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Abstract

O Abstract

With the devel opment of i ndustrial and agr
becomi mpeeicomns®eha ep enccoentaafmi nant si snkgowondwa
significantogcurnocl reches £e atshees s t avghugersisf h rceaantt t o
physical healh gthandvat mehbes mb &ad ys,ut as wel |l as a
of contaminant s.cahhaaspaeaionhtami pambss medi a
Understanding the miigmantisoni rpadgnt @u ma w atfe rc oanc
valuable information for solvihngddgirouon wa tad
contaminantes capewhdtgesrd | megr ate with the wate
|l i kely to binmeditapngllyowbnpgomoss contaminan
medihereforerointl usi date the interactions be
and por ows omeklracteo t he phitesret ic®inp i ynshioeshal ditfs

Il n this dissaeardt anteiwo ne metir ygm imeganin ta anin a enehtega v y

met al s, petroleum coll oi dsa,sstaursidybpn®€obgemhast i
experi ments were conducted to imoretsa migmd ret st
saturated gQpoaonusamagdsgooiylhy dec oxt @ cslaaayd mi ner
under di fferent h yld whoocl heeemelicagrtht comglani onaci(d
strengMbBanwbiat gh expearuimmeglntssi naunldat i ons wer e .
to comprehmherestishelnignt er acti on mechani sms betw
medl a.t ot awernrn4 detesscksieads i n the present dissert

| n sk udyheso @ fofmed¢ te avieli agrh t or g MWOAs)di competin
cati @®djesn(Phanspohteav@dymet aslat ur ated pure qus:
di f f eswenrte pdHAstc wpsHs é6d . L M&VOD Atsrhaenmsstpidbriteend i nhi bi
capadcedryeased in the fol>ltawitmag i £e quwea ek aodicter
depends on their mol ecul ar structures (i .e.
compl exinyg Git‘'CengrhatipnHy! 7DASL MW o miort & mis fi diret

Cd'due to the for mat i-ods oorf bosngembCidc acuPE6 ucso mpd
promed®ransport due to itei st iThregesifdoomsmp Iteixe
ool uti onplcehye ma rs tirmp dtert eamstfp almoglaev yi nime t a | i ons.

| st ugynte2ansfpopetr ol eum coll oi dswds< giMed itezd s a
petrol euwerce | dwitifahsanreaelasi ng (il &8 i wekicremgti mg p
This observation can bayeéexptdwpwnamdt bge d het e n
col luoniddesr t hesreescuolragiptagp eyng i cal ©Onr aheitmgher |
el ectrostatic r epugrsaionn rshuattivascesmng giod d toa rd smaamidl

of petrol wa®mo c ot Hssamdls r at her than i n tshe | . T
uni gplheg shecoadr o p eorft i,secdiilk e containing a | ot o |
mi neHahéd@, solchteimiamtdr ¥ he RBorchas agmea@dti Isyt iicrsf | u
t he migration of petroleum coll oids.

| st udyhe3 mi gpalty osmgpda £tP$® s hroxy hydec oxt @ce
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guartz sand wunder diff eweamnv ewsatThegra tecdhdeeno s t a fy

oxyhydecoxt e PESNhhsd tornaaas pgprdater than that in
the camei t Fomsamest9 (tphhkkon cwas ipgsi ti vely cha
PSNPs were negatively <charged. Thus, el ectr

weakenkRsrPSn.s poadsof ucthreoom stry changed -t he su
NPs and uncoatseuwl igaumegrn ge ss aind , t heb dathweea.m ctt h e
Charge heterogeneity ofNPmportauwmsn smpedita i s cruc

| n sttuheelyf d¢ct s of por ousNPse diiraenpsepodpretr t hes iomnv
basetdhenfi sdiBdgf ef ent cl ay mi nertahlesi rweirnef |uuse
Compar ed wi tchl agyu amitrzeerreahlast | hvaevi ey  h iwghh cshu rrfeascud
i PNPdHeimgre easily deposiTiheudsq tkimtod a nid lalgi tma n e
i nhi bittreadn stplelPPSBEXx cept f or t he per manent negat
charogmes he edge odr & heercdiatyived atead phesatedvg g . T
sites of kaolinite and negative g¢epbel5esdjtecs o
astr oinngheirbiPtSNB®mr anisip@aolti ni t.e than il lite

|t can be tsreeems ptohetrnt v itrcaemmeanmii alant s etldyher el at
properfticoesitami nantasndelplbeas shmenddraror cern dti d
obtai more umdecisdaad ddiftrhgets@eresl t o be taken i ntc
evail mgotnt ami nant transport in groundwater agq.¢l



