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disticls, daily intalc (DD of irdividod PAH! rhMSh.olslnFion of \rsctdlc rmg€d tom

2.13F&l lo 4.198{2 fg tg rd r in ldull5, wbilc tus.d fion 2.548-04 to 2j0842 ps ke:'dn h

chil&n. ln lcs ulani"ld disticl5 DI-PAH, tlmwh ot)suption of EgEraUc tuged Aon

1 .T,E44 to 5.578.02 rqvg]d' in odulb, $'til. nngd lioto 7r6D04 io 3.85E42 Fg ks'd' itr

.hildtu IlE uniqnencsB of lhis study k lo q@tiry thc @MntDtic of ?Ags in the eil ed

vegetabl€ 6l*t€d frotn a largc !.nl! @ of Khybs PakltutrklM! Provbc. whicn is npidly

ubeizins. fte hqlth dsk of thc hunr. qpcu!. kJ PAHS thsud the co'suplid of



vegeLhlc B 
'Js calcul.red Bins difclat morHs. ADols t!. higl Et€dzei disricrs, $c

hiehesl tot l ioxic BaP €qli$td CrEQ) valE (72) w obrc.,r'ed fd plmc fouosrd by

naphthrloc (4.9) ld ltr v.gclable coudcd nln Maldra st lc lhe lowBl l]rfu TIe rde
(0.12) m ob*rtd fo. @phlhylcnc folto\*d by bcnzolklfluo.arnb@ @.26) i! !6baM.

For the qnole povine, rhe higl|d TEQ voh. (4.l) w obeflcd for llo@rh.ne folowd by

L@ldng jnto PAH ncdcirlMq avlittrbitiry, bio.ccunula{on ed roxiciry, ir is ,eeey
to inDobiliz.lAHr prcscnr in conhEiDt d soil llsilg dif.Ent 

'lmdh€d 
t ctniqB sucl s

bi@ha, &tivalcd c{botr ei., Ir ordd to enD!@ thc cEccrib* of biocle lovar& rhe

Bi.inizrion of PAII &d PT! avlitobifty !'ld bio!..r6dsiio4 diflerclr bi@b6 ilF
pltpaEd fild difttut f.edio.l6 rsing pyrolyri3 Lchniqu.. Bieh6 .,td8€d rbc $il pl.r .nd

.jso itrc@s.d EC, NOj-N sd Nn -N, sniktlc B .rd dirsotvd orgoic ei@ (DOC)

MdtiiiN {nidr Fdle tbe rEihbl. d@r!ri@ of PAIb ond pI& lo th. $il dd l[.n

llrtale/biMdarioa in ftod cs9a.

DEitrg tris ttgrcL difoet @nlrol civirorEot art'.tirmt! ww @rdEt d io

in6tisa& rhc e{Iecli}€.s of biochlr tov!* ni.iniation of pAfl ald pIB aEirditity i!
soil ed rheir subequ.nt bi@ur laliotr i! lrgEilble. In conrot aMFnmn G€nhoN).

sesag€ sludce (SS) and scwagc lludgc biocb (SSBC) w@ u!.d ro irvcsrigab th.ir etrects on

PAE nobilily ed Oeir np16&e ol€ in vcgcbbL. Howvcr, il| pEsle ofconboimls $c! 6
PAH5 ald pothrirlly toxic .Lmdh (grfs), ilcluding Aq Cd, Cu, Pb dd 24 t!3tdd thc di@r

applicalion of SS in aedcultural lard. ftis E.rFh Blabusltrd lhar lhe @nvdion of SS ro

ssBC aigdfi@lly (Pg.ol) decrucd Pr.lI rnd lvail.bL PTE M@irlid!. O!@ !dd.d ro

soil bolh SS 6d SSBC aiglifi@dy (Ps0.05) dattated PAg dEilrbility. Bios..@ut.rio! of



PAgs iri clrch,bd (C/&rli rariw L) M ndmd by tolh SSBC (44.3-57.1v.) ed (1o a lassci

dI6r 10.9-3569/') by SS. rollNirg .ddiid lo &il SsBc ai8ni66!ly (Ps0.05) tlduccd

ahibblq rtl! (q@pt Cd), whit. sS signilic. ly (Pg.ot iact llcd PTE eilability.

Cor€qEntlr ssBc sisnificin{y (PJ.ot rlduc.d PTr bi@ulation (dcept cd), whil€ ss

inqqscd PIE bioftcMdrti@. Irr* qulb $sslst SSBC io b. 3 €ldidat! for $il

Mddmdt th,r ofr@ adM|!€ps (E SS h ldG of ?AMTE bio..cuul!!io! biligttiod

Ano0ld @t ol avimMdl .xpdirent B @dwl€d lo confim lhc .f.cts of SSBC

on avlilabilit md u/ake ofP. Hs ad PTES aing loE io ls"la,M li{oPdBr'@) ple! Thi3

3tudy .incd ro iNqrisalc llc cll€.13 ofSSBC o. mbility &d trFAlc nlc ofPNI! dd PTES by

s tror. itu plet grom i! Bcmla irislii soil @nLoiELd wilt PAI& ald PT&.

SSBC m.ndmcnts sisnific{ ly (PS0.0l) rcduad ?AH tld available PTE concdlnlic h soil.

Bi@ubdon of rAlh ed PIEe io.t ttor.ui.@ I tdued by thc @slmcdt! of bolh

SSBC (48.0{2-4vt od SS (21.5'39J%). Auila!|. A..rioB of PTE! a* sigbifddy

(19.05) .LtFdtd in SSBC @..d.d $il, r 1. 3ignifi@dy (P5O0J) imas.d 
'n 

SS

Mmdcd soil. Irtu! SSBC eortMl sienjfict ly (?4.05) d.6€a!.d lTEs bioaNulatio[

wlil6 SS .nlued rTEs biMulaiiotr in S 4@F''i.m'Ih* fhdinS! de @.fm.d our

pwiou! n$lts dd suggGt thlt SSDC @ b. utcd foi eil @!ndb.tt to Ede lbe Mibbililv

dd Uorolalio! of bofi PAEs dd YIES.

Thc third conhol mvirolhat expaidcit s!! onducled io comp@ the influocc of

SSBC \rill o$d bimhls Fllotld fion difr.dt f..dlto.ls'bio@s $ch a Fn'n 3heU

bieh{ (PNBC), e}bce sFtw bio.td (SBBC) tld.ic. sllw biochsr (RSBq. Tnb l€&h

cll blilh.d to vcnry lhc biorsil.biliv ofPAg! od l4E3 Bi!8 ditrcqt biochla 4d &dt uPl*c in

tMip (Afdrt 
'zp? 

). TL odditio. ofditr lnt biois bio.:bs signiffddv (p<0.05) tEducld



lhe PAHS ad PTES. IlE bio@nulrlion of pAtb i! rbc A ,@a d.ce..<t by 7l:n-a2.57%

40.46-69.43%. 10.2448jr% tA 16.91-32.j5% by a<tdilg PNBC SBBC, SSBC ed RSBC

€speliEly. Thc addirion ot bidhaB .igniff.riily (80.0t Educ€d rte a@utalior of gIEs

such es  !, Cd. CL! te, !b and Zn in,. ,a/a. Ih crdit€lB of PNBC in Gdurlid of pTf,3

M moE sigDificei (p10.05) s conpaEd !o SBBq SSBC e.l RSBC. Ti. Nlts of rhis

Es.aEh MDriz.d dar SNBC E noF efecri$ in th. r€du.1ioo of @umohrid ofpAB in

fod c@ps. bnl it sloltd b€ alply in a popd $reriiy. fu PAH bioar,Mulalid nt ru
obstrd in oda of PNBC >SBBORSBoSSBC. Sinikly, prE uptalc h b. nduc.d by

inc@iig th. appli€tion nlc of difrcmt bioch6. Tte l4t k rate ofpT! vdie.t h€ase of

lheir ch&lcleristia ard rcgeebb t !.s, Ho{Eq! atl rbe biocblrs shoerd gl€rr Gtrecrivm in

cduciry l!. availability dd MDmutoliotr ofofplB bu dep.rdcd @ ttc alpliotid rEt*

On ihc bak of fndirgs, ii is @ncruded ihai lolg renn slsieqllci iEiglrion ia& ro

coltamide dc eil vit! PAll5 atrd p_TEs ad rhm bio4.huld. in rcgehltc !p ro tt. q&nr

oflish ri3k!. Fudh.mor., rhi5 stlldy hjshljdr rbil biocte ce tclp io red@ rhc lvailalility of

lh* &lccrcd cor&mindb in soil crasysrm ed rhcn bioa..unulalior in goM v€gclalL

wlich cr! prcter rh. 6rurq6 .tottg with obming 6c agdculrrrl yields.



ChtPtet'l

htrodrcdor

l.l The rssuc

soil qurniErio' {irh pobrydic.mdic n d@rbd5 (pAHs) i, i.c|Einsly pBrlrn
rr!@shor thc Mrld duc !o nmcM tu udc &rviri.s FricuLdy Ms0.{ts irigdioG

sluds. applictrtionl solid wsr. {tisp@t dd fosil ft.t bmilg md otud acliviid sh s
focs! fies .!d rol@ic cr4'tion 6u$d v.ry @ loil @ieiutid wilh pAIl in rh. tus.
otl-lollgrsrGdMdx |9S3)..nrceofw4!w.i.rhrt,gndrluFsdor jrnsingdue

!o rhe wlicr $ircit, popuklion grcqlh sd utetlrio. HME, ihis wnlt.srts,

cotai4d subslsriat @hl of lurdqrs! pABl ndvy E.rats (mr.), dd ldhogdic
ni@tgsnisos which hlE horh bcn ftirl dd ..k@ iDpoci! d rlE &ming seto. (Chd

ai !1. 2005; singh €t !t., 2(x)4i lehnM ct sl., 20t l; aEg et !t. 2ol D.

Soil it rnc ulIifrare Eposirdy fd tAfi .ins n is origi!.lcd trm or.l 6
olhbpogcDic lctivjly, P E hwh h 6c uta, sil e ro-tllo rim6 hiehcr th& in rcnore

soils due ro indusnidizorid in tc past loGtso (Wtd !d Jo6, l99j). to6 .t .[ (l9S9a)

Darided i0 hir Eporr rh,r io&t p^ll d@iiirrid (O.l_55 dg tg.) i! Wcbh $ils ,Rulti,g

lM rrncduic dcposili@ *irh qjrd respqrario wilh no diEl industrial rdic q'n._

V{stcwdid is co"siddd s boln o eurc. ad ! pobhn i, ddelopirg dd d.rctop€d

@itriB. Wd.Nlid ftiedion i. ! @E@ pftric. ro inclle dtrlyictd be5N of i6

lhE najr da4Murrjdr! sh s pohsim (r'), nirsa@ C9, Dd plGrhmus (p) qhicn

.c es|iil for cmpeowrn, Ttc fmq dr.Ni@ty ue m3t qar.! for i@re in rtEir

crcp lelds ncd lh. uh€r c'ri.! wiltDll siDg rh. fctitim by seing non y. B6id6 rhd
positire imFcrs pidr @rimli a{plicarid of 16l.r&r m/ clN 0E cx*irc
leunulalion of HMq peais& org&ic po ulia (pops) ecfi d ! gs md pithoscns

s,tlich cle r n.S!riv. inF.r on rhc hu@ totd o t avitlmdr (S6n a aL 2OOO). tn



Asir. ltu 35% w&sr.shr i5 hsrq4 14% in Nonn An.dq Md i, Atia only . ,trElt

p{portioi is rE0ntd, Tfu mdiiing !v!t, js di$h!46 ido rwrl, out3, r.k, witioln

tlrrirdl (Wltc/UMCEF, 2000).nir wltfi i! ulcd for itri8lriotr tr $. urbqn vici.iry dd
dNMr.jD tu. \Vsr.Mt r is us.d @ d 6!iMt d 20 Dittid h. d ?% of fi. rod gtobd

irigat!|d .@ (WIo, 2000.

In Pakisr.rn, sMg. wt r irig.rid i5 wil c@n6 F&rrc. od n i5 BiiE r.d l|lii
310m lB hrd h iftigd.d win *mg. v|r , sjthour pio. trllmdr !.d z6rlo of.tt Dtlde.
irigricd *ilh s{laabi i, p.kirtrn (EBiit .t.tJo04),

Folycyclic .bhrtic tlyd@rtoN e mn ty @unuldcd in ttE eit itrig.rad eil
Easr.Mr-.dror anExt d wirh sffg. !t,d8. *nicrt c.B c.ocnDrio of itE food

rl&8. Plu|s r.L !p rtR potlutut3 {hugh riN Fllmrs,i!.trdirg ,ooa ur!r. dt
ltr6Dhdjc d.p€itio fn g'sw Fni{brc f6B (Ed*!d!, IrS8).TrE

bio@muhrior of PAB in f@d pbtrb ! 6d.taqt s oE of d,G sid6 qdG bBe
olin FwdiE rnd oEinogdic doF (,tiu .l d, 2004). pA}ls e pdirhe tipophitic

dtoic polldrna fdn d dG ro imtplt imiErio of d8@ or..nrr. ttnBt@tid
nE ir edoy !tr.F! b, rtE holqt& wighr, du.rG, wda sbhitjty, md upd FKE
ofdl PAI r Mtblrd (.ton6 cr ,1. 196; pidrrnCd d d, 2{XlO; R.id .l ,l- 2000!). Ia
nd@le *risl (LMV) pABs c npidty d.gnd.d ud rcbdz.d., cooFld ro hish

nddrd wiehr (HMw) p^rl& HMW-P fi is rslcillng not a.iry d.gr& b€!$ of
rh.ir l@ et.titity, si.ri@ ro ta.hinS gom !r .1, t9r5; lnt.t md JooG* l9r. t]|Il
mpolnd erubitiry in wrd d.Fnti o !mp6d!q pH, jooic s1&!gttr (.o@r.lio, of
elublc $lr!), od orhd orgllic chqDi|lb (ir. dishtd ol!&,c qr6on) (pic,zylski !,,1..
2000). Solubility ircl.e wiln rtF d€E* in ihc nDbf of b.nr.m dngs (Mt @ dd
Jocs 1993), tn. eoiol-eai.r porririon co4ff.rchni! (Kd) @ qFlsed !, loe Kfr.r
lhe P tl hs low voluc of t g K6 it qilt hav. gn.t r 

'olubiUiy 
(M!.loy od Crltco(



198). ?All compoeds of high hpor p$ssw wil bc m@ sotubh in wdd ((M&kay ,.d
Callturt 1998), lArft rccuDlbrc in v.8!r.tid minty rhtugl,onolphoic wd dcNirio
in soil od larofd rh|ujllr $ols in th. ptlnr& Cor@nrltioN ofpAH3 in DtMr tisc in non

induslriali?ed E8ions d8r tq 50-80 !g kg.' (Edw{rs, t986). Swdt Dcchsiss e
involvld i', bi@umutrrio. of pAHs (Fryf ed Colin& 2003; Wtd .t et., 2004) $t ch

dap.tub uFon plint spoi.s, tJ,!€ ofpAH cmpoud, &t .!vi!MD.ni.t @rdilios (Sstdiro

d al., l9s7),urbM v.8crlbl* uptat. hiSno pAH! rhr rurl wScrldo (r!he ud Naidq

2000) bdle oI $. EhictG cmi$toIl od sw|sc iniSrrio M wh6n vjciiv v.g.r.bt6
!pbr. P rrs h adsh qulr i&. nn $it ild.ho.plFric kr.t F6irj@ @ phrn la6
ed th.n iig!.dio. is lhc mj@ dposc F$s, gu@ s bc cxpord to pAr$ lh@gh

irg.$io of.olrroiDcd 6od ttor! h nuu, th. tAlts l4oo iaS*rio ofvcglidt &
n irlolizd and soEd d tur.ad. rhc srond pAH inp.!! rtE ,rNlog'q! ,tqdoiy ,rd
EFlduclivs tsrds .d or c.eB of tu& uin&, bt d.k .!d ,rspirdory rr<r
ThcEfG n ir .c6ert ro nqir( &.t ni,iniz. rh. r|arrorbta &d bio@@utdd oa

PA{r h food ptMrs. Difr@r dr..iJr lrn s ..rinL.t e!to4 cnllwl bio.ho @ !$d
s. $'r wdirid4/dod]er b ninilir,lnc pA}I,9t tc b, fo.d pler!.

Bi6he I a qr6on {C) dch drri.t P'lduc.d by rh. ptlB ofpyotFis bda @rinus
IN of njlmgen or r.oxjc @ndirioB (CD .r !1., 201D, Bi@ht prlDdd6 e didinguidt d

tDr $. charoal ud @ bc !*d s ! loit DddDoi (r.dDe ftt Jos.prq 2oo9). Bi@hr.

hs b€n Eporkn b !6vc 6tsit nbh rgMnio ralrc; dtk bdng!&jlrcd with inpbved

eil fcrtilily. inpo*d sd}lren funcrioning .nd j.qu6rrrrior of C (Sohi .r al, 2Ol0), ,IX6

dpplicatid of biocnd brin8! cfilngB in lho loit pb!.ni6 irctudi.g irc@ ofDE @li@

excitue. opaity, lnd bulk ddrily.ftt llso inpiolt3 nulioir E6ntq, sinils.ly, bioctur

appliqlion cxn !t$ !lf@r rh. rooiiiS plcd in soit c6ysbn! oi @dnt of change ro



m'cGed nrcopor. (Doeri. .f d. 2009), rtich ddlibure b d, and ser lrc.Ee

13 Bich.r s . por.!d.t .htio!
Aioha cln redu€ rhc biositalilily of Mbpnobic dgeic 6poq b ircludile pAll3

dd toxi. Flvls dne ro its roQtiv. @p&iry 0rhng.r at., 20ll). Bjochu applic*im ir
dD.dcn to iFpbv. thc o@ll srFih ctF.i9 of $it5 md cocr.qu r, id0u.@

roxicity, lsnspon rnd f& of rre c<@r dnr!' siich luy b. .tddy ,c.or d e b bc

lddcd ro sails (Yang ..d Shd& 2003).

Tnc appli*rion of bi@he hs .thnciqd I arEntior of enviMordt eidrirb
&dSno rhe globc d@ ro it3 4sirt d dl.toudrat, cu@n !d.erd@ic c&.1r Itr
lh. Flt nM.fu plFs htE bctr Dotist d ,rctudrdy &Eme,niig d. .trer3 of
biehs d biohilhtitiry of pAtl5 .d EM. in sik (BGle, .t .t., 2olo; pcns cr ,L 20loi

chfl md Yu&, 201; Cohe-Ey|s.r al., 20ll). zJ,a,8.r sl, (2010) iidiqtcd lnc biehd
d.tiy.d Pka ndiatalb wN.tfarj& in rh! e|p&b ot hrdqnobic dSuic 6pou*b
scn s phd rlrcn. too eit_ F&il,@orq |n..qrti.lrid ot blrb. ilro htrDi@d
$ils @n aho nininir il* biolhilatitiry of orgotc c@!@ido.s !o clrotom. Ehbb6

8nd pr4h (Yu d !t., 20tl9j cso ci at. 2ol t), Bi@hd chs@tdistie s@h a! high p@ity

md lrgc $trfc! @ .'! BpoBibtc fd iigh .fiiniry fd ogdic @nt nidar!, The bi6lE
.f.div!B rgin$ PAlls dd litt bio.uitihiry d.rad! d difiaGr! ndors srn s $|re
turshlr of bi@b!r, ptret'3h @diiid5, cotMr.li@ of mainiM! mDledd ud
dccomplddim ofbiochd ed conteirdt3, coDt d timc tud $it org&h cdbon (Cnd dd

\trq 201l: Kh& .t al., 2Ol3).

flohd,lcs work hs bar hdEred ro dddnid rtE.ft.dw of *hg. slDdgc

bioct4 on immobitizdjd or sorlrid ofpAlb .d HM5 ils @inibtdo ro lAIl ed HM

l@l iu eil ond irflEno upd rhcl bi@@Iktjon by ptoffs.



TIF dE ol thc p.!$r srdy s ro:

1. hv6tig!!. thc v.Set blc upht oflAfl! too corirniNtld $ik Dd !$ca! &c

polentill lisk ro tublio halth.

2. As tlle creri of bie[{ @ biooemutdid of pAlll.!rt HMs sidg gHboN

3. Dotmirc rh..fecriv!6 ofbiocl6.pptic.ri@ on lAfi slrt HM i@biliadon 6

15 Study lii d*riptiotr

IE |Meh !@ of Ihis srdy h lhiicd io urc povie ol (|ly6d rathi!*lN! (K?K)

@upis rlE nodh eBc.E pqrt ofhti!tu ts e 6 of74tt kn. TlE Fdie t!. lotil

pop{ln$or nm lhrn thr, oittid wi4 d,. mud g@wlh dr. of 2S% C@8nDhi6lV

p@iM could bc divid.d inio trvo e.s
Thc di$brs $i* hnd ulilizrid .!d poFrhrid e qpbid€d ir !!tc t.l.

Trbl. |,l Dhti.6 *i* F.putrdd,lsd trdtizridofKhybspltnnr tw. p,ovi@ in 2007{s

P..fr.t robr lotrl
C ni.d rnr.hrd
^EOr) .doj x. rvd.bL a.

souRct l!&!n!n sn6'nq t*rP, rir'w,
Ddlri'l(Do rtur 2057J



l5I Certhl ruyb.r P*lrulllrr

Th. enrll Knyb.r p.*lsblnn j! domtllrc<t by pehlM b8ic . fcnit. u[.y @v.r.d wi0

osollhred dlpcfu of lilt eflt ud grEl of r.cc|n glologiot riG, p.sh'k.

Noesh.r4 MrJd!4 SMbi !trd Ch!r!!(!. e uin dirricB ot €lnt Khyb€r

Prtllul'lw,lJ.2 Solti.o Xlytc. p.tltrlllf, r

As d. mov.s 6lnhq My fun tt foorhi t of th. Himhy..!d kEtom dCG.,ltc

.linlt' ch'mg6 tlm hmid $bn!pi6t !o bTic.lt&id ctiD!6. Koht, U!4q K..& t t j
MlMt, BMU dd Dr Khr !l! hc nnitr didi.6 prlst in @rtrxb6d l*!tbr!cl!'
sn.6 rh. l.mt En@ b cxndcty t . s qryEd ro 6n t (|,rtd p.rlrulJlEoE

lqubto dd hphdcd 8towtn of rh cfty, ns?orr.dd.d lldlri.tizdiod e thc

ihpornd L.rou shich lrqBt.f..r dE di,ead oa<&id. Tlc mjo. iidrdns
$n a n.rblq n&L n 4 tddt , peB, dhrDtddy @!.rr *!od ffir. ud tq(t6
irnld6 aE pi.$r in dd .'Md 0. oidrr }tid e codridcld,i dE di! s@ of
@tuhdid of f@d cnrir rtrh tEvy Ddrb {d p H! (s!di! a d, 2006).c!€ogabic.[y

1r. F!vi@ @H bc divid..t ioio two 206 s shou io 19 Fi& t.t.

llr, l.lstdy @ mip sh@ir8 itE 3.lcEd citiE ofd. KtK pFvir@,



Ctapter-2

Wasl€nator irrigatiotr, HM& pAH& huhlD erposur. lnd rhelr

nttridz.rio! ft rc[gh bto.hrn

A mixnE ofirduriol ed nuniciFt *rlbw.lcr is usd fd iaigrrim fl,Fs in $@ Des
of Pltisrlb, D€niculely in sbulb ofnrjd cniB. w4t *d.r coddc high l4l oftrur.iols
such s N, e K ors..ic nllijdis, qt$ Frijol&ly sdiuh (N.), chbndc {ct), Hr,4! ,uch s
cheim (cr), cidhi@ (Cd), tqd (DtI dck t (Ni) !d bc (zr) ad qgeic pollh,ri
luch a PAI rs. UMj bd pAH! e pqiirr.r! .nd d biod.gad$re, rlftf@, eraubrc h
food chrin rhDush sit sd rh.I tnl3fd io huM b.dy by hgdrtion of contanindrcd fed,
ionrliim oa @hDitut d soit d d6dl @!ers (St m d .L 2004). Bow.E, tong-icfr
idgrrid *idl nixruEs of dooBric lrd irdBlr.l ud.f,lr6 m! Butcd h @umut rio
ofHMs tud pAHs in ag.icultudl eit *hl,h tG bDuetlr a poicrtirt haldt ,i5k 0o nuho duc
ro cmmnrion ot@l.niDrr.d food (sag.r !1., 2mo.

1ll. oil o!iMne.! is siDlin! for pollurd , sDsh s haiy ned! ed hcbljo<tsiDcludioG

lMic (As),c4 iM (F.)Jb &d a. Ie cldqr! !h@ ditrmi pbFriiB i, $il
eg&dins dieir bi@vait,bitiry, nobility &d uFar. ia ph!& rflg Em ug.isre idig'lid
@u6 inptications to 0E lgri.utuht $it i,cluding Dhyo0oxiory .r a nigh coiofitEtion ed
cf.ct Ih. e'l nicmbiat prccs d amfr ofFlur.nL ro tiFd chri,. Dif.r.l $uG
including atplicrtion of Ss, agchcmiqls ,.d fditiur, lrnoatheic d.p6nid and
iriglrion Bih e.scMtd aE inyolv.d to @e $il @DiahiD.lion Fnn HMs {d pABs

(Nicl'oL@ er .t., 2003).

sotutlr6 $ch 6 @bdr (co), % dd coDps (c!) @ 6crdi.l ctdndtr td Mut hody
gwrh, *hit. tbe high anouik intatc o0h.$ cl.more tus, n{lth rist in huM a.d



tquldc [G. ThcG Nhioos noo elrlat .tfiDarsEh s As,C4 pb !.d Hs whicb c'E
l6lrh rbt cvq al low @ncorllioN (cjKy d ,1, 2003).

l|l|.1trdi6L*iar 5it qotji, dirdi od dj'f cidl. tc dt g 6, ded {s!:id;m

Dt 
"dcr@q 

(n Efrti*-Eti.
tsts4q4Eid

cd

Ni

'DDi{r ErA(2OOo) ..SEIA Obr! ofhr@mnrd Ag@y in Chior, te9, {.Nol d6
zJ Pdygrti. Are@ti. Eydn6.bod

Polycyclic rbnalic hyde.,bds aF lbiquiroN id @tuF lRr foud in an, M&a eil dd
hiologjcat sj4ror, ,odv diSiMt d n@ i@lptac bhil8 of @nd @l'hiag
mrr.rilts (rdng dr at., 2005; Te ct.t_ 2006; zjhrir qt st., 2006 atut I|ng er !t.,2011),
PAH! onrain reo d noE bqra mrs ...ur!d b ctu(d, tIE .trd agl|[ w.js ld
ldFnti$ prcduce b@ @phx pAIt ,idurq! s compor.d to niSh lftp@ruE (c&
,td Zhr 200{)}^Irqt!Soiad j,b re gbuF wh !! tow eotelt . Eigh &MrV)
@nllinj.e X or 3 b.rdc ,iigr .nd higt notdule kisln (HMw).dlaining 45 d 6
baE|. dngt (VdEI ct !1., 2000. TtE !'tsic of p.{ll! id rh6 uru$ isf gElt hm
he.w of {Et h6llh .isk. nE USEpA hs tiscd i6 D.6eibte .@iiogdic p qs in rhc
dvm@ei. a giwn in T.btc 22.DE ro apid un .iarion rh. 6eo ids of D..Hs G
inc6ling in th. urhan srer, c@b plnicub., duc b thc bhicip€t Drrc dd

'sricuhE 
vas.s (ve M.r.r d at.! 2000).



r|tl u P4Hr.eq ho4'n ed.!tu r+dd!e!i!?,6.nr/ rre€ra(,q,rl
No

&&rc
€o
@
c.+
ocf
0rtr

^.cactr
@s
-;#Or*
€6



Tn !AII5 cqtcd ds io it fftnt lld dhrlposq c sm€ utrin Lv dcD6i! h 0E

$i[ nE souMs &dw.y of.tro.tirg hDe h.d& F dpLh.d in Brr.t,

ftce @ sdl &t{trcloSliic !dn6 ofl^H th... includ.

l. Wad€enrd ifttgaljoi

2_ S.wge rhdgc.lpticdhd !o Srltrd!
3. Autdrobii6 dlt!{lr

4 lidpbc dlbucjon of tb.dl frts

t. sotid E cdi.p@t

TIE !.thl sE . cdriht tilh E l& ffitrnio ro dE ndG nFhdin! tE t t@ic

F!cs.,focrfB..d$o!t6i.-dttr6ftdn dp Ir.oflds& t9txud,l-
2006).

PAIB ofu to !h. x,G body h6{h w.ddire d!&S. to difrd itui.!,
hd6 -d brlga ofPAflt @irhig txt. tt p/|I|! cm.. b tt .n oat ftrd boitq

iddeu n itrolor, Ddotqh idlnns, .q6.t pldldio ptd d dE .!hM6n
s!t6 rhich e Ft!rt@.



I!3rPAHcrrb i! tt dtro|nod

,?a Err5 .qqE Ftrryr r.Irf,t.d rr'' r.n|
tltffi @p@. pitq,qrofFfili-lF!.s b dE colDhd.d b (rri@nat@ h.

l. Pdrry-t: btt-rd6t|m

2. P!{ntrr2:$itrtd*tb

3. hJs.r-3: $[ttd{iE tte6
Dir6 (Ir!6ri.q iit Ldo.td drEt src)

., hnwry-a: $it.t@ 0Oj...tJ0O0)

25 ltrdo.i6lcd !|rF.i!' dpAX,

'tlc A/'iodtatric.l FoFti.! of p^trr .c!@& n! Er lDpcd io unddbld t!
tidv.ihtilig .trd biuErtd6 i! 6.d oq dd [. tqdnd@ ud d.lnlllic
tlE PIII taBfdbdid n c ! .l!r.t ianv by tt Dohq|.tr dud,r!, ftistq vab



solubiliiy, rId vapor Elssurc of crlh

200q ncid et !t. 2000a).

TIE PAlk dhhil ltru.luE d.pend!

bc6. rin$ im@!, iB etubility

PAH compoud (106 cr 
't.,

1995: Pin|'ruld.t d.

0n $! NDbq of bol@. iirg!,

rlsas.q id 4ily d.gFdB in

HMW PAH3 @Gist3 of m6 rhm j b6Ee di!3 slos high lalidac i! dr
ditlmcr bclr of t6 qlra dulitiv, t gh tip.riiliciry, .!d low v.por F6@ d
OB ml arily d.8Fd. in rtF @ill)@an (JoB ci d, t996).

LMW PAIIs @nsin of 2 d 3 b.orF ri.g 6ily.t gdt ed fi!...r, i! lh. ndc
be,@ of m6 $tubilit itr h. wd!.dn hid v.pdpcs$F (He, 197).

E$i PAIb enpoond h.E dif@r Vrpd Fce$c.r dbd tanFlne if 6. v.0d

F6E il hid i||.i ir wilt b. * y 
"rpd.r. 

ud dcSr.d. i! d,. dvirt@a od ri
ihos tuE etubiliry i! Wrcr (M..t6y &t Cdl6q l99S).Netnnd* (t 1.866 p.) i! !m
mlril. @r4Ed ri6 dihoE (a!) .dl|'|6c (2,S0 r !0, p.) d lbdd rorDanfts.

vrrorF.s,6 of$lebd pAfi !! F!$ ad i.tuL eJ).

Sohtili9 of PAH compouds in r.t . e d.!.!d.Dr uDon En!.i.n!., ptr, iolic arlngd

(meit rion ot erubl. s.la), r'd 0$6 o!'ik chonicds (ir. dtsotvld o.g$ic clrt o)

(Picr4$ti ct .1.. 2000) TLG i! d inv@ otiionlhip b6Gtr o.{o@!vrld lqrtirim

@tr6i.nt3 (Kq) dd solubitiry wbich h dd.min d wiri [E folowios .qualio.:

K*= moql of oBaf,io chdic.l in e{lol (n8 LryuMt of oqeic chdirclt h v!!cr



(ng L r)-4.c@phthytdc 
h!! ! los Kd or3.92,*hilerolzo Ghi) plrrla. !r! vatc of6.r&

lh!' * 
^CN 

i! llm sot!6b 6aischr) t

soL h ur(4 u5 ---ic
".u.8PAIIot6ir 

yn!t.!.,hF.F*e&doct otjr,&Frdd@6(tu((-)

ACl,l

AC

PHB

FL

B{t) '
cItR.

B(!)l'
qb)r'

BG)r.

D(.,1t)4.

BGrri)P.

lt

3l

t.8

I5.l

0.045

I.l

t9

026

o0|l

0.t12

0.00tJ

0.003E

o00t5

0.0008

o.0tD5

0.oflD6

0&6

3.37

392

aJa

4.57

a.!8

522

5Jl

5.91

5.t8

5.9t

6

6,5

6J

1r.866

OJ

3.866

0132

1.08 x l0r

LlM x t0{
5.67rlO<

5,52 x loj

1.28x I0{
180rlO.

