabt€ and non lo\tc organlc chcl'lors'

whrch arc soluble ln orB.nlc medle. \{cr' sYnthes'zcd on thc basrs of the S'S-elh}lenc

drrmrnc.drsucclnatc (S,S-EDDS) Ilgand Thc nc\ hgands *cre uscd for thc slmullancous

rcmovat of both hcavy mctals and organrc pollutants fiom contamlnated solls scdlmcnls or

sludgc Thc ne\a chclalors warc dcslgncd to blnd \arlous target mctal lons' lo promole lhe

cxrracllonofthcsclonslnloorganlcsotvcntsThercs[ttsforoncoflhcm.N'-bts.dodccyl-

S,S-EDDS (C21-EDDS), showcd lhat the mclal_hgaDd comple\cs wcrc conccntralcd rr thc

organrc-nch phasc rn thc Phasc Transrlron E\treclron proccss (morc than t0%) Thc

extr.chonoffivcloxrcmctals,naficly,Cd.CuNr'PbandZnwasc\amrnedlngcneralthc

aliraclron Pcrforrnancc of lhc ncw hgand was nol lcss than that of S' S-EDDS whcn a

sufficrcnt ttgand'to-cxtractcd ron rello about:l I uas apphcd

Accordrng to Ahrn.d.t al , (2012) sludred the adsorplron of hcevy mctal lons ln a

conhnuous flow column havlng calclum carbonalc as adsorbcnl t}as carrlcd at laborrtory

sc.lc Thc aqucous solutlons of hc.v) m't'l Passed lhrough a column harrng a bed of

prcclprtalcd CaCO3 Thc concenra(lon ofcach mctal\!'s delcnnrned b) rtomlc ebsorptron

spcctromctcr bforc rnd aftcr trcatmcnl Thc malor dccreasc rn thc conccntratlon ofall m'l2l

rons w es obscrvcd aflc r trcatmcnl Thc lnlllalconccnlratlon ofmctals such 1s Zn?_ C/" Pb?"

H@d $ard rn L.)h M@r( KhltEr P'jJrrunb*'
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Cd2*, Cu2- and Fcr* 'rcrc 
195,156,621,342, 190 and l6t mg,4- whrch werc rcduced up to

thc level ofo 0089, 0 1390,0 3510, 0 03s0. 0 0242 and 0 339'l n L, rcspectrvcly rntrcdcd

samplcs Thrs srgnlficanl rcmoval ofherv) metal rons tndrcatcs a remarlablc efficrency of

calcrum carbonatc as an adsorbcnt Thc adsorptlon capaclt] of calcrum carbonate was

calculated. whrch wcrc found 400'1500 mg/g, whtlc thc cffect of lnrlral metll lon

conccntrahons on the adsorphon process was no{ pronounccd It ls concluded that thls

rcatment melhod mey hold good rn ordcr to rcducc melal ron concentratlon In Industnzl

cmucnts

B.Jrd (2013) sodtcd 2-.mtnnoplradtncdtthtocerbam.les Ilgands for thc fast, ordmary

and consrstcnl spcctroscoprc tcchnlque for thc dctcrmrnatron ofmctal catlons b) HPLC The

mcthod rs b1sed on thc formatron ofstablc colorcd DTC complc\cs by rcachon mct lsalt

and DTC ltgands, whrch ls then extracted mcthanol md separalcd by tcclonrtnlc natcr

mobrlc phasc Thc drffcrcnt anatytlcal parametcrs afTec(rng lhc mcthod such as pH for

cxtrrctlon, solvent for cxEact,on, moblle phlsc arld typc ofthc column Aflcr the column

clutron the samplc \ras allowcd lo pass Into UV dctcctor and thcn rnlo ICP-MS The sep&ate

data havc bccn obscrvcd from Uv dctector and ICP MS for each sample and thcn from thc

help ofboth rcsults the ldcnlrficalron and detcrmlnatron ofthesc comple\es havc bccn donc

The dcvelopcd metbod was compared wrth othcr spectroscoplc methods, no slgnlficant

dlffcrencc w1s obsarvcd

Llu Bmgrrc, (2013) synthcszcd bro-bascd Zr (l! ) fillcd DTC modrficd chrtosan bcrds

(Zi-DMCB) for thc rcmoval of fluonde rons frotn aqucous solutlons Belch adsorptlon

cxpcrlmcnls wcrc pcrformcd to evaluate the adsorPtlon condlllons, selccllvlr) and rcus'blllt)

Thc rcsults showed that thc saturahon adsorPlron cepacrry \\as 4 58 mglg al pH 7 0, 306C for

40 mm Thc adsorPtron kmctlc data wcre fittcd ulth pscudo_second-order modcl The

H
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maxrmum adso.pron capacrly calculalcd from w2s 7 78 m8/8 Thc adsorptron capeclty of

ZT.DMCB for Fwas srgnrficantly affcclcd b! co-anrons Thc adsorplron mechanlsm ofZr-

DMCB for F w1s char.cleflzcd by FTIR, SEM and EDX an.l) srs Thc rcsults abovc lnd rcatcd

lhal ZT.DMCB rs r vcry promrsrng bro sorbcnt for lhe remotal of F flom aqueous solulrons

Jtng . (2009) reponcd th. N,N d r(carbo\! m el h ) l)d rth locarb.matc chclatrng rcsrn

(PSDC) was synthcsrzed b) aitachrng the chclatrng agcnt of N.N-dr (carboxymclhyl)

drthrocarbamatc lo lhc ch loromcrh) I.t cd PS-DVB (CI-PS_DVB) matrr\, as r n.\r adsorbcnl

for rcmovrng drvalent hcavy mctal rons from wasla-stream The Phlsrcochcmrcal structurcs

wcrc chamctcflzcd usmg FT'[R, elcmcntal anal)sts (EA). and \\crc furthcr morphologlc.lly

chanclcflzed usrng BET and BJH methods Thc adsorptron pcrformanccs of PSDC towards

hcav) mctals such 1s Cu (ll), Pb (ll) and Nr ( Il) \\crc s)stcmencall) tnvcstrgrted ln lhc abovc

targct, thc cl6slc balch adsorptron cxperlmcnls wcre conductcd 10 c\plore the llnatlcs 2nd

rsolhcrms ofthe rcmoval proccsscs \lrth pH_\aluc rnltral con€enlrallon, tcm[rcrature' 2nd

conlact llmc as thc controlllng peramctcE The slrong affinrr) ofPSDC toward lhesc targcl

son.crds could ba \!cll dcmonslratcd \rrlh lhe clcctrostatrc attractron and chclallng

rnlcractron causcd by IDA morc$ and sulphur whrch werc namely soft bascs on lhc concepl

ofhard and sof, acrds and bascs (HASB) Thcrmodlnamrc pararnctcrs. rntolvlng Ho, Soand

Co werc also calculrtcd from Srrphrcal rntcrpre6lron ofthe c\pcrrmcnt.l dal! Thc standrrd

hcats ofadsorplron (Ho) wcrc found lo be endothcrmrc and lhc cntrop) changc values (So)

\\crc calcutaled to & posrtrvc for lhc adsorplron ofCu (ll). Pb (ll) and Nr (ll) Ions rnto the

tcstcd adsorbcnts Ncgatrvc velucs ofGnrndrcrted thal rdsorptron proccsses for all tested

melal rons onto PsDc wcrc spontrncous

Fu ./ d/, (2007) cmploycd DTC-typc supramolccular hea!) mctal precrprtants. N N0'

brs-(drthrocarboxy) prpcrtzrnc (BDP) and l. l, 5_ hc\a hydrorlazlncdlthrocarbamalc

Ha!) m.lzls ass.ssm.m dd ch.mrc.l rcmcdretro. rn Sround $.rcr rn Lr[r Mt*ar' Khvbcr P*]runkh*e
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(HTDC) rn Fcatrng complcx hcavy metal waslc\!atcr Resuhs rndrcaled that both BDP and

HTDC could cffcchvcly rcduce heav) mctal toDs rn wzlsteqater lo much lowcr than 0 5 mg/L

An cfficlent and wrter.solublc ( 102 g,4.g at 293 K) heavy mctals capturrng agent w$

developed for rcmoval of Cu n ethllene dramrnc tctra acctrc acrd{u (EDTA{u)

wastewaler Thc carbon dEulphldc rcrct h)drazrnc hldralc to from the hcavy melals

c\tractlng agcnts, whrch rs namcd as Tetrathrobrcarbamrc Acrd (CrHrNlS.) comprlses DTC

groups and was narncd DTC-TBA for shon Thc structurc was t crlficd by IR, UV, NMR and

clcmental analys,s From thc batch Jar e\Frnmcnl for treatment of srmulatcd EDTA{U

wastcwatcr wlth DTC-mA, dosagc. pH, rcactron lrmc. and lemperature oD Cul'rcmoval

efficlcncy was rnvcshgatcd Thc opnmlzcd condrtron was pH of l-5, rnolar raho of DTC-

TBA-/Cu of I 2 l, rcactron trmc of 3 mrn. and PAM dosagc of 2-4 ng/L Wlth lnltlal

conccntratron of lO0-1000 thc rcmoval efficrcncy of Cu2'was grcater th an 99o/o mglL. and

thc ma\rmum adsorphon capabrlrg t\rth DTC TBA torvards Cur_ was 28705 mglg

Treatment of actu.l EDTA-{u w1stcwater sho\\ed lhat DTC-TBA \las an emclenl and

avcrage concentratton of rcsrdcnha I Cul* was 0 372 mg/L Thesc results lndlcated thatDTC-

TBA was slablc rn acldlc condltron and prom,smg for apphcanon clen whcn the PH was

bclow J Cu2* w1s replaccd by DTC-TBA at a storchlomctrlc ralro from EDTA{U

Thermodynlmrc parrmctcrs, werc also calculated to prove lhc adsorpt,on proccss bclng

exothermrc and spontancous (Zhcn ?I a/ . 2012)

Odeh et ol , (2012) rcported three pollmcrs $rlh N-ethanoltmlno_, N-benzlltmrno-.