Zusammenf assur

0 Zusammenfassung

Die Zunahme der industriellen und | andwirtsc
zu einer ansteigenden Verschmutzung des Gru
pri m2r easBreirmgkuvel!l | e genut zt wird, weshalb S i
Grundwassers mit Schadstoffen direkt negati.\
Grundwasser kontrollieren advektive und di
Mobilisarer8oalgadstoffen. Il nteraktionen mit d
| angfristigen oder tempor2ren I mmobilisierun
F¢r die Entwicklung effektiver MaCnahmen, di
Grundwas entgegenwirken, i st deshal b ein pro

Wechsel wirkung zwischen Schadstoffen und der
not wendi g.

Al s Teil di eser Di ssertation wurdeaf tiypti eamcde
Schadstoffe in der Umwel t , wi e Schwer met al l
Transportverhalten i n por °sen Me-d iuenrd hin
Retartationsver halten di eser Stoffe wur de
untlkeiredl i chen, umwel trel evanten por°sen Medi
beschichteter Sand, Tonminer al e) unter ver
(niedermol ekul are-Werganisokaest2ukeh, pHter su
S2luenexperi mentVer dwaoltcdh Bawiceh model | gest ¢t zte

Mechani smen der Wechsel wirkung zwischen Scha
mechani stiscbhbi euverffioegemeéa. Di ssertation umf

Il n Studie 1 wurde die Auswirkung von nieder
sowie konkurri &femddr deat iTormaers pORJt, viom vBa shswe
ges2ttigtem Quar zs anWe rbtea n,u nu retresrcshiHédrett .i eBesin
(pH 5) hemmten LMWOAS'dekarn | Trcdain s pvorbtei v ali eCdHe
ent sprechend der Rei henfolge Zitronens2ure >
der Hemmungskapazit2t konnte auf mnmge urod eArutl
der funktionell en Gruppen) und der d&a'mi t V €
zur ¢ckgef¢ghrt werden. Il m Gegensat’?z darzohwdri
Bildung stabiler wdssebgefotekewmlde P cdert .
forderte die?MobgtundtseiomercCdstarkeren Kompl
Ergebni sse dieser Studie zeigen wie sehr di ¢
darin ablaufenden | ®dewnn gTsrcahresnp esrcthenmo rEf ek we
por°sen Medium kontrollieren.

Il n Studie 2 wurde das Transportverhalten vo
B°den untersucht. Di e Ret eznun eohnmevnodne rE rido®nl eknosl
sowi e mit ab-wehmendem. pBi e abnehmende Mobil
Zunahme der Gr°Ce der ErdVerkehl| dizdven hBéier Binc
damit verbundenen Zunahnket sdebse iA pdheyns i Pcoarl e nsrtaruar

3



Zusammenfassung

werden, sowie 2) durch die Verringerung der
und Kornoberfla@chen des por°®sen Mediums erKk
erh°hte Mobilit?2t vom VerrdQ® lek cclhl oziud esna nidm gSann
Di es kann auf die besonderen physi kochemi s
zur ¢ckgef ¢ghrt wer den. Ebenso wie bereites in
konnt e, spielt di e ngetoxhregni sdcehse  PZour seanmnaes s ¢

Oberfl 2cheneigenschaften des Por°sen Medi um:
Erd°l kol |l oi den.

I n Studie 3 wurde das Mi-Njanaot ki uorRsstysetr okfief dn)e ( PG o
i n mi t Ei semrdxind Queaes zhsiamht, unter Ber ¢cks
wasserchemi scher Bedingungen, untersucht. D a
einen groCen Einf |l uBPBParutfi kbdalen MoBMeit i Ridd dvioge |
Oberfl @che sdéarchBiusnggnbposi tiyv o-MP s dennegatwi®\he

Oberfl 2chenl adung auf wi es. Die sich daraus
Zwi schNefhs PuShnd dem beschichteten por°sen Medi
beobacht et en hlmedie rRieWebrntitggreoni peHAnt i fi zi ert. Di e
PENP Parti kel sowi e des Quartzsandes wur de