1.31x I0j
l.87rl0r

2,PIE tn Soit

PAIt dt r io s.il dtDhcnt rhrourn edFpogdic !.tiiijo, @i s w$bqda
itndtoo.!'d!$i|| .ni$du bod..id d.r..irroo ad cfit El dirdEgc, dirpo..t tstr
srvt& dtttMt pleqro.g r[gc ridDoltldoa thc qpticldo. oflo mtre ldt syrrhdi:
f.rtlizr (Mdi@qiq-Kodrt-l,t93I



PAE !d 06r orSdic pottu$! ua ldlis|lln in Eb.. trE td lFllto& dc.d 4i|,
.hdodcd sd loil dviD||mr Er s loo! tab lint fu it*!. 6.rrdn B Oichd!tu d .t.,

200]).P^fis co@trrldon b IGt00 dnB hi€h6 i! Drlpolbr $it .. @nFrld io 0E

o.rt @ soil (wid rd dEl t95). HovlE.enl FrB ,rt s h!!dd nm
volqocs, loct fiE hr iB d6!{ib i! vqy lo, in rtE tug. of l-lolg9r in $il
(Edrud., r98l).

PIet tu *, B Doltllal idic.to. of. Fdoh .a TL c8&b polub!6 crra io rt
plot body dft|r8h ei.d Ddl'elt stc! s wa ltd &, d.96i6m ofrsrictd-to,ed 6
l6vrt, g.s! dimrddr h qricL.rd {o-\ rdrc !.d r6iE olbtc tln ltdn nm

trdgh wrq ptlr..PAlk llDn&. in ptatr e.fcdiig slvqd nd6 rrcb s iiitid $n
..Gidioqpt{rts sFi.. oFtilid rld .i! ctaniqt Fload* dr !r tll6! cq!b13

.id sil nicrtrbirl pop{t lid (Xrp|Err 2OtX).

h Ml e6 {E PLtt cd€llnrlont in ptrbr tlgE i6!. t@ j0.S0 
|tg rg' (BdMrd+

l98q soq.E $.s. .LFnd o! Db qei6 !n .di|qu.ii.t odirioi .d d|c qDc of
PAH (S.L!ito a d. tgo,lr i! Edtt d ttd v!!la.dd i! E d.po|inr .B h.E t0 dG
highdP^s6qa iddEn tnn6tn (rut@ !d N.idq 20oo).

1a E!!! dpo.lF to PAg!

Cddlnidrio of f@d cbi! i. @ of rl! Did Dn lof qF.u! !o tH pqsarEi

DollurirB i. to d'. hum h.dt, In nid of I930s ir 6 trtdifi.d $!l pAH! !r! @i@t oic

ldMdi. .r ol., 192 d.t d h ib i/qt thd ! nme bod, d.ig opo!. to l|i... tdic
polluhds,t-5 !g d'tm foo4 $erb O.OO!.{' t2 lgtr' pAq tm Mt rO02-3.0 .gd'
PAE ton air In thc ebiqn dvitqler ri. pr|g! co.caiEdoi i, tjC i. sint* s3oo

s @oFrld !o M@ ds io th. lG.! &ldlfi.t hdirr 0tuv.r,, t99D.

K@.ril,2003 s16 inhtuEFrrrhlr intdingp l|! dg. (,.{-tJj,S dr q!!.dcridory



rEci @nw in hmrn. Vhit., M@i. ci d.. t 992 ,tudicd rhlt bt vegd.bks, tit s, gt!ii!,

oilx gdlleJ rid sok d n€lr @tiinjng high.r onout of pAlls 
{tong kg-5 dton o0F food

sunlr hos nor b€.n 6t bbned it €xpGuc io pAtt @hr sh(t-t d hlrlh etrccig

Howv.r, conbined wirh o{td ch.Ei6k PAII! may hc tnc @e of dDn_bm ,yfrproN

sh .s @(fsioq diar6€4 Gy6 iFindoq na{ra rchidrg ud pAI& cae DNibt, totrs-

l.m hall! .fd|s ircludidg cderq jondic., kid!.r, tiE daoasc atii Edn6 ed

irihli@ rnd l|i. ba&&nD of rd btoo.t et|!'llE llialrlioul Asacy fo. R€rli on

q!.as, us Ervidnaril Prordio Agdcy (EpAt ed us &-!6rtnat fd Hdtrh &d

Hlht S.di6 GlHq ns.lsifi.d rh. t6 pAlt s ! posiblc @idoscnicfty (Se bbr.

2,4).Trbl. 2.4clsifiddo of pAltu by [ARC, l.tS-!!A& t-[JS

hhBinrl &sc, rr R6;;d d

Ittr6.t'ly @iro€sic io ilM

|d'dfi.da-imrldEj..€@it,



2.'Ernr@ue olsd pmp.rri6.!d dp,t.Lt BIlg t|.chr
Bi@har ard.d b $il lElp in s.qu.lrnion of 6r6on ut r.due thc cEC @isio. _b6id.s

lhd p|rFni6 bioclE dqrj.d eit ieEd ptt, EC i i! mldn win turd $il
(Lisg .r .1. 2006),IE $itt6&d $d bi*hu cle !.d&tion h N laling .Th. sil
tarcd snh bicl4 cs d..@ $. nirirc klclji8 (Nout ct ,t, 2otoj D4nik .t.L,
2010)- Sirnilarly d. eil !si.d qith biocb!,r ed bisti& shos hs k&hing h mpqriq
qilh ontrol $il (Del@ a d., 2009). ,mc dudy hs ben condlci.d to irycsiglie rhe

bio ailabliry of P in soil vith th. inr.dion Vw p atut F(&rihtdrit) in lh. prM@ of

bi@has rcE F$lL, sh@s grcala ditui66r in t! biovlitsbilily ofp{C\!i et al.,2011)

thi! is de lo lhe chdg6 of sil attuor fd hicnorSois(Adrien tr at. 2010. Inc

furdEr t€s@h wort is ned.d to iNrcig.b thc n..luien of $it ftniliry.

Thc tiod$ rl.ced ro soil tu in@ cFF irldr ii s.r ofNni.aB upt!&c sib il:!a$
biehq aDpliciriM dra t5 &d 20 rhJ bichd addrd ro erizc @p axt i!@$d th.

podn.Nivi9 98% r.d |50%E p..riwt, (to@!.r.t_ ZII).
TIE biahar ldded ro eit lbo 6h!e pLnr Edrr@ DoFly .griilr nbgrt disrc, dE

$dy nr5 bea @.duct€d @ roE.to6 !d f.p!a ptor,, rh. Butr 3tjN dd nng dig$
B tduad h pols @@dcd wid bio.lw (Ej!d ct ,1. 20t 0) So bien6 is $.v.d s dlFe
@ntml 3s6(E@l a at, 2ol2).

Ral-iim PCR E$lrs indicaL thlr inDbvd.nl ofpbrt Espo@ ro di*e @ be e. of

ihe sEar advonragB gain d ffon bichm apptiotio. to eil (Elait ct .t, 201l),

ftc biollN ot nce ahdc6 in bielE Mcndmnt soit thdgh iDlrc porei, in laws.

rnc phnB Bpidly Enw ro sBtah phoroEdtb6tu by iMi.S lt d.gsdlijd dG of

Doicin ed sFth6 i. biahf rar.d eil (No86 !r at. 2ot2),



I.blc2,5 Th..Fc* ofdtfoEn!biomrss biochd on $rh@ NsMd

59.5*t9.7
94.25.1

293

0
343

450

0.65
tt2.1
246,4
206,7
490,8

t34.16
152.9a

r79.Ot
250,23

ND+, Cd2+

NDd

Ni2+,C12+
Pb2l C.l2+

NDd

NAPE, NB,

35081< 700Br350
700

350
600
350

650
800
350

100

5@

70n
300
4N
501)

600
700

4r.t2oc

NDd
NDd

NDd

NDa

0,o952b

0,186b
ND.

ND!

Tot|l @nc.drarion of solubt.
m.t l itu i. $il intcGriritl

cll3r0<cH500<cg65o< cH8oO
NDd

Ir. conenrFtior of ad$rplio.
in r!. 0116 oflroo < P2OO
< P3o0 < MOo < P500 < !600

Tn eour of.rhtlce bt!. itr o.dr of
of Ac3ok AC40 < BCJ0O < BC6OO
< DCTi'o

TPv! heM, total poE votbq NIIA man3 m icrcspoF @aj SA. mcans BET srfac. ar€a.



2.10 R.Dcdirtio. of@nllotuted ewierE.lr bi biiF[rr

PAH tr cie .drce inp..r d ti. a$oEdt if rhc @DbDjfuE lusri, tw $il
to pbnt $ough @1r and d.gad. d'c udqgrcuid Mrcr qulit rlMeh t ehing. Bi@hrts

m ldsbs th.e sroioEs dE to talrc arthc. @ !d +cid lrEl&qc.o .!d
H!ris,20l0).It!c biclE6 prEFld at 500 oC fm dry MUF Md.d pb &d ais2ji.

Eon lqueoB $lution t00t6 dd 779l. rB?ettucly. t!! bidhrB pEped tlo dittcEnt

biona$ shom gEr dqrddr fn diqis (Ch!i, ct lta 2Ol2), polFlrtic M.li)
hllleltboc (cia .i d., 201t), p.sticids (Uchimiyr cr ,1., 2ot2l aflr olh.r 6nioniMr1

Th. bi@h.6 shoB gar clr-drcn sb&msof ftdLlim in prEs ton.4@c en id
ed e fte de srw bi@h4 Educc o fi. DobiUry and bj@hitrl,iliry ofcd 0r) cr (rt),

&d Pb 0D ho Ultisl,Thc eidsd..i.bt pb([)&dCu(tDdeesdb, r9.?-lo@tad

l8.Ln,(rz wid thc inc|e in bi@hr d.ldoar dG (teg cr d, 2012)

'rlle bioch06 als innobilia rh6 HI\,& rnd Ele!$ qiih l€ Fic io dE avi|lmdr tud €rqt

ls inpaas d rh. @vironoar Thc $dy hls be! @i{t!c&d d ttc inmobitiatid of

HMr in nlhi €lncn$ @Dr.oindt d eit, $d wt& shG ih. bi@hr@ r.nsiD As Cd sd
Zn r Edu..d Cd and a by 3{Xt- .!d 4t totd rlsP.diED bor lahi.g onc@rrrid B
mi 8luc.d (Beslc, Dd MmiFli. 20t t).

Mnrt, dudi* hav. b..n condrcrcd @ ln. g@n {sre@npc! bi.clE6 &d SS,oEtcf@r

t[. $lubilily ed bioEil.bitiry of pTEs Thc c.|MF.ri@ of Cu,rd pb wN lK in

rE Sns shoots by rdding g@ w$. cdDoc dd bi@hoB io $il (K!mi .i .t. 20 ).

Si6ikly, i. @ of th. @didd ofSS !d SSBC o eit cts*tdistiB hc ba sdi.d
dE rsult sho* tld SSBC Lss pldt a$ilabititt ofcd N! p6 ,nC Zj srd Edu€ lehin! of

C!, Ni ed Zo (Mc!d@ cr .1. 2012).

Bimluu hlvc 1$c abilit to MoE oB&ic Fltddb noo $it, vd.4 sediMr ed ale

td@ $. bi@viabliy oa th@ orgsic corhriN! ro ptant3 .rd l[6 to o|8dhm5, slf&



tn€l,loMzLtc (SI00 lcrching ffon soil Educ.d by 214 % ;n bi@hu .lpli*ioi whib

viilsn bio.h6 60 % t.ehing @@td(y- cr ol., t0r2). Th. rre dast\rd @Erlrid
of !^s h ss @ b. d&arcd by rddirg biehe nflo 57 y.( rcp b.cttiis 6.t!o bc

lrduc.d by Bing bmboo bi@l'r i! $it npto 4r4 Etrictr prwlt $c flnn . dEoirdio
of srf@ and gbund{rid od r.ducc avrit litiry of the @nrdni@ts n pt It (Olffi,t
ct rl- 2012). Thc hiehd.dditi6 16 $il @ ..d@ lobl pAH cde,rlion (4,9306 m8 kg

n) bio.vlihble PAH 276-182 Dg ttr ud cdc.DrdioB of pAH i, .r!dF@ Ejhja
rdidr (up io 45y4( cna d al., 20nFc t@ch snos d,r, bi6h& !, . Fwstut iool ro

mm.di!& r)c oE .ic conrloiMti. it is v.ry ihpdrdr b mldy ln. mehdiq ofbiGhe

aderDrion d eQtioo b.r.rt o lsy rEihblc G@.l! S:dFi@ incdDaa. both sfta
.ilsrPlion d well d pouurarl frol@ul6 BidB in {E psrririon of biootE DicBlo6
en@ s rd!.rDti@ rfde b tlc $rtc int.rlim tading ro adl$sih of @Erimt
md@l4 to srfae bi@hr (Ch.n d !t., 2Ol t).

Tl'c a&orFion of orgsi. potdur3 ro bio.6!, mldc d dE [ish tanlEd|E *lEai d.
orylion hoinly due io plnifon bes. porritio, occ in rh. unc{$onir.d tactiq (Kqon

Iltc piie redle bidirN prcpsd !a l@-7OOoC b snjdy trc $r!ro, n*hois!.Itc
@lr.s sh@s ar lN lyot ris d. Fririh ru dmiM snih 6 hign EnFlnG rh.

adsorylion *s ddirur in nccdL bioch,r{Chcn .r il., 201t).rhc qudrtficdi@ of orSldc

Polllr.lts adsorpri@ dd !.dirior hlcd d EtrdE M crtoiizld ad qltojliz.d terio
bi@he snft€ !H md bolr p'oDq$, (Chm cr !1., 2004) to ilt.dify 0E soario orp H6 on

bislE !3ticl5 X{y nic'scqy hahod {s u&d ..d fo{d da dtM$m d.rGit! if
Fimry "dckr @ bich6 prnict6 (Obd et d,,2oll).,nc p.p i aaclid hchdis..d
tEG lcllirS sl,Md @tributim 16 d..oltdon of dSuic po d!!r, dd inoE!.d srDrifl

in thc p6cn* ofbidhe (Qiu €l!t,, 2tXD). D6oiptid Li&ric irdi@t d rhlt itE o.rdcd



$illh@dr tidrEr 6aibr. ro dw dceQlior sd srllg binding of rc" in sits( Irr@ ct

t1,2009) siohoB.pptiqri@ dh.E lhc $.flid lnitiry h ilhs of 6 diml! sh s
dionic (tlillcr el .t., 2004 .rrioni. (Shdg d,t. 20Ot ud dihD (yDg.nd Sn .g 2OOl).

Pftviols re*eh {o* d.noBr{.d nrt ctMiol sr,ucr@ d prc0.ni6 (i!,
htdophobicity molcul& might, pheiry) d El c surft.e ,poc vohme intEcd
nlsoQri@ io chdosls (cohclisn d al,, 2oo4; 2oo5; au od pign.relq 2005; znu d !1.

2O0J; W.is .t at., 2@6; Cfta €r .1. 2{,07).

T!. bielDt intoduction to $il6 ctqe€ it ldlorprid F!p.rri6 dE io aiiDmdut
factc s'!gh ss ln. imp&G of @ai$ii&ItE oEdic @podd wirh nigh hydlrobicjry

Edue lhe iderplion of LMw @ipo!.& ro bi@tjad (Sddd &d pignarclq 2OOj; \v g

ct al. 2ooq.ai@har @ br lsed ro .@udg. dedirrion of@nr.einalcd soil s nicmbirt

6i6 (cha .t rl. 2012).

Diclrs @n lle t Led in imobikrli@ of orta o.tmiimr $ch s tutie.r ctcmcft

(Ye cr !1., 20lr) dd adi@wli& (Kme.1.1.,20tD. ASriqftE 4riviti6 @nrn:bui.

orgdic Bh io lhc dvib|lMt sgricuiuE prn sEt s @p &d uimrr n!re @ uscd

to rgri.ullurc led ro imprev. sil fcdilit bele of 6!r6drnt dgdic conFi.nB d

c$hdd clem.nr fiar pld|l n..d (w6t.fu er El" 2005).

Th. n-h&isn of@niain &d $il tu diarim wi6 bi@h,a b shM in Fi& 41.

Hovcc ihc !* of agrixdtft s.r. io $il my 6r I'iBr! d* b.@!e of motr dd

tehing of! ud N qnicb d..toy rhc $rfe nd uxhryto|Dd *!tF qudity &d @ elg!

lddili@ io eil eunol.r. d6ir h@l of cLn6t $d dy @tiDindc ln.

.nvimcnl .sne@ lh. @nv4io of SS to SSBC ..!E1!g dt. rilk of IrM3 l@ning .d
rle @ur eductio in lh. bi@v.ihbility offlMs io plrnts (Mdd@.t .1,, 2012).

Thc bi@h& 0ppliqrion a@ull for 80.9M of iot l uptrk of tn@ lloc 
'. 

$ib ad

*dinqn (corclie ct ai., 200tso dlcning ofrlriculhc wsic irto bi6tr b. h<l



wy df sas. n !g.|M1 (Fi94.l;4r) CdFridg is @. of n rhod for ,lcrrli.s of
o3nculllft *!5& tur di@r @ of lhb vrd. io !b, a ow bdhig (Buhd.t st_

2001).t[js Flc @ h. p@x.. by hv.nirg $tu w.ic in0o !i@hr *,tich tu ffi fq
c..bon ed .n r&/ sl]{m fo! ni.o orgriss (AdNrali d rt, 2009). Ca4oaing of FoXry

mE Ed@ fte @.tl ard r!. 16 of !i'p4q widj i bda@ iutri.it @Fsjtio (DiG .r
.1, 2010)- l3io.haB povid. ltrsldtik @tbod! fd disp6jnS ofrgiojtuE e4as
HorlE biEhd is st$ a tund ofgr!|t co@.,, &r |sEh b6d!. of ir, toliciry, bccals

bi4hlr @mix ofPAtt. IfitE Lwl ofpo[$,1, i, mdaid ofbicll ,!rs lh. d.rna4
it will tue thEisr to cnvnom.rt oe dEy e !dd.d to $it or *a!d systa, bur thc

mMr of rhir PAH .one!t".!io &D.ndr prDtri l.nFlrE, ri. M of 16 p^ll

sigrifitu y d@@cd in SSBC ii oijr srldy s mpdE io SS, Vori@ tu@h lhows dut

PAHI icidc bi@l'a i! uowit blc io phtrq hoB6 bictu .dsdn {F o€oic

@boinan{s o! ihe srta of bi@lD &d Cau$ padnion of oguio conrmiMl, mol@tr

ir rhc mioo poc ofbidhd (Kh a.t. 2005; qEn ct.t, 20u).



Chrpt F3

Quanrific.fion of pLE! aad E .ttl Rirk vtt Irg.sdoo ofvcg!&ble ir
Ktyber p*hrunktwa

Food .ml hr.ni,.rie wiI[ pot €yllic .dtr lic Lyd@rbdB (I,At r) i5 . gorhS
plobt.D in lt tc, nqropolrin cidB ofrhc *q6 d@

sruds.rppricario4auromobibdn.".!*,,0""*0,*;;H'"I*ffi
ar.2005; Kh.n .t.t., 20t3). !lB. poltqbnr iounulal. D OE eil irDuch inigation ad
&iial dcposition ond rhd cop upr*c {re po uranr ,un ric sil Itugh tur (K}4 a
sl,, 200?) Md lhqpheic ejd dep6irDn d plrlc stich afIei lhc f@d queiity (Li a !L
Zlo8)lir dd r@r |9t t @ coEid.,ld s t ruh FlrLurs of lAtI @@uhrio in
vre.Ebtc bur lhcn.dry EGdy d.!.ds upo,r Ei.ty ofr.S.rsbq lo.ltiry dd Darxt of
PAF @npou,<ts (vo8 ct at. 20t D.

Lilc ody orh.r colDrdes, te wc1ca"t r idi'ario! h a co
r@.6 pftrcr 0o ua ir b€&* of'r bcnc'cid orro 

'd 

m r!'Ii@ i! Pal<ilbr ns

sbwth(J'' er!t-2009si*.r4rr,-*.r,r"rffir#:,:r:
rhc *srchrd 6E co,i,niollid of bit ,!d fo.d cqs (Hu. .t !t. 2ot3) thoughdBiE a@m!t rio of Fsincrr dg&ic cortsnireb ocn * p lts which aus&h$ ihp&t on .nvi6ond! dd h!Do, h{Xh (S@lr €r dL 2000), pod qurtft, of

sbudwrter &d t&k of nsn artuc w.rer tor iuiSllid! hlec Eelr.d i, tll. u$ ofwlstclur.r tor idglton iD ub.. ed p.d{t€,r !cd5 b h}i5r&. Lc iDd!.s ir
loD{lation and ub,niario or&d In! shql!8. of ,B[ h
E$l'g of ,,b,n *rrc*!r., i, **".* *,". r- r,_ff:::ffi l;mo cilie of pari$o! kB 1.83 r tO? nl h,r Gl{o 2oo2i whire d$ totat bobr of
usrMfur prcduc.d in I'*isb!r B 962,3]5 ni0jo, gal@j (4.369 x I o, m,y 5. e crh't



ounryllrdc wrsteMtd 63c$ocnr hs drsn rh,r tot.t wr.r $prly is 4,6 x 106 nr d.yr,

.nd .bour r0% ots$rqa&r is us.d for idcaiiig .n rea of32,50{ h! (EGink d d., 2004).

Ch0mctsrisrioltt p Hr s. D6ij&nt hydbphobic .onllnjDrtts cNtuiiry of tf,o or n@
mmdic tt16c dng3. pE$Dr iD N&rtcrrrcr, pAIl, @n trrrel oB. to.g di,r&@ b.toE

dcFsiiion dd may aoMlhre in dE f@d c@p6 qhiclt hqnt cau$ hhm n ltth nsk

(z.hrir, 2000. PAH corraii bort tow Dd@dr rcisht 0n w_!Arrr) dd high Dolold
rci$t 0rMw-pAHr) .obpolnds. HMw_pAHs e n@ sauc and ioxic th& uvflv-lAlls
(lhrEl .r rL 20Oq which e n@ Etarite! mre. brubl. a4t ls lipophjlic @po!.ds
(F.'es cr rl,, 2OO8). US mviorn.dd Foi.(rid lgocy (U9EpA) tB clsifcd rhe t6
priodly polluLi6 out of no6 rl,& |(O p.{t lrd s.v.n of HtvtW_tAHr .!nsid.i bei.g
D6ibr. orcinoSdic (Mich&l .t at. 2oo{).

soil h $c uli@tc ndd@9. fd $c pAl& eidEr n i, id$Sr&d by s ,Fpog.nic or iatunt
&rivnici TiE .h.Ei!.t srErir!, noteuh. wign! v.por FEW tu ercr erubitity aE
c@tlr chhred lh. r!r. of I,AB rudoiDadon (R.id.1!r., 2000.). HMV_pAlIr m.n
sliblc in thc @rim.m duc ro tow { lritiry, 6isrs. io tahing &d Ertcir.rm dtuc
(Jon6 .r it., to9o. LMw_p^I]! F6tr for shon drc i. h dv@nMr dE io his!
rclalility, qlrr $tubitit ed h$ liDopbilj, s oDp.i.d io nMw-pAlll. Solubitny ofpAH
@mpounds d@$es in Nar.r, kih i,DE idg lhc rbh.r oI El@. Mgi and !t& d.p.trdr
upol rhc pH, iMic siqgt, ranpoltft, ed ihc p6sce ofotgsrc tuid,lll (i,a diliotvEd
o4u'. @6on) oi..zlnsri ct al., 2000). p^H bioavtitabitiy in rhc envircmqt ,tf€d.d b,
$il ch!@rcistics (orsdic narcB, 0oduE dd .gSE!di@) !,d physiolog of$e @pbs
(siok r er at., 2006i Hrmea 200, which e chmging w,th rihc ed *€rheing

TiE food cep uphk6 rh.* tuirc8cnic pAn rhdgh Fors,ron i[. $iland @uuhrc
th@ in i|tt tis.s (Ji!. .r.t, 2OO4).,nis food ch.in mul 6 corsd.Ed .s one ofitE



sedous coMdr ed bns i. 90% iig.stior of oniaindnl iito rhc hul4 body

(M.tuell .r aL 20lt). And *p6!c pAlt! clN {t D,e. to DNA s . @ft oe
rttdioN, EpoducliE.tr*rr Dd @@ of lusr unMy bhdde. Dd cpintofy tlds
(Boeni cI d., 200r. 30r./"of hldd 66rrcrioughrto bo ds! rhruSh cxp6lEro

d* chcdi€l compounds pK in t f@d (M@r ct d. 2009). pAE rlrslelrios
fim eil to pl!r* d.Fnd d v&ie, h.roB irctuding plmt qEi.s, $it ricDbial

@uiiry dd inid.l eil @cdr!ti6 (Icpu$r, 2oo4). Iis6 d.t. (2002) ndtioncd

rhal wgclrbl. G@t, Dohro tud tcfiu@) q uptate pAH! tun @DrrniMrcd soils,

SiDil&Iy, caorqo ad Tot.do (2002) !t$ obercd pAH, h !np.s, appt c pa,s, ionoto.s

c.bbag6 lid lcilc EtlM in B@itim nrat &a, to@bd M.b, u!r.n 6l.13.
In Pakieln, a fcw snjdi.s h.w b€d, condei.d cg.dilg pAIl! ii dE dvilDmdl Gne ct
rl., 2008: I'eoq .t al_, 20l t). ltoftq, rc po* hG b..d hdltra*en cgardi,g pAIt uptrt ,

au+olr!|ion and bioelDutrrio! in rcgchu. sDM o MsEw.cr_inj8 .d soib i,
Krrtg P3l$tunr.SM (KpK) Piwin ., p.tis!. h rh. !tudy &4 !gic!h,.t 6m, ,c
iniear€d snh ws|.wat.r @Dbi.iDs ! bin@ ofpAgi .nd 6 ! tdri cutnqbd-Es.bnks
€! ablolb tfie polu&rs ar hign bvel, ft@fo,q ihis study lioed to n@ird thc lAE
ddbIr.rioB ir Mjw.rd iriglEd 3oit lnd wg.hbt , d.ir upr.rc, lr.tur@tio. .nd Oe
hman h6ttn .Gk eilr.d *ih hg.nid oadi&riDt d ,c8a!bki
3: lttrr..ilt .rd h.thorb

aLl Studr aEd d^cttttbn

ttG study ws onduct d in ll JLtri.ls Oavins highly f.nit. land ed cn@iwty
curiiwr.n wnh v€crlbL) of (p( &ovie., p&ki'|!r. Inc olin ciri6 (p6h!w
Nowsl'.hn, Shbi Mrldaa Cl,rEdd., rotu, thr|l, Krdq rr&i M!ft4 B@u ,rd
DI Khat) or tlft pDviia (Fi&t.l) rcE slLrotcd for e !d les€ttlrc wplings.llE
fmleds in lhse urbe^uburb ds idigrtcd wiih mwrier (m* of indBries,



ft&sto , or washirg siltioB dd dmqnidGiddniot !.clo ). Ilc hftu D€fd ro

irigar. $en dqu r n rst *r,.r b@r of cdrrini,E high nuridr @rols TIE

wlsLmlg irigrtion ha cru$d th. contdidrioi of $il dd wgel!!16 wirh p Ils lhich

may h. €u*d siou nsk 6r huM.

J-, SoI srnpurg rtul chucr.rtaiiot

soil spl6 (G20 co) w@ sdmlr oUeLd tior rsdolbal lrnds, te! dricq sidcd

rnFuch 2 mm nBt .rd srocd d ,20! h FF dwt 46 mril fidB etjs TtE toiic

ch@kikiics slch s DOq EC, pfi, N, C, S, Drlrich lir od buk dlsiry l@ ItfuWd

3.4l| !t supting.tut pEp.ndor

sr!'dirs v.g€r.bt Mrl6 iEtudiig nusnrd (tr,@to dd), ndi$ lR4rsu d/iwlt
diat&t (coiadtw sdiw), .6tin.M @w,ie okrea B), obboe, (r,6/e
otMd C), ctr$ (D@ e,ota\ tunic Ulw,i@ tqa\ @ (pbw sr%), hlrE
ll^aaa 

'di,o 
L), setb Uni6 ,atiw), sli8l (&tt@to oktua, sd oIim (_rlliM

.drd) *@ @llcctd non 0. se rir6 wh.G sil sp|B $@ coltcct.d.lr harrcsq

pbrrt sd ruh.d witl Ep erd ro tuorc dl vilibt. eit Frrictd ed fidt' *ih 6ubl.
dciorizld waftr (DDW} Ti. wh.d ptotll s/6 wft n@-drj.4 CMDd bd sl@d .t ,



Dbr. a.l lhysi*hdi.rt cheer&btic, ofdlld soil h klybor pakni&t!*aprcvina



All soly.n6 w.6 ltplc/spen! gEdc purcn4!.d frlm Tddi! Comp!f,y hc, USA. Slm8nd
srln&nk (pAH_Mix 24 dcdd.t 4 r!2o95o02tttE) &d Gfrt!@,n&iirls (pAE_Mix 9,

)a{20950{0tc! *@ prchlrcd tqn d. l.ho.rory of Dr. Ehturdfd, Aossbur&

Cdm.ny,Siliq Cdl, llunina od lodiuo slulto wft puDhrsd tdn SitrAnm Chdicsl
Rag6l co Lrd. Chin!.

3.1J pE ddn Eb.trb.l.ad&6,blBq
DH !!d Ec (n-3) l@ n6ured i, dci@ied l{!ld luspc6ion, or eil (1j2.5 v/v), qing

A@n.r )(L 60 ndd.quippcd rirhhodr pE,nd EC .terDdd
3l,J Ntboe.n, @b6 @!! atfv
Toial C, N ed S in soil, rhseDlm.lcuweE m@,!d (n-3) Ning

'rurl.m.ntq(V.rioMd CNS, C*||ey). Fd 0lis dly @hesim !c.ss, loil (40{, ng)
spks *eG p|lBed Birs cmbodion tenFrrG otr) lt{qq lon @bqnid 0D)
300'C tud rcduction (tB) 8J0,C. rhitc Hc flow w!5 680 oLtnin !s noiion d ii 6c

Soil prnicte sizc w6 m6ued usins lho Mos&6tB 2OO0 (M!rv.m bsrflhe,rs Lt4 UK
3..tJ Dltsolv.! org.ltc q.bor (DOC)

ThG vdu. ofDOC ws orF*ird (Fl) ritn 4 ml of rcSOa du6d (0J M) fm 4,0I
hoiJ1 llmple by lhathg foi I h !t 2O() rph (F.ne er at., 20t2). Afd hrijlgarioA dE
supqm|.l Ms fitrecd od ddyEd for DOC cing Tor.t (lRh Aratrzf (IOC-VCPH

fte powdded snpr.s of v%qubtc (l g) ,nd eir (t 8) l@ oclcr.d rd p Hs NtO
dichloDrE6a (DC[o,rd @rm (u aio) Bitrg.c..b6d $lhi, dtla!fion (AsE,
Dioq-3t0. And Edwing d6 cxr!.b to I DI {lolgh . @ry cmpdtror. sirtt



cl'sDalosdphy cohru *.8 us.d !o prd& thc hpts Gna cr ,t., 2008; Vsqs ,t d.
2013). Ffr olu@ cludo'r t 60 Dl oi$F of tEr@ ed DCM O:3) B !,.d ,nd rh.

dutd frtdios wE aglin mpodr.d up io I nt dd rmf.ntd to Kud.M_Drnjsl

qr€ Erdr and rirsd *irt 10 nt of ehd4. Tt@0r, dc ctur.d ndid w !g!ii
dducd io I ml u(br nirlgd IB dd F.Gf.ftd ro a 2 nt vid qrr.d with ! Tcdon-tincd

sptuh fo. aDobaG ofPAHs,

Thc fitrl con@trsrcd€ldlc1s r@ etyzed for t6 pAr&@6 rro.lc(N ) 6ttt&E
(Al.I), @mpt!hrt.n. (AcN), atulinph.ic (AC), nwim (!D, b.,rzoo)fluoMd@ (BbF),

pttunrhFne G'HE), o!da|dr@ (FrA), pFc (p1,), bcna(b)6iitll-ft (Bh.{), ct y$G
(cER), b.@(t)fluotudE.c ( BtFI beh(!)p'tu. (B!p), inddo(l:,3{!d)p}nrc (p),
dibenr(!,h)sti@c (DIrtlA), b.@(s,r,D!qyl@ (Blshilp) usirg GC-MS (Agitcnr

Th. ctreriva6s ofASE ql,!.rid {d s,lio cd@ Ftrifi@Iro. ror pAfl rMvqy tim
sil ed vcgcbbtc .r'r€ch B chet d using $mg,te plHj.uidlrqt sr&brds
(elpbthde dtq chrysft dt2, Mpl h.ltu di, Dqytd. dtz dd ph@llllw dl0), The

d'dc lhow€d erb&.rory eov6y, $rh r[c .@g. lercry rog,re rilo 83.r+8r% to
94.6+5.4%. Sinilarty, Egqr bhtrlc m& atso irclud.d ro check rh. conr@iMlion oftAlts
duing .xtrlciid hd pkifcrtid Foc6.i

lhc c()I6b.rid of 16 pAfl, in I[c .nrd.rs of vrgdrbk ed soil q* 6k!t rcrt a dr
bosir of dry \veidr ptaf conbtrdioi frdd (pCF) M c.lcutrred 4e follds:

rrr=m (cui .r !1.. 20tx I



Wh.c C,b nd Cd Fprlent rhe pAH @D@ntrdrios in plants ed

3.s.2 Dtib ttt.*. olpr$

Thc 

"!ny 
inrrL (Dr) of p^lt w d.rcniicd b, l[. fol@hg .q@m:

DI-

Wh.rc Crrr, C6 DN bd dd ,,'q sA E |tsr Uio p{H cod@t6tio6 in v.gerdlc

r nrcro3nDs F kilognrA @nv€6ion &ctd, daity hukc of vcgdlbh hd avc6g. hody
qc'sl't, cpcclivdt ?\ @Bid f&lo O.O8j % qsd ro 6vat frBh g@n vcelrlbb
wi8hfto dry weieht s dcerib.d by R.da, d !t., 2005. a@g. dlity rc8.t btc inr.t f(
!duL! !tur chitdh rcE c@id.Ed of 0.345 hd 0J32 tg p.lui dr, Mpicliwtyl whih th.
!E6t .duhr and cnilda hody ftigbs *.c .@id.t!d oOO .nd j2.7 k& E{eriEty, B
Bd ir rhe pais snldiB (Cc, l9t; V&g €r at., 2rCj).