and N-t-butylamrno-dlthtocarbamatc groups wcrc synthesrzcd from Polyvlnylbenzylchlortdc

Each ofthe threc polymcrs was rntcg ted m a hldrogcl membrane (PvA) cross'llnkcd wllh

glutaraldchydc to form a scnsmg clcmenr Th€ latler was lhcn, cvtluated fo ts opttcel

scnsng bchavlor by sublcctrng lt to varyrng conccntratlons ( I 0\10-5 uP to 0 I M) of metal

Hcavy E.t ls Ascssrncnl t td chcD'cd rcBcdrmo. D ground *alcr rn L.,ld(r Md$.I, Khybd P.lntulk}*r
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roos (Zn2+, Cd2+, Pb2+, H{Z+. Ca2.+. Mg2+. K+. Na+. Crl+, NI2+. Cuz+) Slgnrficant

rcsponsc was obseracd for thc HC:* lons whllc the olhers showed ncgllglble or no rcsponse

Thc turbldlty absorbance tncrcascd consecuhvcly from thc DTC polymcr dcrlvcd from N{-

butytmrne towards that from cthanolamrne as thc conccntrrhon of thc Hg2+ solutlon

rncreased Thc responsc hmc mcasured for thc three pol)mer mlcrospheres rangcd bcrwecn

2 and 30 mnutcs Thc ammodlthtocarbamate pollmcrs were stable al normal tcmperatures

(25o - 40 o C) and at pH wes changcd bctqccn 2 and 7 In addrtlon. the Polymers

dcmonstrated cxccllcnl stabrllty wrth hmc and a capacfiy of 3 961.3 1t7, 3 355 mmol Hg2+

rons pcr gram of polymcr for thc N-ethanolamtllo_ N_bcnzylamlno'. and N-t-butylamrno_

drthrocarbrmatc rcspcchvcly SEM and Eds analyscs showcd an rncreasc ln slzc ofabout

25% rn the casc ofcomplexrtron wrth N-cthanolamrno-. no srzc changc wrth N-bcnzylamlno_

, and a l6 60Z dccrcasc rn slze wlth N-t- butyl.mlno-dlthrocarbamale

Khrn et a/, (20! l) studred thc modtfied DTC btopollmcr and uscd for thc rcmoval of

heav) metrls h\c Pb, Cu and Cd Thc batch typc expertments rndrcated that thc rcmoval

capacrhcs were 224, 114 and 0t4 mmol/g for the dNalcnt for thc Pb, Cu and Cd

rcspcctllcl) Ma\rmum rcmovalcapacltlcs \rcre obscrvcd for Pb

Say el aI , (2005) rcported the DTc-anchorcd polym€r/organosmectllc comPosltcs \tcre

prcparcd for thc rcmcdr.tron of hcNy mcral lons hle Pb. Cd and Cr iiom equcous mcdra

contarnlng drffcrcnt amounts ofticsc rons (50-750 ppm) end al dlffcrcnt pH valucs (2 0-t 0)

Thcn, modrfied smcctrtc nanocohpostles wcrc rcacted wlth carbondrsulfide, rn ordcr to

rncorpontc DTC firnctronal groups rnto thc nanolaycr o f organoc la) lntlrall). thc modlficatlon

of thc naturel smcclrlc mrnerals was performcd b) trc:tmenl *lth quartemm styrcnc rrd

chtoromcthylstyrcoc Thc DTc-.nchorcd neno-composrlcs hsvc bccn chanctcnzcd by FTIR

and uscd m the adsorplloEJcsorpllon proccss Thc maxrmum adsorphons ofheavy mclel lons

Hcrl} mc!.ls rs*ssm.d .nd chcDrc.l rcmcdrtlron 
'n 

groDnd sal h Lrl[ Me*{ Kh}bcr Prlhlunki*a
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onto thc DTc-anchorcd polymcr/org.nosmectrlc composttcs from lhclr solullon was 170 7 mg

g-rfor Pb(lI), t2 2 mg g 'fior Cd(ID a,d 71 1 mg g for Cr(lII) ComPctrtron bctwccn heavv

mcral lons (in thc casc of.dsorPhon ftom the mrxture) yleldcd rdsorpnon capacltrcs of 70 4

mg f r for Pb (II),31 8mgg-rforCd(IDand20SmSgrforCr(lll)Dcsorphonoflhchetlv

mctalronsfromcomposltcwasstudlcdlnO5MNaClandleryhrghdcsorptlonmtcs'grc'tcr

thm93%,\rcreachlcvcdrnallcasesAdsorptlon-icsorphoncyclcsshowcdthefc.slbllltyof

rcpcated uses of thls nrnocomPosltc

Todorcvrc ?t a/ , (2002) uscd 4'morphohne

tracc mctrls rn natuml watcrs end modcl sanples

formcd complcxcs wcrc removcd wlth chloroform

for thc dclcrmrnatron oftracc melals conccntratlon

Yugoslavra

d,lhlocarbamatc for the dctcrmlnatlon of

wrth standlld mctals conccnrallons Thc

Thc dcsrgned schcmc l*.s cmclcntly us€d

rn the \ratcr of, Brljc, laLc, Lcskovac,

H;G;;' *"..r, -d chcmtcd rcn.dr.non 
'n sround w.l.r rD L'kh M'slt Khl bcr P'lhtunknw'
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CIIAPTER 3

MATERIALS AND METHODS

3.I. S TUDY AREA

Lalkr Marwat rs locatcd ln thc soulhem plrt ofthe Klyber Pakhtunkhwa provrncc of

Peklsten lt rs locatcd 3?l6lN rnd 70191E at an clcvatron of200 1000 m abovc sca Icvcl It

covers a semi-efld rcgion wllh an arca of3164 km'rn whrch approxtmalcly 116,900 ha ls

culhvatcd Thc wholc arc! ls hke a basrn, the ccntral arca ,s compnscd of a sandy platn

surroundcd by hllls Thc ccnlral flvcr ls the Kurram Rtvcr thal runs from North Wlzlrtstan

agcncy lo thc southcdt rn thc l^alkt Marwal and dtschargc 1o thc lndus Rtvcr m thc south of

ls. Khcl ln thc provmcc of Punjab The marn tflbutary of lhc Kurram Rrvcr ls the Gambtl!

Rrvcr Thc gru, whcat, malzc, sugarcanc and vcgetable ere the marn crops Fru,ts tncludc

mclons, watcrmclons and dalcs (Kllan e/ a/, 2013)

The gcology of thc arca covcrcd a dcnse blankct of alluvlal pletn, conlamrng

unconsolrd.tcd. qulternary dcposrts, sllt, grrlcls and sand Thls plarn rs boundcd by an

rccumulatron ofthc sandstonc, cla) and carbonates The maln contents offoothrlls are loosc

sa$cns ofthc sandstonc ofdrffcrcnt sha[rcs and srzcs Thcse are scparatcd from thc hrghcr

ranges by thc darl) changc of tcmpcnturc and erodcd to the phrn by thc strcams The trlus rs

ofvarrablc srzc lnd shape and ls dommanll) s.nd and lrenaceous m composlllon (Ullah e/ d/,

2014)

Thc chmatc ofthc study arca rs seml-arrd and 24 2'C rs the average rnnual tcmperaturc In

thc month of Mry .nd Junc srnd slorms lcmpcr rn the whole area wrth rcgular lntcrvals Thc

rrnu.l averagc humldrty fi2013 \\aszgyo Ncarly J26 mm rs lhc annual rarnfall rn whrch

most prcclprtatlon frlls rn Augusl, wrth an avcrage of74 mm Thc Novcmbcr rs lhc dncst

month, wlth 3 mm ofrarnfall Effccltve rarn ls the onl) hopc for the farmcrs Tubc wclls and

hft rrrglllon systcms rlso fflgatc a smallportron ofthe land ln the cntlrc arer vcr] r.Ic

HctU mculs E$ssmc rnd ch.D,cd rcm.d,.l,on rn lround sat.r rn L.lh M.rw.r Kh)bcr P.Lhrunlhs.
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natuml surface water rcsourccs arc found uhrlc partral ptnchcs wrth partlal potenhals offrcsh

groundwater I s aval lablc Thc su tlabr ltty of watcr for r ntgatlon ts dcterm tncd nol on ly b) the

lotal rmounl ofsalt prcsent butalso by thc hnds ofsah (I(h.naral,20ll,Ullaictal 2014)

32

FUurc I M.p ofLrkk Mrr*.t (Ull.h ./ a/., 2014)

SAMPLE COLLECTION AND PRE.TREATMENT

Thc ground watcr samplc oftubc wclls wcrc collcctcd from 25 marn town rnd vrllagcs

ofdlslrrctLekh Marwat Thc sarnplcs from locelgovemmcnt w.tcrsupply rvcrc also collcclcd

For a sempLng ofundcrground watcr slandard samplrng technrque \r crc uscd for thc collcclron

of wrlcr samplcs Spccrfic safcty procedurcs scre uscd dunng *atcr samplrng, whrch .rc

rccommended by APHA (1998) Wrtcrsourccs werc purgcd over for I0 mrnutcs bcforc lakrng

Hay) mcr2ls rss€srmc .nd chcmrcd rcmcdr.non tn lroDnd $ar$ h L:lf,r Mmar, Kh)bd P.Ihun}}lwa
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thc srmplc m lhc samplc bottlc Well stoppcrcd clcan polyerh)lcnc bofilcs wcrc used for tic

collcctron of watcr samplcs All thc s.Jnplmg bofllcs were soalcd tn l0o/o ntt c acrd for24

hour and rmscd wtth ultrapurc watcr bcforc thc samphng (Aratn eral,200g, Korat er a/ .2010)

For hcavy mctals assessmcnt, the srmplcs wcrc filtcred from O 45 |Im Whattmen filtcr p.per

and addcd 2myhtcr l0% HNO3 as a prcscrvatlvc for hcav) mctals to brmg thc pH < 2 All lhe

samplc boftlcs were labclcd properly and tnsulalcd coolcr havrng rce pack were uscd for

stonng lhc wetcr semplcs and dcltvcrcd on the same da), lo laboratory All samples wcre storcd

m thc laboralory at 4'C unfil proccsstng and anelysrs

3J PHYSICOCHEMIC AL ANAIYSIS

3.3.1. Ch.hic.ls.ndR.rgcnts

All thc chcmtcals and reagents ofanal).lrcal gradc srth pcrccnt puflt) morc than 99yo

wcrc uscd CarboD drsulfidc (99 5%) *as supphcd b) Rrcdel-dcHacn Drbut)lamrnc (99%),

cyclohcxylarnrne, Pcrchlonc actd and sodrum hldroxrdc \rcre obtarncd from Fluka Double

dlshllcd watcr was uscd throughoul aIIal]1tcal work Thc standard solutlons of.ll hcav] mclals

wcrc prcplrcd by drlutlon of 1000 ml ccrtrfied srmderd solutron ofcorrcspondrng mctel rons

Durrng cxpnmcntal worl, all the glassware \rcre washcd w(h dctcrgenr, dc-tontzcd watcr.

soalcd m HNOr (30%).nd nnscd wlth doublc drstrlled $atcr threc ttmes and clcctnc drytng

cabrn w[s uscd for drymg

3.3-2. Atrrlyhcalproccdur.