Beschaffenheit der Porenwassers b eMat ti rm nxt
Wechsel wirkungen auswirkte

I n Studie 4 wurden die Auswirkungen-N&sr Ei g

Transport, basi erend auf den Ergebnissen von
Ver hal t enNPsoni nPSpor °sen Medi en mi t unt er s
Tonmineral i en (Kaolinit wund ©I1it). Il m Ver g
Oberfl 2chenl adung mi't ei neNP&?2 hdraendi Bi nvdeurnwg
Tonminerale unterschiedlich Ladungemi gehspoha
Zusammensetzung des Por enwa sNsPesr su natbehr2sncghei ne, d |
Anwesenheit von Kaolinit und 11 1it. Di e pos

unter den experi @Mt Bl 199 iInn 8r dVvetgeartyirdNerrst em AR
im Vergleich zu 11 1it.

Zusammenfassend | 2sst sich sagen, dass das T
1) von der oberfl @achenl adung des Schadstof
Porenwasser und 3)n deeirgelnasdhrad & £me zdiefsi specahre® s e
wi rd. Diese Aspekte m¢gssen ber¢igcksichtigt we
Grundwasserl eitern besser bewerten zu k°nnen



Il ntroductio

1 Introduction

Sinte twent itelrde mae ktaddg gess i n sciaesncowee ldndast e
devel opment ofemaldaechni e abignsgrdeovarstaucncee| er at e

t hger owf hci viahmd&eathroinl | i ant aaohiinesveomenmattA oinn otf h
the same ti me, the mi smanageenemdciianl Ityh et hien di
exploitation oliagaautgubrdablalr eesnovuirrcoensme nt al pol |

damagelpicessiseet br etanseut i val and thebdsmWBaop men
and Yan, 202.@&t VYyYirgwaemidwadle#d) contaminati on ha
physicdlBalbaalatnld .Tayfsun,s 20@k1)} o the fact that
dr i migatseoouf ce p(eRopslise andaMa ots.iLmméDelrOm) consumpt |
of contaminated groundwafer E&adpgpiépi dadi obt
the groundwater do harm taoi $eladMueksherrg aeres aandd
202Beavy .mes adrls eams c, Chr camedugm x yleecadd ni &t ei n
drinking wataeisesthamud ad argdii cgaels td ivseo rs@ybBsut seum bdei s
et al ., 2007 ; Rahiekrwetf hoeregte adld. , s 0210v0e8 )t hase pr
moti vatedamd mone orcasse amc hperosuundwat er pol l uti

To solve the gr oun,tWa trdsnt nppo lif I$ ugtuircen opurt odi lheem mi
oftont aminnagnrtostargduvi ¥eeg rp or outs hgeneodiina wiart,ehi afui f €

can effectivel y patlasnotsb, raenado grdbeetzaei dm att lue a | and
puridn cahd bitee i k eAsarad syt w2gdghte) ansport of envi
contaminants i n thetpor dwundatdi an pfrowvi deod

contami satesn

1. Mechandomtsr ol | i ng cont gomirmaestisa tr ansp
The mechani sms introducedofbepaorw itadierefsa ausneddelrd re
cond,wthiiem means the surface charge of both p
the petroleum coll oids and oouai stzbeseend oantat

repul si on )b.et ween them
1.1D.er j algauni tNeer Ww@wer bee kthée BDLYO)

DLVO theory is widely used topaatcuoulase(tehg.
and nanopmadt poFre@El imeedlieach and O' Mel i a, 199
According tp Dh¥Otbhabr iemtebrgadwtciean ppott ®mwties|
meladepenttbeo®anWdal s attraction( Budchkblwceéertr os
200A3 shown iwhehRi gheeparticles are parowasway
medVan deratWaadloxicee bbemeedno;mi mlauvido,t atthe nt er a«
poteaehnhemypy negati ve, and there Sexmestparthel ssg
depagihti s |(Ryammi amd El.Asmepaehgrcdld®abl)l y appr o:
surfacepoofonelitehed ectrost sfionceepegiThe tot avlor