Tnc iotll toxic Blp.quivalor (Ite) for *tccrcd pAIb s ej@t tcd qinS dE fomula

TEQ -:CrdtIEF (Wss chl_, 20ll) wtE6 cN _ individult pA{ colbrrtioIs Gg
kd5i.v€sdibr.,whit TEF-oonccqlintocyflarorro,pAH!sltbyUSBP^(2002).

Thc dll! y@ starisric{Iy ,Dlrzd Ei,g Oc sladniaj FdoB. SPSS 11.5. Th.
nauhoh *@ qDted h r..e! of ned, whih rh. fuB Fellrd ihl!6 r6t6
od st$dad dcviarion oI rtarepljer.!. Trlrncnt diE enB }@ Ercd Bug &.tysis of
@dF. (ANOVA), wnib for @a, si9it€n@,tutcyt tn ,q u$dwitn . l*l of p<0.05,



3.6 R6rlt rld d&.6ton

Tallc 1,$mmizB nE c@@rEriorr ot pAtb in $it srpl6 @t|{ied lilo th. s|dy

md. fie j@ of 16 FAI| (E l6pAg) conhr|litu in dislricr p6hlwe mg.d fon j86-

1345 ,!g Ls:r with r @n @rrioo of 929 rc kg', tn M.rdd. lottl pAfls tugcd tDn
383-724 13 ktr Dtu of 6i)4 Fg t€'r. h Ctw$dd!, d. , t6pAg 66iEtid3 dg.d
tM 196-738 pg ks_I pirh d* n@ ctredrnih of j6J 

Fg lC',,t tc in Nmtd. tugld
ftlh 53ii.t55 tg kg'wirh drc Da @|@rarid of 751 lrs t€.r. h dliricl Swn[i,

I l6P I|s tugcd fM 348-5s4 tg kg ! qid {F hq @rqurrjoD of 499 t8 1(g,,, whjL ia

DI Khft $.s€d fion 4?-SlO tg kg.' wnh tu nd @@noaljon or 668 !g kg_,, Among

t@ highr urb&ird dildic1s I€ $il in disri.( !.3i!@ thovld rhc high.s
@h6imiio, wirh pAlI. folow.d by No$sth. Iliogh lh. cmdr iN of nutlsdic
tTPAIb wcE food berw d. nrxjhu Fmi$ibk linir (423 ns tgl .a Uy o" vini ry
of EnviMndlat Inde.tiol Chiio (MEl 200a.

Ahoig lh. t $ !6aniz.d distriot!, rh. conm|'ariod of,I6PAH Erg.d noo 3rr-506 !g
tg r wilt thc 6@ @Mnr.lrion of436 tlg tgi, In disr,i.b B.!g,r, B&mq Xrnk, dd r*ri
Meat (tcss ubni&d dislticu), tt6PAB @@.i.dim m!.d rm 2.694]g,1/j6_3%,

20H22 &d lj5-246 |!g rg-r, E pariv.ty wiih o@ c.|@rrli@ of j!4,341,288 ed
213 re tsr, Esp&tiwb. fte dd6 idjared !h.t rnc jojb @lt*tcd lioo lB urhdniad
dknicE kE o.rlin d t | 6pAH co@ntldo! low {En hrgnty ubari&d disr.ici!. Thc

ol6F.tos of hdrgllic tTp IIs wF ato foud wirhin naeh rEmisibtc tinit
Ijrg ian w&(dol* i,iS!ri@ i3 @ of llc @jd.,OrcpoSdic s6 IrsroGiU. fd
eil md v€gcrablc @ft4i'aijo qit[ pAH! b rt. shlb 

'@ ofuboiz.d cid6 (Ktu .n
ar. 2008; Zhug et !t., 20 t I ). rlic pllscnr d!d, fMsd o. t 6pA}l c@6r ioD3 b sit od



rhair eu'nulnrion in kgcaoblo injg.at ynn *ldcw'lor i, rhe ubniet disricrs ofKpK
p@in@, i,*inm. Aomot.iion ofdt.!. p.dsibl. oEinogdic pAlls iD y.ge&bt d rhen

ebeqenr in8csion, inhlbrrid ofdud.nd d.n d 6nrd e Gpomiblc for odjdhc n

a.M in rhc t@t poput rid Difii'qn 6@ri6 tuv, slr ditrc&it p.misibL lioib of
PAHS fq soit rnd vcearbb hd so h. Fbtjrti! EpA t6 mr dlbtishcd rtE tiDirs &r pAljs

in eil dolysran ed to.d c,G
la tnis sr!d, ! sEr veillo w obevld id rhc @!MF!rd! of individEl pAH

c@pouds in lle sojb @lleled lioh ditr@r di*ic!{ ForcB, NA, ACN, Aq FL pHe

PY CHR, BbF dd Bl(F wdc dqded s pEd.Diier @Dpourd! h ite sit! of KpK
povin@, Th. soir Mpl6 of high ubeizcd disricb Otshaw& NoBheE, Ch,6sdda.
M!nh! lid Dt Kh.i) rw moE turmiMred wiLt 16 pAHs the le uft€,i&d diloi.ls
(l(oh4 B.iiu, Kdt, Frrgu ed &r&i r,rareit). fiough u. cnMrlnlions of LMw_
P }|s (2-3 dnss) qft @&r.d for 3t.7-35.9% *nib HMv_pAIl5 (4, j tud 6 diss) i@
@!tt.d for 40.249.3, 6&92 ud4,+j. ErperEt .,IE nEd orpAH cd@fidioE in
rhc eil of lhe study.e re obsd { iI olt of ltste > Nosho > DI Kl,o >
Mrdln > Ch!6!dda > SwU > Kot8r> I'nSr > Bonu > x!r* > btli Vlet (Se
Pig.l.ll.TlE highsr D^lr tcveh *E obw.d in 6c ,rbltt !@ ofhighty ub&iz.d
disfiors b.c!E fic tdDlo& in fis @s l@ n6dy irig ed wfth ssicMl4 frd rhc
ldst thidy ycrN. A@diDg ro Weg d d, (20@) msrcwlier ftigarioi .id qbt d€pGirion
e fic rajor ou@ of lAIt in dE soit of !rt&ia! r@. ?AIr! e Gt as.d ,o
.nviEb|qt rhDusb v.hi.ulr cx!!6t @isid, ind$tilt acdviticr, pok gdenriol !r@l
m!t' oil r6!s (An.aEE vrz, 2t)O7) wrn.ut . idt.rioa shdgc .pplierims dd etid
Br. dispo5il ctsi €1.t. 200l; sl,i cr.t, 2oo5) phich d. colrilnina& $it and gtDh
wg.trblc. In nhc srudt ,!ra BKF, BbF dd Dlp E! ,tqbrty olErv.d (jO% sDhn in
$. Irb€r !'B *h ich ,E o@ tdic rnd Fsircnr in mtuE.



Prwiddx nu.@ {udie n vc b@ stoq tid dE ,!bd $ s rft dhniMrcd wid
high6 oD@rtFriN ofpAfl. dD tu t eib ($1ctc,2O@; Mi.lt ctat-2l1l4i?1tuAd

al- 2000. In rhh study, 6 bovins r.wds t6 ur{lizcd ,6 (Ko&at B@q l:ti M,Mr
od Hrnsu) rle lgricutiudt fEtdr rft ffi nlqudrl, iniS.bd wio urmG., itEEf.c, ir
ir lNiblc {Et vet q{ dry dep.sirio ould b.lh. ordd eus orlAH @nraDiEtion in
lnc sil. Hdwdo, tnc inpur of air bnE pAIt 6 dlo c@ide}l, tob i! rhe dist ids
6 @npo&d ro hist y !,baniad ,B od daHs€d wiih ift@n:g itE distle ,uy tm
u6!n 3 $. A.cordins io €tGifioriq nddolcd by Mlti@sk&Kordrt&b (t996) for

tPAFs in soil, 36% ofde sit senplds (60{!1000 $ Lgr) w@ @sjdc,.d 6Lriur.4
vhih 6!% sple (200-600 tg kgr) rcE dodcd s *q&y qEelMr.d Cr.btc3r}
It is imponrDt ro in!*rig!L $. odgin of p?\Jrs p@it jD rh. ert nvibDdt, d@fdr" itE
Dtios b€twccn HMV-PAES ed LMw'pAt'l (Soto.r d_ 2000) tud 6rj6 of nA !d py
(zu d .l_, 2oo8i BudziBki cr at. 1994 D@ u!.d ro irvoltigar $! orjgj, of!A& i. rhi!
3tu/t TIE adcdlr,.ion of py i .on@nty [Lho in f6il tueb dd rhc @trhrarim o{
Ft"A. (sendcN .t rt., 2002), lhilc dost oflrvtw-pAlls conpoMs G rEro&iic (Bdo cr
!1., | 990)- t he pyolrlic @rpoud coni.hination tu dmiMr wilh HMW-pAHS (Muel &d
&g!.o. tt8t. Tle Gdo of l,tvtw_p l's4trtv-p lts bcDs sr&r tllan r indi@t!
rtrD8hic ! lI @rllniuiioq wnib ntlie oflLAlF1 b.ing l.s tnd r indicncj pclrcgdic
dqiwd PAJI @6hi@tio. (aehr d .t., l99O; BudziBld .r alll9yli Soto ct .t., 2OO0i

sr!d.6 €r rL 2@2; Zu .r ,1,, 2008). tn th* study LMW-PAHdHMW-PAg! I@ rFare
rhe I rd dr hric of Flr'{/py lft 16 thd ,, luggecing rar dE origin of pAIb iD

4riqltuol eits sE bod prrcgaic .rd FObSdic in fullF



llbr. 3.2 lAH concenhtiotu (ps tg-r) in rh. soit @thci.{t 6oE Krybq pstlrDt rw! pro!in*.

,.*_ "*-_ *it*_r.1a!esstr-&tdE-(itt6tGf,ffi
for IPAJJT ir soil d6.@.iDiirr.d $it (<oo $il (200-600 u8rs:), @ ldiftcd eil (6oGI OOO rg ks'), ed tavil, @nt n@l.d $ir (>r0OO ug t<r,)

F8 kS ),
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3,62 P,4Et it yeEa. .
T.blc l-, M@n6 ilD c.l6r.rioB of ?,i}|, in vcg.nDb spl6 6l.(td fw
rsawr.r idi&arcd nd,:b. p^t{ @@rt6riN i' v.s!i.bE rw srcdgy d.p,i.d m
g@ing siles e,g dE tupks @thd.d tqn highty undir.d d!$i.r:s srl c ftsniw.
Noeshed, Ch@dd!, Mndlq Swli rd DI Ktur qfr highr, db,iMild wid pAIl3 s
@np€6t to t.s 

'rt€niz.d 
disicrs irctudiig Kol,.q XlEtq bttj M,Mg Frngr sd

Thc bi@cumulrrion of ditf.r..t p U conDoui& (bs.d on o.Mft !ngs) *s g.r{dly

veted mons rI. etared we.t ,htc &d dilrric!, LMW-PAE Mpoun& we nieho thd
HMV-PAJI @nDoud @c€nrrllidi Ii dist icr M!dr4 tc nir||.n 6ctrr.!1i@ (402 lrg
ks) ortr6 PAH. @ obsavld in & lcis blto*rd b,s zrra (39! !g ts) id dirrir
NMhc6 (IiC. 3:). h pc{.vuJ. lorrw L B obrntd hiighly tut n;@e.l v.grfrUc
vitl PAH or@rrIio. of j]l !g kgr s[au i! dbrid Cftlrsd& dE higby tutdirdcd
Eeclrblc wa r. ,1,@ B wirft p g d@ir.iid of 276 |lg tsj..'' ,alra aeELr.d
{'c high.sr .ore.r?ri@ ofp^E! (226 Fg *g-5 h DI Ktd fo[o*rd by ilc s@ v.C.6ht

( 152 [s kc ) in disricr sMbi (Fi& !.2).

In. v.g.r.bb goM in ligh u6.!iad ,@ rh highly drini..t€d winr ?AIG s
onFred to IK ultlmiad aE ,In Kot t,4 ,4s!eq!br.d th. nighalr ct)lblEtion of
PAH 049 18 l(gr) s 6np.d ro olhd !.h.rcd *gct bL tm rh. sm disrricr R Sdle
I otEdrd 4 the Eod contlt iidld v.g.l$b id diltri.b tt ngu, &dI ed lrti Mar*nt

sith n6n P H @renrretions of 218,t38 aod 90 lg tgr Ep6crircly. t! {tistid B&nq e
Oirca C. E oberwd highly @r.nidjd v.gcrrbh wid pAItu of l77 Fg ksj (Fie.

32i.

h la&rcgerallqNA C tins pAI0 s @8!d td iJ-sJ Fg tg.r, whit ACN, !t pEE d{,
AN (3 ridg PAHS) tus.d tlm t -86 rg kE ,, HMUr_p^I{ imtudiig !r. ! B.p, CHR dd py



(4 dns pA Hq Meqt fM 2-?o rg t8f,, whilc Do4 BbF qd Br! (5 ins pAr$) ms.it fm
2-42 !g ksr lid Dtahl4 Blghi]p lld n (6 dig pAHs) Erg.d rM bclow d.tc.lio! tirir
ro7, llg kg_r crabk 3.3).

In ude'rround bulb vcg.lablg srct\ s A. sd,tu sd A, dpo, bc co.mrltitu or2 dns

PArb 0\lA) bsln tuf, 3G4J ps kg',, 3 dls pAsi (ACN, n, pta ed A.r0 mecd n!6 r
6 Ag *8i,4 ing PAIII (FL e BrA CHR.nit py) n4g.d tDh 417 tg f8r, 5.ing rAIIs
(BaP, BbF dd BkF) E.sed tom 3-t8 llg l(g'.in 6 dr8 pAss (Dt hl4 BGhilp lnd IP)

insed Fon bdw fi. d.r.clion limir, lo 6, t8 tg' (t bb aj}
h the @plcs of D .d!r4 & dne ed A xpa 2 drg pA}| coElood NA) @g.d nln
5l{6 Fg ks r, 3 ring PAI& (ACN, fl, pHE od Al\) 6ng.d 0en 229-61.2 |lg kej, 4 dng

P Irs GLA BsA CHR ad py) tu8ad tor t.t4OJOIg rg-', 5 dns pAI.t! (Bap BbF dd
BLD mg.d non !26.1t|g tgr .d 6,ins pAH! (Dl.hll, BkliP ed q mg.d 0m
h.l* tlE Jel.cli@ lioits ro t5 !g lgr Ti. @Ecrr.tiN of pAIt h h.ry rcFdi. (r.
sar,ral-t- obr@a d R. otM q) n e.d t o 91.3 io 333 ,oltoeld by u.dcBdid
hn'l' U. ep4hd tr. sdi&)enidr p.@ tu8ad ton 149 ro 264J

Di@muhdor of PAII @hpou& in vcglra c 16 gEt' hricd &d l-I|'W_prlls e_l
n4s) vF onlcd for 60%ofin.:16 r^g{ whit ttF poLoridt, rdic @i!og6ic pAI|,

(tu dnss) }@ @mr.d fd6% NA i, rhc,nod dcgr.rdauc Md rct rirc Mpoudduc to its

low dd8 nmba (Bosid ud Dr$4 | 9r4), but compldirty lliglld .o!6rr.,rio ofNA

6 €lcubled in i.gdrbt. b4.e of ic hidd sotubitig in wjq od is anro@ i.ro sil
rofih '!d 

rhcn ufllk rheld plr, erj pld6 cs dlo ablorb pAH @pord! r@
on&ninned rir and lhis Dod. of tr&6pdt @td b. noF @riddbto fq LMW-PAHS $ch

a NA (Li €r xl., 2010). pAH @mlldion in wg.tbt dcp.ids d $it ch@&nsti6 $ch

6 orgoic nfi.rs, conenbatjore ofpAtb, $it tdturc ind i}?c ofvcglhbtc and r,&sGr

patnMt! b rnis iludt lorol Md distv.d C comcDridos wcr highd in ih. pil ofhhh
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!n.!n!, di&tt3 {n L.. ub&at i[&br t|tid cotd 1 6. r6oEd€ tu
eel|'tliatofP Il h v.slrlb lroir I hth rtod dhio. ttidt ,|md
EAEoo! birrd$0t v.ior.ddcd|rtoap^Ir(Sr-.drL2nt4).DUr
cl,6riG rd! ilrb h tight Ebbd di.tr.- o6r.!d to t c srniE t
.litbl6. 1!l codd b6 dthlld rtt ttt EAI| cdd! b !I ..!.d D, n!A.d
nridoof trrtd q !wd.E.



TlbI. 3l Corc.nt! ion of 16 PAII ia wi.r.brc col.cted 6on Kb/bq pakftudtrs l,tovlnc. (!s ke,)
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3.6J pAE l|.!ster F.clor

T.ble 3.4 smdb! rhc ulu6 ofrF fu di&ar v.$bu. oltdrld th rtE nudy a..n

^mo,8 
th. v.gclrbt €uhred fM .tisrni, pBtrlw

rr6pA' ws or{aid i..! ,/.,@a *n.,o" * ; 
t* n'* t kle (o'40) for

rh. idividu.r pAH' fic hi.hcsr rr (0.s4) *s obsaed 

vlruc (0 13) ro'ze'"@ Anons

hyr,ai,er L(0.83). rn disrricr Ma,* 
" "r- ;r::il::1",;;:I;T

@or4 rhit rhc tom3t vltue (0t3) *!s ot6.nd i,.e &ry@ ADag iodiviri@t p I{Mpdrids, rhe Lishca 1T (096) v$ rqttod fe IHE
s/r* (o94) Trlc hist*r,! uf *ro.rrorrroror"*,' 

u on*o B foltorcd bv rt

r @neu in Nowsrd!, wnib,ho"r r" ;;;"""ff;:ff :::,:
hi8h.d 'IT vatu6 (0.9t) in A .@/4 r boGd y.gct blc. I. o$d urhlni2.d di*icie $ch sChaedda, smbi aid DI (hrn hietEs Tr lduc otll6 rArrr *ft obsEd in ,Ja&k L(0.62), s. oktuea (0.5I nd a atba(O4s), Bpe{Ely Oad. 3.4)_

h ks uoaniad disri:r, th. Ta vstu.3 wq! slidrty dilttur |nd rJ@ o6&ry.d i. Ocv*crsbtc colh.rcd 6o, higi ur6!ai&t di!oi..s (I!bt t). rnc niCnes,II v.lu.s ofrt6PAH. e! oh6av.d h a @re (ot9), ,. ot mea c.(otl), D. ote@a C (0.a2) in
disr'lcrs lb.cq b&ti MlMl dd Bdru Crabb 1.4)

?rE v.l@s oftT v@ alohtd for vcgr:tabt co aocd ton $. sldy !r.!s s stoM ii
Tabb 3 ed 53. fte v.gcrrbl. @ etcd tbh &slm. dl,tiqq i, *deh d,c h(gl,.st rrv.lue for t6 I II Ms Eqdqd O40 i. .' o&E a *tEq
rarr,*-nc initividql higl&.. rr fqAN cdd.d osa in 4 

owtg nlrc ol3 ftr A

iiL@ML 
o'l?@t B foll@ing bY o 8l

ln disticl Msrdln t! 0.96 i6s,Eord.d in b. ot @a B n t ptrB tui@inebr E diw
{tich ha TF vtrlE 0,94I}e $n of 16 pAE,J! vrtue,snidEr 0 ,64 ia D. @h*n.'tj-
.nc lor6r TF vrtu. O.l3 in ,lt rar.yrz



ln dirbicr Nowsho! dF highc$ tI vds O93 for fLAes,!€rd.d io rool v.g.bbl. A@d fotJowins by tat vcg.rsu. ,' at6,. TL Slh of 16 pAH TF *!s rEord.d h S
alb..Wnhl h, hiStrsr 1T ,at& O 59 toll@iryby p. dirw oJ5.
In din icr Ct 6{d& rhc iidividu.t pAE Brpr!B&, f!.ror tiw eit to L,ahasL ws 0.96
follo*ing by ,a. @pa niich na! TF v.tE h 086. The hilr6t 'Ir fd lhc $n of t6 pAIl
*a @dcd fd lafy rg.tlbtc I&r,.8 ! which s 0.62 wrc6 Oc toft$ IT valuc w!.
t@odkd fo. undcrstuid wg.irbte t.rdiwfliicn ws 0,32.
ln disrrir swrti ltc $.Aq FI, TF liqn sit to.' ateea !

rch h4 ,r! rrle for Ft A ws 0,93. Tlic sun of t6 pAH 
toll*inc'rr LtatutdL

okr@at rnwingw Ltuti@',bich hs,Ir rdue 016. 

Tl kluc 0 57 wis hrnne$ in r

li h$ uboikcd 4. sci !s D&rs it highes tT wte for A ,/.jrez B. hs 0.89 fort'I,A folrowins by Dhl,l,A which ha tT vltu 0.86. W!@
!,4sfM$il/a.t,rlasshth.,,.r"*;;;;;

ln 

Kollt rlE hiBtes Tr fd Fr,{ (0 9t) i! cJ4r@ tul*ilg oy tstb]F (o&4 h,r4rrz. Irsm of 16 IAI Ta wa higlBr in _R, ,irlEr (0.49) fol@rg Dy r[c topBr v!l@ in Z

Ir Ht\E! , otcr@ C dn R. o/.,@ B, [s1I vdu o92; O.8j
..spetiE \v.ll.Bs lhc sn of t6 pAH 

rrle ligtt s tT yat. @ordcd
c.(0.40 &nowins by th. to*!.r TF htD in tat 4o3?).
In L,tli Mr lr dificl nrc hjgn6t TT v.!@ i R. ohr@4 B (O,rZ) ,ad B. oletucea C(0,87).e!s e6d.d for CBR and FLA r.spaniklr, ,r!c m of 16 pAIl TF v&he tlo silt6 8_ ot tuod C (0.42) w @oftted highcsr *hoq Oe bre$ T! vduc @it d io

In Bamu disl|id histe,r I! v.ru. foiAN (0.94 folowiie by NA (0.91) *!s €oden in Ak d dd .talra r.rr so oa 16 pAlI TF v.tu€ vs hiStiesr 0.49 ,n a o/.,@, C, fo owing



by fic Crart@ whicn hlr rhc lo*lsi]T volu. OJj. S.il to por rinlfq f&ro. olths
IAH in .dibt. p.r& ofv.gcr,bl. G de t , @npelr oIhDme dpGu@. Ho*fu m
p.hhsibla Units Md guidetinc, fo! pAIIs in $il dt wg.riblc hlE @t bcc! Ecogtriz.d in
nrny courn.ics, i,ctuding China Thc hcnd ofth. tT &r rhc ieg.&!L in uturi4d .e of

Mird{ (0.rFsw!6i (O42>Chd.!dd! (o.4lFNft hd (ojs>p6ht@ (ol5).
wlE@0EfthdoftneTFaovccc.n 

i! tes !.bo.iad s@ or$dh KpK B ir
orddorBauu (o.4tFK@k (0j9>H&c! (oJ6>DrX[& (0j2>Xon F!.tti M.Mt
(o34).

soil ro pt&t bdrsfs turr of pAH @qxxuds in vcg.t blc is .@ oflh. k y cdDohs ofhoine .{,Nutg ihcEfoE, it ii n..6ry io fld ott t! or pAtti in dirfcre,l vetrilL
Crs! i, llD srudy ,@ TF rnd of pAIt fd v.8criu. in liSn ubdi..d aras A!$trr inqnd prn of KpK ws ob$ry.d in dtn ofir.!d.! > ssDD l.',,^.dr.- N@$F-
PBha@, whil. in ts uboizd ,B i! .dIGD Kp( E D@u > ,(.ak > U{Su > DlKlu >{ohal < t k& lvr,lrd ,nc v.tq6 of p I'_TF .l?qd h pter cJuE tlrislicr,
DtuG ofl^E conpolnrl, .d rti.ir c<,n6n dd! b eit, nF v.tB of.tt hdivfttult lAlrr(bol[ LMW dd rovl\y) fd $t.{aod vcSlr.bb ga obsa!€d k
wcer$h wm cn' {E hypcr.ccu!"*"**",o.** oiT,I



Trbt. 3.4 Thaf.r f.cior (TF) for K8.l!bt. @Uectcd tu KhrU* LtOt*,11*. 
"ro"r*

.bA CR arF !!L &P IP
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3.63 DrtV iihke (DI) ofpAs!

Table 3.6 sunMizes the Dr_pAHs (LMW_?AH3 !!d HMW_PAII!) vi. caBlD'ti@ of
vegerrblc in hoth ddutr ard.hjtdt n io dtr@nr disincb oi thc sludy a$.4 In tish ubodz.d
disricts, Dr of individurt pAH! rhough.oDetuFior or E8elabr. tused fon 2.t3E44 b
4.19E-02 llc l! rdr in adulh, $tdlc tug.d toE 2.54E{4 ro 2.30E:02 !g kg rd, i! chit&lE rn
lc$ u!&j2!d dieicts, DI-PAIiI rbougi coosoprim or Eg.rabte rg.d fioD l.ZE{4 ro
5.57E42 !g tg rdi i. aduns, \fnitc tuged tob 7.26&04 ,o 3.8jE.02 FB tg_td r h ditdrd_ In
lrbaiized a@s irctuding pcals&u, Ialdla NotrsheA ch&sldda SMbi ald DI Xt D 6eligtd in&l. df pAlls ohceed (borh adulb ed cbjtdra) dmus! colmpdon of C iad@.
A. ot.rtu a B. ed S. okr@a. stlitc r[. lo$tst int,t&e .rtMd (eugh @Eutrpiion S. 0tb4
rndr- ccpr h tN uiaj-.d di$icE n h ar Kohrl ltlngq K{st, kkki M.rwr &d B.mn
lhc higbcsl idi.te ers ..dcuhr.d toucl uS6rion ofn- $!!tls' .nd C.$linD!, whn. it. bx€d
,.16r@ obsded L\ough ing.srion of D cjrors, &d B.
irrdteof rAFsdeFlds@$cr?e,"r**'"'J;,T#*:HJ;
lnis stud, DI htB ftE @r @rseor fd rlt pAfl! ald
rik stud, ra rrish &hodzqr di,rl"r s".". Dr 

"f 
;"d*;:T:Tff::":

urb'nizd disdicr! rn bo1h c[itdE! lnd {dutr!, tic nigicsl DI of:t6PAII I/!! obs.rred n
M!'d& foltost,l by N.qt r!. h KpK Fjovinc., rbc lo*!!n Dr nlE ofrt 6pAfl *6 ob..n€d
Iof udulrs O. t5E-02 Fs krr body t*ish dr) lrd cnXdd
disrric! tikli Mxdar 

(1 39F'{l Ig rsr ho' wigh d 5 in

To.alcutd. it c@inogcnjcity of dre l6pA_Hr, ite TEQ iaru. of Bap vB usd !r $sg.rted by
US EPA (2002). TaU. 3.5 sunMrjs rhc toxicologicat poEey of rl &lqrd !@sible 16
@rin%cric pAJIs Tne ttlu.s of TEe fd *tccd rAlis elc glalry wicd i! &. shdy &!&



Exc€pt Smli, iL hSh Eb@izct dilrt r $otrtd stislh{y g,!dc lle ul,E (dngrd fm
0.1&7.1O for iadividuli lAlls rh{a k s utoliat disicg (0.12-2.5n

T.bt. 3,5 lric iot l ioxic Anp .quinLot (TEO cooc.drlid foruetcd.d pAIr! h Krybd

2ri!a 3 rh!, 4d@

- rL !A_.q__rs__.'___4E_ 1!r ", _ ,_ .. j]]lts'-e-_%
ffi
m
E-
ill
ffii
L'
ffi,x
ltf
rH ": '"**
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T.bl. 3.6 DI-PAH Fg kgndr by adulrs ,!d chilrtr.! thrcus! v.eehbr. c@upti6 ia (hybe. pa&n&rdE provile

!!E

LE 
^x IP

i:::;E;:,i F:T:! :'; ;:: :; ;ff







DI Kbe









t ng l@ applicaior of*a{cmr., hd t.d !o tuichmot of$it ed plrdr3 wirh pAIt!

Ir hkh urbeized dbhicrs' tong t.fr.prljclrim of w&(daa. i5 rhc min cje of
huiktn€ up PAFr in lh! eit s mp&d to t6s ut{ird distturs, ?AH co@.taiioB
in r|lc eil ad rcs.tdu. 

'@ 
.n ..d.d rnc Mlk Th. d.fd tiro. B h drtf ofD

.tu(> Ltatwa L> 8 dlba> s. .ta@a> n sdtus >a. ob@a a> c. diw
Itowu, rh. high..r ifl,l,G of ,c,bl pAfi! B dhobEd dNwgn @$nprio of C.

t ttvt4, B. o|.t@a R., S. at wa, vhilc tos€st iorrL dtcutdat b b.r[ adulr! lnd
chiktFn l|imgh tn. @Mption A ar.4 .1l. @r4 Dt,p Il s ud b ddqrc da
nmrn hal(h risk dd qhullrc the 4i,oe@iciry of itE 16 taAfi tint d wir!
consuniption of tAll@hoanrcd vcgdtsbtc, L triSh ulbsi4d dislnrcts rh. hiShcd

irt*. of P^lts 6 Bdrtcd i. boo ldutb !d cbildh rlDugn 0E coemDri@ oI C
totittu' a. obtaaea B,a.d S otc@4 qhile ihc towd in&t B .stinlrcd though
@sn'pno. of .t atb4 ,1 ery.tn td ,t&,iL d,*icr!, ri. hicn d i,bte B
arcuidcd lhrcugh 6$h/jon of lc $rre ed c. dn@, wnib 0E loqd ift.kc
I Bm'd.d tfi@ugn iig6tid ofD ,mia u.t,' f@ fof bob dlns sd chitd@.



CIlithF I

chrfr.tf, \tio of bimlj..s l)rcpr..rl xnd us.d tor control €nrjronmcnt
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Biochrr is €$on!@us orsuic oat.rial which is forncd iI t[6 ,b$@ or unda tow
dyga coidnion tDD dsuic biotr8 by pyot'sb of hydrcd.mrl p@!s (Shsb.y ,nt
sohi 2010). I is also d.nned 6 ! @tcirml o|&dio qrhon (g @Fh4 6w bidtrl!
bhine b€N.cn 3OO !C ,nd t()Oo qC uda lw oxrld @n cnrdim (Vdt.jj.n tr,ta
20r0).

Bi@h& 6B scqudl.lrid of6l!o. &d c.N Eductio E oE cbisio. ofcEqr Iloe
Cass. Biodh& impevc $il Dubie.b &d w!l.r qustit, (r.!rne od ,@pL 2OO9),
SBbhabt. bi€htr D@ti6 @ pi!d@ oit !!d gs brercB thdr tu b€ ued s fiel!
tmvidinc c,crq mcwlltc c€/ (tBI20t0).

1$. chMel and bioclE on bc dit&Enda{ng by i& lrili(ariD iire io4 Biet r is
&lib.nDly lsd ro inp!@ $ir fcdlity ed c.rtoo scqucatrdd whih char.@l is ed {or
o4r Ara45< *t a h6,t qlq ta6,s orr,ir, 2006: Ldtr@, 2007; vqh.lih .t 31.
2009).

Bi6ha lrovidd a n cheisn fG Dilislring od&pogorc .limlr. ctwgc to $q@siel
erhotr &d i4ov6 $it fdr.tiry rhtuC Ebi.rid ir!,uti.c ud urr (Dl 2Or0).