Physrcochcmtcal parenclcB Lkc DO, lotal dtssolved sahs (TDS), pH. clcctncal

conductancc and turbrdlty wcrc mcesurcd at thc samplrng sltcs b) usmg Real Trmc data L,oggcr

mulh-mctcr 9CfK-2005WA) Thc turb'drry was measu.ed b) TN-tO0 turbrdrty mctcr (Eutcch

rnstrumcnls) DO wts mcasured b) YK22 DO mcter All rnstruments wcrc caltbratcd by ustng

a strndurd solutton.nd proccdurc bcforc laktng thc rcadlng

Hcr"r n.ds rs$ssmcnr rd ch€m,c:r .cmcd,ahon rD sro,"d *;;; L ;;;;;;;;-"u,,,,,1J*"
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Dctcrmnanon ofcu, Fc, Cd, Cr. Nt, Mn. Zn. Co, Pb, w.s carncd oul b) usrng Pcrkrn-

Elmcr 400 modcl flamc Atomtc Absorptton Spectromelcr All the stock solutons wcrc

Prcprred wrlh de- ronzcd wrtcr

3.4. SYNTHESIS OF LIGANDS

1.4.1. Synlh.sisofDibutylcrrbrEtrt..

Sodrum drbutyldlthrocarbamate saltwas prcpared accordrng to the reportcd mcthods wlth

modrficahon thet mcthanol wss uscd as solvent 0 05 M NaOH solutron was prcparcd by

drssolvmg 2 g of NaOH rn 1000 m I of drstrllcd warcr and m,xed w rth 5 l9 mL of d rburyllmrnc

(C.H+N}L rn a round-botlom flask Thc m\ture was strrrcd for scveral mmules usrng e

magnchc strrrer, and 3 5 mL ofa carbon drsulfide (CSr) solutron *1s added to the mlxlure drop

wrsc untrl a pale ycllow color appc.rcd The mrxturc \ a5 thcn shrrcd for 2 hour and hcalcd lo

evaporatc thc 1s much walcr as posstblc Thc mtxturc was len lo cool et room tcmperafurc for

24 hour, .nd yellowrsh-whrtc crystals prcctpttated The prcctprtlte was washed wtth a I I

mrxturc ofdrethyl cthcr and cthanol rnd lhen .rr dflcd (Vcnugopal et a/ 2015)

'Y'*"
\-.,'\.r-,,.'\.,,./\,,-

sodrum drbutylcarbamodlthroate

HarT hcr.ls ai.ssmcnt ard chcmrcd rcmcdrarron rn SrouDd sarcr,n Lat! M|,Eal, Khybcr Prkhtunk}*a
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3.4.2. Synth.sis of Cyclohcryldithiocrrb.m.t.

L aclcan beakcr 0 I molcs ofCyclohcxanamrne dtssolvcd ln 20ml ofrbsolutc mcthanol

and placed rn m rcc bath l0mlof sodrumhydroxrde(005M)wasaddcdlnd604mlof

certrondrsulphlde wrs addcd m a drop wlsc usrng scparatmg funncl All thc rcagent was sllrrcd

for 2 houl Afler thal prcclpltates ofsalt ofsodrum dtlhrocarbamate uas scparatcd, thc mtxturc

wes lcn to coolrt room tcmpcnturc for 24 hour. and l*hllc cryslals prcctp,talcd Tle prectpltate

wes washcd wrth a I I mr\ture ofdrethyl cther and cthanol and then .rr d ed whrch was dncd

rn open alr .nd thcn dcstccalor rycnugopal er a1 2015)

Cyclot.t! drtbloc.brnrt.

3.5. CHEMICALREMEDIATION

3.5.1 Ramovrl of Hcryy M.tels from Aqucous Solution by thc trcrtmcnt of

Drlhioctrbrm.t.

Thc mctrl solutlons of rpproprratc conceDtrat,ons werc prcparcd by dlluttng thc

rcfercncc soluhon of 1000 ppm ThcpH ofthc mctalsolutton \r1s dctcrmrncd usnga pH mctcr

md was adJustcd usrng drops of I M Pcrchlonc acrd (HClOr) or I M NaOH A total of50 ml

of mctal solutron rt thc rcqurrcd concentrrtton was placcd ln a flasl. md lhc ol8 of

Hd}} m.t ls arscssm.nt Dd chcm'.d rcmcdr.lron,n ground rarcr rn Lrll, Me.l, Khlbcr p.Ihtunkhw.
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drbutyldlthrocarbarnatc (DBC) ltgand was addcd to cach flask..nd the same proccss was

rcpcatcd fior thc cyclohcxyldrthtocarbernatc Aftcr precrpltatton. thc prcclpttarcs wcrc filtcrcd

.nd thc filtratc was analyzcd ustng an Atomlc Absorplron Spcctrophotometer

A blanl srmpla was prcpared for each melal solutlon ln thc absence of ltgand and at

thc same pH to confirm thc mrtral conccn1ratrcn Afrcrwrrds, the a\cragc removels oflhc

sclcctcd mctals from thclr soluttons wcrc sfud,cd by observtng lhe dccrcrse tn conccntatron

usrn g an atomrc absorptron flamc spcctrophotomcter Thc sdnp lcs w erc shakcn propcr ly bc fore

the mcasurcment proccss to ensurc thc unlformrt) oflhe conlcnts

Complex formalron occurrcd dcpcndcd on the faclor of tlmc 0n whrch effictcncy rs

drrcctly proportronal to rtmc) For thls rcason, we malntarned cqual tlmc pcnods of6 hours for

both lrgand, whrch thc m!)r[num tlmc for complex fornahon Then comparcd the quanrtry of

lhc pcrccnl mctal rcmoval tn thts casc wlth thc quanhfy rcmovcd when uslng

Cyclohcxyldrthloclrbamate Itgand

J.6, INFR^RED (FIIR) SPECTRUM ANALYSIS

Potasslun bromtdc lnd DTC wcrc mxed by mass ratro of I 99, and prcsscd lnto thc

spccrfic dre to form thrn pcllcts. whrch wcrc scanned from 4000-4OO cml wrth pcrkrn Infrarcd

spectromctcr For thc delcrmmatton of functtonal $oup thc data wcrc analyscd wrlh Omnlc

analysls softwarc

3,1. STATISTICALANALYSIS

To asscss lhc tnal,,tlcal rclatronshlp bef\rccn hcav) mctal conccntrattons and sempltng

sltc, thc study rrca was dtvrdcd inlo two groups One group comprrses thc plarn area whrlc thc

othcrwas lhc mountamous rcglon, t\ro,way ANOVA tcst wes uscd for the companson bct\\Ccn

thc mean ofthc two groups whllc t tcsl was used for thc comparrso[ bdwccn rhc o% rcmedtatlon

by two drthrocrbrmatcs

Hcayy mdds rss.sm. .rd ch.mrcd rcm.d,.ron rn goud sar.r n L.[r Musa! Khybn p.Lhrunkhw.
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CHAPTER 4
R.ESULTS AND DISSCUSSION

Numerous phystcochemtc.l propcrttcs wcre an.lysed to rnvcsttgatc thc qualtty oflhc collcctcd

w.tcr samplc accordlng to rhc WHO (2008) gurdeltDc for dnnltng walcr Mcan value and

slandard dcvnhon ofconccmcd parahclcrs of all watcr samples from dlflcrcnt srrcs loclted tn

Lak:L! Marwrt arc grvcn ln Teblc 1

T.bl.

Hqvy D.Lls $scssmcDl ed chcmrcrl rcm.d,rtDn,n gound s.lcr rn L.ltrM@r, K hyb.r p.brunklq a

P.nhct.n Anrly!.d
wHo

PH
6.5{.5

EC
r00o r s/cD

TDS
1000 n./L

Turb'd'ty
5 OO NIIJ

DO
ttt y.