5



l ntroducti on

interactieonregpmatdenat il 1] bandmeseagbdeist i ¥e ,maxi mu
consti temteirgpy.Whremnr t e particlesemaelegprmbiher t o

tot al I nt earla ca d eomng ppaostessn tVoaaap | @lé ry Wa abl esc oartetsr a c
domhhgalhre tot al I nteereancotyi lo eggepto it weetsaud & ihm g

primary (M$Smemuent.Thle. ,p a2 @deer) reosshetnheartgy wbat ri er
depastinti s Illocaadadinti on, the depositsecownd poe

mi ni mum i s cal |l ewh ifilrdaeppi bdscidteipoend i by onbbe pri mar
called fAsl pwufdempljsiitaond.d Bl igedléeawdirhe2@8@8pndar
mi ni mumasit @de par tdardwetrdseeploisihgehiearyy barri er, 1
particle deposition.

v _Energy barrier

re

Electrostatic repulsion

® 5 Distance (nm)

7 Secondary minimum

b Van der Waals attraction
‘.'/Primary minimum

Interaction potential energy (KsT)

FiguiSeh®matic diagram of interaction potenti
DLVO t.heory

1. 1IPRysdg calning

As presentetdhe nMpbé&ymiuc ®lord$ erositniidmtahactparti cl e
i Nt er cemtag @ olswyen t her ocucsnismegsltmaglrliar esuil n iplayr t i al
cl egbhgorTetsupsa,rt i cl ead |l &@&r@aospiogthgeh | arger conti nu
the porag Bs amd dwir d eit atl . a CROr0O& M Ieirsi ege of st
proposedt treaatti owhosfn adbpd WdecpOa@@@2dc represent th
opbpar tainmdbeous meedsipaedtfi wenley particles aggregat
t hedrhoydynami c di ameter) opbphywgige ahlgas endod ipraiead €
infl gehaag etCoalve,r sibf@y6ati o i s below the cri
physical strai(rniungtc.@omdé er2ebspetapis@alll physi cal s
pl sayi vradl e riannstphocer tt of par(Bchdé§ord pobrats, me
2014As) a result, spmhhwdidc ablewktmmasia miaitee Ainwsd or t



Il ntroductio

cont amimapnarsous medi a.

Movement path de

\@ ®>0
If dp/de<0.002, 07‘

dp  no strammg = O
lfdp/dc>0 002,
/4 obvious straining
Particle
Water flow T

Porous media

Fi gurSec h2zemati cptdyagcam efraining.
1. 1St3eri ¢ hindrance

INFi gurlee 3sterref kbtrised tppmevel engpeaicmAi c¢lse i nhi bi t ed
depositing to t hpe ewddoeupsdsyimeaeld ap dfptgitadnlsegp oB t at i
(Zhu et .Badc gafs2eleh 4 pr bet wemme pParatidc,lp apratBitcilcel eB
exert sresptufosnrgem ar t jocg aer tAihatsee BBk compbekatiyon
partijrcelseu |l A hreed viofdie@m si ti on of parti.oMhenA ont

particle A is the same as particle B,athe b
bl ocking fiNescmeneoan o én addj t2006) particl e B
organic acidanduf®Ooomgarett, al . , 2020; Wang et
2020b)

Interactions

v .
P Porous media
o<~ rg
/ \

Particle A
Particle B

Fi ga3rSchemati cstdeagcamiafirance
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1 1Ca&t irandghf hg@ct

Theatcec on br iucsquian d ye ftfaekcets pl ace bet wexeyngecnat i o |
containing famchotomapamgtriouslpdangneétpad ous 20ed

al ., . 2Rp80)YXescribeddriimigFngu @d’e#®Ba fthevwiath
functi on ddea rttiiecsl eo na nsdu rpfoarcoeu st om ef dow &mn dclaotmipe £ X e s
deposi tion mpdr tadautliteagpion optuts ene dala. , 2021)

Cation Negatively charged

# /functional group
O~
ol

Particle Porous media

Fi gr eSadhemati ccdtagnammr.ofigi ng effect
1. 1.5 Competition for deposition sites

Wh ethnhe competing particles B coexist with pal

ions, organic matters, colwidilds,o nmgpted.e) ,agpd rnts
for the | imited deposition sites on porous m
deposition sites wild.l be occupied by particl
(Cai et al ., 2016; He et al ., 2019)

l1.Current research progres®oirmedammt ami |

Up t oa nloom of studi esi maesthbeg &treacnesmducdt eod tcoo
por oedd uamdwar ihgutshe mi c al (cDoomdgi teito nasl . |, 2016 ; K
Stich&yr,MANO9Ono, 1974; gdeare,f a2l 10)f contiaminant
owproperties (e.g.si)68hance ehaabgbempeegycl e
pH, T onicCFangeatgamdp)r pu2 @ M@ espu.r.e sand( Qeandy
et al .I,n 2a0dtdhadpil aicthieomicssa Ir yo af fect the propert
and por oqusu medadibah. tIThwikrbg part, tHeacofofrashtes o
transport afr ec antsamisleetitess ephat at Bl yltiosn ss a@etri o
the transport of negatively charged particle