Reri ltu cs&btistEd 6c bo.fts ofbietG irctdingro qp|w grond wir$rtiry
lttibui.rt lo Is&hing ofriftg.n irio ed.r :R.d4lid in th. dNd ofccn Ho@ C4s
tuh 15 nirr.us oidc (N.O), impbv. sit by inc@ing .arion .rct&ge aplcit xo
dodalleil ddiqdo im|q* $it bq.fEirt oio!!6 (Ldr@ d.j.20rr) :to incE*
Md rc|. ri@, (trhDann cr at., 2OOO,

Bi@hB @ b. teD€t d &.o difdar t,?6 ot og&i! biuoN 
'@ 

s cFp cfttu.s,
po']lrrt !dd, eseer wlst .nit einat ysr6 (!uo.t !t., 20ll) which dDs! ric



ldvi rges of bi@I|!.3.tuc,o cod ctrrrivd.&rh ddnin bocn , !r!vid..! dviohdbl
iool to bEdhtc 6rt nin.&d $il.

4.2 Eh.har pt}lioch.Dt€t .n.mcr.iiito rld pEFntio,

&ftgc 5lud8! (ss) hs ha co ..icd foo Bnlt.i {r. rdhdt pbdrThc sS B .i.
dricd rnd th@ hy pFttstiTh. SSBC hai b.c. Frp.,!d fon drr.d SS ul&r @ditr|s
flow ofnft'lsen .t 500 rc fd 8 hous(Xhsi d at,, 2or3).SiDnady SBBC , RIBC dd pMc
na prpar.d i! rh. htitul! of Urbcr ErviM( tUE) Xidd chie A bidhG vw
@iad ror h.sic phyriochdidt Fr,p.ni.. leh s dL Ec' BET $.f,F &!., p@
sl'Dc, TN, TS, TC. nE NO,N @.qririr d.cus.d in r[c aoit eod.d qith SSBC

vn6 a $eTOC htE wr! oty d..a$d I I.5O % dd 2J694 in thc $it b, .ddiq 2% !d
5% PNBC(lablc 4.D ,Th. pfl d& is .tso docEscd by 2j r% ad I .50 % W ,idi^E2%
6d J% bi@'& wh@tt rh. DE im@!.d h $it&md.d wilt SSBCSBBC, RSBc(t btc

4,1) .18 EC h lts i'r@$d in s[ ,rnd.d $il by ..didg difratli bio[sTtE NB._N

@@tatim fts signifidity iE@*d b, .ddog bio.ts r, rhe $it. N% rd C,a E
ince$d ir rie $il anad.d *irh dtr qr bi@h& Ct!!L 4lI



Trble {.1ch8ng6 fy, in eit ,ftnd.d wifi ditrallt Bbohs

c-sBBc2 c.$acr cRsac2 c-nlBcr CPNBC2 C+NBC5

otr tt7 6,17 D.A

EO 6r'' tlt.so 4!.aa o,t7

M!_N(ngcr) nz cr.eo 33j,9 4t,-.os

3t,a7

toc("'!rs) *u Lo 2fi9

N(%) 
6.,2s

at%) 2.3t 17.rr 20.ss ,r,a 36.1.

ffi
Bioche chan ldisris gE{y anr dE io bhirg tdl6re od Far D!,rai.L frh
s,tich bi@lE rrc pEp€r.d, ,n ilcroe ofhoding i.npeEtE widc dF surfac.,@ of
bi@ha 6lu@s spijon abitiry fo, orgoic @rrhiDrrt3 srch s pAlll. Ch.Fdt pFFr.d

ar 50&?00 qC libn *har d.!q llm tigh ioDiiod cedlitity, lud . un . G e3ol)
ntjl *!EB d. crD|wt p{d&d a 3@-4Fq h.d to, $bc 6 (<oo bt,X
Cnm .l .lrtxt4)Ji@t'.. chlD.raidic dt6 du !o Fr.or ,E$@k. nlc prcr..tiB of
ch@al Ay ah Olact ca.hon), rie siw & loot,rudiod ud !oi.{t tt rh. sifaa e
(234.9 n'?sr), poGity (0.43q Dls-r) ed rtE domi of tu.ctidar sdF (2.95 mds.)
lll 16 tt p'lvrtal in riF $!w otuMlt. (tlo .t !l- 20 I



ll .a:nhr. Edga||d.ld r|cdEh dcootoh.t .trod |lo.dhoetd Bto.ta

o|! Fsrl stut Cror! gr. ddS. i! d!ri.,.t dt t F!Fd.. by D*hS Uo.t .r trm
diftrid bi6&.t 5oo.C (S.. aU. aJ}. rt Dn lt|tE I tn ctt ofsBEC >RSAC >

lIBc >SSBC pho! !. d. BC s|! r$C> SSOC >nOC >SB!C. rb BBT$i . ra
E hlst .r tu ssDc (LlI? rt1 6||ort r, nac O.aj Ed). rr. F.,!, E of

ssBq RSac saBq .d P'NEC ir tL||, 6.95, 6.8t rn ttu E !.cdEty.rr. NlLrt
l.lio}N E ligh.d i! lt RBBC q,tcr.r ti. t6!i b SSBC, tb IoC nt Etiah h
SEBC fouo$Dg !y RSBC, n!6 dtlr E SBDe llBC >SsBC > PNEC. Ib N

6..dtnid *l' 2.8! r h SSBC bthds b LZX b SrEtsc'n o.tc F!...a.6
hod{ofsBBC> INBC >RS!C >SSAC.t!.o|f!F@r.g.q,r, b ctt .of
ssBc >tN!c >RsBc >sBac.



T.bl. alPl'rsi*hcmicd poFnior ofbiah4 !r 5OOoC.

dn {rt loJ7rrl9 cr?rotlFErs',fi&.r6rnJs) :,y:*.,*,,; ";;- il1, ;ffi,, iillL,
::*'*' dso67?r 6e.0rMed4d(x)

:1-:1.,,,]' s.sqorT ii',*., ii,o_ ;j*_
:Ti':*,
:::!2ido!,r!l4n,

Dift@rt tE rnmr hahod. co b. red ro irpEvo rhc bi@nlE &tsption oFbitity.Non
.clihrld orbon @ ts ctreiiv. i. 4ri4ts holdiiS @d upida ry pklb ,! mp.!i$!
witl &titr'ed @hd (t@hrd ct d_rol2),Biods rftFrcd by t|)/dDltEmd D@6 hld
doubl. posiliv. efl@k jn aI irBi!@ In mpa.is ritn plbt si. bioclbd.

Bioch& added ro sit h.lp i. !.quchlioo of clrtoo, b6i(h3 rt@ r'qr.iti6 bistt&
mnd.d sil pH, IC ond soit bufcd,e i,creecd in @DF,i!oi wih mttlt eil Gids.t
rl., 200o.nr $iy ha b.a @ducr..t ro iN.liig.rc the bioovril.btiry ofp i, soil wih tE
inLnlion biv P dnd F(&nilrddt) in tF p,ts.r& of bi@hs d& Est6 lhws gqtcr
€nhan6..t in ll& bi@Eiblitiry of p(Cui cr !t.,2ol i) rhis is de ro rhc chegB of $il
cnvi,qhor 6. nic@tlrijns(AiriMn .r d.:olo). TtE f!fi.r leoh wrl is ncdcd
lo i.rcslitab th€ ncchanin ofsoit f.rtitity.

11 bioh.s !dd.d to eil tu incd,. crop yi.td i. se of NridE l4{a}. widr iftE&
biNhaE .pplication !d.as pdioucly fts,rioo.d |!gen 15 dd 20 d,,n bi@hd addcd ro

maizc cEp md imE5€d In. Foduciiviry 98% ed t 50 % €p..riEv (Ile! a !l- ?Ot D.



Thc biehx€ arso iDmbiriz. rtE HMs ed Ete wirh l* re .o ft dviolUMr !!d gl.n
i* ioplcrs or ,hc .nviMDdr, Thc sllrdy hrs bh @!ccd @ ue inhositiatior of
r 4s in hutti .t mftts tuEDin r.d eil rh. etr! s!@ biocta @ Ebh As. Cd !d Zl
fld rd@d c{r and Zn by 300_ ed 45- fold @pedwD bot j.aahing @carltio tr$ nor

..du..d (B6tcy and lvtE4ioti 2olt)Irrn, $dis hrw b.d qdudld @ ln. gq
q&@ cofipos! bjochoB ed ss, rhar .f*r rlc aolubitiry Nfit bi@rit&biliry ofprE!,ItE
@nenttalion ofc\ rnd p6 k t6! i. R.ygB lhoods by dding g@ N.st @pod ltd
bi6ha6 |o soit (krei .t al., 201I ). sihildh in @ of&. lrpridtior of ss fid ssBc d
eil ch.6crdi$ie hr, ber srdic4 lh! Eelr 3iow dd SSBC te phft rnih[ili1y of@
N, Pb.d zn (M.nd.a d .t.2ot2).

Ac.o.din! 6 c@it E$@h rne h..heibe rtwrl of &,rs eftb bictw tut iri@ ,ighr
bc erqlnerd lo F@ipitlrioi! ctdr,b6tiric id@lriolrr lnd drro &.riom (DonB .r rl,
201l),Biocndr odditio. ro sit idctle th6 Fgaivc .tuCe o. e,l $rri@ d@ to de@ins
zcr! tor.nlirt a.d itu@ing cxid qcs.,8. €r..i90.n8 .filJolr).Tl addilid of
bieha io rhc sit inqrla& soit pH ed .nhr@ rhc d€ion&c iDicEctio beiwd tnc Hl!L
Md eit *hich sls peipirfioo ofHM. m biciar $r&e fid cnE dE mobiliatio of
Itltt.Tl'. nEchois of corr.DiDr.d $it Mcd,rid wiirr bi@ts ir shM h Fi&
4r-nE conv€tsids ot SS to SSBC detag {E ri* of lMs tacning tud also 6e
rldrrio in In. bio.EiLlitiry of HMs io pLrr. ovl€de q! d. 2ot2),Co.re6g ot
.tnculurc \v6L i.ro btehe is a b.rt My ofefi. D&!g@dt (Fi&4.1; 12).
Cdlodhg is @ of n.dDd &r Ecycti.g of .griolhE Et hr djrq, e ofrhn rrc io
phrn en eue bxiciry (BulEr et at,,200t).$tu pe@! M pMot by convcniig rnt qstc
i,to bieh& whicn i. et@ fd o.hd !d qEF, $r fo. d@ dgoFs (Adhikrj
eEl-,2009), Cmposting of poult y De@ E<tuc. th6 @c ed 0E t6s of niroge wirh a

b.laE iubic.l @hpodidm (Dhs .t al 2oro), Didhs pbvxlc dtcfldirc E sodr foi



dbposirg of lgricuttuE Mlcs,

Howe bieltr h atso s Datrr of AEr c.trm fr Etuh b..aus of irs roricig, h@e
bietq consid of PAII. r rh. t rct ofroluln! ii m.icill or bi@hr srtps $! 3t at,Id,
n vill alsc tjft.r.n to avionncnr qce rhcy e add.d b 3o,t or wdor rynh bt* lne

mobl of this pAH @cot !ri@ d.pa& prbtFis lcoFrrlr, u. M of 16 plll
sieni66d! Je@€d in SSRC in ou s|udy s @mpar io sq vdiou turcI !ho*s tn r
fAH! iNi,rc bietE is lnavlitabt. io pldq hN.va bi..hd adrdb rhc o,g:nic
dhhiB{s on lhe erf@ of hict& dd qe p.tritim oro}uic 61hi@rr bokdtc
ir tl'e oih Fe ot bidta ((w d d. 2OOji CtEn d at_ 201D,

Tohl PAt{ con€nhrioN vadcd in difault bions bieh& &p.rd bi6id FED| mr4ilts
, linc , rd,pcatuE ud l}c Dcrlod of bdilB.Dien 6 srlncr2.d !r hjgh ldF&r@
snosls rrAHcocc r.rion old had riF g@i inmobiliario. ctrdr ofpAl iD oil which
i! rcmmcnd.d ,o Be h co.tlDiEtcd sil ( H.l..t al ., 20t2),Il is.l5o t!@cndcd ro
Dok pledi@ Midii in Egldibg of FLdid of bioDr3s noc* ald tED.,lrim
rmFann to nnigrt co@nrdiotrs ofpTq in Estrsri {n. bi@h!B, M@ Eseh work
rE ,lquiEd @ rlE bish&.tI@riva6s, .dveriSB ro cc@ hc @rr$d! b.,.rt .

Thc nlc of bi@h4 n apbi,.d sidr $c dilgm id ou sicg in r.m3 of nsr.
nruEtnenr r.d rsltting in !ig. 4,1.



Mod of d& lirEru€ Dobulncd .t u biocts which sucge$ i6pioEd i. olp yi.rd
.bsortrtu ofo|leb FIIr..6 scn G pAII?trE ta.fiE of hiod&, e vd. tb u* of
6iEn E h Encdirrid crn i|Et6 en?,t t4 tftt ti,De i! @d ii !tq,&r b $it
dre mtG will b. noc tuittut od t lio*oruhid .G or p^tt &d HM! $[ bc

&du.4 rhc hatrh il*3 .r!oid.d wirh i!. p rb id HMs will bc Did,niz.d In food @!c
TIE culB of @r tler.tr $nDrriro d|d pl{BC r! tlm cft.riv. h $c rdu.td of
ernllrtd of pAI& i. l@d qqq hn ft rh@td t ,pdy in ! Fqa q!.&-q. ,i.
PAln4aitc nrt s ii ddd ofPNBC >SDBeRSpj>SSBC shih, IIM, ulot cr b.
rEd"..d by i@$ing rtE eti{id nb of di&Gn biocbe Th. upt L rd of ItM!
wd.d b@ue of O. rtg.Luc! ie.ericq but .ll rh. biocl,s snm gat oftcliwnB in
mod of Hlr{!, rtE @tts irg.rrr d rt lppthdid. Md lLc iroM!. of ,pptieliD 6rc
nG qltd! sitt bc r.!F.d in rt $it &.t ks *l[ b..rdt Uc ftr th. bioceEbih i,



Chspb{

Tne eiT..ts ofSS.r,l SSBC or pAH, ird pot di.Iy .or&.[.n.nr

biorccrDohdor h Crsm&rdrra L

Flg.s.l cmphical abstract of lt('|Jfrq (aitutu rativaL).



S*!9. slde! h Dmduced in Dsive quDrilje s a by_prodld in rasl.Bd.r rarrcnt
phnb (WDt. In China, WIrs pod!.!d a!,Ddirur.ly l0 hiuionioo$f SS pd yo. (yu,

20ll). tn'r guerjry is dpded to iocra* In tc@in8 *itn ChiD! 6pid urhei2lrjd ed
indlstial ircrctopMrvl?s jn ttE Unircd Stlre p|!d&.d lbon 6.2 nilio nEet toN dry
Eiehl of ss pd y* (fttiti &d atoiojdl' 200q. SS mreid 6aaiN ticn qqtldN
of ni@ md ,n&lHudmls ad rh. .eDmrb baEf,ts of SS lppuar&n ro bd e wtl
do€.rrd (usEpA, 195; R@-tu@ ct !t. 2009). Hon€q. !E F6ncc of tdic
conlaninr'ns such 6 pobrrrlic ,sDlric hrdclrbom (pAI*) dd ,ol. riilty ioxic
cldoc (UEs) sch s Al, Cd, C!, tb fid Zn tsrnot &c spplidlion of SS ro
fMbnd(USEPA, | 995; SEPA 1995; CEC, 2OO0)Jr conrra4 pAH sld r/XE tcEt! i, . n gc

of bi@h!^ h!v. @rly ben ,lpdicd (aEddo .t ,1., 20t2: rldc cr ar. 2012; Uchimiyr ct
.1., 20tl!). El@d8iidy, l*L of bolh p lts ed pIEs D Di6ra (b{t not SSBC

sp*ificilt) h.E b6 &@d io b. in t&piry wih @.nr.trm foEd i. h..*SDnd $jk
ed b.low te.EI! usrd in 6. EgDIado of@F6t3 (Ftlitdo .t.t" 2Ol2),

Thrcueh {E conv@id ofSS io SSDC it n.y b. posibtc ro de$oy pAlrs addeElrc
III lvliiir,itit, Tlus, rhe convfti@ of Ssinto SSBC rlpltg$ & inode$ing oppoturity
ro poicnthtly nitiglte pAH/pTp isN6 rlating b SS (st il. ar 6c tuc rjDc Errhing lhc
eil ihDovrodl pop.di.s @hicd wnh SS) {d in e do,ig lo prcd@ t $fd oil
ttddnhr for atpliqrid lo agdcutb..t hd, L .ddirid ro lhc Isibitiry of birigriog
tqicity Miar.d q.ln SS rttug! it @v6id io bietE wik 6vir@@.nl,l b.&fib
@uld b. @tiad (Fniohlt Bivci rrE rqdy .hit$itiq of SsI no.r sistrifitui mutd b.
th. opportunity ro div.n SS f,lsc lo it3 ue in hdr oC powr gd.reo4



'Inr dir-tc! amtiqtion of SSBC to conhii!!:d soils nay totd o9porhr,titics ro

nirisrr.P E/iPTE ftk!, sFcifi€lly, biat&, d l.@nr of is sdpli€ @!qcity, @t{t h. e
.r61iE $it Madhdr to drivc rlE Dronnididg otpAr& ed I,IE5 Dd detby,!dr
lhcir !.rori!t tor bio@ut,rid inio food &d o. iflo ltE f@d on i! (Snett! ct .t. 2Ot3).

In $Dpon ofdis biehe hs ben snM b tduc! rt biMnjrrbiliy of .ollteinuir lwh
s PAES ! PIls (Ce d al., 20 : Hitbcr ct at,, 2ol2$.jlu*en d aL 2Ol2; Khu er !t.,

l0l3), Rcexnrirg tAg! bidhrlpptiation 10 conbmiNj.d $ and ss ftr, bc. shoh to

€us si8rititur deds i. 6ct disotvld pAlI oft@hdids (Ot.eca* d d,20t?
Kbr €t d., 2013). Thc n6 rlNfd of pAI]! io bbch@tPrirc sira ha bcn FoDoed s
ne Deh&irm rhrougi whicn lhis is lchidcd @cnihiy, cr at,, 20t I b).Wlh ,Bpccr r. pTBe

&e oryE€cfunctiondl-gouF ofbiohd h.rc bcn Eponcd b fm compldB will| pIEe

which Edre t imobility dd rheir bio!@lout.tio jn pl&B gbM D biochs uDdtdcd

$n 0Jchimi! cr at. 201IbJieg bd xq 2or3),

Wnilc bi,aalhuLdd of?AlilprE inro pbm !s folt@ins bio.b, !t pticrrid io $it
ns @nrry b6 Epoi.d (Zl,mg .t d_ 2'tai MtEdE, et.,t_]{t2)ilnc speifc iiloc@ of
SSBC h6 no( [urthch'orq !E di.e.r @oporis oaltow SS dd SSDC p.rfom with cpel
to mch othor ha not b@, Fporl€d d citho, Cembe (q rrrM L) ws chdD s !
trl€sI.iiv. pltut I'clo8s ro ceutbit aa. f,Dit, I' Chi6 ocunbd b d on@iolty
inFrtllr lldnr (wid4.74 EiIi6 roIs b.iig !r!duc.d ah y@a ois h!ki!8 chiu nE

r'lBe$ lr.dtrd h 
'hc 

turlo (F/{0,20lr). Csmbd g!!M ir fEtd urd\, dif6r
ag.icultuhl rystms @n b. @nr,ohar.d sid oEbic €npoud! .4, ptls lnd cucd
hsldl pbbktr$ (Mif,er a al., 2009).

lr wa tr oim of $ii B@h to &rs Lt cxicot io qhich cd$ion of SS io SSBC

d6tq€d Pllts lnd dcc@scd rlF av.iblitig of pIEs fiqans, n 6 thc .in of Oi.

Esrch ro *blish rhc Ftrriyc cftdi9qB of SS dd SSAC.oG dd.d ro @!r.nin&d



eil, to: i) lusrin phnr goMtl, ii) attcr rhc Fnitio of pAt* ed pIEr tu4 iiDinnum
bioehul i@ ollAgs dd pT& hio a co!1lMty cutridtcd $t.d crrp (c. dn! LI
5l *trt r;rb .rd Detlod.

5.2.1 Sdt torgthtg 6tt .tdt daiaato"

Soil spl6 (4-20 m) dhniNrd wirhp I|! .d pIEMc @ c.rc,r rM bmtld
o.@ imn rcfD6, plad in Fujie poviic.. Chila Soil smpt6 $rE Fsd rrmugh 2 hm

n6h toho ogcnize a cdpcit. spt . SutssrnDlB wl! fi!@j cd C5{rC,t2O +2 I,!)

&d stord al -20oon prp€r.nvctop6, Baic pr.g.nics ofrh6 Dit, inoluding.ptl .l{r.icd
Mductiviry (llc), poosiry, $r&€ sr.aq6oD (C), nib.gcn (r0 sulfoi (s) ed pTEs e
givcn in Trblc 5,1, wtile tAH dcaratioN in @nrrol tud d@derl soits aE gi@ in

Fi8@ t,2, Tn. td.durNt deraitsfort.e hasmdb e gih bcloq

All el@k w Ftc/sp..r6 gDd. p{Ftr.d noD T.di! CmFny bc, USC! Srrogd.

nMdr.ds (rAF-Mix 24 d.ut Er.d, L"{2()gJilq}ariE) .rd ,fc'!E di.riits (!Ar_Mi\ q
X4209J0009C, {@ puEhr$d ftqn rhc bboziory of Dr EtEn$df*, Aug3hlg.

C.l:uy.Sili€ g.l, almi6 &d $dih !ulfr,r. slF pld[eit tm Sinophm Cn@i.€l

t.23 tE and Eledthat Mdu4i,itr@q

ptl dd Ec (F3) *emdutd iD dcidied sarj lBpd3iotu of $it 0r.J vt), ss md

SSDC (l:5 Vv)usiig AcMd XL 60 @rc. .quippcdwi$bolh pH ed !C .l@hoda

t.2.3 s,rl@@tMdtu6il,

Sutfi@ !@ {d poNiryof eit, SSBC ed SS srhs (0j g, r-t) v@ naeEd sirg
Scfie AE a{t PoGiry Aot @ (Mhnodiiics, AS p 2020). A dd @pl6 {w
fusr our{as{t at I05'C fd 16 h dd u.d fq N, soQto. Djc @ld nc sF€ of4tl dr,
$c torh ianFmrw 77J K &d ttE .quilihih iil.F t t0 S,,ftc D@6-Ennrn Tett .



ndlhod of,nulriplc poinre b dd trd for sulfa@ lrll cdcutriim, white four dal! poi.c.,

$it[ Elariv. pBeB or 0,05 lo 0.3, sd! u€d to 6chK rh. mo@hF

t21 Tottl CN ttn S i,,o[rl',,t t SSAC

ft@ DoEdci.tsrw tll@Ed (F3) Niis l||l.@LDdlofl.,ioMd cNs, c@y)
Fq th! dry mblsim Flers, $it (aoo ng) ed SS sd SSBC (300 ng) Mtt6 gF
pF..sed sins mbDlr'd i.(FEluE (Ht) 40.q pon hhErid (rr) soor !d
rld'ltlon 0Il) 850.9 shit Hc flow wr, 6&] httnin s nar,oEd in rh. op.bridrl

t,zt rio parllate sia

Soil plnicb sie ws 
'@@d 6i,g llE Maieriz.r 2()OO (M.lM hrtinds Ird, UK).

SoilFniclc' rt distribuiid ws:,nd (zos%), sitt (27.3%) &d cjly (o.e%).

t,Z6,l,tltbL NOFN ttd NE.N

Auilabb N(t-N ed NH.NW .!dd.d (!-3) wil|| KCt elulio d ul'z.d uiie
(|Iitchcn QC J800 (I&tEt lastr!@rs, USA. Bdc0, ,2 M KCI sllni@ (,O !r) w
addcd t $il i.d hinftged afld st &iog tor I h ar 200 qd. ,nE $paurad *s 6lt Ed

and dllrzcd for Nq-N ed Nlr.-N uring eurrch.n Qc 5soo (reh, t$aunole, us{)
.4ording 1o lh! Quirch.n ndhod. (tGlo?-oGl-A dd l0_to7-06t_8, twe$v.ty).



s.Z7 tliwtwd otEub tub@ (DOC)

ThchtucofDocw4dndcd(F3)with40, of t<!so. $tlni@ (0J r0 tw 4.0 g

rci$ srDplc by shdliog fd I h !! 200 Dn (Fog .r !L 2Ot2). And mrituCatioq dr
srpdrdnn ws fdd ad rulF.d fa DOC sing Tot t C.rbo,r ABt .a GOC-Vm

J,28 .rwibbt. p (C.Mt p)

Aqilabl6 P a n@Ed Bing rt& ncltbd of RlFcnt .ftt HiggiN. (t 9r). Bdcny, $il
wt *t lcled (n=3) wirh 0.J M NsBcor sotution (pu s.t dd shrted fo. t6 n !i 25oc.

Cdttifugcd, filtered dd a.alyad for ovsitablc n

t,Zg Totat PrE h soir SS ana! SABC

ln bd.[ sple (O.J g) wE phc.{t in diScdid !ub.s d{t l0 mL mirnft oIllct !trd HNOr

(3:D qa addcd.lXe digBron tlb6 l@ 4Dr.d wirh $6lt tuncts wiIn @ibd $bd to
Fdo@ lhe li$ of &i& ad tcpr ov@ieht j, fm. hoo.t ft@n r, lh. digldi@ bbB ftr
Dkc.<l in rn ?{IM Fosl!'lfubtc dig.dion lyid (AIM6OO. AIM L{b, Mitw*.., wr,

UsA) lad a poeBircty hdring prlAm B 3.r: jooc fn I h, IOOoC fd 3 n .ad 160.C

for 24 h. AR6 @lil& rhc ssp.tuioN wlE fi[.r!i,.!d dild.d to 50 DL *irh Mi]liQ Drcr.

Tohl P H conentrari@s jn soiL SS, SSBq rt. SS/SSBC tbllsdtj od c@nh.6 kE
exb&Icd rirh DCM dd lctonc (t:t alio) usitrg,c@kaLd jolwo, oe&dd jrscn

( SE, Dionq-350). Ttr solvcnt qtn t wr6 rhcD ct $.d!sing siti@ odsrpiio!

.hffiabgnoly papaed viit sitiq CrldMin. lnd €rp.d wirh dhyd@ sodiu sut&rc.

silica g.l, rlrdi@ &d sodiu $lflrc qh.riul.dbcfoc Eiig dr rso, 250. srd 450eC f@

.t k $ 12 h. Fd @lum etdio! ! 60 nt oimc oftBlE lnd DCM (?:3) B qed ed
Ih. .luhd firctims lw .grir apo.hd !p ro I mL rrrs&ftd ar ! KudcdaD,.istr

@6rr ror aDd rilsd wilh l0 Et of n-h.xN. TtEfutor, $. ctuLd t .ii6 m arii



rdu..d !o I el undd drogcn .!d r..aGftd to ! 2 ntid €Dpcd with . T.ftctjr.d
*prun @dy fr sdlylh oftAti!.

5.UI Ac-Mg @lM coDdXbs

rh. CC.MS Mr cqoipFd wirh e imn XL MSD $i.h I rirtc sis d.tetd lrd ulcd und6

ln. sl@r.! id Mirodnr rEd., A rp-5 litio f!.d qpittriry @tum (60 m x Ol5 mn

i.d dimct r x 0r5 rE titn ticti6) qs 6Gd ej6 hctim r, $c 6ja Es .r .
c*|!nt flow ral! of I rnl oi! r. Tt. CC oh r.npcrer E progrm&d io mD nh
5OoC to 200qC !r lOeC nin-,, rhd ro 30OpC .r lo'C ninr ed ro rha hotd fd 8 hin .r thir

ldrF&@. Tl* injetd .d .t i.c&r icnF&r6 *E 2E0r lrd 300qq ,.qa{wr.
Min rD6rE *rE r.qlirld.t rh. clere ioizaim hodc, whiL ct @d i@ E@irlrirg

(sn'|) nod. a qi.d otr Gi!! rh. @llbLr itu rh.dE rq individut r^Ib.

Th. .lfrcidcy ofASE qrdid ed 3iti.r d@ t6if.dio f6 ! fi Ecolq, n6 $il.
SS/SSBC r{!rc.rr rn@ubd stt6 ru chelcd 6in8 

'mgrl. 
pA}lnard,.it

sldd.d. (e@phdEF dto, cl"y* dt2, Mtilbdar d& Fytc* dt2 {d Dldr ttd.
dlo). ft. @llr show.d s.tid!.tdy |!@8 , rin IF .v.6S. c.ov.r, 6n8inE fm
81.?+8,2% to 94,6+5.4% Rar6r blll}s k! ltb iNhdcd ro ch.cl rtE qbninalid of

IAr* duinr .xIr.did rnd pIdf@rid F!.*' Fd prr+ mpt bht! .!rt 3rldqt

Ef.!!@ hxlctuls (CBWO?5{,34SV-2 dd CBWql406-cSS-6 for plbr ,rd soil bottt

obllan d fomttE Ndid.l Rercll Calr for $&d.r{r in ChiM) wdi!.tud.d b Ei&
th. ehy dd pr€ilio of lhc di86dourd ob6.9km jtjyri! pro..d@. ThG @ft,
.116 \,m sriihcro.y.d m8ji8 tunn.7!95% t tcf.4+7.t /r.

Th. &rd r@ si.tltiolly eatyrcd u3iig tc atdidi.j p!.log. S!3S ll.j. Th.

Da3luaql5 
'6 

qpBed ir tcru of h.rN, {hil. fi. ngB pl*t&d lhc n@ hlu6



.d dudliJ d.vialid of fd EdiolEs, TMtiMt ditr tu6 r@ tdied Ni.g dlFb of

vai.M (ANOVA), while for mstr dgniff@nG'ftk y'st dss us.deu i ld.l of P<).05.

SJ bbctar l4ttutirw oad chafu.ttbtlon

wql SS w6 obhimd nm Biugb.i WIF, Xia.4 Ciin& FotlNi.C iiidrr+od.rio. lltc

ss s.ir rri.<L ssBc 6 p|lp@d tqn $. ddrd 35 rl'Fugh prFlrsis (j5o.cror 8 h)

uldd ! conrinM tlow of .iftga (Khd d rl. 2ot3)Iite sil SS !!d SSBC

chrrldaicns $ch s pll EC, C, N, g loGitr ltd s.fr.c @ vw dir.mi!.d (t htc

5.D.

A@houe .tpdi@td

Thc SS r SSDC(<2 mn) vN nircd wirh rh. @r.nninrrcd $il .t coddr*ion! of 2, j
and l0% on dry w€i8ht bsb (d.find s ss2, ss5, sslo ard ssBc2, ssBc5,

SsBcl0,Fsretively). A @td batrEnl of utrdd.d $it m de inoludcd, The

ts!!6ls {.6 pEp&€d h 4 !!tli@16 .d *h trannar had ! ioet n6 of4 tg. And

lillinS,dr poG re in:ga!.d wir[i.rF4n s addk pr fd @ $€.r bctc alrisaM.

Cwumhd (Os@n rztn$ L) eldlings r@ F!p&d @rdirg to l[c rcd'od derib.d in

ou pdious work (Khd ct al, 2008) !.d fiidv tn. reQte&d sdji4s wE |!im.d ro

on. p.r porThc trdtrDerts sw ircub.ted in . g@nlDu& lnd irk .n wi$ &idiad Mror

to m.i.6in lhc noisrN dtert (st 60% ficld c.p&ity). Duins rhesrcxrnpoiod (15 weks),

dE Pl&q N@ fcniti2cd r'ie wilh Nt|aNOj studd (on .&n Mim I g NrlNojwes

dish€d in 100 ml of d.idiad uidlld dE sl|ni@ lLd ro a.h por).Thc;pc cucmLr

firits rw hfl6icd arl fiEh wign! e.dcd Sopl6 r@ tEzjricd.!d losdd.n

5J R6!l! md dbcosion

SS.lchtnget th PAIIP|E .o"c."trttloslolovlng coNdiot ol SS to SSBC



T.Uc 5.1 stws !h. h6sic chm.t rislica of SSBC dd SS. &Dlysii iffis.d lh. ptt stM
@ 8d poE rcr@ of ssBc a MFld io ss Mtqi.l.ssBc hlll ps o.43), Ec (6.69

nso r), sqf@ @ (4.0t ntr) sd Fl. rcluc (o02 d'g_'). TrE poG siz of ssBc

(l0l t nn) daB..d a @p.nd to Ss (152t u). Tonl N, C !i S @rt .ls r@ 3.7&

282 rnd 253% Bpodrct which wr dqqnd lo 2.E3, 20.6 rld 22591 rlspdtiEly ii
ssBC. FunnmoE, 6. pyDlrlis de|!.&d NtlN (1022 mskg]) s @npaEd b ss (38.J

bgkgrl *h c Nq-N im@ed €.93 mSkgi) s c.liprld io ss (2.ss nslsj).

Baic prop.ni6 of SSBC dd SS midilb us.d in ntb 3bdy e pEsnted ir Tbbh 5,1.