S,lc
Codc

5ld srd srd

sTol 123 005 196 6 11 l5 497 3t 91 07t6 0 5t7 E5 16 2 ]86
STO2 75 02 560 3 7t l5 565 l 75 t3 0 141 0 075 855 l4
STO] 71 OI 560 3 555 ?51 l 25 23 021 0l15 t4 56 I S50

sT0{ 7t3 015 Ir20 70 7513 55 53 033 0177 t5 a6 0 90t

sT05 Ghz kh.l 12 02 303 305 5763 95 02 0 656 0 090 8.] 7 0 t64
sT06 721 025 2t6 6 57 113 6 14 11 0 291 I6I 731) 3 265

sT0? 76 02 t56 6 152 ?00 1 l0 00 0 t73 0 015 725 0 191
STO8 133 025 12113 20E 6116 IJ t7 0 531 0 066 822 0 360
ST09 S@r Nrum8 1t o2 1271 195 5t6 t4 79 017) 0359 86 33 2159
ST 721 0 u5 llr3 3 l5r t4 66 I413 0 723 '76 6 5 711
ST o2 560 30 604 3 9t 90 I5EJ o 75t 73 t.] 5 559

ST 73 07 '1566 20 Et 11t 6 ta79 Illl 0 5t2 699 1171

ST 126 0 20t 6261 751 4126 62 56 0 356 0125 t673 | 379

ST Ddio klcl 7t6 0 208 tol 5 t27 65 04 095 003 t473 3119
ST 5 12 o2 ?t0l t05 3 E50 27E5 0473 859 2 523

ST 6 Brsu khcl 133 0 251 590 264 Ll52 64 86 I4l 0 514 80 3l I157
ST 7 Isak lhcl 753 0104 643 3 49.1 600 6 006 0 536 o26t Et {6 tr59
ST t bne.r khcl 03 7E0l l0 512 (i I 2:1 0E6 0 209 7296 I 521

ST 9 12 02 661 ) 908 819 6 650 0 lt'l 0 l7i 7n2 4 a10

ST2O 1t OI 5t7 5Jt !9 151 I 636 I 017 6E 96 I rl0l

ST2I 12 0l 1t1 124 5 4t9 6 21 19 I rt 02t9 75 t3 2100
sT22 ChukrJt d 12 02 73t l It6 715 JO 5I 0 416 0 241 t0 56 0150
sT2l 72 o2 t21 lJl 566 71 05 124 0lt5 16 21 0 450

sT21 Dua tinf 7a OI 512 3 392 561 6 t 62t I 6t6 0tt0 16 96 t 72l
ST25 1a3 020 E6t 6 216 539 t6a 6 I l0l I 0r5 7a ll l a

1l IJI3J 479 6 27t 16.1
7.t 715 6 112 6 017 619

P r.luc ,NOVA) 0.9 o.7 0.6 04 0.5
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a.l. PHYSICOCHEMICAL ANALYSIS

{.1.1. pH vrlu.s ir wrtar laltrpla!

The mcan pH vrlucs rrngcd fromT I lo7 E The pH valucs grcatcr lhan ?, makcs thc

dnnklng watcr slrghtly alkahnc Thc rcsult shows slrghtl) alkalrnc \rrlcr rn thc stud) arca

A lthough lh. ma)\rmum pcrmrssrblc Icvcl ofpH of6 5 ro E 5 recommcnded b) thc WHO (200E)

for dnnkrng waler shndard (lzfi et al .2005) Accordtng ro ANOVA, lhc rcsulls arc not

srgnlficantaslhcp>005

pH ls onc of lhc maJor p.ram.tcrs rn lhc c!.lual,ng ofdflnkrng $atcr quelrry Evcn. pH

has no strarghl rclalron wrlh .dvcrsc cffcct on human hcahh. but rndrrcctly changrng thc wrrer

qualrty lt rndrcalcs the p.thogcn rn thc dflnhng watcr and dlssolutron ofmctal ton HrghpH

vrlucs wcrc rcsponsrblc for the somcwhal brttcr latc of drrnhng walcr and can changc thc

aasthchc paramclcrs of watcr

az

a

7a

t2

66

66

3
llltrr
9::!=i

ll
3!

Figurr 2 pH ofdhtrlotrg wrtcr srmplcs coll..t.d from dNlricl Lrkh Mrrwrt

Hc:ry md2ls asscssncnl ud chcn'cal rcmcd'arron r. ground srl.r rn L.t[ Mr*4 Kh) b.l Pat]lunk]w.



4.1,2, CoEductivity iE w.lcr s.mpl.s

The mean valuc of EC mc.surcd rn thc waler samplcs lancd from 2E6 6 ps/cm to I I70

Fycm Accordrng lo wHO (200E) thc rccommcndcd \aluc ofEC rs 1000 [s/cm (Q.drr rl a/,

2009) Thc mcan lcvcls ofEC rn four w.tcr samplcs sr(cs ST04. sTot, ST09, and STI0 excccd

lhan WHO lcvcls For thc EC thc valuc ofp =0 7 whrch rs grcatcr lhan 0 05 showrng thal lhcrc

rs no srgnrficanl drffcrcncc bctwccn thc mc.n oflhe tr\o groups

EC rs ln fact tha dcgrcc oflhc conccntrarron ofthe rons rn lhc walcr, rts valuc drrcclly

rndrcrtcs lh. conccnlralron ofmrncralsahs drssol!cd rn lhc *rlcr Kumar€ta/(2010)proposcd

thal EC crn bc uscd for lhc asscssmcnl of$atcr qualrt) ofthc stud) arca and rl ma) usc rn

walcr quallt) m.nagcmcnl ofthc othcr stud) arcas

OO

r€D0

laoo

1200

1mo

200

o

Figurc 3 EC ofdrinking w.lcr srmplcs collcclcd from dlstnct Lrkkj Mrrwtt

a.l.l. Tottl dissolv.d solids CfDS) io w.tr s.mpl.s

Thc mexrmum mean TDS valuc of 879 6 mg L I was rccordcd rn lhc ST2l, \Yhtl. thc

mcan mrnrmum valuc of4l2 6 mgl ' w1s rccordcd rn the STlS As thc ma\rmum v.lue wes

bclow than pcrmrssrblc Irmrs (1000 mg/L) sel b) wHO (200t), whrch means lhll TDS In all

E

rrlirl rltlll rllllih

Hc^] mcl.lr lssc'smcm and ch.mrel rcm.dr.t,on rD gound *at.r rn L.ltrMear, Khybq P.rnrunEw.
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jeE

i
E

il
;G

wrlcr sarnplc srtcs wcrc rn safc lrnrts ANOVA showed no srgnrficanl drffcrcnce bct\4ccn lhc

mcans of thc hvo groups

!00

5m

3@

200

lm
0

Figurc 1 TDS ofdrinking wrlcr simpl.s coll.ctcd from dlslnct L.kkr Mrr at

a l.a. Turbrdify in wrl.r srmpl.!

Tte mcan turbrdrty rn walcr samplcs varlcd from 0 0l 7 NTU lo 2 7t NTU Thc marrlmuln

turbrdrty was calculalcd al rbb3 khal rn samplc stte STl6 In :ll watcr samplcs thc mcan

turbrdrty lcvcl was lowcr than thc WHO (200E) crmrssrblc level Thc praluc for turbrdrt) wcrc

grcatcr lhan 0 05, whrch rs non-srgnrficanl

Ir
;; a.

Hc.v] hctds ass.sDc .nd chcmrcal rcmd,.llon tn Sroud $.1.r rn L.ktr Mar$r( Kh]bd Pathrunkn$.
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Figur. 5 Turbidity ofdriokiDg *el.r srmplas coll.ct.d from dstrict L.kki Mrnvrl

,a.1.5 Dlssolv.d Oxyg.n itr w.lcr samplas

DO rn watcr sdnplcs nngcd wrlh mcan valuc from 68 9% lo 86 7 % whrlc thc maxrmum

pcrmrssrblc lcvcl rs I l0% Thc rcsults rndrcalcd thal ncrthcr ofthe s.mple has hrghcr lcvcls of

DO lhan pcrmrssrblc hmrts Ttc two way ANOVA shotrcd thc p \aluc for DO was 0 6 \rhtch

ls grcater than 0 05 and non-srgnrficant

In lha dnnkrng watcr quahD rsscssmcnl, the DO plays a vrlal role ks rel.lronshrp w,lh

wercr body grvcs rmporlanl rnformatron. e g photosynlh.srs, bactcrrologrcal ecnvrty,

Stralrficalron, avarlablllty of nutncnls, ctc (Vrkrl, 2009)

H..!y mcols tsscssmcnr.nd chcm,cil rcmcdt.rron rn 8rcund pard ro t2lkr Mu*d, Khybd Prkhunlhs.
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watersa'np€ s le(

Figur! 6 DO iD dnDkiog wrtar srmphs coll.clcd from districl L.kkl Marirl

1.2. HEA\ry METALS ANALYSIS

Thc concentr.lron ofnrnc hcavy mclals r c Zn, Fe, Cu. Cr. Nr, Pb. Co, Mn. Cd dctecled

ln all drnkrng w.ler sarnplc srtcs arc shown rn Table I and table 3

r00

)o

l0

at)

o50

30

20

0

Hery mct ls ass.srmcnt.nd chcDrcd rcmcdr.uon rn groud wrr.r rn L.*h M&*.1 Khyb.r P.j.itunLh*r
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Trbl.2 Co.c.ntnlDns (ppn) ofH.rv' ndrls 
'n 

*.l.rsrmpl.s

Par.metars Anllysad
WHO Limits

Zn(ppml
3.0

Fr (pprn)
0.3

cu {ppm)
20

Cr (pppm)
0.05

Srtc Sita nama maan 5td mten sid Maan std Maan std

sTol Darra a pazu 0 415 0 048 0 084 o o29 0 0517 0 0096 o 025 o o133
sT02 Chunde 0 454 o 023 0 077 o 017 0 035 0 006s 0 034 0 0075
sT01 Trtrr kh.l 0 386 0 034 0 211 0 011 0 051 0 021 0 043 0 0075
sT0{ Shahbaz khel 0 t73 0 050 0 722 0 022 0 028 0 0035 0 054 0 0051
STO5 Ghaznr khel BD 0 028 0 010 8D BD

sT06 fa) t 0 055 0 020 0 035 0 009 BD 8D

sTo7 Sarart.mbella 0 077 0 021 0113 0 014 0 004 0 0037 0 012 0 0035

sTot Gandrkhan khel 0 012 0 005 0 073 0 017 0 015 0 009 o o72 0 0055
STO9 Sarar Naurang 0 097 0 054 0 087 0 057 0 017 0 0111 o o74 0 007