T1E &dition of SSBC ed sS cuscd v&iN3 chog€ in $il pDp.rti6 och 6 pH, EC,

DOC, Nllr-N, NOrN, l, $II!e @ ad pqr !iz. (t blc 5.2). Suc[ obesd n vc ha! wcl

E oitcd in {E li.n$E (K.irlcr d,. 2oll; Qrillimcr.l., 2012).'ltF lddirih of ssBc

ift@s.d sil pH by 0.01-0,06 pH uirr, whilc SS dlc@ed ptt b, 0.0?-OJ4 DH uir A!

@F,!d io th. @nrol eil 6. SS .fd d EC ctds. (02&lJ9 Dscd \ w hidE lhu

SSBC (O.l-125 es.nl. Torll N cot@ldi6 rii66dy i6s.d (P{.ot h SSBC

anddcd sil lrd lhis inc|E$ dg.d t@ l.'1G.3.02 fold.Totrl N crlmrdrim rte

itu@sed bd ro a ls .n@! i! {E sS udd.d loil (1j43.?0folD. Tn iofl'Be of

ssDc on iorol c onmtlrioG (1.0&t.41 &td)n! slidrty loE 116 ss 0-u-1.57 fol4

upor M.ndmnrs in rhc $il.Funhd, SSBC d lflcnb inc@ed S {.d .uitabte } ty

IJN-4.58 lold.nd 1.2-25 fol4 rq€dv.ly, rhil. SS m4dmcirs i!ri!&d by 1,68-2.t1

fold dd I.49-3.19 fol4 6?edwly s @np6Fd to rhc @tr!l $il. SSBC and SS

midodls iffils.d mihblc MIa-N by L94J fold !d 3.7-5J fotls, 6p€1iwly. NOr

N sn@mzd@ r@ also sienifidit (P<0.01) ioo,t.$cd i! $c 2% SSBC .trd Ss andd.d

$ib hI deEs..l rin i@i.g of +plicrioi i[a, DOC col6E rim idorat d

ddn,lricllt dd ngniliady e{.01) foll*iig SS lpplicdih (5Jn6 folo rnib SSBC

h.d dlt ! nod6l.tr.r (i@dng DOC l.rl.8 fold) d' ws sistrif*! (P4.01) fd



SSBC5 ed SSDCIo oly,

Solwnt dhct0bl. tl6PAHws 5.78 ng rS' in SS; ihie *tm bci.g bcl@ rhc

E xiDumalloMblc liDits O{AL) (t9P Hs, 6 mg kgj) s.t by dlc Co@il ofdc Enrcpo,

Comujry (CEC, 2000). fte rl6PAgs4ca t do in SSBC (1.?O mg k8])cnplied wid'

rhc Inrh.tionar Biel& I'irilriE mc!.kd rrl(brd! (6-20 n8tg.) @! 201r. fto
l&ts itrdicrrc ihrt th. smion of SS ro SSBC tuti.d id . signifiot (pg.O t) Edu.rio

in IAH orqrndon, In th. @ of rhis SS, dd iis spdific ptrclFir ondidoDi th!

ll6PAH conenralja rc EduEd by a fa1ol of lplujrurely fouitr b sttsed d,r

di$nnihr bidh!6 h!rc b@ Elorr.d b h.E dif@r pAt{ leb; t[6 bcing dcp...t€or

upd tyDe offc.&tock !*d dd dE @ hioc @d.r *fiic! 6cyG pyrelisd {FEddo ct.t,

?012; IIolc ct !1., 2012), HiSlq tenFllls dd l6s prmlysi5 rim. h.rc b..n shoM 0o

rduF PAH @nenlEri@ in biehr (FEddo cl rt., 2ot2; Hilbs ct .1, 2ot2)-paH

conqh'alions in SS havc bd rcrcd 10 dcFDd uFn 6 dc M$E of lt v!sr.Mr.. raned

b, vl"s (Dai cr .l-, 2007). SS hls t@ Eporrad ao 6njr Eiall t wk of pAI! mgnlg

mns.n r@ 2 to 36 mslq '(DbM .r .t- 2o0t) (siq Ois tusc ln. SS wd h rnjs tlfuh
h6 a cmplmriv.ly low PAII l@ding (5_78 nrkg'), It fonm $.t pjdolr3is of SS w h

difeE PAtl loadinSi (dd onpomd pltilca) @ tik ty t! girc ri$ to SSBCS atso *nn

wt'dslina liAq loadinBs. Wrt @6tr lios of pAl& i! SS d..iri.Ed to. lrrti@tid ro

rgidhlal l&d Fglbr.d (USEPA r95i SEPA 195: CEC 2OOO) rhh tsn irdj@16

otDor$njties !o'tcaf' SS that dllir PAH con6mrioN rhat .Mcd guirtd.€ EIB usinS

t)rcty5is ro poducc SSBC, lldlrd @odh b, ho*gd, fquiEd to !!la!lGh how

ot!{ing pt@ttsG @ndirim ed rh. e oadissinilr SS fcdsl&k ir[u.@ pAH lw€ts

The didriburion of sol!! tr qtra.llbtc hdividd pAEs io SSBC .d SS Eic! g6dy

([ig, 5.q. I" SSBC: nrphtlaloe, phc@ihff, fllomrhdc dd py!n. pFdomimi.d,



Ph.Mth.t'e w$ no.r lhbdrlt ildividlal P H ii SS folldiig by Bdudb)R@nnit6q

vnib bcMG)prric wa not dere.t d in .irts SS Dd SSBC (Fie. 5.6).

Total PIE @lentaii@r in SSBC l@ sig|ifiErly (p<.01) nish6 ihm lhos itr ss

(t.bh 5.1). sucn ire$6 ii PTE @edrDtrols uld ptrclFi5 G to b. elwr.d t€!$
PIES @ @Nry.d dldng prDb6is, stilc nuch of tlE SS DN i! oEt d to BlgN and

Iquid n&b G.ebcmi d d,, 2001),'IXd i! m ovcntl @@r!drg .f*r. PTt lcwk Pw

cnh.med by thc forrowins f!cro6: As (x4.8) >ft (x1.9) >zn (x1., >cd (x1.6) >cu (xlj).

F6 all lotd PrE @rcoirdis l@ incrcB.d stEn SS vs @rrcti.d t SSEC rn.t

a$iLbilid.! w@ grally rt<tl&.d G.hL 5.t). Anihblc PIE mEiliG ir SSBC gw
.ignitat0y (F4.01) low rhd ln@ i! SS; PIB hi@ilalility r.dued B ln. fot@;g

facio6: As (x28)>Cu (xl lPcd (x6Fzt (xrylb (x3). T1* r$lr hightighr lhc opponuit

@@i@ of SS lo SSBC hs to podr@ s eil ld.ndn nt dur FpE$nt3 r tow risk in

tod3 of its .vlilrbl. PIE coocoudioB lf 6llos dlt tffi pIE .uiLbitit id rn

m.o{h.nt maaix rheld E Nt lc inlo to@ pIE !*l Mibt . fn Dtr&t urr!l.,

t.t.2 Ef.dt of Mnnc',t on tu t P/tE

Bsio pmp.dics of SSBC ed SS matoi.b u$d in rhis sbdy @ p@br.d ii Tlbh 5.t.

fi. .ddjlioD of SSRC or SS oo$d Eiou durgd in sit popcna6 slch s pH, p,c, DOC,

NIt -N NorN q $rno @ed poc siD Cltbt 5:).

Tlc snalldr &c|u& in PAt{ bi@nubrid B tuun fo. Mphh.td;

bi@€mulation d.c@ in 6€ SSBC lrd SS r@rnslrs yei.d d.F!din8 o lppticalid

nr. of@endmcnt! rqp@tiety, by 27.VjA.5% nd t t,t-29,2!A (tig. j,3 
). Anog 3-rins!d

PAtl @mpouflt!, ph.nMrhm @ dG prrd@iNr PAH in cNBbcr grsn ir dt ot od

SSBC S &rddd &qrn6ii Th. high.d &das in bid..uubdo (55j-j9jy.) E
obsrrcd fd &olphthyl.n ! *niL rh. l@6t .!@a. (2?.9-39.5/t f6 e{6eft h SSBC

sendndrs (Fie,5,3A), Lik ssBc, dE .fcor of gs .ddirio! on it* 3{ii8cd ?AF! @



also wien dd !s!ir @phihyttu e{hibircd rh.hiSlqr d@.in bid@muhtjo (26.&

li.6%), followld by lqrprhlde 02.?-36t%) Gsblc 5.4).

Th. addirion of SSBC sisniarc{ldy (p{.00t) Edu.ld rhe bio{.Mlbrid of 4ring.d

PAI{S sh a n@mrhcrc (!|].?-563%I pt|w (rt4.4-{1,1%} t-.r(b).,itu!..e (6tl-

70.y ) &d eqerc (4t]'j83r/0, a Mp.Ed to $. 6rot $n ci& 5,tB), sinit.,ty' ss

addnion ndu*d dc bio@mukdm of fluod n f,. (15.5-2a.?y.), pr.N 1t9,242.9/,\

bow(b)orln@n (26.9a5i%) dd ctuyee (2t.1-26.0%) (rau. 5.5). Anors $e 5_

insed PAHS, baeG)nMnd|* ud borzoc)0lD@ow wft rlc n6r DEvdar pAt]l

b @bcr gtM ii llt rsrndrs (!i& tjB). nE dqa$ h biocuDutdid of

b.@(b)nuo'!r!th.ic, t .a(k)fluoEtntEe &d he(')pjda. kc 7t3-96.8, jos-s4.j

dd 53.1-75,8yq aspcctivcly in SSBC m.nd.d sil, whitc 36.t-52,6, 3a.y57,9 nd Z3.G

60.8'lc espc.rircly in SS ahmd.d so o.btc 5,6),In c@nba nl4 ihc bio@umulrtio

of &nng.d PAt s ws rhc lord mpocd to orhcr sluF of p It! (Fr& 5JB). SSBC

.rldid6 sistrin*rly (P<0.001) 
'du..d 

biMut.lion of i0ded12J{,Opr'w (5t.&

3l-0%) dibcm(!,h)&rh|uft (53180.1%) rld r€b(!,b,tFryldc (do.Gs4ry.I wniL

0'e e&c!s of SS qddirion q6 l()M rhe thi! (35,3-51.9, 292-59,9 6d 3t.t4'.*/o.

lic eil !s.d ii lhis !tudy had a tl6pAri @6h!rjd of 9.90 ng rCr. Condlri@
ofnubsaic t7P^ft 6.49 ns Ls ,) dcdd.d ttF timn (4r3 ns lg 5 !a by d,. l,hisrry or

Envidmqbl Prorccrioq chi@ (MEq 2OOr, Owir$ io rn. lo@ ll6pAtr c.@nr.rim

in SS &d ssDC th.ir m€ndncnr ro soil !.n.d io {ilure tl6pAII corccn!,6riotu. Ttis

dilulion Mdc ! liBtrifior ditrcre@ (p<.oj) ii lhc SSIO ed dl SSBC ronndls.

SSBC sisnifistl, Educ.d ilE !v!ih!tc ll6pAH @@fariolr s MF,!d ro rte

drlrol eil (Fi& 5.24), Th. MihbL ll6PAlI c<@hrtid ir rtE SSBC2 rar!€r B
Gduc.d by 30.3% a dp.Ed to lh€ @rot $it. This dal?s in Il6pAH conqrtdids



M da sr.lbr in lh. ssBc5 (38.5%) 
'.d 

ssBcto (43.4%) rEdot! AvliLlr.Et6pAE

.d6hioB *@ mr ,igtrin€dy lrdrcd h lt'. sS2 lrd SS5 r,qrrdt!, rhit. l[.
high.n .ppliqtid ,s (I09a) of SS @trcd h . rilnifionr d..@ ir luihblc tt6pAH

ftnhrr ioB{275yo)(Fi&52a).

It h $csod that lh€ &c@es i, PAfl lvrihbiliry in thc SS od SSBC mddcd

nBhoc EpEhr ch6gB rlat e 6r Sala rhe th@ ddt m bG rrtlihlct to diturio

.l@ (hor,l uFn tAH cdmE ri@ itr d'. so4 SS od SSBC {erid 3.t) rh. rarrh|l
ei6l0% amndnd hrd dibri* of 6ly 3% (s9 od 8r/. (sstsc). rE nlsnitud. or

cheg6 Fponcd lbow allcr @poud E?.nideitr! nol .iopty. dit$on .ffcr
ThcrrlJitid ofsSBC sig nrddy (P!0.0t Edwqd ditrqut pAH mp@nd! (dciii.d

by nMb€r of b.|udc .ings) lnd fiis Edrcli@ ircMs.d wittr itrMinE .pptioiid ar.s

Ci& 528), Ilr Buls indiaie rt l rhc Fduclid ir svlihuc fiactioB of tow rnolocuk

wishi (Utlw) P^l* (2-3 dnsed) qs l*. b n'oes.d fn hig! notrqts widn 0rrn)
P ll3 (,6 ring..l). Thi! is tE$Mblc o &oMt of LM\y-p IlsblvidggrE cn lttiry thd

rA{W-} IJs (Arp cr al. 2011; Xing..d pigndclo, l99o.R.gitrtiig SS rhc !.!@rion i,
auihbb PAH wa nor sis [@t ror Ss2 (q bort LMV lnd HMIV pAfl!) Dd SS5 (fq

LMV-PAH9 an.ndmcnts, whilc o.ly SSl0 m.ndtDdr srDvcd a signjtiMr d6u$ (for

b<nn LMW r.d HMW PAHS). EMvd, qidt i@ing SS rppticalid diftrer gMps of

PAI'! scG iiflldccd to arddng odc.r (fi& jlB}

R@tly Ol.s/@t et d. ()0t2) Epo.r.d 0E i.flucM o0,ioclE on rvsirdt.

co@nfltioN of lAEs foUdi.g iB rddido to SS. th. @tts teoned ir rt!i! r!s@h e
in kcping with Oh!@!k e1!L (2012) io $ nwh |! bolh in6tiEaiio.s h!rc shM biochd

to&d!ceP rl avlihbility md that dris rldwtjo I! n61@tuid.Ettc for HMW-pAt|j

Il is ol .oL lo Eerti@ itrt ? d.ys rcE .llo$d fd $€ dddcd sib ro

'inid&tcquilibai.'. $,tilc rnis @oft ofli@ jr untit ly ro h.E hcn $6cidr fd .I of



tl'r PAHS ltl fully rcaquilibmrc wilh ltE d.ndoctrt3 ihc Estts clcdty irdier. dl.t ith ws

s!trcient Innc to mdk dly rdu@ lAE ohil.litity in $c SSBC d6d.d !oih, Signifmlly

rh.6dE indi{G ctd ditr@6 b<rwa dF hludc ofss dd i[@ ofssBc i. rhn

nlail Ol.sdal ci .1. (2012) @r.d drr thc idteF ofdiftiat biclrs d 6e distv.<l

P H! addc\l lo w.g. sludg. 6 rte diflcrcnr In ou siudy, sB!.r E& rdrfd 6m
silIoSSDC ard SS e.l obsdrcd for 5dd 6{h8.d PAll @pos.h. Ir is sdrsd rhor

atroity of l,AHs for bienar silt d.pcnd upor thc pnpsriB of rtc bioch.r; rh6 b€i,s

sowd by fd&r@k tlc tud p,rotsis @.dirjo6 sE[ s ra'Fr.n|E Dd lift (Chd €r

aL 2m3; llrlc .r .1. 2012). BictE ct daraidG *h s pE .Ltunl @npo{ilioq

$rfd @ .nd srtucrurc cdnd b. chegcd wirh ch&86 in (@ c.nditioB, ed a a

con$q!@c.n r fto s.Drio.b.hlvid ofhiehr (Ce 6t d,, 20I), Id rhG study thc SSBC

dd SS malcri.ls hld difffit srf@ 
'@ 

!.d p@ vdm6 ($6lc 5.1). Ii both cs lnc

slB fo SSBC wcE dobt rN obsald to SS; $t m, i, Dar! b. thc @lors fd
difedr cxrnts ofP/\}l $rdion ot6aEd

An . dasDtid fiw ! mrabi.rt d nrti,r $c sFid .rd eqo.$ario, ofpAllsidio

SVSSBC 6cuE tho!8h ditremr h@s ech ,s hydbphobic cfec! tul@ironinr.@tio,

ond poFnlling mccttdins (Ch@ ct rl., 2008).fi.s nalwiss woutd @!ib!i.
diff.fitly in thc SSBC ed SS mlqi.b u5.d io rhii stl{ly. Futthqmq lne D'!g.. of

s6.rrds in ss (snirt d .t. 2@9) ut hl* iEEs d.$pdodstubitig of p^Irs ton
@r@inlleJ dt i6 (au d!t.2010) rh.EbypMoliig dcir.vlit biliry.



t,53 Ete.ls olawnrttunts 6 PrEe

Thc @nem6im of PIE ir rh€ @!t!nir!t d bit v@ d.i.nnincd (Lblc j.D. Ot

rhc PID3 Zn lnd Cd .rced.d ttc M rr (250 6g*9r &d 0-3 Eetq.1 rqccriv.t ) sd by

lnc Star€ Dnlitu.dl.l PbrcdoAdfn'isfiliorl Chis (SEPA t99j), whib $. Ar

6nent6don wls lorcr tle ill MAL tjDir (30 nsks_5.

The oddilion of ssBC d.@$d sEihbh co .ib.rions of Ar (52+66.?%), pb (20.t

,a-5%), Cu (2143.0y.), exl Zl (2.r-8,4%), *hitc @ c.|6rnri@ 
'i.6*d 

,tirhiD (22_

rl.9%) a.omFEd ro rn @td $it Grbrc jr).llE s no ,iif@r dlcae in

.Eilibk one!8titu of Ag Cl! pb ad Z, .l to, SSBC alptidrid d& (2%), *niL

tisnifi@ily (P10.05) de@*d c.Mnrrri@ (.xc.pt Zh) sft obervd !l highq SSBC

.Dpriqlion dL.g (5 md 1o,/t.(taue 5.2).

In conrrdt to SSBC, avlilsbb h4ntrdtios of dc prEs A! C4 C! od Zr

siili@dy (P4.00t) incE$d in ss eddcd loit B @n!.rEd ro rhc 6r!l eil(rlbtc

52), Th. inc@c in lEiLtL 6n@r1.!lio8 of prE! h SS ,,n"r.d sib im6s.d sidi

incBi.e lopliclrio, n&3 (tauc 5-2), Of rh. rus, tle nighBr i!.tgg in .ujtrblc

@nHtr.iion Na obsned f6 A3 151.t-229%r, Afra As, i,c@$ jn lv.ihbld

m@ni!dio0! sEdci nsrk€d fd Cd l69A-g'.e/0. Tte in.lls in lvrihbL

tuhf.litr$ for cu 0d zd R@ 30.2_t42% &d 21.6_1499/q Gldrivclyi whit! pb

sloq.d tlE low6r hclE$ (2.L?.t%) in eibbb cdMrrri6,
Colaliv.ly $e ehs hightSft Lt Flpcneily of SS ro incla$ asihbt

@n@t_alionr of PIls followiDg irs @.rdD6r to oit, tn motst qe @wn d !o SSAq

PTE av.ilability iD lhc meDd.d sil M d..iE$d retcdly. This orrt ldc is @sisihl

wili s.vcFl ol,lcr wo*s ihlt hsv€ shown bi@htr io bc cfr..tiE in EdMd 0!c avlilabtc

@enrariod of PrEs in @I!DiDri.<t sitr (D€t y cl !t.,2orr; l,ho{r, cl d_, 2OItj

A[md .t al. 20 | 2). R.duc.d PIE w.ihlitiry in eil ecld.d wiln bio.t!, hs h.c| tint <t



ro ctr!36 
', 

$il pll srio..xch.ngc ad DOC ntG (K.ird.r.j, 20 ; Ade Gr !t,

2012), In addirioq biftht de corabc oryla-lihaidd-surs etich e oeer.d lo

fm @hpEx.s *ilh PIES (Kook @t al., 201I ) ed lcd to pIT imnobitiztion in eil dd

lhm Ed@d bi@uBulation h plnnrs gDM q bi@h& mddld &it, ?FviN studils

hrc b.tn shom thd ine oxr!*fibdiNtgolp! e btr .tratirc llln id@ing

alhlinittetre* ir sDtrBio ofPfEs sut! s Cx (Jieg &d Xu, 20t3).

Fait bioos w6 sigrifica,fly highd (p:p,l)l) in the SSBC d6d.d sil rhd iD thc

6lrd $il (Fi& 5.r. Tt@ SSBC d@dndb lpP'eiibty inFov.d fruir ietd! str6

@hFEd ro thc o.roL shosing imEa!6 ot j t.?, j7.t ed 63,{M h SSBC2, SSBCJ ..d

SSBCIo mddnenB, Bp.crirct, Sinihdy, tuir bidN in rhc SS aDc.dDdts {s at

rigoiliMdy (P:0,0J) inofos.d wilt sper b rh. clir.l $it G.blc 5,3). Ir wr rcted fial

th. high*t $DliEtion of SS nrd 6 appehbtc bd.ir i! icnB of fDit bi@a,s, 6
@mpGd to 59. D6id.. ortr turicrls, th. if|ag h NH._N ud NOIN cdFE ri6
by SSBC sd ss OabL 5.2) @utd b. lh. 

'l@n 
for hiehd Euil yiltd (Ctourn dd Co(tM,

2010). Ar doGd odi.i SS lnd SS Morded eil had highd o@rrtiotu of av.ilahtc pTBi

the ssBc dd ssBc d.(t d $its oanb 5.1 dd 5r). lh.EfoE, rt higna,lplirjris

6F ofSS 00%) oay hrrc dared . ncgrliv. ctr cr @ pt! bidls prDdrcriu rtat otr+r

tot nridl sljm du. io in@s h pler dfri.r tcwts Th6lhs i.diqr. tur SSBC hrs

g@tdr polentid oEr SS viilrsprcr ioprcmorii! inprcvcd cucunbq trirbioM$.

l.S,' PA bio@Mrlaio,

AII 16 l,Atls w@ dnar.d in ctrebd tun 8ttM in @td sit md Errnat3

mdd.d \r n SSBC rn<t SS (Fi& 5.3). 1!. lddiiid of SSBC ,igrif60y e{.OD
Edued the clreninrions of tl6PAH !y 44J-5?.t% in cwmbd fdia, SS rddirid w
lc$ eft.livc but stilhigijn@ry (P9.05) rcd!@d rt6pAn bio.ounltation by 19.9-



35,6% (Iig, 5.8). RNfs idiqi.d dsr Oc cncnt of d@E$ in tl6tAHbiMutndon

imlwd wiih iicdsiry .ppliotion 6tcs of SSBC dd Ss (Fig. 5.8). tn rhe @ of ss

n*inun Edicrid h tl6P llbtlourubrid ws ot6an ;! dE SS10 $.en..t

(35,6%) 
'is 

Fnudi@ pa MFnbh ro rh. rlducli@ ohsnEd in dF SSBC2 larn@r

(44J%) *i$ @ siglif@n (F0.05) difr.rss b.ins obdlEd h.rEtr l[6. rndlars

n!$6 3i[nificlnt (P4.0t cdlctam in bidemddid ftr o6$nEd in tn. SSBC5 bd

ssBcl0 lEarD.rls (Fig 5.8).

Figu@ 5,3 suntui4 {!c oMtt i.f1*@ of SSBC md SS a@do..ts @ pAtl

bi('@muldid h crc@b€r tuit. Ar.ll apptiotid dE! rhc.f€ijtfts of SSBC vs

8@tn lhe SS !r Edwins IAH bio@uduhtio in c&uhbd iun (ir, dsL poinB felt in thc

uppd hn ponion of rhe firnc (Fig.t,4)),Ii SSBC2 dodmoll, ihc d@l@ h

bidc$mulrrio of individurl PAH *rr EN rtu 4{M (crc.pr fc Mphbatarq lul)@ Dd

rrth|uft). In Ss2 llMdbdls, inh .bearc G low rhe 30% (d..'r aor

6d6G)numd'aE, hqE{t)ttEolEnc, nncno(l+3.Oprsrc, !d
b.@G.Li)D.ryld. (Fig 5.4A)). SSBC5 u.idna! Edu€d pAH bio@mubtid by

nDd un 5Cl. in cu.nbq q6pr fo. rlohrhd.itn fllofu !d urhlide, h SSt

lmodcd te nmls, b€@(a)tlrN, Jdd dniScd PAI&onty jlsldcant€d drc 4M

d@tw ftrc whil. odq PAIi @mpou!& (dtc4pl OMe) veE tMr lhd 30e,4 Gie, 5,48),

 t l0% .pplicrtid nig !g.in SSBC w moF .tr .iiv. ir detlatilg pAE bi@mutarim

tl'e SS 6iG. 5,4C)- Tie dc.ia$ in PAH biMuhrion B hirift ftr BMlg-pAltr itu
LMW-PAII (ii. .lar. poi.rs fd HMW-IAH fclt ir rhc upp.. tcft of llie 6u. (Fi&

5.4D1b* HMW-PAII mpdD& rcrld b. o0ccd io b. of toG rnitalitiry ud ri.ir

bid@muhtion eHrly t d!c.d by SSBC 'M&68 s @oprGit io LMW-IAH

@pourt (PlodoFdc.r al,2004. TlE rads Glod.d Err.ditrg bi@mlhrio iDio

t!il3 dRer Ihc b...ls in aEihuc PAH @n6rdios ir rhc eit ed lhc ddrtcd sit*



Th. tducd biMul io of PAI|3 h io cl|Mbd is b tdpidg ri6 @lb

indic.li4 rcduccd PAH biMubrim irto lcttlc. m gtDm in th6 pl!g@ of SS dd

SSDC (Khrn cr rl., 2013). This lok &muhlio. ot PA.lts in @b.. tuib g!!m ii
SSBC mendcd soil thm SS ould bc .ftibutcd io $c Edu.cd @nmtatid o{ PAII3 in th.

$il solurio' . Our @lrsdmo*dred rlld SSBC sddilion io c@raei@r.d sil tldu4s it,c

dst .shlcd *iO il'c r'dstu of PAIts i! !o food dtd th.o&r irto fi. f@d cl$in.

Th* refts dfrncd rhrfSAC [! hiShd $AriE 6F.ilt tt& SSfo. P]\JI9 T1.

sde$hl comDo.ftim dd dtulll chr@r.ricio! of SSBC @ difmr ro r[@ of SS

Orbl. 5.1).Tn!e !l.y e idlod! ol. ir d.r.mirn'g dc adpliE caFciq f6 the

ndcrill!. 1l'. Bults r.pdted h@ @ in.g'mdt with itE fhdirge of o$a |!3@h.6

who h.v. Fponcd dc.ppli€ri@ oforha (ior SSBC) biochrdo pAIl @nranidr.d eit io

dr.l!& thcn lvoilobility (Chd dd tra 20tD. St@ificdty qood biocndh$ .t$ b€r

obsnrcd io dcc@ dE bi@uiLbility ofPAg! (B6lcy.r !1. 20!0) blr irs cftqivsB h

lhis Eg!,n h6 bcn CM ro h. d.?cndc'. u!ml' B .g.ing d csbd titu (C& d .t,

20ll), It h$ h..n s!@sr.d tl'!r bi@tu nor @t rldG rh. lwit.Uc !At& i! rtE $it

liquA phe b d$ minioiz6 lhe nuufd ofPAr& fm $it to abro ptd (thi. !.rhs!y

b.ing pirticuhrly Elcvet for m@ vollrik PA}lo GiDopoulou el d. 1999i Hoqm cr al,,

2001), Itc impddin.nt !o bolh tasfd E@h!.inr {ould @nrdblrte ro Educe $il !o ptrnt

5,t.6 PIE ti@Mttlddot

Ij. SSBC.ddnio sig'ifi@dt (P9,0t) nrdr.d bileuddid of Ar Cr ud pb in

clcumb.r fruit a @nFrd to rhc @rDL lnit rh. {ni@ for Zr biMut tim vs
mgligibl. ([ig JJ). ft. @@trtid of Cd in thc c|lMt r trir signif@rty

(P3.05)incrcacd ii the prsa@ ofSSBc.'n$ av!69. Cd con mr"t@ u@!!.d by 4o.t

72,6% in cucunbd g6m in SSDC oodmirs (Tlbtc 5.8).



rh. lddilior of ss sis.iticlrrly (ps0.o5)trd.$.d bioqmutlrjdi of *Ld.d pT& c
Mp&!d lo the @nrol. C|l|trg* in n t l @n6ridN obm.d in .!cmb6 ttns sbM
d SS rft.dcd $il @ aih in T.6tc 5.8.

nE @n6ft"tid of A! ws rigrifte{y (psp.Ot .tcur.d i! cNmhc. gllM d SS

mdd.d $ir, @hing 0.4t-0.55 hskg_' s @paFd to dror (0.35 ngkg ). Tt* rcvct!

of Ar cl@dcd lhc Ddioum pcmi$ibh tinirs (0.05 bgkg' {rw) s.r ftr f6d hy SEPA

(200t.In. addidm of ssBc dc6rd 15 @6t!ri@ 0.r3 h*sj i, ssBcto

tannds) in clcunbd but thij @cdrliion *.cdcd! tioir !.1 by SEpA (Oo5 nst8.).

Thc @nEnt-alioN of Cd in clEMhd signifdtt inq@d in bo$ SSBC dd SS

mnd.d $ils, sd.xcd.d rh. Fnisibt liBiL, (Oj hglei dw) &t by SEPA(2005) fd
food. It should b. @t rl rhar O. $it lrd in tlis r!s@[ hd rorst Cd mqatuid drr
qcc.dcd rfu MAL $t by sEpA (199ttu aglicultDid p64ti@ crabb 5.D.

Thc condraiion of zi $!r d$ sigiifi6 y (pj0.05) ctd{iod in cedte. gD*tlitr

ss lGxLd eil and dc..dcd 6c MAL ((D igrsi d,) d f6 tood b, SEPA (2005).

Aerir, 6 wa r!. @ for cd lohl a m@!!rid ir dE oit e.dcd rtE MAL (300

nslSr) &r by SEPA 0995) for ssi.unud psciho (tbbl. 5.1). rnu! ,oit contdnilrrcd wiln

sn high l.v.lr ofA!, Cd ud Zi @y din p@ . tanl dst tirogh $il ro food rrrBfr of

PIE! cvq at* ss or SSBC !@.dMk

Thc .onentalions ofDOC in SSBC rEalDcnl3 My hak ptiycd d inDortqr,et in

r.ducing biorloibbility ed bi@(fuutriid of pTBs, Houffi, ilthc @ of SS tt .rndts,

PTE bi*cdulrionima$d in pib of iFasd DOC. n !! egge&d rhd pTEsuy b.

boud noc vHlly io ss-DOC the to SSBC_DOC (c Talt 5.1 for rhihltc ncbtr) ind

arc 0FEfore oe 6ily 
'tlc.scd 

b !.it solulia tu phnt uptsl@ mn wh6 DOC t*h .e
d* .d, Die niend rutne .r.., highd FF vol@ drt @lt6 Doc jiz. of SSBC9fltd

at o dtihrte io Educi4 PIE biowit litiry. Tlr SSBC e.rdMs i@s.d p dd S



@tqns ii $il (Isblc 52) which idt rer lrorSty *irh Adui!8 pbtrr upLlc, *hin .fi.{r

it3 bioccun{laiion. And.lcis lphodphric datog md rakd up inro ph.ts thoueh p

turponcn (Mcl'rg dd MMrir, I92), th.€foF, P Miitcd wi0' SSBC migtrt b.

EAonibl. fd the rdE dr, pr?,'rd & bic@!t!rio. h th. N of SS ffidrnd&
d.urd @trcdtErim of P 8nd s v@ allo F@r oabL 5r). fi* did !or, hollE,
td@ 

^3 
xnd othd nct.l biolvsilabilitics thDu8h rhe abovc mdridcd n@neism' Ir

$@ o'al rI[ dill@nr phFicd !*l c[.!iol stMftft of SS i.c|E$ il,e lEit Dilig of

PIES .d frcilitdtc then sh6.q* bi@mutdion h cu.@bd. In @ma<, ttc sddid.n of

SSBC d.ctor$d A3, C!, Pb dd z{ daihbitiry Md sb$qudr upiikc thrcusn @nbtncd

cfrdr .mibuied ro (uchndta cr al. 2ot h): i.Mitrg eil tH; hishq p d{t s Nljt bilit;

oxyElcft.clionl{Mp6 p'e on bi@ts, r!4 6ct l..mphrr{o (L.h@ ud

J*ph, 200D. Ir i! lls tik ty thdoh&8.r In hio,obht laliviii6 (Quilimct.t., 2Ot2;

St inb.iss a {1. 2009) @ld lbo ile i!flMc.d pfB biohibbilily.

R6ulis indicar.d dlt $don6ion of SS ro S,SBC rc .fr*tiE in {t6foyilg p Hs

aid in Educiie th€ avsibbility of pIEs. Thc lddition of SSBC ro mr.hiured $it vs fd
m@ .deli!. in r€ducioS thc ivlihbitit ot !^Hs &d pIEs tun SSod s ! @oscq!fu

SSBC ru noe efediE in Edwirg loltut !r rNcE trlD ejt io *!r.r b ,ldr, L
iddilid to Eded Dollurant trNtuftr nbh $il io plmi n is nor.mnhy dur parhos.6

ei$cd rvirh SS e kilLd dEir8 ssBC plducli@. Thus, SSDC otr6 !t irid.t baEfib

in r6a ol Bidgaijng pallFgd t .Nfd to f&d.tr shootd b. dphsiz.d ttut to* *!I tte
Eflllr m ho cxlr4olrted for oih6 SSBC, olhd bicna dd onEr sit t ?e, is uncdrrir,

od n!fiq jnvcnie.rid in this Egad is 
'!qund. 

Nm$.16 i 6 b. @tud.4 fon
e@l Fsrotivcs! ltut SSBC r.p@nts a p.$i3i0g alridivc !o SS s ! eil .nodm.nr

plriiqhrly rvhcrc PAH and PIB @cens.rioB e .lcv!i.d in sn.



Trhld,l
Physiol ed cnmiql pop.ni6 of sil, SS &d SSBC and @c..lrdjoN b pIB. M.D
vdu.r .F slDM+l s&rdlrd d.ridion (D =3),
'r6!i!siblc linirs et fo $*as. rluds! by rh. Unir.d Sra16 ErviBrndd plorectim

?qEisibk libG sd f6 eil prF6J B 0E Sbl. ENilqj|Mrrl Pior.djo
AdninistlrioD(sEP^) l5l
'S.il ba.qdund €16 rlt6 fron chd d il. (24) foi Fujio povinc.r chiE

rod rlx olqhd-r ('t rc d,)

^nr.rr. 
Prr cddc trr 'l| 

&)



Phrsic.l and ch.nlcd prcp.nld of rcil &d soii @odc<l wnh SS d{t
wirb loer ce Ltr.R sboe .tonssid. indiqre rigllf@nt difcmciis fiqt ditr Gn@,T[l wtucs shoq i. botd ildie& sigltfi@r
u.dm.nrs !t lik 6pplbltion 6&s.

SSBC. M.e hlua @ shoq Et tr4ded.t viarton (D *4), In. vatu.s
b.$c.n rn. cdht ed @nded $irs;hlc wirh rc t.tE6 trdiclr. mdrlffie bd*en s,u6 fd ssBc Mddhqts with BDel to ss

^niLdr 
Fru d!a!hd.! (D! tq,' d,)

0J!4m
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Chapter -6

Quantificnrion ofbioal"ilability aDd upiake ofpAHs and roxic he3vy lncrds in

SotM b,cowrsiM usins sewagc atudge biochd

Fig.6.rcraphicil absr.lct ofTomato (5. t copenitun).



Unsurrajdble dcv.loFnd cr.&s nwm aviomcnbl Fobtais iNtuding

dciaionlion of rir, wre. sd sit qutit .log widj d.plcrio of narrnt MUIK
sMgc sludBc (SS) productid it otui.bNty i*a$d wirt dpid u,bqnidio .!d
industrialiarion thtuughour ihc wi,L SS b nGily lGd tor ldd6lt, cmb[9iorl

indBti.l urilizrir! 6po6ting n diet ,ppticaiio inro f,mlaide (S{rr che

Mon deo ed Mddini 2(,0t). Fmt&d.rrtierid i! rh. nost sLidu. e of SS

wq i1 impdvcs $il f€.rility 6nd pbdudivity th@gt imc.sing nubi.nls lnl organic

mla coMnliiitu (R!*pa@ d d- 2009i Rm.lyi dd Rovn!, 2ot t).

Ch.Ecle.istiqtly, SS @nl!in, hiSh coneDrdios of toxjc h*y m.t (oid)s (Illl,s)
olgoic pollurrrs such s polycrclic s@.tic hy{t@,bd3 (p^rrs) (Knu €t.j.,20ll)

rat pllbogtu, Thc D@ne of rlw lottutdr! E$ior! tlc lpptic.rjon of SS inlo

l8ricultual hnds, Howcr, SS @ be u*d .r . biomrss for pyDtyde io podu@ bi@Ilr

(SSDC). Litc olhd bio.6!r!, SSBC al$.nh&6 $it fcnitity dF b FeE ofborh

h@ and njcb nuniois. IIoM, SSBC spiiv. oprciry @ Edu@ mobilfty $d
up{.}c of'[lMs od PA[s (W!rg .t d_ 201t; Xhe cr d., 2013).

It b @.n.kn rh.trnccld.e of biGtrrro $G &ir hrw dmt d b&d@ of

Dcrols sd tlocs tuy del,le pobtdr tirkld ,illl dcn ionony dd rh.t tr&sf.. in o

dE hlfu food ch.i!. Thb ribDrim is sll.trtid in p4ilrin *n@ dri.t ubG,iarion

ha ldd lo qllnimlM of utbu eit with hi8h t@ts of n id. tud I{OCS psrricul&I,

PAlt vhich is ffdsircly ue.d for ryicutiDt p|r!@

Tlis Es@h p@vid* . didr mladsoi of 3.hg. sluds! (ss) ed $MBc sludg.

bl@l& (SSEC) .fc.dh6 lpon 6op yi.td! jd to imobitizc octals sd rcdua thc

bioeilabiliry ofPAE ilio i!m!!o plor, gtuu in @t niMr.d sit
6.t M.lcrirls ,!d tr€ahode



6.2,1Soilcr@teizrliN

Tr& eil wos coll@ted from surfaee t rr of THM od pAE conieimtcd litc ptqr in

R'ji4 Chilr Soil rc sicvld (, m tuh) $d d@ghly hmog6iz..t. A t0 s sL
$nple war dricd rr -5@3ocir22 +3 p. dd thea do,Ed i, dc tl@, d -2fc. Soit

pD!€rties such is eler.icrl co.duciivit @C), pE sr6e .ra pooeit iitts@ (N),

dhon (c),sulfrr (s) ,!d tllvts w o6rEd (tlblc 6.tI whil. inidst c{!6r-.rios of

PAIS i. onrbtrnd SS/SSBC Mcndd sib a lhoM in Fi& 6.2,

6,2,2 l*p@tion and ch@@t ri.liilnolbkEno

Moiiw cobining SS wdB 9@ obtlirEd tqn eancwer rErr.ln p|mt (@ltcd

Binsh.Dpe$nt ir Xim.4 Chiu. The Ncr SS B &icd in dii SSDC {s p,Ep,Ed

eodilg ro dc ncrlod ncnio,Ed in M peviN wt (v.qt! d.l_ 2oa). Bd.ny dF

dd.d SS q* ptrclyscd Nhg jJeC ihp.6ne for I h i, th. liena of lirrogcn, nc
SSDC E c6l.d insid. rhq fut:@ ro @D impqrre dd ricn Fnowd ro p!s! rt$gn 2

mn n€IL S r spl6 of SS &d SSBC w \ed ro ddahirc 6c bcic che.r.isics
including pl I Eq N, q S, turf.@ !R and poMit{Irbk 6.0

62.3 Pot *tErirunt in eEeitb@

rne @nr.min cd $it ws n@dcd q1h p'E 6Ed (<2 nm) SS d SSBC Drcriib !r
difl@nt aprlimtid alcs (2! 5 od tO% on dry {€ight hsis). IXo SS m.n<Ld ftah.nrs

sE dcfiFd !s SS1 SSj &d SS|O, er?cclirct , *ni|. SSaC rqrrois wcE d.fin d s
SSBC2, SSBC5 od SSBCT O, E{€.dv.t, nrc sit wilhar SS .!d SSBC 6 ,le inctud.d

.s a conlrcr trurndt, Tnc phqio tot3 v@ fllcd wi& rh@ tabtqr! dd Epli6i.d 4

ijnB. TlF. potr 9h idigar.d wi0 dciqizd e.ta dd olrivlr.d ,in rhc s.c.tti.g! (tr_2)

orlonalG (s. lycopeiah) !!t r ? d. Atuf @ ek $ce sdtioss *ft Fduc.d ro @
it d.h pot'ft. Dots l@ tq)r in {E @!rot @vi'!mdr of , grnnor ad irigllim Mr
donc wi$ deioni4d wora, ItE mmdi@ nirrc $tui, (l g pcr too eD *t' ur.d twi.



to fenilize tlD plmts. Thc dabE ftoirs of tdrloca qw @ltcocd lion a.h tqlndr ei,
{En 0sh wcight veE Eod.d. FE! sd6 9w d.i.d Bhg veub i@ d,iq, Tt

dried $mplcs ME powdcrtd ud sdd ia Ddpq scts d -2OoC fo. ftnh€r lnllysa

rn $ir, SSBC, SS !d ttF SSBC S oad.d spk 9@ lssqr lir iobl THM

conqlr rioB lsing HNO3 od llct oi\ loid Gxrsrid gwde 6ne ct rt_, 2OOS).

rowderld smDlc (0J s) of totuio fruits w6 a,G&i.d wi$ 3 mt ofHNor dd H:Olll
v/v) Birg oicdHe ecLor.d E rid srst!fr 0!6RS) (CEM_M,]!,V 194 05). ii.
Iidlly drrad.d susp€nsiM nttard $rcugh mmb@ fitr.r dd l[c ftlric B ditured

(50 nL) wirh Milli.Q war.r. Ilic EmA ss @d io qt &r .vlihbh frlcd@ ofrHM! i, dc

$il ss, ssllc lri thc ssBc/ss D.licd !qr@6 @as d rt, 2ot t). Ir,c cllHrlric
of THM.wrc ddmincd uting ICrcES (p.i*ii Et@ Opin. moo DV USA) dd ICp-

MS (Agihir T&hrclosies, 75OO CX, US,{).

Torai oneinldm of t 6 UgEpA p II (!l6p l D ir sil, SS, SSBq SSBC/SS dd lb.

fdits of ionaio }@ qt@l.d *iln DCM snd @ronc (li ntio) s. Dix solv.nts usi.g

.@ldrcd solwnt odetid stsrcn (ASq Dimcx-350. ftc oeldld etv.!t5 
'd

ndu.d io I nrL lrins rcr!ry drForiD ,ylran ,rd dE B.d th. sitica cttrctur.Snrhy

colunns ro Purit rhe s@pt6 lc@ding b mcdod narioNd by Khd ct at. (2OOS). Tlrc

IiDl Ef6cd sple (l nt) ws ltoEd h . viat {2 frL) od led for pAn aMtyris,

^ nol 
"ar.r 

(Mil[ Q) dr..d6 s do* Ei.g ASE ro lss lqibbtc pAL

@Mfirrions in bod onlrbl dd naded eits (Lrtawia dd R6id, 2009), Bi.ft, quare

snd (25-50 m.sh, Siiopm.) s ad&d io sqptc, to eNE Dbp.rdisF6id of sDIe
nall*a. Alidr filling rhe ASE €[5, lle prlem B sd G l) 2oorccxlraclio&nDd.r4

2) sbtic limo l0 nii and 3) flush volwe 2O%, Th! cot d cxracb w@tEnsfered ro 2OO

nL *p6alins furfth ed fudEr 6t &r.n *i6 DCM 0ri!wi@ od Lci4 2OO9). A]l



*Lrcls vc,! q@ntificd for PAlt using GC-MS (Agiknt Tehlologiq 59?5c}Funncm@,

eiLbL NorN. Nlt -N' P (cot"dt p) .nd dis.t*d orlsic 6rbd (DOC) rc .tso

drlyrcd ii d'6 snpl.s,

6.2.t Qtalitt @dtut dtd dda ddxb
ln od.r io cn * ihc.dici.fty ofASE qr*id &d 3itic! dw pwi6od@ fr pAH

Eovcry, sumSdlc PAEjcutemt d shd,tdr (rt$ph{@o dlq cI]tr sDc dt2, Mphth.t nc

dq pd,lde dt2 ud ptEertm dlo) ftr. EtRogan berlr ph,r !d sil srdd&rt

Ef.En@ nateials wcE iNlDdld ro check pI! rccovery. Thc ohlired dtrla *@ srarktiol,

dlra.l 6ins d. sarini€l F.trg. SpsS I l.J.

6J Rdulir .!d dirusior

63.1b@!icdid otPltMpE d@gs b, $ dt t slRC ,,anrr,rt

Th. prrolrsir .hing.d the co@ntplionr ofpAll! id lt SSBC s @p.,!d io SS. Tlc

rotal coeenhztion of 
'I6pAris 

(j.?8 Ec tg.) in Ss e4, h.to, d. Nihmtmirlibtc
liEits (MPL) (t9r4H& 6 og kg_'; sa ty o,c Owa or or trmp-o Conmuiry (cEq

2000). Sifrilarly, lt6PAHm@nrdid 0.?O ng lrgr) i, SSBC @ ob4rcd wihin ih.
Ill'L (G2O rekg r) s b, I .nlrioMt Bicho tDit lirc (tB! 20t2), L@ tudiqs lhow

&n rhc Omlysis signiliturty (!ro,0l) Edu@d pAH m6b jos id SSBC, h dis sludy,

d'. $h of l6P lls ws rldlccd qPqinll.ty fou tie.s u|lhr el..r..l prrtFis
€.diliois, Tl'i! d..e& in pAH @dc.ddion.l$ rteFnd! 6 d. rrp. of SSXEviNt,

lh. bioch.6 DeF .d fiwn difcq t ddock nn rjats tlw shost dif@t tcrcl! ofpAHs

dhparLf,l qb ihc iyF of tddccls @d p'rot is condidoG (Ftddo .t !1., 2012). ta|,g

p,rolysis rih6 sd hiehd t np.ntlB havc b@ ohld.d ro Fd@ lAH con@ft.rrid3 in

bi@lE (Fftldo d st. 20t2; Hltc d .t. 2Ol2). Th. 6o.q,hid of p r& in SS dco.rd

uton on fic rypc ofw$&\r.t4 tr..r.d (Dai cl !t., 2004. p,.yid! studiB h.rc h.o Gpoi.d

lh.t SS mtab voi.blc @6rdN of pAI|i (mecd dw 2-36 Ddg.,) (B@ cr ut,



2003) bur lhc SS u$d in $e pEsDt tlsdh har a etaiiv.ly low @nccnr*id of pAfi

(5.78 hgls ), 'nc PAII lddi.gs ed r[.n co,rFo.d !,sfih i, difiaal SSBCr e
dep.ndd otr rn P H lordin$ in SS nd.tirk ucd in prrcty!tu, Tn ruutr i.di@io thar SS

qc6dir'B Fmisiblc tinitl fq ile pothrlrt3 @ be urd ,o prod@ SSBC. Eowrc4

funha 'Bdh M.t is ned.d lo inv6iigd. thc $irdltc prbbsir ordirioN sd tn. pA}I

@ccntatios ir SSBC pE dld fion dif@t SS f4dslek,

'It. rohl onqFrriN of i ividd pl}I. 9@ g6rl, wic{t in SS dd SSRC

mat rilk u$d (Fis, 6.5), tn SS mlrcrist, ph..urhFnc *4 ltc domDdr onpomd rouowd

bt Bo@G)nuoEnrh.& *iilc SSBC no!.id! dph6.Lnq plEMlhtu, fledn@ !d
r''@. rft donintur mpounds (Fi& 6J}

Trblc 6_l sumdiz6 d,c rotat IIIM co|HratiN i! SSBC dd SS,hich Mr
sigiific.ntly (P<0.01) hielF in SSBC s coopald io SS,TlE 6!ts indian tbll TflM

h*ntarions eE incMsd duriDg prDt 5i! qhich @ also obs@.d j, difl.mt srudj6

(Kh. .I sl., 20t3). llis im|l& k lo tc dl6r{ bqN THMr e c.]|e[!r.d in SSBC

dEing tyturysis and lrse monr oI SS ms is convdt.d to tiquid md g@us fuct3

qomvcr, .vaihbt. cdatarions ofrHM! rcc etudy Edlc.d in SSBC Gnib 6.D.

Th* r$lls snnm lhn rhc ptrtt$is is a Bood orpdrsig r, dbr hi8h rbla SS iD ro

low rill SSBC which has teg cdro.tEtioB of auilabtc THMS, nr@ tow avrihltc

THMS in thu SSBC {meod.d soil @ 6d@ lpbt nt in ptdb,

6.i.2 Quhtificditn o! ch.try' in nir p.Lus

Tablc I snndeizs dre b6sic ch@cdsric ot SS dd SSAC used in thi! tls@tl" SS

ud SSBC dnddn.nF chog.d dE ba,ic $it cbturdi*iB irctudilg pE DOC. Eq NIr._

N, q NOJ-N, poc sirc .nd tufec @ G!6tc 6l)
Ilrc eil ofdtis rEraeh ws highty tu&niilLd vjrh pA{s (rl6p4ll - t O5O.85FS kg-



5 a:d tlc cmtation of $6 ndlgenic pAfii (ttpAH3 - 5.49 nC kgr) .,€dcd rh.

MPq4.23 nrg kg) st b, tlE Ministty of !trviFnMrat ptut riotl ChiD ormp, 2007). Tie

$il Dddmat! wilh SS &d SSBC de dild.d rnc colqtr.rbr of tt6pAlt bct@ of

ld6 @nccnrraljor of PAlt5 p@nt in ih* E.icdds, Itr t$utts irdier. ttlt rhi! ditutio

sigiftully (P4,05) dmg.d rh. @Ee.rid ofpAIG i. rhc SSIO qd dt SSSC udd.d

FiSe 62 $os $.r &. 3n of luibbh p n (!t6pAI0 co|6r"lic lw
sigifidrrly Educ.d in SSBC rarr@ts s Mped ro cortrot. TIE lvribl,L rl6p H
or@fidions in rhc ssBcz ssDc' &d ssBctft!.,Ddr3 ew edued by 29J8.40.17

rd 47179'{ cperircly s @p.'!d ro t[. .drDl ttqhl..r I}6 lvliLbt 6lhb io..

of rAr|3 ('l6PAH)NcMty sigiiti@n (p{.05) Educ.d (29.12r.)in (hc ssto rlarlDcnt

rrn 4r in ss2 ad ss5 tsl,n@ts (Fi& 6lA).

Ttc @ncenrErions of PAgs in SS ed SSBC w.E tsci thd tos ob.fl€d in {E eil
ned in d'js sudx d*Gad!, rrE SSrO dradlF h.d..B.d dnldon 3yq h,t t SSBCIO

m.ndlrdl diluled by 8% (ehulii.d o the bdlb ofpAH con6t1no3 in ss, SSBC lnd

eil sDpl.t. ThG .boFN'njoD.d @tts indidic dut rhc ,!do.rid in tEil.btc pAH

€Mnn ions in thc ssBc ed ss .ocnd€d eik B gqtd $& thc,lducdon lndbut d rr

SSBC &d SS dilution at@. Ii ntus th6 t clEse i. lAH c@it ioN s rpo.lcd

lboE iidiqr. PAH @mDo8ds Ef.nftidirg mr 3idpt ! dilDdon .trei
FiguE 6.28 stoN! rh. MqtrlrioB of diflqal rAH Mpou{rs prMr in SS ud

SSAC m.nd.d $ik. SSBC dclrnrqr sislifiQrty (!l0.0j) de@s.d dE c.|6r.ritu
of di|I€Ent PAtb. Ftighcst ddt!@ q!5 fobd fd SSBCIO D.ndnor rx. dlra show rhat

ln*trc& of SSBC on Mibbh rf..riB tMWpAf& (2-3 dogs) B loG rte rhc
obsvcd for HMw-pAt{s (4{ rinss). ,rhis lok drucrioo in Milahitity of LMVpAgs

@ld b. ribocd wil|i d.i. gE rfrmbiliy s mFlqt ro HMWpA[s (Xir8 ! t



Pi8lrl.llq t996),F!rdED@, th. drc@ in lhjhlh !AlI! j, S$ .MdD6rs (2.d 5%)

w ror sildifi@l (LMwp]\t{3 dd HMwp ]& id ss2 lnd ofty Lr,{lvrert in ssr.
Hov.vd, SSl0 lhqdndt silnifi@ity deEled both tM.W dd HMVpAfi, in rhc

mhd..t $il (Fi& 6lD.

tt@ ltrw only b.d a fw srrrtiB aduring th. e&cb ot bi@hd on bicEitibt
@c.nt dioru ot P rb (otggat .r .t. 2ol2i Kn& d !t, 2013). 

,ftc r$tt! rD.{t d ir
rhir 'erch @ in in*@idg snh Oll@lt .r st. (2012) h e nuc! s borh inv.cie.tion,

uv. sho\n bieha b educ! pAH hiosv.ilabitiry ed (h!t rhis Fducrion is nodt

@i&a!brc for HM\v-P Jil. A dd ditr@ B obeftcd bcrrE dE .f..rs ofSSBC

dd SS on lvlibbtc pAltr in s.il& Ms trlnrfd fron eir ro ssBc md SS Mterids

d.!cn&d oD @!@na!rim ofmlDutlds .!d rhcir ndue ADdg bdividut p Hs hiBho

nB brsrd *$ obw.d for HMwpAIl Fnicub,ty, 5- lnd 6d.gs @at ioins pAH

.ohpohds. PAH 0miity forc oihinins mhdds OiochoB) d.pcids on il|.h p,oDedics

seh a pH, surfd !'!., ct na(d @!6ir.d .nd si.rdr... The proFtie e eoMrd
by tyrclrsn co.ditions (tmFdoE ,{t liDc) dl tD6 of tud@k (E lc.l ,1,, 2ol2l

K.iluscil er.l-, 2Ol2) stici in tun carol bi@h& loQrionb.tlvid &. pAH @trpoud!.

nE SSBC md SS mE ial5 B.d i, djis dudy hld ditr 6r Eq pI! Fe htm., sde
!q ud poositt (trbte 6,1) vhicn nly b. Es!.r8iblc fo. dit@r e,!!rd r{les orpAE!



Thc $4rtion ofPAq. .dt ttrcir fitrt r sc$.*ati@ i.ro SSBC dd SSEdq s oc@

dmueh $v.nl ncG imluding rd..rsoiDrn aids,nrdmphobic .tr-r ,4d poFfifli,s

ndh$ims (che. er al_ 2008}ftcs o6hoim, @uld b. @lllb{r.d ditrffirv i, fi. ss

&d ssBC nulcn b hr.."e ofdEi. d rcEd DrE lqt chrei.riitie

6.3.3 Q@n fEd6 o! ctarya in @a nE,
Tlblc I snm*iz6 the PfE en@ftlti@, in tho &il u5€d in thh EFeh, Zn d(t Cd

@b.,1i.tr'3 s@ dca.t d rhc Mpk (250 dSrg] .d O.t Dg*gr. ilspcliwb) s.i 6y O.

Srrte Elvnrnmnhl pr.rdrio^dri.icorioq CftiE (SEp.{, t99t while As Cu lnd p6

@ncsrrliiors w.r lowo t.n t\eir tupriv. MrL linit{rahb 6. t),

Trblc 6.2 tuia rtl. .trer of SSAC md SS tur6 s @ .En bilir, of dE

ehcr.d PrB. Ar9Ig PTE rh. lEibbL oi@nrditu of& (5652652y.),tb 114.22.

51.t3%), cr (2.5-45.aivo) .nd h (6.92t7.21%) \m d*@cd in SSBC aMdcd sil
*nne @neni.afion ol Cdw's stghty (2jn2,S2%)io@ed the ln€ qr6l eit. Ttis

dec|€c h ivsirabt. prB (dclDr a)vs signif@(p!0.05) t hishd qplic.tio. Er6
(SSBC5 lnd SSBCIo%).

IE ddirion of ss sienifMtly (p<.00t) im$.d rt lvlibbtc atr@tdri6 of
sIEe ( s, CJ, Cu aid Za) thd E 6r[0l eil(t!6L 62), IE aEihht. @rnljon ofl\s

M stM hishcn irclle Or.I ?-20aJ3%) followcd by Cu (47t5-l40rs%). ft6 ivlilabtc

4@t_.rioDs of C<l ond Zn*ltlM8cd tae 64.70-74.36/r sd j.ig-132.1w

Btcriv.lyrvhile lNe{ ilElte (4.9&832%) rc slFM by ph. Ir SS d6dcd eit,
r..r* in nwilablc PIX sn@tnri@ Me iNMscd with infi..5ing dG of SS (Irble

62)'

ct@hridic.tty ss ha ttE ci&fty io iN|E$ prE c.@nr!ri6 in lhc !@dcd
eil. Th. restrli' of $is rea6h hdi€b ltut SS sddition ,o soit ircFr*d rlc !hih6t.
on6r6iions ollne ste.r.d IIE* Hos@r, oi@ SSBC pbduc.d tbh SS itd ih. pI!



r*il.lility *s dccrelsd. Tfu$ firdings @ lgE liih 3d@l Ffuh studid lhat haw

FFdcd a d€Ee in Milsbt colErBijN ot n!.als du. io.ddirid of bidtuE ii,o
mrrniMl.d $ils (t-dD&tr d.t., 2orr; Ann d .r n. 2Ol2)_ Th. drnE in lwilsblc

PIl @eftltoN in bi@hd @fl,cd $ibetd b. t'nt d wi& i[c chsg6 i, pH of

$il,DOC, crrion dch@gi wtu6 sid dygcFfi.ctiont.gbq{K6t @r .l_ 20r l; Ame
.t d,, 201?). In thc p.!t nm@B tlgeh wo*s harc bcn con6B.d $ar rh.s orygc.,

fietiml1]olpsam 6nptd.s with pTEs ro 
^rdE 

thcir Dotiliry &d bioc@uhrio
anl hrv. shoh roE .trdri@e in lupprEsio ofncr,ls (Jio,g ant Xu, 2013).

6r qwtilatiM olplo,t btods

11'. addiri@ of ssBc sieDincdry @t0.0t) ii@sd &c fi.uir yi.tds s mF!.d io

ontol. Thc inctuF3 in yietits wE @nicd for t0.5,58.42 d 51.6% in SSBC2. SSBC5

dd SSBCIo u@dcd $its,6t siv.ly (Fi& 6.q. h SS.re|d6ats fruir bi(ro w
lho sitnilid'tly (Ps0,05) inct@d s compqld to h. con ot so,r (rsbtc6,3) b{r ,o
si8riarst ditrc.r@ ws ohsEd bcr9q rh. hidBqt|hldmr. (t F/6) of SS od Ss2.

the high trdrint contonrs tanioulsty NI'_N.nd NO,N in SSBC ed SS lmfld.d
$i(r$b 6.2) tuld b. siq nimurB f6 llqr so*l[ ud bien tun i.U (ctosh lxt
CordFtr,2010), & mdrio..d diq rt! SS Dd.dal ed SS llMded loit hadcoorah.d

hiehd luihblc PIE conqrlri@ E, mD.rld ro SSBC tutait ed SSBC dddcd $its
(td.6.1-2). dD5 ln. SSr0 (dE higtEd.pptiorio 6)ruy r!rc duscd.,.gnirc !ll..r
o. biomN yield lhar ov@Dc !h. g!i6 b,c@ of i.clu$! Oc nulridt @nmrlatio, in

pl,ris. fh.dnta shw ihlr SSDC D.t rid bti tirhd i,nEe oE SS fo. a rEirg rdtrlo



6.3.5 Q"htificdtioa of PtE bioaccwtation

l:iguE 6.3 sl@s thc co@ .ri@s of t6 !A!t ohsr.d b rondo 6uir,gM i, SSBC

md SS .nlcnded d controt soik, SSBC addirid Ed!@d rl6p{ld (47.n-6237/Oin

tdrro fn,ili Dd rhis dE|q$ vs rigtrific.o{y (p<.OI) toe s @p€,qt ro cdrDl IF
lddition or'SS tcs eftdrivc,y bul siltsigninonrly (pg.O5) ,Eduqcd ihc llfulhtio. of

El6PArl (11.4?-19.327.). trle ddEe in tio.aDulario of tr6pAfim iqa,.d eirh

irc@ing do.q of SS lnd SSBC n djak (Fi& 6,A. fius ih. nqinln Fdrcri@ h
PAlr@uhubrid I &!..icd b dtr SSBCIO ud SSIO ,stods (!ig 6r.

Thc addirio. of SSBC b siM gFtcr i,llude tln SS addition in ram of pAti

@unDlarior in ionElo (Fig 6j). Thc SSDC clfc(iil€|B B s@r.r [E r,s !r !I et6t d

sppliotion niGs (2, 5 dd lolq)rl Ed@ine thc !@nltaljon of pABs in tonomrto &!iis,

nis cf.cr B cl@ wirh datr poinE fin .t wih lhc uppd jett Fnion of thc h&ft
(Fig.6.3).Thc dccrBe of PAII bj@ccuDutalion ofst€ci.i individuar pAHs ws > 40% in

ssBC2 trdrn..r! (flEpt fd mpuhdq,c, oEfu .!d dl!!&ft), whiL this dcctle @
< 30% in ss2 t@lmdrs (cL.Dr for b{b(b)fluo@thaq b.@(t)fuonnrhdq

ind?no(12,1."d)plMc od t€@o(&lrtpcryt nc (Fi& 6JA)). Eed for irphihard.,
(uoMe lnrl inthu€ne, SSDC5 lddirio, Edu@d pA! !€unulalion by > 50% in romto,

whilc SS5 dition rnis .joc@ I <O% (d..pr fq h.@o(.)FrErc, 5 &d 6-dng p|Jb

r.d!@d oo'c rhan,0rlo) (Fi& 6.jB). Fig@6, shows $rl sSBCr0 intude @ dL{esinc

Pl1}I rc@llslio rs.g!in iiglE ltb SSIO. Flrrn@dc lhisddra$ in qmul.rid
6r tlMw-l^Hs ws gMr.. tnd LMv_pAH (Fi& 6j)Chaacicnslicllry, rh* lIMw-
PAItsblE lowa a€itnbjtir)a tn@fot!, tun 

'€huhrid 
B g@uy d.od by lrtditio.

ofSSBC thur LMV-PAI.I! (p.puloDoulo6 cr st., 200r,

This d.c@ h @hubdd of p H @Fon& i, romio fuir. lE,gr.d win th.
fi.dirgs rcp.rtcd in ou pEviou, wk (Waqs .r !t., 2OrJ), In SSBC Moded eit, ttc IoM



PAH &untrbrid ir t m.ro nuils N dFrld ,o SS dcld.d eit @utd b. asoci&d *iltr

d& rcduccd P ! coMr'alio.s in ll:. eit *!ld. Ti@ 6ndi,gs dcmnsrlrcd tn.I rh.

.ddnio of ssaci. ro coobmidLd $il @ !!de 6. t@to irk &$irLd sirh pAIt

upr.k bd rons&r in io tood chlins.

Th. bajc p6Fnj6 orSSBC (3r!.orE ud .td.!|l m!.dnioo) e dif&tur lnan

lho* ob&ncd for SS whi.h ptay M csofdt rlt 10 sp*iry dE $ptivc @D&ity of fi@
$lcccd md.ri.ls nre EstF .E ,grE d ,it[ ln. firdi,g GF[r.d by ou pdid5
tl3@h ($bqas .1 al. 2ol3) lrd .te wirh od6.trdDR (Belcy d !1., 2ol0; chm ud
1tuin, 201l). nE clleriwncss of Bi@hd o lAH auit bility d.!dd, @ aScine/6l!.t

6.3.6 O@tilicatiq o! prE bln@e,,tut4tiu

FiguE 4 snn*s lh. or@lt.trec of SSBC ed SS lddnid of @mulari@ oa THMS ii
khlio fdih. Th. dddilio. of SSBC signif@ y (I:0.01)d.cr!ed rhc @mutltid ofcu,
As od Pb in tomlb li,lits it$ rh. @ st. thi! rt'!E 6 nor ,isnif@l for Zl
@uolraron ir rdlto frlits (!ig.6.4). cd @!6hadm in tic romato foirs vrssigrinconlly

(P9.05)iD@*d by stknid orssBc s @!d!d ro @rol
Thc bi@u'nutolion otTHi\,b {@ signjf@ity (p_a0.05)ii@ddD oofraro grom in SS

4.nd.d eih a @pe!d !o dE c.n ot Grbtc 6.0, Tt. 6hE tim of As r@
in@$d Gon 41t,45-j37,84gtg.r whicn w6 siglifikdy (p10.05) bjghd lll{ ilc
Mtd Q28 r*&). Irlc 6qtr.lim ofAs M! o@.d.d $. MrI,s (o.05 mclgr de) s.r

for l@d by sEP (2OO'.SSBC a&iri@ Nr&cdty Educ.d ri. colMi.atid of Ar 0j2jt
p8tsi ino.ss8clorann rr5)burcouldnolioMpL(ooJmskr)$tbysEp (roor.
Funlm@, Cd @l@rdioc r@ sienif@dy iD@$d in ll}]l,B 8rlM o botl SS

&ld SSBC rmnded soits which dc.!d.d dE MpL (0.2 mskir dw) $r by SEp (200r. tn

SS .Md.d sitj, Zr c@enlDrid ws sig.ifih{y (P:0.0j) higt 6 i! iondo gnMh SS



mend.d soil whi.h €x@dcd lhe MpL 000 ngks:r dw) !.r by SEPA (2005). Cd and zn

@re.tntiod in thc $il u..{t in lhis sldy 9@ acc.t d lhe MpL (0J .nd 300 h*8-,,
Mp.ctiv.ll) el aq sgricuttlnl stor by SEPA 099t Orbte 6,I ), n@ nDdings snow tnll
|nc $jl@nemind.d wirh hictr @@ft!rid3 of THMS nry sdu ps6 dst riueh soil.ic
food rnrsalr of loxic m.rab da an r 0E ldditid orSS,BC ed ss.