ST 0 0 009 0 007 o to7 0 089 0 024 0 0211 0 031 0 0075

ST I Manlewalla 0 005 0 002 0136 o o39 0 014 0 0085 0 0003 0 0005

ST 2 Pah:r khcl 0 037 0 004 0 165 0 031 0 005 0 001528 BD

ST 3 L.kkrcrty 0 068 0 050 0 161 o o71 0 010 0 0106 0 0223 0 0195

ST 1 D.llo kh.l 0 019 0 023 BD 0 021 0 0025 0 0333 0 002

ST 5 Abe kh.l 8D BD o o22 0 005 0 02333 0 007s
ST 6 Baeu khel 0 0036 0 005 0 001 0 002 0 015 0 003 0 01433 0 007

ST '7 lsak khcl 0 003 1799 7 027 0 034 0 0095 BD

ST 8 Lrnler khel 0 0853 0 010 0 0s7 0 008 0 021 0 005 0 014 0 00854
ST 9 W.nda AmeerS BD 0 050 0 002 0 019 0 008 0 00033 0 00057
sT20 Mechan Khel 0 0616 0 018 BD 0 004 0 0036 0 0016 0 00057
sT2l Tatofl 1 S38 0 103 0 002 0 003 0 028 o 0085 0 0216 0 0095
sT22 Chukr r.nd 0 007 0 006 BD BD BD

STz] Kachr kamer 0 107 0 008 0 363 o o72 o 017 0 0045 o o12 0 009s
ST2I Darra tant 0 251 0 008 0 425 0 075 o 036 0 005 0 0526 0 0125
sT25 Qabulkh.l 024/ 0 104 o 487 0 203 0 033 0 010 0 0443 0 0061

Maximum 1,53t 1.799 0.0s1 0.012

Mlnifium 0.o03 0.001 0.004 o.0003

P v.lu. (At{OVAI 1110{ 07 0.00t o.o001

. ST trmpl.silc (od.

Hcr!y mclrls .ss€ismcnl and chcmrcrl rcmcd,.tron rn gound *.lcr rn L.kk, M,lear, Khybn P.klrunlhq.
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T.bl.3 Cooccrtr.hotrs (ppD) ofH..vy m.t.ts 
'n 

v.t.r srnptH

WHO LrDr13 OPE)
002

Pb

bP.)
0.01

Co
(ppm)
004

OPm)
0 003

cd
OPn)
0 003

Srrc

Codc
Srd Sld Srd Srd

o o?6 0 005 0366 0 05? 0 079 0 0t2 00a6 0 0071 0041 0002
STO I Chund. 0137 0124 o 1646 00 0 026 0 005 0 041 0 0058 0 0266 0 0r07
STO2 0 t35 0ott 0 305 00 0 046 0 0025 0 0ll 0 022t 001931 0 00t
STO] 0013 0 00,. 0 {616 00 0 071 00t 003r 0 0 t0J 002366 0 001

sTo4 0 036 0 006 0175 00 BD 0 003 0 001 0 001 0 00r
sTo5 0 026 0 00t 0 17.]l 0 019 0(Jll 0 001 0 003 0 0035 0 006 0 002

sT06 Sr srmb.lh 0 028 0007 01336 0 005 002t 0 002 BD BD

sr0? Gmdr khaD khcl 0018 0 005 01276 0 0t2 0 041 0 0005 BD BD

sTot SMr Nautug 00t4 0 004 0 4546 0 071 0 0ll 0 00?6 00r5 0 001? 0 00131 000
sT09 0 026 0 017 0 2153 0 l0t 0 0t4 0 012 0 0 0 00tr 000l]3 0 0011

ST 0 00t7 0 00? 0 Bl3 0 002 0 041 00035 BD 00021 0 0025

ST I 00tt 0 001 0 3383 0 0tl 0 044 0 003 BD 0 0001 0 0005

ST 2 L.kh crt) 0 090 0 051 0 421 0 079 0 0t6 0 0062 0 021 0 009r 0 0033 0 0025

ST l 0 oul 002r 0t143 0 065 0 021 0 024 0 0r9 0 0090 0 0001 0 0005

ST 1 0 154 0 009 0 3536 0 016 0 0l{ 001 0 00,r 0 005{ BD

ST 5 Bas! kh.l 0 r36 0 009 0 t4u 0 029 0 0ti 0 00'l 0012 000rt BD

ST 6 0 085 0 00t 0 3ril3 0 025 00ll 0 002 0 Ct77 0 009r 0 002 0 001

ST 1 Lmgcr khcl 00? 0 007 0 4841 0 021 0 065 0 001 BD 0 003 0 002

ST t 0 205 0 014 016{ 0 014 0 0:E 0 00I 0 000 000t1 0 00t5 0 0007

ST 9 0 0a3 0 00? 0 5l9l 0 024 0 o:t-{ 0 002 0 002 0 0034 BD

ST2O 0 032 0 002 0 3335 0 0t4 0 023 0 0202 00ll 0 0079 0 002 000t
ST2I ChuhJ&d 0 093 0 00t 0 5ll 00I 0 0t8 0 006 BD BD

sT22 0 056 0 007 02173 0 0t5 0 0tl 0 003 o o12 0 0l 73 0 0l]3 0 0021

ST23 D.m teng 0 210 0 052 o 2116 0 042 0 0tl 0 029 0 0t6 0 004J 0 038 0 0014

ST2,l Q.bulkh.l 0 tt7 0 069 0168 0 240 0 0803 00tl 00r7 0 0051 0 0443 0 0t06
sT25 0lt7 0.519 001 0 0a6 0.0r1{

0 0tl 0lll 00r 0,002 0 0003

Pvrlu.(ANOVA) 0.firc4 0a 0 0m4 0 000t

Hc.t) mctds.ss.ssmc.t md chcm,crl gncdrdron rn gound q{cr rn L*kr MEw.t Kbbq P.brunLher

40



4.2.1. Znc (ZD) inwrtcr srmpl.s

Thc mean valuc ofzn m all watcr samples ranged from 0 003 ppm to I 53t ppm wlth

the hrghcst conccntrstton shown m thc samplc ST2l 'fhc maxtmum pcrmlsstblc hmtts for Zn

sct by WHO (2008) ls 3ppm Thc valuc of Zn ,n all the water samplcs found wilhrn thc

pcrmrssrblc llmlts sct by WHO for dinLtng watcr ANOVA slngle factor gtvcs p \,aluc of I !

l0 -6 whlch ls lcss than O 05 that show.d stgntficanr results for Zn betwccn thc two groups

Zn ls a vrtal hcavy mctels for thc dcvclopment of human bul hrgh consumptron ceusc

loxrc cff.ct on lhc hcalth (Slngh ct o/, 2006)
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Hq!) hclds a*ssm.nt ed chcmrc.l llmcdratron rn gound qar.r rn Lakk, Mnw.t Khybd Prk-hrunkisa
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Figurc 7 Ztr drinlong wrtar s.mpl.s coll.ctcd from distnct Lrklo Merwrl
,1.2.2. Iron (F.) io w.tcr samplc!

Thc mcan conccntsatton ofrron rn watcr samplcs rangcd from 0 001 ppm lo I 799 ppm

Thc maxrmum valuc found m ST30 Thc maxrmum pcrmrssrblc level for Fc scl by WHO

(200t) 
's 

0 3 ppm In the samplc srtc STl7. thc mcrn levcl ofFc excced th.n pcrmlssrble Irmrts

Thc ANOVA 5rnglc factor grvcs thc p value of0 77 whrch rs grcatcr than 0 05 .nd grvcs non-

srgnrficanl rcsult for thc comparrson thc conccntratlon ofFc ln the samplcs ofmountarnous tnd

plaln rJca



Uncxpcclcd conccntrelrons of Fc commonly oflgtnarc rnl) t:rstc. brncr and brtrng lastc

(Hassan, 2012)
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Figur. t F. ih dnnkrng iatar stmpl.s coll.clld from dlslnc( Leklo Mrrwrl
a.2.3. Copp.r (Cu) in i.t€r s.mplci

Thc mc.n lcvcl ofcu m watar samplcs v.rrcs from 0 004 ppm lo 0 0517 ppm Thc hrghcst

valuc of Cu found rn thc sampl. srtc ST0l Thc lowcr mcan valuc lhan WHO(200E)

pcrmrsslblc hmrts mcrns lhat ncrther ofthc w.ter s.mplcs \1s pollulcd by Cu ANOVA slngle

factor grvcs srgnrflcant rcsults for Cu wrth p valuc of0 00t (p< 0 05)

r.tr--t.rIaaI

!tu.re, sdrp. r,te\

00t

005

003

002

001

0

00r

E

l,lllr,irtriii,iili
- '"L"is."-"[ si.''

Figur. 9 Cu driDkitrg wrl.r s.mpl.s collcctcd from dislrict L.kki M.rlvrl

H.rt) m.ols asscssmcnl.nd chchrcll rcm.dr.ron rn lround s.lcr rn Lrktr Mdplr, Khlb.r P.Inrwk-h*a
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4.2 1. Cbromium (Cr) in w.t.r srmpl.s

Thc mean conccntratron ofCr tn \ratcr samplcs rangcd from 0 0001 ppm and 0 072 ppm

Thc maNmuln mcar conccntratron of0072 ppm was nottccd rn thc srmplc ST23 Thc

naxlmum pcrmrssrblc llmtt for Cr tn dflnltng r{atcr rs 0 05 ppm In thc samplc stl.s ST4, ST23

and ST24, thc Cr mcrn lcvcls cxcc.d than WHO (2008)alloweblc lrmrts Bascd on ANOVA

srnglc factor thc p =0 0001 whrch rs lcss lhan 005 endsho$edvcry srgnrficanl rcsults for Cr

when comparcd thc mcan ofthc mountalnous and plarn arca \ralcr samplcs

E

009

00E

006

005

003

002

0or

0 ll

Figur. l0 Cr in drink ng wil.r srmpl.s coll.ct.d from d$tncl L.klo M.rrvrt

1.2.5. Nrckt. (N, io rr.t.r srmpl.s

Thc mcan conccntrahon ofNr rn watcr semplcs laned from 0 0l I ppm to 0 3t7 ppm

Thc meNmum pcrmrssrblc conccntralron ofnrckcl rn dnnhng \Iatcr alloncd b) WHO(200t)

ls002ppm Thc resuh udrcatcd lhat 40 % ofthc samplc srtcs havc thc nrcLel conccntrltron

belond thc WHO gurdclnes Thc p valuc of 0 0004 rs lcss lhan 0 05 ard showcd srgnrficent

Ha!) mcols ass.ssme $d ch.mrcd rcmcdr.r,oo rn lround sarcr rn Lalli Mr*.r, Khlb.r P.tnrun}])e.

43



rcsult thal rcvealcd th.t lhcrc ts large dtffcrcncc bct*ccn thc mcans of lhc two groups of thc

walcr samples

Thc drrnkrng watcr thal conlah nrclcl compound !r^s thc sourccs ofdtffcrcnt drscascs

hle, krdncy problcm, hcefl problems, Iung fibrosls. allcrg) of skln and causc canccr tn lhc

rcsprratory tract (Frlon er a/,2009)

05

045

03s

- 0l
otozs
2 o,

015

01

005

0

FEUra I I Ni ln dritrkitrg Btlar srmpl.s coll.ctcd from distnct Liklo M.rrrt

4.2.6. Le.d (Pb) iD w.lcr srmplc!

Accordlng lo WHO (2008) the maxrmum permrssrble hmrt ls 001 ppm for Pb

conccntratlon rn drnklng walcr, as lt ls a common lo\lcanl thal collccts rn thc skclcton and

lhcre long lcrm cxposurc rcsults ncgrtrvc ncurologrcal cffccts Thc mcan conccnralron of Pb

rnwalcrs.mplcswasr.ngcdfrom013lppmto05l9ppm The rcsuks rndrcrlcd lhal Pb lcvcl

ln all srmplcs cxcccds lhe WHO mrxrmum pcrmrssrble Ttc maxrmum Pb conccnlralron of

0 519 ppm was prcsent rn thc wcsl oflhe stud) rrea whcre cxploratron ofsome mdloaclrvc

tr

i.,,,rr,r.i,llrrl,,l,
'-'-'- t a r- t i i u.. i c i ; ; 5 : ; ;

War.r Sahple SLte5

Hc.t, maals esscssmcnl tld ch.mrcd Emcdrrron rn Eround *ar.r rn L.tkr Ilrw.r, Khybd Pdnruol$$.
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clcmcnt rs also crrtcd oul The ANOVA srngle faclor showcd non_srgntficant drflcrcncc for

Pb bahyecn thc mounl.tnous and plam area

0t
o7

06

05
E

03

a7

01

0

FlCurc l2 Pb ln drmklng walcr s nPles collccted from dlstnct Lakk Mrrwat

4 2.?. Cob.ll (Co) itr trl.r s'mPl's

The mcan conccntratlon ofcobalt ln watcr samPlcs rarred from 0 01 I Ppm to 0 0t ppm

Thc hlghcsl mcln was calculltcd In ST25 
'nd 

lowcst concentratlon was at ST5 Thc

mzximumpcrmlsslblclcvelsctbywHo(200E)forCols004ppmlhemeanconcentretlon

of Co was hrghcr tn thc sample srtcs of ST0l 'ST0l 
ST05 ST08'STI 1'ST t2'ST23'ST24 and

ST25 whlch ls mostltly locatcd ln thc south and thc wcsl mountalnous rcglon ofthc study arca

Thc ANOVA slngtc factor gNcs thc p valuc ofo 004 whlch rs lcss than O 05 rnd showcd very

slgnlfic$t rcsults
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;
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lr, i,llll,l
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4.2 9. Cedmium (Cd) iD ry.tcr semplcs

Thc mcan conccnh.tron rn watcr sarnplcs ranged from 0 0003 ppm and 0 044 ppm Thc

maxlmum lcvcl ofcd w1s 0 044 ppm was notrccd Thc safc conccntrallon ofcd m dnnklng

r!atcr set by WHO(2008) ls 0 003ppm Thc resuk revealcd thet 28 % samples hlvc lhe Cd lcvcl

greatcr than thc WHO pcrmlssrblc [mts Thc drffcrcnc€ bcrucen thc mcm ofthc two groups

ofthesanplcslsverylargc.srndrcatcdblsmallp=14,10'e,*hrchlslesslhanO05and

show srgnrficant

E

006

005

003

002

001

0 ll,, -.r.r. rr. r I

w.ter Srmple 5 te,

Figurc l5 Cd rn drinking w.tcr sempl.s collcctcd from d$tncl Lekki Marwrt

.I.3. CHARACTERJZATION OF LIGANDS

FTIR study of bolh hgands w.s carncd oul rn ordcr to confirm thc funct,onal grouP

PcrlrnElmcr FTIR Spcctrometcr (4000-400cm'r) was uscd to takc Infrarcd speclra usrng KBr

pcllcts By rpplymg FTIR spectsoscopy, the cxlstcncc of rmPortent filnclronal groups ln thc

H.:v) mcds.ss.sD.nt md chcmrcrl rcFcdraton rn Sround $eGr rn l- lt MraL, Khyblr PdnrunlhE.
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compound cen bc ldenttficd The I404-1550 cm I rcgron, uhrch \as matnl),relatcd wnh D (N-

CSS) slrclchDg vrbratrons Thc 950-1000 cm I rcgron, whrch ls Lnkcd wrth u (C-S) strclch,ng

vrbratlons

The ch.ractcnsttc band at I4l0 rrd l474cmr. nas asstgncd to u (N-CSS), thrs band

dcfincs a cerbon Nrtrogcn bond ordcr bctEecn a slnglc bond (D =1250- l35ocm-1) lnd e doublc

bond (u = 1640-1690cm-l)

A slnglc shalp band al 1040 4E cm_l wes assrgncd ro the strcrchrng vtbratlons oflhc C-S

bond Thc band at 3346 rnd 3463 cm-r assocrarcd wrlh the u (N-H) strctchlng vrbratrons

Frgurc l6 Showing thc FTIR !p.ctr. ofdibutyl dithiocrrbrmatc

Hcrvy mdrh N!.sm.nt md ch.hrc.l r.mcd,atron rn tround $rln,n L.kh IUrr$aL Xhybcr Ptkllunknwa
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Figura 17 Showing thc FTIR spcctrr ofcyclohtxll drthiocarbcmrt.

1.1. REMEDIATION OF HEAl'Y METAI,S

Thc rcmcdrahon ofrcmovmg hcary mclals from lts loppm soluhon by two DTC at pH

5,7 and 9 w.s shown rn lhc labla 5 and 6 Thc pH pl3)s a vrtal rolc rn the rcmcdtatton ofhcav)

metals Thc two hgands showcd dtffercnt pcrccntage removal ofthc hcavy mctal.

Accordrng to Bara (201 l) DTC are unsl.ble at pH lcss than 4 Thc compaflson bctwccn

rcmcdlatron of hcavy mcl.ls by thc two DTC was shown rn tablc 4 and lt wts lndrcatcd that

drbutyl drthrocarbamate h.s a hrBhcr removal efficrency comparcd to the Cyclohc\yl

drthrocarbamrte wlth cxccptton of Mn

Hq\} mctals .ss.ssmcnl rd ch.mr.n rcmcdrarron rn ground satd rn Lattr Md*ar, Khybcr P.Ihrunlhe.
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resuh that rcverlcd rhat thcrc ts largc drffcrence bchrecn lhc means ofthc two groups ofthc

watcr sall)plcs

Thc drrn[rng wtlcr that contrrn ntckcl compound was thc sourccs ofdtffcrcnt drscarcs

[kc, lrdney problcrn, hcarl problcms, lung fibrosts, allerg] ofsltn and c.use canccr tn thc

rcsprretory lract (Ftlon ,t a/, 2009)

o5

0.5

035

- a7

&ozs

0 t5

0l
005

0

Figur. ll Ni in drinkrng eatar srmpl.s coll.clld from d$tncl Lrklu Mrrwrl

a 2.5. L.rd (Pb) in w.t.r !.mpl.s

Accordmg to WHO (2008) thc m.xrmum permrssrblc lmrt 's 
0 0l pprn for Pb

conccnlratron rn dnnkrng walcr, as ll rs a common lo\rcanl thal collccts rn thc skelcton and

lhcrc long tcm exposurc rcsuhs ncgltrvc ncurologrcal cffects Thc mcan conccntmtron of Pb

rn waler samplcs was rangcd from 0 I3l ppm lo 0 519 ppm Thc results rndrc.led lhar Pb lcvcl

ln all samplcs cxcccds thc WHO maxrmum pcrmrssrblc Thc maxrmum Pb conccnlratron of

0 519 ppm was prcsenl m lhc wcst of thc stud) arcz whcr. cxploralron of somc radroaclrvc

I
a

l.,,,rrrr.r,lltrl,,l,
5 a i a -- 4. i i; i 3, i i i \ ; 5 : ; ; ;

W.te, Sanrle 5t.s

Hc.') mcds ats.ssmc &d ch.mrcd Em.dr.tron rn $ound $ar.r rn L.tt, Mdu.r, Khlbcr P.lhrun$*.
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clcmcnt rs also carrcd out Thc ANOVA stnglc factor showcd non-srgntficant dtffcrcncc for

Pb bctwccn thc mountamous and plam ruea

03

E

a2

0t
0

Frgurc l2 Pb rr dflnktng walcr sampl€s collected from drstncl Laklt Marwal

a 2.7. Cob.lt (Co) itr ielcr s.mpl.s

Thc mcan conccnfatton ofcobalt rn walcr s.mples \aflcd from O Ol I ppm to 0 08 ppm

Thc hlghcsl mcan w.s calculatcd tn ST25 .nd loucsl conccntraton was at ST5 Thc

maxrmum pcnnrssrblc lcvcl sct by WHO (200t) for Co rs 0 04 ppm The mcan conccntral,on

of Co was hrgh.r rn rhc samplc srlcs of ST0l.ST03 ST05.ST0t.ST] I,ST t 2,ST2],ST24 and

ST25 whrch rs moslltly Iocatcd tn thc soulh and thc wcsl mounl.tnous rcgron ofthc srudy area