In @ of SSBC, ih. higha poE votdc,hidd su,f&. @ aid sndd poE si& ofaE
cdrrihricd to ndu€ ibc rhilnbitir, ofmtfooc cooeirzlioG@y h!v. & ioporrr,rr

ol. in dFrairg ihe avrit,bility dd upt k lrtc ottlrMs ii plorb, h SS .ndded soit

DOC I al$ i@,5.d bur rhc ,eumuhdmf tltMr i.cE*d. Lis ould b. tiatcd wirh

tbe wak bondspMl b.rw@n SS_L|OC dd Dcots rbs SSBGDOC tud n.i!ts, Tholforc
d'@ irtaG morc 4it El.acd tur $it io eil etution $,l,ich fudlB lEihbh for plut
uptlrc cvd DOC are p@f,r !r ebwr.d I@[ ft. ditr @r tdsh poFnid of SSBC si
a hiShd tufae da, highq poF votume ud smld DoG siu wotd .ts b6 cdLihrcd io
ndE ncct rvaitabiliry. In nE SSBC tudld $ils, rhc c.@rl,ris of p od S vfr
highd Ihan @d@l (&blc 6.2). ,nde ctsndrs shnery int et srd all€! fie
bi@huladon rnd upratc of Ab, ph'r3 be.e of itF tu. mrFtug r@h.dm
(Meh{rg ad M@di, l9t), SS.ddnid !t5o ircE sd rbc co,@r.rtim of rte etmdb
in rh. e.ndcd $its but rie l@ not educld 66 .vdhbil8 lnd u!s*. ofAe Tttc

dif.Enl b6ic checciisiB (bottr !hr6h.l snd ct.Dicd) ofss j,clq& rI. lhjhbitjly ed
Wtat of tHMs in ro@!o. Oi ln. otha ho4 SSBC ddirio d@s.d rh. aEihbility aDd

@ulation of As, Cq pb ad ?r ((,chidr!.1 !l_ 2O .) whicb @utd hc tinkcd wittl

it@ing Dfi of soil, hish* lvsihbility of l and g .onpkddim of nerds itut dygen-
furdio.l-gdF (L.h@n .i{t Jcnb 2009).



5/ Ctd-rr||

6 |b !.*! of !ndh, tt ! .q-ad lL M dit b SSC E .&dv. h
rircq o. wc .(ur d .l|lt-q'.(rna. rEc Etu r ft
n(i! .CrdE h lteahS l!. & dIU -d .."ira- sr ras! .!d ll$dt 6e
ss.iD!'*ftss8cF6td..fittu 

--d ff s& H.q, SSC
dlo Forld$ rddnold bcnb h a.!. djlsa !d.ar @ b t .! 8S!c br
Fatt{drcdss hr-ddBEdEl.cd_t

u2



r$L 6.Ict',tur..i5iics ofSS ed SSBC q.d ft. $it.nad. ns b tu, $dy

4ffiil"Jti'rfl*'**srud8' bv th. utrir.d stds""vno'@.ir lbiedim

mffff.fflEri Srfi ''*r bv h. sb." Erv'lolh'r E!€crim

'soir h6.Udnd st6 ti6 Eq tI d 4 OmD ft.Irjh Fovn c, CtiE

3t],05 ir3lj
2.r5 39r ill
0,ol 0,0a o0o

r4.j0 9Jl 3,1r

l'..rr-r-dd-lr!r.let

5t19 71,35

n0J6 trn, .rrjt
Dior{.!r rdr .@n.rd.d (!ds rd,)



dd $il he ed with SS ed SSBC. Msn valu.s

._^h[|hr. P^fi,odEr d,)

23.0t lztt 2o.n
2t.6

rn,ol
n,67

2rr27 t93,13
9605 16.Uat2 ,42r

149S

|l9jr 105,13 0.7t2rra6 2t9.to

103.93 3e.55

0rr t32

tJ.t6 4.03

j5.0t .tr.!l
nrl

r!.6,

om29t 0.020']l o0,t,66
ni3

Etrlrbr rar.drt Ftrtr d,)
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of dioEd 2.1 d,E: PAH dlfu&rir b SSBC Ed sS @ihds @ tu

(!a)t{t

'"1i" 0!&)
**r * ti.

mffi :m"J-i:"*ffi *;t#lanF.u'n b to!',06 (nr4) 6 drvwisht bsir c'.rs6

,ffil, %l.,iff, Tr ,ff;, .tr- ,ff;, .-*",

79S5t6 -21.6t,

ssBa 59As31 4Xj1

ssBc5

ssBclo



tbL6.6

Hstriril:ffi :#3f ffiffi ' *r*.r*',,**o-" ---

^,, - jF *-. ,fr, *. ,f[, WCdht rr.t1s tr/s2 roali3

ms:ffi:tr*Hffi tu bq (F4) d dv FLrr bd 6!r.
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.i!. ,fr F
2t aJtt !s.rt

rri6 tTttr _rota ,aoJ2 {rl

eal. ttI' {:rt

ltt lAta OJt't 2*x 916 B.rt

aJa 168 O&B alt lrrz al26

t4 ott {tt
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Ctrpt r -7

Tbc efLcl! of difi.rert biocblr3 on bloic.unrtation ofPltItu !d plD3 ir
n..apoL

lls.T,rcnphi€t .bsnd ofThip (B ,qpa-



SSis. blPrlduc of X,!lr.e!&r natndn Dors oal!3) wnicb k usd !o.gri@tulE |rd
bere of ib rgrcndic b.neffrs aftibuted !o hisn s@nfrid oftrurint vit t fo. phlt
8tueh(FIiti .nd Za!@iord! 2OO8), ChiE it f!< glwing oMdy o popuririd which
produ@ t0 Diltion of SS !v.ry ,ur (y,42ot l). TIE USA !@d!c. 6.2 ni io n.ric tfis of
dry rrud8e Mry ,a{Frdti tud Zda.aoroq 2O0S) Hoqda, ih. qk&,@ of ioxic
@m'MnB ssh a pA}|s od pIEs sh s A5 c4 cu tb ,F. &d zr dotin. d.
appliQtion of SS ro I{frhnd(SEp4t95; USEPA l99r; CEC, 20OO).Thc diEci @ of SS
€@ irhs io .lriohe ta|d dE !o rt p@@ of pAB. ed pTEs ,!by .go$@r! s
naw Btriccd SS us in,Sricunrn! hd(sBpA 1995; USEP , l99j; CEC,2ooo)Eowvd
io 6Ed sS ro SsBqli,.js ct drOB) d wiou, lgionr6 bims inlo bioch.s
(rr!b d !t., 20 I2;FEddo .t d. 2012; Uchioi}| .{ d!. 20llq.1}c l4d ofplEr .!d p IIs
rcE in rh. tioit3 of wirh tk d€lDrion of bd.kgNid eir sd bct@ lcvch Eed i, rh.
Eguldion oa@mpos(, (Frcddo .r aL 2012).

Chira pbdu@ l6Mio,s of erbaB y..rtn nuch ofttc aoyb@r dr!.€rded etlirg i, thc
rB of D€ioB @uB dd drillihqht po ui.E! (Zt! .i !I. 200S). Ii Aia ir i3
.sndt d $or bd rie siraw pDducri4 ws 623 niuion I dd tzJ Dilio r rie hust i.
F.duccd in 2008(FAOST{r ontirc dlL hae).

BioMs is o€r.ic mand nrr is @c lt. imMi,g pldr n|rd,rirl{ &iDd M@ !d
rrb.n qB.. mldi.ts (Lat, 2{lo5).Tot t hp E ids pEdM i. r,rF USA 488,lohrS 

'r{ 
.r

pn6 a in tE eqtd 1?J8! I06Mg y..r i (Ijt. 2OOr. TL @p 6d& P'lducd@ @ b.
cjhulacd by usiig fo@uh.



R6ide pmducrio = e6i. prlducrio xsraw /&!in E{o
'ftc sL!* /g6b e €rcuhiq, (s.c l!bt. 7. r).

l'bh 7.1 srrd4mi. dryvcigl @v)fofvlrioBc@ps.

cdd rc6r!,un trtu L,)

sqgfu (src&rur ofi.ne)
;

11'e P,{ts dd prEs d porem:sly ,oxic rhlr is &ehutating in rn ,oit d& io rhc
onfinu@s s. of ejr6 bid4 nltcri,ts leh 6 ss. oy ovetinS ft dillddr
D'onasi SS inro biclls dur win dcahy !i. pAIIs ed rcd@ oE prEe bi@vlilabiti, io
plrnlil is rtso 1ppmiabt rbal during Oe biehrs pEFrdim tar dd d.,S/ $I b.

Th. ituk to aBricuhE led duc ro dE pAHr &d pTls @ e Edued by addjrion of
ditreE bioms bioctEB , dirincrirtg ,i]| e,ptior .biti!/ or difc€.r bi@h6 ,@uld b.
nG stuabte in I'E Fpanijding of pAtL ed pTFl ,&d fiae t/& r.ductid (EM in dc
eMuldio. of rr,ese @ni.hiuns in thc food chdo(SDat er ar, zor3).fiq SS biocthN
qus EdKlior in rhc biGv.ibbitiry ofpAfir ad ptE{C& .a at. 201l; K.ib*it a.L
2012; Hitbcr el at,. 2012: Khd et.t,.2ot3iwaqs ct al.J0t3),tEty {tissolv€d pAHs

co.dr.alioij rignifcaily dcdlas. .tu. io lddnion ofbidhs (Kl!I d .! 20 t3;Ole@!t
cl sl- 20t2).'rhe nrs, rnnsf.r of pAlt! b bioh.epriE !it6 hs bdr pDposd s lhc
@h&i$l rl Elrh rhicb rhk is ehi.vld (UchiDiya cr !1., 20nb).Th. oxy86 fuetotul
gmups in Ihc LiehiB f@s tuptec wit[ !T& wtic! cle Bh&rion h rnc nobitiry ,.d



bi@@ulldtion in plinr, smm i, sil !fti&.t will bicrs eil (Ji&g od X\
20 r3;uchiniy! cr !1., 20 I lb)3i@ha. appticotio io sit hos &6{y rcponcd tu1p E/'TE
r4muri( d in lh. pt nr rislc ,or sFcind y dlc ,o rh. bi@hd ,rDtiari@ (zEng .r at,
20 l2i' Mt \ 4@ et at. 24 l2r,

Tmip *hi.h i! bariqlly odgi@t.d foE n!Fp., {hich is nwld.ys @trihl.d rhrcugfiour

l]E turtd (McNaudion, !97q imbding in{rcr.t $h.6rie! h 2009 rh. tunip dttr.larcd
in P!&ftrin on 14873 h!, wjth bral produclion 261600 tooB (tn@ ct a1, 20 I l).
t rr?a r_ 

'@ chos 6 ! Eprs.rrllik pter b.bng ro odesr@@ hhity,V.gcbbt
reh a cuuhbo (W!qs cr ltJol3).rd lomrc gtM in ticld |4da dirfdlm lgdEtDrEl
sysems c.n b€ @ni.hiDtcd witn oB{ic @rDouids &d pIEs lld du*d holLt ,Dhtd3

Tltc lihs unda vltich $is D!.!ah B @nductd io clet iiE bi@muhtbn ofpAlt &d
PTE3 wirh he lppli€ii@ of vsious bions bioch&s, of.cnE@ ordi$iDil& bioctuE
sNh a Ssrrq SDBC, nSBC, d{t FNBC lrd sari,.bniy orpt&i grewih oG.dd.d ro
conr4inlr.d $il inro a hiveM y .utrirsrcd B, tupd L,

?l Mrt..bh ud Ddhod!

72.t So t@tphtg ad chatu ,aizatoi

Soil s.Dpla (0-20 m) ka coll.d.d fofr agialiuE h4t i.!r !d ibn rctinoy plMr
inlujid Pbvin ., Chi@ ftc $il s 6iaDio.t d wii[ pA]t ed pIB, IE soi! ssdpt
wE sica.d 2nn mosh b ,E*. & honogdDlE spt , TtE sub.$,I Mpks 9fr i!a. d,i.d

-50 'C or 2, pa Md rnklor.d !r _ 2OoC.Bsio Fopcrri.. of6e e,r iNruding pH .EqBET
$rfM @4 ,oE lolunc,noE 3izq qrbon(C),Dir!so09 dd sutrlu(S}rd prE, e
sDeifi€d io T.bl. 7l. pAll cot@nldore b..n qurdificd in rh. @i..t !d @c!@
sons @ st cifien in Tlbtc ruThe l.chniclt 6ors{or rh* a.er@mots & sr iD rh4hop16



l. soit Fdicksize disniblrio eetiy tud Otr%)fik, (226%) hd .by 0j%).
7,22 nio$tt ,t.tuatloa dtul .t dmct tizl\to,

Thc Ss hs colter€d [!D In. Aingb.i W.n Xiectr dd Chi@T6. &r sludg. 9@
dried i. rlt aii Bioms of$)r b6N sr.w. ri! sr!w, ed padt !tE[ ohbitr d tom l@l
virhscs ner Xim.n. Thc bi@h{6 wfr pEpqrcd tm rhe bi@s6 !r ! r.nperdl@ of
500 !C lor 6 houB m&r ! ontj,us fl@ ofN (IO& ci d. 2or3iv.qs.r !t:Ot3),Ttr.
bNic polrcfti6 such pE, Eg q N, S, BET $rfa@ !E!, poE vohDc dd p@ sla *@
d.r.dir.d (tabtc 7r). Th. sd{ftid ofSSDC RSBC ed INBC c.B€d r!d@s chdr€s h
$r pDF'rid luch 6 pg! EC, DOq Mi.N, NO'N q tuee c &d F€ sir. G.Uc
Z3). S@h chans.s tmve h€.n wtt ,cr.rt d in d. lireorrc KeiitEt at. 20t I i QuilljMd !t_,
?012),IlE iddirjor ofSSBC iFas.d soit pH b OOt{,04 pH @ir!, Thc lddiri@ of SABC
irces.d Dil plt b,0.18.0.45 whcB RSBC ddii,o. il]l,!e $rr pH by or9nlt
vhilcPNBC apptiolid ddlrs€d pH by 0,1ru. t I hir

The PC oa rhc SSDC eddna.d eit eirb dE +ptiari, ar. or2 Zo !d 5% *.5 0.52
ed 0.87nscnn, whdes in SBBC llDlicatio jr B 0.61.ft. soilmqdcd wi$ RSBC
pih lb. q)timrion ar of2% e{t i% fie EC b6on6 0,98 @d l.s3nscnr Bpccrikly
od INBC rddiiio io sn ch&s.! rlF EC fw O5t !o 0.J4 nsotr_, sidr dE,pptic,rid
h& of2 lrd 5 % csr,.riwty, ,nic 

tord C @ic.irzrjon jn &. sit mcndcd ynh SSBC
irc@s.d 5. ,2 ro 10_96% wiri i[. ,rpti{elid tri. of2 od j % baela .ercc lt. INBC
lddition .,hh8cs tlD C @nqtBrion f6o 7j2-r-20 ,€sp@rivcry with rhe +Dli.sio Et of
2 ud J% .Toht N rnd C conm!?rioB inc@d signtqn{y wlh tnc apptioijon of 2 ud
5 % SSBC in @pqisor *il! ln. otlltll eit, wtlt r],e.Dptia1ion of fE lcqrt dilshitu
bituhd such 6 SSBq SDBC, RSBC .nd INBC cidga Nr+N (og tgr) $cftrEiid
wE ir ordq ot RSsCr (6.61>sSBc, (42r2>SDDcJ (:r.37}>pNBcs (27.4, dd wi0
lPplistid of rwo r€Mt di$ikr bioctE it. .!d8a in N&_N (h8 Kg,,) ki! iD odr of



ss8cr 0 !,. t 6) >PNBC" 0 8.68) >SBBC, (17.8r> RSBC, 0 6.66).

Wt @s Nq -N (ns tg) @nE.trion *ith 116 lppli@tion nE pcrcnt w.E in ordd of
sBACr Oi.54> isBC, (8431> pNBCr (S2. I D >SSBC, (43.t 9) sd t{o Daar $. oda
MF RS8!i C 02.5r>pNBc2 (96.96> SBrlC, (?9.?l> SSBC,65.44). sinilory fd
'tpc (Dc Ks.'), fi. od? ke ssBcr (576> [sBq (a?4j5FsBBC5 (425.r, > pNacj
(327.63) ard RsDc, (39.1) sDBq G93.25F sBBc, (362.ip,,NBc! (296.9J).

78 A.znhM. apnth.nt

Tnc sSBc, SDnc, RsDq od pl{Eq(4 h) wu brddcd wirh po ur.d $il !t
@cmlratioG of2 ad 5 % on dry qlisnr bd* (defd.d 6 SSBCT, SSBC, SB!C}SBnC
r RsDcr, RSDCr rNBC, dd pNDq Gperircn. A @n Dr $jt rrErlrdr atog widr
bodcd $'t wnn wiou! bioms bietaB ii r,,r@ Fpliea is pEpared with a biot
kigh ofr k{;'The pors wE idirrlt d &d k€* n tu I w.* b.fo! culiva!fi l1mip6 ttc
s.eds of rhe B. rapa L Shi@ten in p.tii dhhB ,@rding b ln. heihod n.trtioncd by
(K!n .t al.. 2OO8i 9/iqs d .! 2Ol3) .d .r t&! rtE Stuiincd cds r@ r"4spl4rcd ,o
t !, pftpared, in @h pot th@c effiin ted $cd. trtE ph.€d. Ijc .xpqircnr ss tu y
devclop.d in lllc EE.t6u$.1t. Fr kD iriFt d wirh dei@iz.d Mr.. ro uptotd th6
60e,6 noisrr.c conrenr scodjng io lh. fietd clpa.ity During lh. 8 d6rns d!6rion ,
fcntiza we* |!t n I00 EL of&:iodrqd sa.. re di$tvcd I C orN&Nqld fi. stdion
addcd lo arh por). An r 8 nu B it|c nldile r@ hrFcsr.d dd rilsl, wighb rqdcd.
$mpl6 kE tEejricd .nd !owd.r.d Fi.r io il.thr u,tys6.

Auil.bl. NOrN, MI.-N p (cdeU p) &d dieNrd oBeic cllbd (DOc) rc$
dcr.hircd Gc Tlbt ?r). Toirl ItE corr.rddm ir ei! ssBc' SBBC, RSBq pNaC

od rrriols bi@hrts h.irncnb w@ fohd 6ing rb.ng ocid diScsrion (v.q8 ct .t.,
2oll).PrE eon@.rdri6 in poBt cE{ fthi! spLs Ec 6r.bti$cd 6ll@iig rlEir



digcnidvirh trigt Fdly 6arar.d HNoy'tl'qot vr) ,, a hicnhE !e.ta!l.d
reerion i'3rcn (CEM-^,{ns,V t94A0j).]tu $p€sim,@ nti.cd 0d rhc filtlrc ws
adjGrcd i! 50 nL wirh Milti{ n|rd To cEtulL LIE! lEihtitiry h $it ssBc, sDaq
RSBq lNilc dd udous biochaB lsinctu mi,red Eogcni@droining cttlytmc"diani@

i.t-e@dc &id disodid(EDT^-N.r; o.oj M), c!ct1 (o.ol M).d Tn{$uor,eirc GE ;
0,1 [0 Nx. us€d !@or!ing ro mdhod .doptcd by Zdg d !r. (2011). Thc qua ific.tio, of
I'IES @ncmtrali@ *!c .sr.Uisi.d !y ICp: i, ttF @ ofol, p ud ZD Bi4 ICPOES
(P.*i( Etfrr Oplid. TOOO DV USA); ,hilc As, Cd, !d pb sft qudrificd uing ICP,I4S

(Agildr Teh.otori.s, 7j00 CX, USA).

To&r 16us-!p pAH(!l6pAlt) con@ftlrio, i,soilrd ssBq sBBcasBqpMlc
hd lh. various tiehr tar,6ts &d h&ip wr dribtbhcd using hot $tv@t exr.r.ri@
of D{}L *nh DCM lad @ior. (l:t ddo) s shdrs rd a !*r.rr,.d etvan dE rim
rysreh (ASq Dionex-3so), AEd cdrcjrg rt&$ exiracrs ro I BL thrugh bhr, .vepontio4
dli..honErogEpny @tbc *!c !5.d to puig dE $rDt6 (r\be d .t, 2OOs). TtE fid
fmclion of I nlws eansfddld io ! 2 nL vid opFd wirh ! Tcfld_lincd eptun r.-|{ty fo,

To es pAIt avribbiitly in loit and rhc SSBC, SBBC, RsBc dd pNBC am.nded

rrqrDob a subqiri.rt wlrer (rilie) odadion ndno<t *!! rs.d rirh dc Dihq-350
/\SE. t bwie and Rqid (2009) qo.r.d lt e of tnis.pp@h ro ej@ .rabilc. lAIi
@nqhrtitusin eit thar Gfl€ded rhcir bi@.c$ibjtig_ Thc epl6 eE nrr.d wilh qu!,E
tud (25-50 n6lq Simpama) ro povidc p,op.disD.ni@ of nabies, &
atracdont oFEiDrot2oooq a I0 nin jra{c tihc dd ! 2Cr^flsh lolumc rw s!4r.d.
Ane @linjj dc qrlct 6 rr..sfd,!d to $p.DrinS fr!rct (200 DL).nd b€.k qrdct d
usiig DCM (t,olawis iid Rei4 2009),pAH qw fic{iion ir llt cxtaci! ws ehidc{t lsiig
CC-MS (?\sil.nr T4terogi6 j97jc).



,.75 Q.tkly co,t'ot a,,r data,@b,ir.

Tlc .ilcicnct oaASE qdr.tion dd sili€ cotMn peifiotim fo. pAIl E.@ry ,iom soil,
SSBC.SBIqRS0C ed PNBC rFtDdr, ddMip emds B chec*.d lsing o,o8!r!
lAlt-ddrcotcd stMdads (*@Fhthdc dt0, chryenc dl2, iaphrhatcnc d8, pcryt rc dt2
trd A.Mr)tlftne (lto). ilE @tis slDkd erisfa.rory r.cov€ry witn llE !v@gc ncorcry
tugn8 fdm 83.7+8r% ,o 9rr.6+s.4%. R4ghr bl&ki q* ar$ aftrud.d lo .,h4t dc
@hnidlior of pAI& duing .xr..tid &*t ,uircltion p@€ss tir pTE5 sptc
bbrb dd sh.drftr Eftu mrq.iol, (GBWO?6OI-6SV-2 Md CBVI)?406{SS_6 fd
plml lnd eJil. bolh o!&ircd tln i|t Nniodt R.$@h Chcr iin S.rardlrds in ChiE) *F
ircludcd to vcrift th. ae@cy ed pEision of ih. dig.srid aid sub.qud! oslrsis
D@d@, rrF ftcov.ry 616 ftE srhfebry'id tuging toh 92.7+9 .S%ro706,4!?.t%.

'nrc drh {.E sra{nicjlt, ardrz.d Birg th. !t rist€t pa.*.g€ SFSS llj. Tho

r@bcDh rcE c&red b &mr ofro6, wniL d,c 68c p.eri.d oE md vst6
.nd sud&ni &vi.ri.n of rhtmpli€iB. T@r,cnr di&ElB l@ Hd cin8 ldtysi, of
{!iaM ( IOV ),lvhilc fd mnsig,i66re Tltcr,st sB usdwid! ! Idct ofp<,.05,
7J R6bttt !d dlrostotr

l3,lchanses i" p,1E/p1E uhennflioN wkg SSBC, SB|C, RSAC, drd 9NBC

The sun ol | 6 P IJS @'@tltiotr id th SSBC , SDBq RSBq ed PNBC weE t67t, 2j48

J99? md I a99 !g lg' Bp€livety .Ilrc tl6pAg! in SSBC tutf ed witll rhc btcmtimt
Bi@hs InilirriE rtundd.d s|lldrlds (G2O hSkg-5 @L 2ol2).Th. m of t6 t^Hs i.
rn I'NBqSltBC aigif@tly t $ in 6!Fds win RSBC ed ssBcri ir lffmdtc.t
lhxr dilt dnt bi@hlu hsv. ba r.Ffl.d !o h.v. ditre pAH lfttq rh6. b.ing d.Fi&nt
lpon irp€ ol bion6s lsed bd $c @dnim qdq vhhh d.y ft bhcd ohl. .t !t.,
2012;Ftuddo cr .t,, 2012). PAH con@ .rrion Educ.d !t high uh,ng rcnpehtu@ dd lte
dcpcidcd upon dumrid ofrime u,!rd which ir is pyoliz.d (Hitt€..r at. 20t 4 lDddo ct !t.



2012).ftc dinriburion oflorvlrr atelibk indi$dud pAH, in ssBc, sBBc, RsBc ud
PNBC lir.ifi€nrt, v&i.d (S.. &Uc 7.j) fi. NA(NDhd,atcF) cod..,nrni@ w!5 hishst ii

RSBC(2230.l5r8k8ilsDBqr I ggLtBig-r),pNBc(256.96!gk

5mdsstlc(223.52Fskgi)"pHetmrthhc),w h RsBqta2o,srs lg r),$SBc(sl2l5[

tgr),Pr.lBc(?58.57ts kg).d SBBqnz66 rg lg)Sinitr,ty FrA(ftud.rdEno) !!n
!Y(Prra.) @@rrdd k highBt ii rh. RSBC fo @ine by SSBC, Att 0rc t6 pAll s@
d.r..&d in d. ui.B bioas bio.!&, s,bou ii (rlblc ).

Totrl PT& @6lr.lidlr i. SSBq SBEC, nSBC dd IXBC qd ..t 6tig.d. ftc
PTES @.cntErio.s Ei.d in dif@r bid s bi@l!, s !|rou OrDb 7r). rli. pIEr

6Erhdi{ in rhc SSBC s in s&a ot h en,72J >F. (et.o5) >cu (2.tS) >I! Ao3)
>cd (0.r9) >Ar (0. I J)

In SBBC w3 ir ddd oQn (j66.9s) >!c e.yj) >cu (t.13) >!t (olr) >cd (o.oF A! (oO.)

In PNBC wB in nht of ar (4i2t0) >cu 0 .3a) > rc (t.tS) >pb (0.19) > Ar (0.09) > Cd

(o.olFt'd tsBc @ in ctra of a|oo.oo) > p(rJD >cqorD > F{0.4.) > r.{o.24) >

cd(0.09).wh6 bi@hrE q@ .dd.d b $i! ir Ed:c.d s€dy r!. rhihbitily ofpta3 i! ttE
Latn !t $il ia mF'itoo wirh drd sil rtE lppti!.lioa.t of j %signifEnd, Ede
$cPrBstEibbilii/iamp.risfi witt2%bi@lsrrptiodimsrbm,nbbtc .



8j Eneca of @ndw'r1 d eil lAEs

SSBC, SBBC, RSBC &dPNBC b.dc {jn!,.n idio G Ftsbd inTabtc 72,rn ,{tdnio

or SSBC" RSDC, dd PNDC 6lrdiv* chrig6 in $it.t Ecldturi6 sDh s pE, Eq
DOq Ml.-N, No'N, p, BEr $6e 6 !d p@ siz. ($ T!U. 7.4),

Th. mlicst &oae in PAIIS biMutaion E ndd for NA bi@ulni6
&cl!B vitn rhe applicitid ofSSBC, SBBq RSBC fd pMC.Th. hidE* d.eas oce
in $. FNnC r6tml(7o.77-82.6a) , folldiig by SBBqa0.a6{9_4lyo) RSEC (23,61_

48J0%) and in SSBC (16.9G32,50), NA bi@muhrion dL{:qs in th. tuhip wiLl th!

.pplisiion ofPNRC.TIE pNBq dd pNBCr natndt d*ftlss lh! NA,@muldion by

(92.00-92.81%) lollowing by SBBC trrrrndrs whicn doM. l|r @ulari@ upto

Q0.11-71.18o ):the ACN biwuuuhrion de &ccB win ile arplidlio. of
PNBC(?2.11-75.95/0 foU@iIg try sBEq4JJ5-54,03%) i. rhip 1I|. Ac FLA, pI{8, AN

remllation datEq Mdr ti. r@ti€lid oftNBC (65_E0.t0.,4) folto*i,s h, &SBC.

Th. rdditio oIPNBC sigdfiad, (p4,0ot) Fdled rhc bi@mularim of 4.riIg!

PAIIS swh s fu@d'* (52.45-n26%\ pya. (5o394E.TNl, bo@(bh!lt!!b.
(83.19-9.9ey.) dd cttrys. (2.3G?0J?%), s @F|!d ro lh. anrot $il (Fis 20.

lnc lighdt bio@mlbtion arc ftr +ri,8s pAH *q h oide orpNBc > SBBC >&SBC

>ssac (se TalL ?.9. nc 5jinss p Bs, hdzo(b)fluotuOere and bo@Gxrchnftn .

b.m(a)rrric rc in oda of lNBe SBBC >RSBC >SSBC (Tsbh 7.lo). tn rmi!, rhe

bio@mulorion of 6,nrgs pAHs w {E lososr @poEd io o0u goups of pAlrr

(Figtt. rNBc lddnid siEnifi@rly (p<0.001) id$.d bi@mulaijon of hdeno(t:'j-

cd)pytuc (30.80,87.3r,6I dibae(4lrad}|!g. (86.8513.91%) ed h.naGr,rpaytcD.

(60.75-76.1174 fousilg by SBBC rarMr,6po&d, (s€ Tabt ?,lrtrIlF

bi@uhlion for rh. 6 ring! pAH @lottrd, ws in dn6 of PNBeSBBC

>RSBOSSOC.



'Ihc eit r*d in $h siudr h.d ! !t6p H co|Ht'ri@ of t05O85Fs re.r. Cdc@rr66 of
nur.s..ic t7P^rrs (5.4, m! t€ ) ecd.d rtE tinir (4rl a3 igl sr !y d,. Minify .f
E viMDcil't fror.cria! Ct iE GGq t@?).SSBg SBAC , RSBC &d PNBC lpptj€rid
rD$il rignif@ rdc.r.!$ d, lhjhltc U6pAfl @.nhia!! s co6Flld ro Dc 6t!t
$il (Fig, 7.t Tnc ridt Uc rl6p H 6@rtrim in dE SSBC rahar w E&ad !y
(25.3&44.aM) s mFrld ro rlE @r!t $it. ttE &.!6s i! ,t6p^ll 6.car!nr m
.vd 9@16 in tt PNBC (67.8H9.I *)J. dE RSBC iullar $c.uibucrl5pAH
6c..r!',N wa 

'EdiEd 
by (t1.t?_44.7t%)*tq! B in rt SBBC rt hc.r telit.ht.

6i6|rlrio B 'dr!d by 40.82d.50% ii qiF.lFo wid, conrot $it( S€ TrU. ?.1),

I is rced o.r rh. d4rqs in PALI tdhtitity ii [E ssDc, sBBc, RsBc .xt
PNAC Dcid.d rBrnob EFerr ct&g.s {|a 

'l! fir 
gEi.. t|in rlF, r!.1 c!| b.

rnliht d ro diturior ltodc (b.*d uror pAg 6@nr!dd i6 rhc $it, SSBq SBBq RSBC

t'd PNBC. ftc h.gnindc ofctog6 ,?o!t d lborc rlftdl conloud G+.lritimhg lFl

Tltc &dnim of SSBq sBBq F.SBCI lrt INDC aisif,€ ly (pS.o5) ,rdu..d
dilrdctn PArIs compcrd(d.fucd !y nEbd. of b@rG di!3) &d dtc pAIIs caErllid
rdtatd si8difdntly by ldding 2 % bictls in dF,is wi0r j%.ddnb. ofbio.hs
(sE tdlc 7J). Th. G$tr! drqcd dll {E GAEdo ii .hilrDrc E!.iiott! of low iotc.rtd
EiSh Crtw) P^fis (a3 ii83) B tov, bur i,cEscd f6 hisn nohcub, kistu orM*)
P t! (46 irsr). ftii is |lreruc 6 *.oi!rl of tnfly-pAflduviigsE qnobitiry rh&

HMW-PA}IS (Pignsr.ttq I 995; Arp ct .t, 201t)

Th! ButC of ot.!'e.L cr rt, (20t2) ud lhc Btb ofN te.En tubrrc dd biodw
lpplh.rion d!@ tAH rEitttitity. ndt h rtE HMv.pAHs.

rr tu ol odo to d..bG tt$! 7 dlF ys! ,cc.dttc fq ti. uEdcd $its lo
'id@r/cquilibnrc,. Wtib di! s! of && L ulit ty io htw b.d GdSh fd.I of d.