Thc ANOVA srnglc frctor grvcs th. p v.luc ofo 004 $hrch rs lcss thaD 0 05 rnd showcd vcry

srgnrficanl rcsults

H..q mclds ssssmcntr chcm,cd rcmcdr.non,n Eround tr.rcr rn kll, Ma'sn, Khybd p.Ihuntnsa
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Figurc l3 Co iD dritrkiDg wrt.r s.mpl.s collaclcd from district L.kkr Mrr1}rl

a.2.E. M.BgrDcsa (MD) iD wrt.r s.mpl.s

Thc 0 05 ppm m.xlmum acccptablc Thc mcan ma\rmum concentratton of Mn found

was 0 046 ppm, whrch rndrcatcs rrc rn lhc safc lrmns ser b) WHO (2008) B) compenng thc

mcans oflhc rwo groups oflhc samplcs thc e*o Bay ANOVA gr!cs vcr, srgnrficanr rcsulls for

Mn rndrc.tcd by thc vcry small p valuc ofo 0001. whrch ts lcss than 0 05

Figur. l{ Mo lD dnnkltrg w.tcr s.mplcs coll.cl.d from dlslnct Lrkki Mtr*rt

Hc.v) mcats as.ssm.nl ud ch.mrc.l r.mcdrat,on,n Eolnd $.r.r h L:kLr Ma,*1 Khvb.r P.Inrunkl'wt
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,4.2.9. C.dmrum (Cd) in wrt.r !.mpl.s

Thc mcan conccntrrtron ln watcr sarnplcs rangcd from 0 0003 ppm and 0 044 ppm Thc

maxrmum lcvcl of Cd was 0 044 ppm *as nolrccd Thc safe conccntretron of Cd m dnnlng

rvatcr scl by WHO(200t) rs 0 003ppm Tle rcsult retcalcd lhal28 % samplcs havc thc Cd lcvcl

grcatcr than the WHO pcrmsslblc hmrts Thc drffcrcncc bct$ccn thc mcan ofthe two groups

ofthc samplcs rs very largc as rndrcetcd b) small p - I .l , l0 'q. whtch rs lcss than 0 05 and

show srgnrficant

E

005

001

001

o

Hqvy m.uls assessm.nl Dd ch.mrcd rcm.d!.lron rn lround *nd rn L3ll, Mars.t, t hlbcr Pa$runldtEa

41

Figur. l5 Cd in drinking wrl.r semplcs collcctcd from dislncl Laklo M.rwrl

..]. CHARACTERIZATION OF LIGANDS

FIIR study of bolh hgands was carncd out m order lo confirm the functronal group

PcrkrnElmcr FTIR Spccrromctcr (4000--l00cm r) w.s uscd ro lalc lnfrarcd spccrra usrng KBr

pcllcts By rpplyrng FTIR spccfoscopy, lhc cxrstcnce of rmporlant functronal groups rn the



compound can bc rdanlrficd Thc 1404-1550 cm I rcgron. uhrch rves marnly rclatcd wrth u (N-

CSS) slrelchrng vrbntrons Thc 950-1000 cm I rcgron, whrch rs hnkcd wrth u (C-S) srrclchrnB

vlbratrons

Thc charactcflslrc bend.l l4l0 and l474cm was assrgncd lo u (N-CSS). thts band

dcfincs a c.rbon N,trogcn bond ordcr bctr{een a srnglc bond (u = I250,1l50cm- I) and a doublc

bond (u = I640-1690cm-l)

A srnglc shlrp band al l04O 48 cm I w.s essrgncd to the strctchrng vtbrattons oflhc C-S

bond Thcbandat3346and3463cmlassocratcdurththeu(N-H)strclchrngvrbralrons

,i
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l-- /LA'.- l-
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,n,i 'y qt 
./

Figurc l6 Sbowrng tbc FTIR rp.clrl of drbutyl dilhmcrrb.rn.t.

Hcrty hcr2ls esrcssmcnr &d chcmrc.l r.hcdrat'on rn grou.d $arcr rn L.[, Martrar. Kh) bcr Patitunk]wa
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Figur. l7 Shollitrg lb. FfIR sp.ctr. ofcyclohcrll diihioc.rb.mrr.

1.1. REMEDIATION OF HEA!ry METAI,S

The rcmcdrahon ofrcmovtng hcav) mctals from tls loppm solutron by rwo DTC al pH

5, 7 and 9 was shown rn thc labla 5 .nd 6 Tlc pH plays . v(al rolc rn lha rcmcdralron ofhcav)

mclals Thc t\vo hgands showcd dtffercnt pcrccntage removal ofthc h.a!y mctal.

Accord,ng lo Bara (201 l) DTC arc unstrble et pH lcss lhan 4 Thc comparrson b.twccn

rcmcdratron of hcavy mel.ls by thc two DTC w1s shown rn tablc 4 and rt was tndtcated lhet

dlbutyl drthrocarbamalc has a hrghcr remolal cfficrcnc) comparcd to the Clclohcxll

drthrocarbamatc wrth exccplron of Mn

Hqv) mculs .ss.ssmcnl .nd ch.mr.d rcm.dr.oon ,n gound *ncr rn L.tti Md*.r, Kh) b.r Pal})tu.kn*a
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Mctal Inltt!lConccntratron
(ppm)

Conccntrah on
Aflcr DTC trc.rmenl (ppm)

PH Rcmoval
cmcrency (%)

Zn l0 0 t9 5 98 I

t0 281 ,7 713
l0 385 9 61 5

Fc IO 041 5 953
l0 167 7 833
IO 4ll 9 58 9

Cu t0 021 5 979
l0 147 7 t5t
10 360 9 640

Cr t0 096 5 904
l0 20t 7 192
l0 0 4'7 9 953

Nr 10 0 104 5 9t96
t0 2 042 7 79 58
t0 2 110 9 15 9

Pb l0 0291 97 09
10 0 371 5 96 ?9
t0 r90 7 81 00

Co t0 000 5 100
t0 0 E04 7 919
10 4 090 9 59r

Mn 10 914 5 t6
t0 943 7 57
t0 799 9 20'7

Cd 10 0156 5 984
l0 2 t04 7 789
l0 2 412 9 116

Trblc 4 Mct l R.mov.l Elfici.ncy of Dibu tythyld ithioc. rb.mrtc

Hary Dctds .sscssm. &d chcmrcd rcmcdr(ron rn lroDd e q rn L.k! Mrwt( Khybcr p.kitunknw.
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T.bl.5M.l.lR.mov.l Em.l.ncy of Cycloh.ryldfiroc.rb.m.t.

Melal Inrtlel Conccnlralron
(ppm)

Conccntratron
Affcr DTC
tre.tmcnt(ppm)

pH Rcmoval efficrcncy
('/")

Ztr l0 790 2t 00
t0 706 7 29 40
10 tt7 9 1l 30

Fc l0 265 5 73 05
t0 3 6',7 7 53 30
10 72t 9 27 90

Cu l0 520 5 4t 00
l0 605 7 39 50
t0 491 9 50 30
t0 4 099 5 59 0l
l0 580 7 42 00
l0 276 9 72 40

N' t0 t99 5 10 10
l0 8 r0 7 l9 00
10 95 9 500

Ph t0 I ?t8 5 t212
10 299 7 70 t0
l0 565 9 43 40

Co t0 2 t89 5 721t
t0 354 1 64 50
l0 664 9 336
l0 009 5 99 r0
10 |27 7 E7 30
t0 ) 76 9 t2 40

Cd l0 '718 22n
10 709 29 t0
l0 82t 9 179

Hc.Dmdrls.sscssm.nrrndch.mrcatr.mcdrrronnsro,na""r.,,nt_"u.,t .,*iXtlt".r"&,*,-.
5I



Tablc 6 Compaflson ofRcmcdulton ofHeavl mctals b) drbul)l dtthlocarbamrtc and
cyclohcxyl drthrocarbam.rc

Mctal PH %Rcmcdtatlon of Drbutylc -
d rthrocarbamatc

oZ Remcdralron of
cyclohcxyl dlthrocarbamatc

Zn
5 781 21 00

1 6t 3 )9 40
9 51 5 ll.l0

Fc
5 953 13 05

7 633 61 30
9 489 27 90

Cu
5 919 4t 00
7 858 39 50
9 @0 50 30

Cr
904 59 0t

7 192 42 00
9 953 72 40

Nr
5 9t 96 t0 t0
1 79 58 I9 00
9 759 500

Pb
5 97 09 8? 12
7 8t 70 t0
9 6791 41 40

Co
5 100 72
'7 91 9 64 60
9 59 I 3:1 5

Mn
5 t6 99 10
1 57 t7 30
9 201 6? 10

Cd
5 984 21 11

9 '7t9 IO
9 1t 6 t19

4.4.1. RGmcdi.tion ofhca\ry rhct ls by sodrum dibutyt drthioc.rbrmrtc

The study mdrcated thar hrghcst rcmcdtatron was achrevcd by dtbutyl drthrocrrbarhatc at

pH 5 for Cobrlt ln whtch concentrrtton ofco wes reduced from lO ppm to O O0 ppm mcens

that l00oZ rcmcdrrtlon ofhcavy mctals was achrcvcd, whrle lowcst rcmoval cflctcncy was

obscrvcd by dtbutyldrthtocarbamrtc al pH 7, Ehrch reduced thc conccntralton of Mn from

Ioppm ro 943 ppm The dccrcrstng ordcr of rcmedl.tron of hcav) mctals by drbutyl

H..v) mcds rs.ssm. d ch€Drcd r.mcdr.lon m e.ound ward rn L.Ik Vlr*.r, Kh)b€, p.Intun]Jr*.
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drthlocarbarnate was Co > Nr> Cd> Zn> Cu> pb> Fc. Cr>Mn B) trcrtlng w h dtbutyl

dllhlocarbamatc morc than 95% rcmcdlatton was achtcved cxccpt Mn

fic rcsult mdlcalcs that maxtmum rcmcdtrtton wlls attatncd al pH 5 except for Cr tn

whrch shows rcmovrl cffictcncy, htghcr al pH 9 So drbutyl drthrocarbamarc was cffcctlvcly

uscd for rcmedtahon ofhcavy mctals m thc acrdlc medrum cxccpt Mn from aqucous \refer or

clllucnts, whllc for Cr contrmrnetcd watcr drbut),lldtthrocarbamarc wts uscd rn alkalnc

mcdrum

Figur. 18 Rcmovi.mcrcncy ofSodium drbutyl drthioc.rbamatc .t pH S. 7 end 9

4.a.2. RGrDGdirtioD of hcrw rDctals b) Sodium Cycloh.xyl diihiocrrbrmrlc

The study tndlcatcd thal htghcst rcmedtat,on was achtcved by cyclohexyl

drthrocarbamatc at pH 5 for Mn, tn whrch conccntralton of Mn was reduccd fiom 10 ppm to

0 09 ppm whtlc lowcst rcmoval cfficrcncy wes observcd by cyclohc\yl d,throcarbametc for Nt

al pH 7, whrch rcduccd the conccntrrtlon ofnrckcl from loppm lo 8 I0ppm Thc dccrcasrng

ordcr ofrcmcdEtlon of hcavy melrls by cyclohcxyld,throcarbamatc wa! Mn > pb> Fe> Cr>

Co> Cu> Zn>Cd> Nr Cyclohcxyldrthrocarbamate rcmove 99 IO% ofN\E?l2o/opb, t3 OSo/o
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i.0

20 *,**=l/'li
2n F. cu cr

l;=li ,ilt



Fc. 72% Cr.nd Co, 50 loZ Cu fiom aqueous solutron For Zn, Cd and Nr lhc removel c ffic rcncy

wf,s l€ss than 50olo

So cyclohcxyldrlhrocarbamala was cflecnvel) used for rcmcdralron ofMn and Pb fiom

aqucous waler or cmucnts

Eto

i60
E

120

100

.,9

Havy mcds rss.ssncnt md ch.mrcd rcmcdr.lro. rn gound N.rc n Latkr Mar*ar. Kh, b.. P.j.nrunkhwt
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Frgurc l9 R.mov.l .fficicocy of Cyclohexyl drthiocrrbam.t. rl pH S, 7 .nd 9

4.a 3 Effcct of PH oD r.mov.l crp.city of drtbrodrcrrb.mttc

In lhc hcavy mctal rdsorprron proccss. lhc pH of the :queous solutron ls a slgnlficant

rcgulator, factor (Cu €r a/, 2013) Two rypcs ofDTC wcre put Inlo thc mclals solutlons over

a pH rangc of5, 7 and 9 at room lcmpcraturc to rnvcstrgale lhc tnflucncc ofpH on hc.v) mct.ls

rdsorphon propcrty It rs obscrvcd thal thc .dsorptron cap.crl) ofDTC rs pH dcpcndent. and

all lhcsc products show . weal adsorptron capac,ty rl hrgh pH valucs Thc adsorptlon crp.clty

dccrcascs wrth rncrrasing pH vrlucs, and the ma\rmum capacrry was achrevcd at pH 5 Thc

rcmcdlat,on ofhc.vy mclels by two drlhrocarbamale wcrc comparcd b) usrng two t ,lcd t tcsl

at pH 5, 7 rnd 9 Al pH 5, 7 ard 9, thc rcmcdrtlron r.sull w1s srgnrficant ls lcvcrlcd by thc p



valuc S lo 0 05 .nd t cflttcal was grcatcr than t stal The p:0 05 lndrcatcs that therc.rc lerge

drffcrcncc bctwccn lhc mcan rcncdtahon by thc two tlpcs of DTC. whlch rs confirmcd by

cflltcal r aluc
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Figur.20 Ramovrl cmci.Dcy of Dibutyl dtthtocarbamat. tnd cyclohaxyl
dithioc.rb.mrta rt pH 5
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Figurt 20 R.movrl amcratrcy of Dibutyl dtthlocrrbtmrtc rnd cycloh.xyl
dithioc.rb.ln.tc rl pH 7
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

Thc rasrdcnls of Lrkkr Marwal dcpcnd on underground walcr for dnnkrng walcr end

othcr uscs Thc rcsults of physrcochcmrcal an.lysrs of tr.tcr rn the study .Ica consrdcrcd

dcprccralcd.rd concemrng heahh problcms to lhc uscr populace Thc study has rcvealcd th.l

licrc was srgnrficanl quanllty of hcav) mctals rn underground $aler, howcvcr lhc avcragc

Icvcls wcrc b.lo\r than Ma-\rmum pcrmrssrblc lcvcls sct b) WHO (200t), EC (Europcan

Communrty), EPA (Envrronmcnl Proleclron Agcnc)) ln some cases lhc lcvels ofFc, Cr, Pb,

Nr, Co and Cd cxcccdcd thc WH (200t) m1\rmum pcrhBsrblc trmrt It rs evrdcnt from lhc

srudy that m1\rmum conccntratron of thcsc mclals \{as dclcctcd ln thc soulh and west

mounlarnous pan ofthc study arca h w1S concludcd thal rn lhc wcsl pan ofthc stud) are.lhe

hcav) mclrls conccntr.lron hrghcr probabl) duc lo huge amounl of radro.cttve clcmcnts rs

prcscnt and thcrr cxplontlon was cerflcd out frorn lasl20 years ln the south mounlarnous pafl

ofthc L-akkr Marwat, Paklstrn largcst Ccmcnl faclor) opcratcd from last 22 ycar, thc sccpaga

ofthc cmucnts and gcolog) ofthc mountarns wcrc rcsponsrblc for hlghcr conccntralron of

hcavy metels Thc rcsulls rndrcalc lhat on lhc basrs ofEC lh. walcr ofthe stud) are. erc sltghlly

s.hne and pH rndrc.lcs lhal rl rs slrghlly allahne

Thrs study rcvcalcd th.l rn thc rcmedralron ofhea\, mclals from aqueous solu(ron by

drthrocrb.matc hgand, rt thc s.mc pH rcmo\al cfficrcnc) of drbutlldrlhrocarbamalc w1s

hrghcr th.n cyclohcxyldrlhrocerb.matc Thrs ls bcc.usc the drbutyldrthrocarbametc l,gand s

morc stablc wrth a hrgh bondrng cap.clty for hcav) nctals Thrs study showcd that lhc hca!)

metrl rcmoval cllicrency depcnds oD thc typc of lrBand uscd Thcrcforc,

drbutlldrrhrocarbahatc was cffcctrvc In rcmovlng the selectcd hcavy mctal rons from aqueous

HeD m.i:ls rs!.ssDcnr.rd ch.Drcd rcm.drrlron rn Erouhd ".r., ,n Lrtl, Mt*.r. Khlbcr P.$rlnkhu.
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solutrons, provrdrng a polcntral approach for lhe tre.tmenl of polluted watcr contarnlng

mullrplc hcavy melal rons

Tha study also rndrcaled lh.t the typc ofLgands play an rmportanr rolc rn thc rcmedralron

ofhcavy mctals fiom aqueous solulron or rlaste watcr The Drbut) Idtthrocrlbamarc \ras hlghly

cflcrcnt for lhc edsorptton ofmctal tons by batch mcrhods In thc ltghl ofthc abovc rcsult, tt

ls concludcd that thrs mcthod rs cconomlc.l .nd cxtremel) spcclfic for thc rcmovel ofhcavy

mctals

Racommandrlions

Thc followrng may bc rccommcnded from thrs rcsc:rch.nd should be takcn to lhc

rcscarchcrs rn lhrs area

III

Conccnratron of Hca!y mctals rn lhc undcrground water should b.

pcnodlcally cramrncd to check on Heav) Mcrals pollulron

Duc lo unavarlabllrty of local bodrcs trcatmcnl plant rn lhc cntrrc arca, lhc

rcsldcnl crnnot afford to purchasc a)rpcnsr\c botllcd mlncral watcr Thus thc

ahcmatc felsrblc sourcc for dnnkng \}alcr should bc errangcd and dnnLrng of

hcavy mctal cont.mrnated w.ler should bc sloppcd rmmcdralcly

In thc south part ofthc stud) arca. thc sources of Hca\') mclals l c Emucnts

of Ccmcnl f.clory should be propcrly trcalcd bcforc drschargc lo lhc

cnvtronmcnt

Rcscarch on lhc conccntrallon ofradroactrvc mclals ln sorl rnd undcrSround

wrtar should ba conductcd rn thc wcst mountarnous pen oflhc sludy arca

Rcscrrch should bc conductcd on the mrll and mcal ofthc anrmals dflnkrng

contafilnatcd watcr rn thc west mountarnous pan oflhc arcr

rv

H.:ry Bcds tss.ssmcnr and chcnrcd amcdratron n lround s.r.r i. LalI' Me.q Kh]bd P.Inrun}}t*a
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VI For thc topography characlcnz.tlon gcologrcal end hydrologrcal rescarch

should trc conductcd tn hrgh hazardous Hcr\'\'mctals affcctcd areas

VII Thc rcmcdlrtton by drthrocarbamatc should be optmtzed b) consrdcnng thc

cffcct of llgands dosc, tcmpcraturc Moreovcr column expcnments play

mportant rolc tn thc rcmoval process. ln whrch flow ralc, bcd volumc and

tcmpcraturc should bc studred

VIII Furtharmorc ltgands rcgcncralron may be tnvesltatcd so that rcusrng potenttal

ofthc Lgands and safe dtsposrl ofthe d,thtocarbamelc should bc studled

D( The publlc should bc rratned b) ustng drffercnl rcmcdtahon tcchnologrcs

X Confcrcnces and scmrners should bc arrangcd on ! regular basrs tn

coopraton wllh local and mtcrnatronal organtz:tlons &c recommendcd In

addrlron, kcy pcople and expcrts from othcrhcav, metals affected arcas should

bc mvrtcd to attcnd such evcnts

Hc.v) m.t ls.sscssmcnl rnd chcmrcal rcrncdrrrron h gound warcl ,n L.tkr Mr$.r Khybd p*irunkn*.
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