PAgr io orliEly E{quitiboL win rhc @ndnHs !h. @sqEc obyiNty spccify tnlr

lhie w6 cnagh lin. to ndidbly d..@e pr$t Mitditiry h dhe SSDC, SBBC, RSBC

.nd PNBC mcndcd sirr llte 6olts ,ig'if@rty jrdieb ct@ dife@6 b.tw6n rhe

inludce of I,NBC SBBC, RSBC rnd lNaC Okftul d al, (2012) ndld rhd dj. inthcrc.

of dife&'l biochaa or fr€e dislvcd pAH, !dd.d to SS b.tso ditrffil. In olr'fudy,

sEro nas rtudstir 600 si,ro SSBC.SBBC, XSBC dd pNBC ru obw.rt fd 5{nd G

rirgs PAlh @npound, Ir is $tt$d 6d .froity of pAEs for bio.be wil itcp.nd upon {E
prop€ni6 of lh. bichr4 r[* bcins 8oh.d b, tcldrocl qD.,.d pyrelysi! dditid
3&h c i.rrFtur@ &d rihe (chd d at. 2@8; Hil..r !L 2ora. Bicts ct ncldisriF

srch 6 pH, dd.ntd dposirior, sr&c. &{ ard st octuF @uld bc .h&gcd witn chmg.s

in lh.e tunditidsr dd s a cowqbce.tocr rlt erlrionb.hajor ot bioch( (C!o.t at.,

,0ll). b l|is rtudy rhc SSBC &{ SBBq RSBC od PNBC nate,iats had diff@ir s!,tia
es ed r{E rctun. (Se Tabtc 7l). Th. Bm surfe. a@ td.boE adda biochs

sE di,Lr.nq dris nlr iD Frt bc rh. aeu fo. dift@r addrl of pA}|s $ptiotr

An . daornlion fon a @thin0&d utri! th. srDrion dd elrEllallon or pAHliito

SSBC, SDll C, RSBC lnd INBC ocdts though diffefrn1 n@s sucn s hydbDhobio Gltot,

z{rFronirrcEcrioro ed p@fini.g n@hdihs (chcn cr at. 2oos).ncs m4}uisos

muld corrdto6. djlTdity in lbdsBq SBEC, RSAC fld PNBC Dardi,ts urd in rhis

73.t EIl.c^ oJ u*a&,.'6 6 pTEs

T1E eiqhrions of pTEs i! {F colbnimt d eit w@ dcknnircd (Tlbtc ?t). Or

rh@ I'TE9 zD(rll.st) &d cd(olD vithin rhc MArr (Ao Dgkg.,od 0.3 nskg.,,

cpctivcly) *1 bt th. Srlic Envim@iit P,ot clioMdninisrrrtio4 Chio (SBpnr t 99j),

whilc thc As @6karid *6l@r dE et r{r [mjr (30 ng]si).



lt iddnion of SSBq Mt tb. lrpliqlid 6rc of z % ad 5 % !o soil d.escd
.hillbfc corhrrdids ofAs (56.76isr.46%\,pb (4g.43-3g.4@,r, ct (35.?9-53.8 t%), e.l
Z, (63.10-7?.a7 ).F4t.ty33.t1) qhiL Cd @ic.ndarim {EE& s lidity (t3.St-U,32y;)

as Mpi(n to $c srol 3oit ns odditid of SBBC ro $il decEac iI! .wibbte
@nc.nb'( io, ofAs (sr.78_29.?3y.) ,Cd (gj.jtt1.s4 , \ Cn(42.89-57.sD. r44BAz-57.43),

lb(?l18,r0.8t), 2(25,91-71.S2) s @npdtd ro {* 6rrDr $il. The applicjrio rdc of5 %
of SBAC !cc..a rtc FIES lEit bitiry .5 omplrd ro 2 % ,,plicrr.d of SBBC qepr F.
ed Zr rcd.di(h in l|i. biryiat btiry Gcq *irh lt. ieEsiog of bictw& rn de dne
biochr As (83.78-62.1q cd 07.3c86.49), cu (6r.42-j?r6yo; Fc (z?.63-st.83%), r,b
(69.18-58.J7) aid zn e9Ai16,27%) Wrh h. inclle or bi@l,a quirit, rh.
@Dcc nrions ofaiailobitit ofFTE! dcc.e.rcept in dE cMf Fe md pb. By ldding
n{BC to rrr &it with nc apDli@rio 6ic of 2% &d 5 % E uc€d rhc .hitsbitig of pTEs

$ch a  s (43.2s8.65%),cd (t6224124%), C! (36.g$rs.s5%) !c (2?.9j-3230, pb

(r75r21.14o/.J st! Z^ (16513334%) ..s @p@ b @eor ed .ft. Appti@tio, n& of 2

% PNBC sho*s t* sigtriftar s @Fd!d to ilE 5 % lddiri@ ofpNBC io @ftd si!,ftc
PTES Elus sieiifrcan y (p:0.05) d.caedlt hishdpNBc qpli@ti@ ar.s(i%) fte
SDBC lnd nSBC slw gtur rductior in thc pr& lvsjhbitig virh lhc 2 % oppticarion n0,
a hparcd b SSBC dd rNDc (sc. Tabh ?J).

In bi@hc ooddcd eit pTE3 lvribbitig dm.e iorr6lly, T:s rsllt is Dlhbt.
wilh n@mur olhr eh&id r,ld t E El!.lcd biocl& ro b.vlr@btc i, !.du€d rhc

ahihbL corEnFarj@s ofptfl in @ntrDiMr.d $it, (k6nara.r.L 20rl;An !dcr!t.
2012; Aeshy d .t. 20lt). R€d@d pIE! .i.jhbitiry i, so,t d.4t d wi{r bi@h& hs
bccnonrccrcdro chMgar in sit pE, etid dchallp &d DOC valB (nw| cr nt 2!l2i
Kcilh .t al,! 2010. Ir additio! bi@hr,ko @noia oxygd-tun tiomt_gtuups whi.h dE
cxlc.rcd to rotu Mpr.xes witn pIEs (K6k!,ict !t.,2ott),nd bd lo prEs



inoobilD,rioi ii eit rod da Ed@!d bio4uhut rio i! ptdE greM o bioch,
an.ndcd soil. PEvioB nudi4 havc b..! shosn rhlt lhc$ oxrro-ftncrioiol-gmps @
tunlfi cnidjv. fid ift@iig ltkrtinitaftilc.3 in sprBioi of pIEs Uc sc s Ctr

Fn,ir r,ioms s signif4d, hiShd (p3o,o | | h rhc ssBc. sBBc. RsBc ..d pttBc,

m6d.d $il tia in {,e @rot eit (s hu. 7,6), fts ssBc sBBq RsBc, srd pNBc

bddnclG ,ppdhbly inFw.d nli yickjr rtEn @D€,st !o the @rn! Th. 2 %
arllicarion of SSBC SBBC, RSBC, ud pNBC ro $it 3iCa@lty C=p.o, inclw rh.

luhip bionr$, .13.55, 21.96 43_86 od 28.79,. Nh.F s wilh ihc ,Dplicltio of j % of
SSBC, nsllC dd I'l\tsC dE biomss Ed@d by 20.t j, 3lldd t 6.16 z, qcqx SBDC j %

inc@ed d€ bio@ Uy tl.44 (s T&L ?.q. tt ws noLd ttrlr tlo highed,$tialioi of
biochs lud no si8.if€ .dtut g. h i.@ of tlir bimas, B6id6 ortld nutriob, d.
,octa$ in Nfi.-N !d Nq-N co@d.rri@ by SSBC, SBBq RSBC .d PNBC (SE tU.
7J) @ld !c dr @tr for hich' tun icH (Cloud! !d Condma zrto). ftc tdft $cs.d
thll lh. SSsC md RSBC wirt $c .pplic.ti6 of 2 % M siglifi€,dy im!t& rlE tloip

Zlt PAE biorcMttdiot

 ll 16 rAHt wE derd.d ir rnip gtDs i, conrtll $it ad rarbors ,@!d.d silh

SSDq Sllrc, RSBC and PNBC (Fi& 7.7). ItE ,&tirion of ditrdai bi@6 bi@hc

sisnifidrb (p<.01) ..d&d dF cl)thltliN of rt6tAjrrhc ssBc (t6 12.1%).

SBDC (40.46-69.43y4 RSBC (23.61-4s.t096) lnd pl{BC (70.?&s25r6) Edrc.d lhc

ll6PAtl with atplietim nre of ? % ed 5%. i, rMip .PNBC .ddilion ss noE ctrcctiw

tollowing by SBBC (Fiei ?.7), R6uts indiclt d $!r lh. cxtenr of dccd0e ln



tl6PAfitioeumuLlioo id@red wi6 imn riig .ppticlrioo ats of SSBC, SBBq
RSBC dd PNBC (Iabt 2S). M{ijnm ,!d!cdm in rr6pAt bi@ftul,tio B
obwed in fi. pNBCr ler!n6|l (J9,32%).Furth6 dg,ifc.nr (p4,05) Edudi@ ir
bq@umuklioi Fw ob&tud in t. SDBq Md RSBCJ rd@iR

Figur. ZTshm&ia d& orsl in0@6 of SSBq SBBC, RsBq .d PNBC

ad..dmsna on pAH bi@nutorioD in rDnip TtE .f@ti!., of ditrchn bio|6
bioctuE was in dd.r of PNBC >SDBC >RSBC >SSBC in ie@s of Ed@ing

PAlJsbimccuDulario ii tumip, NAnd@ h thc ssBC md.hde eZ3,
37.6 ),SBBC mddn@rso0.?t-?7.18%), RsBco.sl4zrry, ed r\tsc (9!_

92j17.)wh@s ACN r.du€d doniDtnty in rh. pNBq7t'4l_75.99y, ,ppli@li6lo tlE
$il folloBi.g by i,r. SBBq45J9-J4.03%), AC bio.ehutdio in rla hdip d.o@ $it
rh. rppticriid of ssBc, saBq RsBc.d pNEc o4.!i rhc s9r2 % inclEs *ur!d
de to .pptkario of,ie sr6e bidt . *ith 5 ,i whaa! 2 % appti€rid rd. Edu€d AC

FL bi@urut lid ar. ii &. lrnip i! ddd oOXBC,> pXBCj> SBBCi F-SDCr>SSBC

P SSBC> SBBC'> R,SBC1

Thc lHE i! Educd d.oiMnrly by,riding ryEC in ahFns sith @it l $it 00.87_
83.72%) vhfta lhc AN @hulsrio4 in ruhip pt. Edu€d by ssBC (3.t2-lJ3t%),

SBBC(2.33-67.?9%), RSBC(42.55-58.56%) PNBC (6?r3-8o.e0yd.

lt.4 ri.gs PAES ronddid signific$ y Edued itr ih. nlBc:4d PNBC r rrqrrar h
conpeison witt olhq bioche opptiorio. Tlrc 5 rirAs pAfi bi@@uktio. rducq, by

dddition of PNBC (6?r&75.0t%) followins by SBBC (49.39_8o.o0pl.) ro.

Boa(b)fluon.dde. L 6 dnrs pAIt bio@lrut.lion in runip sigrifclldy rduccd by

adding diliercnt biomc bi@h!.!, but fi. tuE .tr@tiv. tu pNtsC rhft n6 Fduc€d rne

b'@uLrion in luoip by 60.75-8Z3OtA ThcFd!.rio. in pAti! bideuuladd tu



hitlft fol ltMw-lAgs rtd DltW-pAq. TlBc HMlV-p t onpouds tuuid be dp€cr.d
io bc of loEr svttabiliry dd rhcir bi@eMut.tid ,.dued by ssBC a@dD ts s
@mp&d ro Ltlw-pAH 6pou.d! (p!p.dop@16 rr ol. 2004.

llE rdue<t bi(Efuutlti@ of pAq! Ii runip ii in tc.pidg wirn @lb tutirrjrg
cduc.d gut bioafuddid inro tc|ne wtM g'!M in r,E F*r@ of SS ,rd SSBC

Gna a 3t., 2ot3). Itis ldq ,emubrifi of p tt in rhD g'Dw jn ssBq sBEq
RSBC lnd PNBC dd&d eit coukt b.,rbibui.d io fi. st@.d cd@Fdion 6f !AI$ h
lh. soil soJurion. our Bul&rtcmdlr"aLd llut ss!c, sBBq RsBc ad pNBc .ddilio to

Dollured s.il dq6.s lnehazsdcor.clcd vith rh. 1irrudr of p Hs nno f@d $d
suDscquol ry irno lhe food chain.

The rstrs conamed rhar PNDC hs highe erpliw lbilft, rh& SSBq RSBC ad
PtErC Io. PAES The srilcruat @poridm md cl.Mrit cndcl.,isri6 of PNBC !F
di,tffit to ll6c oXSBBC, P\SBC qd SSBC (&. Tlblc 7l)J}4 DIay sigDin6l oL in

d.{tuinine rie sdptiE .bitity fd fie tu@rids jtt deql|clB ElDrr.d hcD !E in
tcod wi|n d. @nctNims of od6 le.drd wn harc Epori.d tu aDpliEri@ oforha
(nol SSBC) bio.tF lo pAIf polurcd$it ro ft{@ dEh avlihbirjry (C[6 &d lfu&r 2()tD,

Dadiculady w6d hi@h&ts also b.or o6$rcd ro dcc|le rh! biw.iLebiliry of pAIt!

(Eedcy .t al,, 2OtO) but ils cffiocy li lhis Eglrd hls b€ Ev.ded b be dcr€rddr
lponPA{ ascing or @nhcr tinc (cdo d it., 2ol I), tt h!! ba rmodcd $st biochf nor

only Edu6 $c dmilatlc P^tis in l])0 eil liquid phe b .60 nhihiz.s rhe r!6fe of
PAHS nw soil lo aiEnd iho to pld (ll|i! plihmy b.ng pdtaculdry isporrar[ fd n@
rcla l. PAI{K'p.poutN .t at. I t9; Hds d at.200D. tlc ob6tu {iD io h.rn fansftr

n@n nis wolld cordb{r. lo Ed@ $it to ptnr 6&ef.r ofp^r*,

?J,6 PTE bioMtntaon

the SSBC, SDBC,RSBC dd PNEC lddition signinenrly G:O.OD rduccd



bioMmul'rion ofPTEs in thc tunip th. SSDC2,SBBCaRSBC5,INBC2 rrtdrrd! causc

4J-45% rcJudion in hc A! s dpaEd b @nidl soit, ISBC2 eue 31.82 % ,€ducdm in

As yhfts PN0C5 lrd SBBC5 Fduca ir by 5t,09% od SSBC5 oNe 50 % ed@ljon in

ihc @usxlaLion of,^s in r@ip,

'ne Cd bi@mulalion Edlccd in SSIIC (7.14-28,5?%), SB8C (2t,43_15.?ly4 XSBC

(21,43,28.5//0) dd PNBC {7,14-42.86%),Thc Cu biomcunutation in tumip rrtu€d by

addilg diiltur bimds bitutu sh s $. sSBq6J5n93?9a),sBBC0o.s3-

26.11%),RsBc(23.3626.50%) dd pNBc(22.6631.62 yo).F. bi@euuLdd d.crc iD

SSBC (12,.12-18,6970), SBBC (32.60-49:2%), RSBC (7,6t!22.!1t) and FNBC 05.0s_

al.o ) lr.lJncrts cmpdioo wirl corrol eit.Ttc pb bi@@utltio dq:|!e i, SSBC

08.r 8-24?4%), SaDC (6.0&18.18%), RSBC (21.2t-42.42y.) ud pNB c (12.12-54.55%).

a bi@huhiio ir rrEip d.dq$ by rlE.ddirid ot ditrqdr bio|lB bio.!6 SSBC

(20.80-22.019'!), SaBC 08. .{0.55%), RSBC (t6_st3?_Ol7c) sd p\tsC (D.59-

22,mYoXSe TahL 7.l2)-

Th.oenli,rion of 
^3 

B sigDif@d, (p:0,05) claLd in rnip gloh o. SSBq

SBBC, RsnC dd PNBC eadcd soil e.ling 4t l.4tj]?.E7rgki' s ompata ro Oc

@td (313 |lgtsr). 'n* kv.t! of As tu idcd rhc mxinh Fmisibt ti,ic (O.Oj

ngkgr d*) et ror tood hy SAIA €005). tt. lddirid ofSSBC, SBBC,ISBC ! pl\tsC

m!.k dly d@.d As @t@bslioo in rlhip bd this .@alrrrio iilt dc..ded rl,. tinit

st by SEPA(2005) (0.05 oskidw).

The @@trlmti@ of Cd ir runip dolwd ir SSDC, SBBC, RSBC od INBC Mdd..l

sils! &d .\*dcd ln. pcmi$ibtc tinib (0.2 fre*gr dw) scr by SEPA (2ooj) ror rood lt

should b. nol.d rhar the loil us.d ii rhi! study hd tobl Cd oqbsrion dur qcccded rh€

MAL s.l by SEPA (199s)for redculrumt p@ti€ (Iobtc 7.2).

Th. @nkdion of Zn w aho signifiaDdy (pro.Oj) elcutcd in tldip gomin SSBC,



SBBC, RSBC &d IrNBC ddd.d eit aid wirt n d. MAL (lO0 hskg.rdp) $t for food by
SEPA (2005),Totol Zr concentratio in thc so,t wirhiD dF MAL (3OO n8kg-,) ser by SEPA
(195) for aglicutluht ptuti€ (hbtc ?"2). Thu! eil poluLdwirh such high t€rch ofA! and
Cd my rill ae ! hal& rist $@Sh loit b food &.Nf.r of pTEe .va aRo
SSBC,SBnC,RS|IC &!d PNBC &nadror.
Tnc o@nt:arions of dietEd olEei. @Dourd! (Doct)i! SSBq SBAC, RSBC and

PNBC lpplicdid to lojt mly navd plarrdsig'ifiomr otc ,. ,cducing bi@wihbiliry d{t
0'oramul.tion oa prE3, Hdda, in l|ic @ ofSS lf,r,nds, h our pBious lrudy pIE
I'i@nhrionircr6.d h spic of is@s.d DOC. t is susg6icd $.1 prBmy bc hoad

'!e e6xrr ro ss-Doc $a !o SSBC-DOC (s T.blc ?, 6r availabr. mclts) {d s bft
n y@a noE c8ity Bhred ro $il slurim fdph urrdc a.n ph.G DOC t.vcls @
high. Tlc hiths|BE,I,surf@ &a, hignq poE volunc and m o poF siz. in PNBC and

SSBC, would atso @nrr,buie io rdrci4 p,IE bimit,biriy. llE bioch!^ @dnals
inpDved S corlrcnl' ir eil (tabt. 7j) qhict do.St idr@|dc wrb Aldqing plrDr lptltq
shicn indurcirs bicehut tion. AJsinlcis |ptloQllc @og lld trk@ !p inio pl r,
lhough r rroporlcn (M.htur m{t Ma@i., 1992t hcnce, r ss@iarc{t WihSSBC.SBBC,

RSBC ad INBC highr b. esro*ibtc for rhc,lduccd in ptanAE.!,c bioaccu,n u brio., Ir
@.tast ln. lppliqtid of SSBq SBBC, RSBC lrt pNBC io eil d€Br.d A5, Cu, pb aAt
zl lvsilaliliry snd $e..dins upbt rtMC 6mbin d .fecrs .rnihrEd to flnhimiJ6 cl
,1., 20i h)r in@si.g soil pH; highd p Dd S .uihbitiry; qygq_tudcrionilgroups peli
or bifth&, and; hcr{l{omplax.rion (Irhnm, dd JNpIL 2009). It is atso ,mb&btc
thaich4gB in Nhbbixhcriod (ed0iM4 !1., 2Ot4 Srcbb.i$ et.t. 2009) rcutd .t$ haw
iiflEr.d PrEs bi@vlil.bility.

TL firdioss of our ftsrh sp@i6.! rh.r rh..ppticsrim ofdiE mr bions bi@hs



w!! .trEidnl in ftducing pAHs &d in dce!.ling n|c lEibbilty orplE{ $.h ,s Ac Cd.C\r

,F6,Pb ed zn rh. qtltdior ofpNBC b c@nDirut d oil sB to n@ .&cdF h
Edrxiig dE ailitrliti9 ofp^tts foitofi,g b/ SBEC dd i! @. ar prE! Eddte tltBc
@ mo€ .Farivc tottowing by SSBC ed s ! |!3ulr INBC w n@ ctr .tirc in Eduqing

@nrern&'t fefa 6!rn 3oit ro mrs dd dE t! pt r In addidor io Educ.d coabrtiort
{inin8 flm eil ro pL n n krh qdc|hg td pdogs .oor..a.d *id drelD
hiotu!. @ odrmii@d duidg biDctr FlDjdioo Fo6s 'IlD!, bio.lE3 aggoJ .d.
bcrctu in i6'! of.tkvidng pdnogctrt lnoou b6 tighUghtcd $0r ho* *r rtE!.
firdiig! qn b. odipol.r.d for otts tiochrrr, od otla $n l,D6 ! uqnb, &d trrh,
!E rrr tu ini! agld i! Equild t{*.b ir cr! b. qEtdcl! f6 lunaw vi4!ohb,
du Pl,lBc in er ofp^rt rdn@rt wr6! i. {|c ce ofpTE ioovd e tle cftltiE
d6uy s,tc& PA}|3 sld pIE concartltid! & high ii ,oil



Phyriel,"d ch.miql F6p+ni* ofeir. SSBC, SBBq RSBC {d PNBC dd onenrllionsr I Er h ruhrt cxp.rin.4r, Mon Er@ & rhow r sta,&rd {t vhriq {r -ll,

k;*tJll;.""i',ffi'"*i5 bvd.sbcE \i'marirpDt dih
'soil b6ck'-unJ Et,6 rlrd !i!D rx d .t. C200, f6 Fujid prcv,ft., ct@



PhFicd &nlfr.nical prcpenig of eit rd soit dodcdrr sffid d.vrarioi (D -3).
SSBC, SEBC, RSBC ed PNBC i, tuhiP qpcrinfrL I\:.& Etu.r e shoq!

BioavallablcF.rlT &ehl! Cotrc,(DCKC.rdw)



, EtM"t cdLt d*'d.l.e
slrq rsrcr Rssq lxBc, !mc,

9,l3ll ?0158
'ta xl.t1 ,0&15 8t316 521,J 305A t9012



,U.75tu.lrrtAhJta,*&*,rtubr\
Prr 88IC 0c rac ruc
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:
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Fig.7J Sb of t6 PAE b diftdt b&*[e

.,adgae,4es#$p{g!errPi'eri.C



I
9

E

;

Iig ?.4 sun if Bidhtrbk pAB id $il r.F|d filh dtf{a! biddE

,dF]'n!l.'i.3'd'.|6'ft9

n97J PAft r rh. 6bl oil ud sit @dd *iih SSBC, SBBq RSBC 6d pNBCpAlt mu..d hvnbe or 0rtr4 tus! (2-6). Eru bd ,FEd r@d!d ddidiN (,F3). Dif.d rd6; t[€ b";inda.t 4'i0@r difqEe (Psorsl sbil,,i6ite t 6 6dide b gr"r6a djftlm h.k€ rh.

./6.e"sf bd'd""',sriAc'rd""!s,. ;



,'e*g&4'eee

I
e
,9

.Pd *'es"PddP.ser9re{.serse



E."

s
E@
3

"P { *'*,9'e',4'e&'

"ce&&&&e&&



.'

g

cd,

o"*.'-"se1#c d6c1b"'@eF{,$4;

tr*,slffixffil#_s*xffi&T"5ffi

"o-,'"SP 
*+rr9@"e

6
s
E

f,
P

.5

;H,.1j:::rat rl :-rf g:T9c*r $ir dd Drr ndded qiri ssBc, sBBq rsBc od:r-.-4E,o8EeEd tu ddo/bdN t-tl r..., i,,a;*,a,i6-nod.*ridfU-#!trri[r to!I., iidirr * ,t!!lid didi.E rc,,- rr" r.d-i

151



ItDl.7.t

frffi,H:"H*l,ffi ffi fl ffJ,8tr"ff $"'n"#"*"ffff *
, sna deta$ ad + i.dicd. inca,

ssllc2

ssBc 5

sBac 2

SBBC 5

RAAC2

ftsBc 5

n{Ec 2

INBC 5

tr3.6t

2AL@

t51,62

t76n

m,-$

totl
21937

r6lJ8

+21'36t

+|lilt

+:ttttl



TalL 7.8

I.f,:tTrdgor:-3 nlir p^tr tupoEd, (r rw+rlr) h !Ep(!3, d d., dsri br. ct!s6 d! b SSaq SBBq ISBC ud ftDC F#



*fr sffiK',tr;t1'Hjfffi h tdip (F3) o dvwid, b.h. cr@s6 dE b

J!"9[-!

ssBc2

saac 2

SBDC5

RSDC 2

DNDC2

72tA

-t218

n&04

-58r9

.52.45

-1226 n.t6

-J0.15

1335J

2ttt

2t,x -83.t9

!t34

t&t2

92.33

2269

-b,to

,t5,51

-,t5_61

lttT

-m31

*ilffifrFJ;ffsffirffififf d, wuil !Gr! crds6 d!.,0

B@O),lbdd; Bq@(t)nu@MiE;) E MG)pJtu.
_ Chd6fdrrdh coc(n^^d ot"- cdE(!r4e) i;is cdc(!!,ld ctuEez)codbt 106.t to6.t Lt3

ssBc2

srlllc2

su8c 5

nsBc2

RSBC5

PNOC 2

t6r8

r0.t8

33,91

-r3.21

-33,85

49.39

{0.m

-5236

-3 t.oo

-67.98

73.l8

53.71

1321

52.n

-8J3

-3t.03

-39,05

,3r.00

-50.31

It3,l6

t2736

n.62

-\.42

-dl.t I



HT#lH.ffi *-ffi',ffi - iv nih !d. crc.

_ CtgE*, *"r,*"r di* *",n*, Hi* *"r,"&) ff-
CdDl 6.8 AA Alb

16,5a u32 -lrat

15,06 -463t

ssac2

ssBc5

SEEC 2

SBECJ

RSAC2

RSBC5

INEC2

tNoc5

.15,t2

425 -9t.@

49t3

t2u -3t.03

t2:t5 -30.80

-f3t3

3.t1 -47.!4

-7325

3A $92

i2l -8615

rJJ l9J6

r5t8 43n

t5.$ 4J1

6.u .7t24

Ilrl -@J5

.6t33

6a9

&tl at,D IJI t3.81 .?6.1r



fiff -** *"*."* i!nerpa Dwbstt, rlqg.6&ge ob,s6 du b ssBq sEBq RSBC !!nINBC i-fr^nc @g@i!

C!cd 7i



Ctrrptcr_ 8

CoDcutiol' itrd sog6rioD!

l. nB rtun $idy B c!,y olt io ais th. c<iMrlnoN or t6 polrcyltic

.i,d!ric hyd@tt@ (pAIi!) in its $it tud vcg.lauc @ ei.d fiw I I itbtrict3 of
K[]bd Pqtltukhwa ]akista, idgdcd with elstcwrcr, inc sm of 16 torlt pAqs

Etrt.d rom 222.&t9.6 rg tg.' i, rh. eih. fi. hisncn pAH co6qt tioo ws
obqrd in eit colld.ied pBhlwr Dilnix, whilc ltE lorsr pAH c@Mrrrim E,
BDrdcd i. L.tki Mrer's eil. Ilr tAE colMt6riBr rcgcnnb @ 6ns.
rmr 51.6 ro 4OA Fg kg'r. t!. .trj4.n.,ba2o0)fluotuthde nb&lbfr sd !yh!

.bonderty pr6.nt in dE soit seipks
wnc@q)hthlem,{rcmlho.,phddhric 

md pyM. l@ titquady ohmd
in lcgctrhtc,Thc highesr pA{ conGlhiioc ftE obsrd ii l.r, vegcirbh r
sdirtl^ > S ote@ tolt@itrgry ud.r8r.r!rd bolb L ep. ,A. satiw:t\c
co(.nltltioB of high not cuL, sieht Flrg&lic @m.lic Mcllton
@ml,ou{b *@lo&r in v.gcL!l. s @mF&d b t@ Dote.e k,ghr ,otycy.lic
amiiolic lydoc{bon @npo!.rt!,Tne hiSher ,ohl ioxio B(a)p cquivltlnt Tre
valrc was 4.t tur do@rhde fo orcd ty 3,8 fq Dptltrddc in Khyba

Tlt rppliqtim of SS id@s..t {E upi.&c of pIB !.d daesd rel4a.t. opAlrs
in C. &ryo LgtDm in odrniod.d $it, HokE, d. @N6on orss ,o SSBC

siS.ilicanrly 0\0.01) d..mscd IAII dd ov.ihbL prE .onedrafiod, UDrlk of
P lls inc rariv L,tus &duert by bolh SSAC (44.1-5?,r%, s mpaE{ io ss
(19.9'15.6%). nE ,ppticatid of SSBC ro eil
dgnifiturly(Ps0.OJ).t6rrdlEihbb pTEs (accrr Cd), r,ftir. SS 3igDifrcrnt,

(P$.'15) incEs.d PIE .uit biliry s dnplEd ro SSBC ssnindlty (PSO.O,



rduedPlE bioa€Dutari@ (q@fl CdI *nit. sS inos$d prE biolollnut rid.
3. nr lpplidiG of hiodr Ett dly ie'E$ 6c.r.p icrd D/c .4/ir Llfo.

bi!'chff @ lpptid wit! dc.pptactrid nl. of J ,! L cs orp Hx lh.Inc€& in

bi,)ch!r qumdty wifl d@rde rh. upbL ofpAII. dd z ydld 5% bi@hr6 witt

.lliccidnrcdy s.qestd ln. pAq .onpounds,wniL inc@ n uc conccnrdion of
Bi,,char wil d@rae the lptlkc otpl&.

,r- S. rycoF6icm outtiwicd d vtrlwllcr iniBced silThe Dobjriry !d uprrt nrc

of bnc UMs od potlr,ltic lEmric hrd@,!.os Ligni6@0y Educld (p<Oot)

h dE eil rma.t€d *nn SSBC a.d Ss.upilt. oPAqs h s. ry@Flic@B
dcc@al b' hoth SSaC (48.0_62.4%) ed SS (21,j_39.3%).fi. ,ltMs tu{uccd

sjSri{iditty es0.05) in SSBC $hc!* signific$illy i@ed j, ss ancld.d soil.

5. Thc tubshhn@ of po utanr! sch s pT& lnd pAIt in rbc agnorruE iEtd! b'ings

ti. corsidc8tid of sienlisls routrl, rhc llpliqdoi ofwi@ bioh.s bi*nls
!o !\s rh. .trjr.K in rh. h@d of d.* drcDiMrrj. era L w 8!!h ii
P I ls 3nd PIEt @nrleinared eil wit rhc lrEndDol of ditr@r biohs! biocha

to fulheidca& O€ bioavlitsbitity of rtEs. pouuraiu. The eppticarim

dfilivcrs.irbioms bi@lE *ilh dific6t nr* sigiifi@fiy (p50.05),.drccd rhd

lAl I !!d mEs coDdlrlrioa ftc upt kc of p^Ill dd pTEs in dD ,.,4pL. ,rduced

uplo 70.7-82.5?% b, addilgNBc wiG3 SBBqSSBC d{r RSBC, dqred
wtr. by 40.4649.43ta, t02448j1% {d 16.917-32J5 rEs!€ndy. Tha biehs
!&nion Edued signifddty d. ..cmutdion ofp-IEsi. ,, ,@,L,.rh. .mci.!c, of
PNUC in ftd@tion ofptEj !E moc signi,iot (r<0,05) in @DFsson with SSBC,

RSnC , nnd SDIC bimss biochm, Thc itlnd of ctrdinsy or bi@hor is PNDC

>SRllC>RSI]OSSBC h rc@ of Gdu.tion ofP EV pTE'



6. Biahr .pntic.rion ro eil iDFmwd op yictd ard !ts. equcsi!, de ogeic
poxurrrB sNh a ptrtl dd ats. cduc. dE tdrl, of rl. o.rdi.rs in dE miv@
Ihougl c@vcding of org&jc vrsrc iDto bioctE6 and kitb rhc pon ogcN whjch ij
8md cnv&nncrrat @n!m pih it. diccr @ of orgaiic bionG .Bi@tq s
dftdiarion 6r ifttu crcp yictd b.tinjrr. polldllts io nsrc ft $n neldy.If
Lhe bie!& ir u!.d iD pop6 do& ro oil, 6. Klrs wiu b. mo€ trtitfrrl dd li.
lFotc nL of pAIt dd trMs f,itt b. Educ.4 d. hath.hk! lseiited aidr rh€

PAIIS and ItM! wil b. mhimind i, food .bps. Thc ft.utrj or oxr Etuh
suroai4 dlli paNr biFls is @! !trcliw h dE artirialid of p lk u/rr.
in fmd @ps, if &t h ! @!dr!S,ritldc. ftc r^II bi@eulutdim E , i!
bi.chaE m.nd.d $it$te in odq of PNBC >SABORSB(>SSBC, Likowis EMs
uplrk mn bc nd@! by incBhg $c lpplicnrid Ere of ditr Ml bi@hN TtE
bio@uhullli@ r!r. ofHMs divarc h.cr@ ofd. e.glirbb v!.ict.q hlr !X ilc
bidhef|m dittftn biorlsFov6iorE'sfisid(, ir devd of HMs r[.
@seq&@s &pc.& o( 6. arrlcario! 6ta \ll6 inc in !t4 oraDrli.rid nr.
Dorc HMs witt bc .nrlired in nc ejt lrd l!s5 Mn b€ slilau. ,o! upht in Dlsiis.
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