1. 2.1 Effects of pH

The optthe splaybsoman i mp srutrd matc €z ecphast rapoef itdnl@t h

contaminants ameé poorod s amhd bindfdepc ot omalt i gr o1
theur f(®a&ka and .Quillseacca@a0ftgertacttiloen ener gy
DLVO theory, t he ener gy olrerursi eme di eat wese r ed aart ti

8



Il ntroductio

pH, whi clhe mgamtsi a¢l es can overcoifmmg hpehemanegr g
mi ni mum; further mor e, the second;drhyermmaif oir mum
par talcdleepsy stialhsee c ond ar y( Kmimrianmu m étp afardto maeb20/1e8 )

me nt iaosnpeedctth e i nt ebreatcie eom apearetpepydets (d | p ®s and
Tomb8cz.Fo200dpst howepHAa t haebfpgarrm i a&d gerse gpateeserd
weak el ectrostatic r epdil ammftnea gvghreeng attderd hpyaslrrtoi
dp/ dc>he. pogsital str apanrithigalnlpikmt edturaln.g, tzhoe

1. 2.2 Effects of ionic strength

The effects (@OIf&N omarct isctlpee ntgruasn snpeodritaa wamreed rba/i |
t wbspect boeneOrmand,|l 8 ommop remlssa engyldeocutbrligec dlager ng t
amncrease in (tlhes sz edéag portteenitliead (dondepo.adbus
Thutsheel ectrostatic repul sion rheduweenr gangi coe
DLVO théengr gy bsecoepdaraywdmi ni mum beetciecern p-
derease wilpBKiurnormneasainmdg EI i mel e chs, a2 0cOo7n;s eSghueenr
more particles wi l Lkt hcdoelploescitieotr®@naQn hhei hgehu hteh e e ¢
aggregabresnpcrbssmddiue t o a reduct o bhed weetnh@arep
at high 1 ¢hia etr @Whheghhtpghal @Y y nnmeemiiecr doifa aggr e
parteaxdeeds t hephyrsitdaclals tvragdieudeion g ewialiln e rter i
in the porous medi a.

1. 2. 3 EfJ alcdastti oofn sd i

At preaesleatt ydifaagle sct heefefdect s of dcdmpetblehé tarans
(Fan et al ., 2015; Gr oCQ ad nmpuanrde da nwdi t Bio r nkcorvoevca |
di val ent cations have a higher .Ashaagebkbdelnts,
particl eat aggl eguatconcentr gtVieom°® bf edi ol aht ,
i nstameeeaavge hydr ody ngarnai pch edhiea noextice® 8 Sophalmt5i c | e s
mM Nawhidte 0. 3 mMvaCBa0C3l (nQm et aThg rRO1pbrsib
consequencediovaldesand kytions i du et thtee phgrsti icall
aggregation. | nt hhendl et @ch j oap & enrwkseendncpeaariotéinct | e
cations sahsosaffacte cha(r@hee nogf eptdradu.s, nneldlistr) t
potent ilmdt eweneermr gpyar t i c liess satnrdo npgol rybiunvsia imeeudé nac @ d |
't has beenhsereprog t &mdd tihrart e wearr¢ o kcllpadedeypo smd d io:
has fobewmdhe pr adsemnde Sdfesalkt.l al aochd i2Wal2egat cat |
usually bacitdgsbét ween particles and porous m
functiondli gernowps, 2019bhb)

1. 2.4 Effeeamastefr sorganic

Or gamatctidrkeemitc , aké v id¢l ocawoil de eveli grh t or,gamare aci
wi del y ousedidy thebnt amirmengstboe edn al . 2019 a;
2002; Yang Whtthake, 02 Q$abrpds o matk d etronnet a mi nt ehretys

|l ead thi mdoedr é ct r ost at ipc omepuhgi drhe contamin
preventi ng( Yaangg edtd Ddnld.recsaes e s |, t hrai pihygi cal ust



l ntroducti on

negl ilgn bddkdheéi ongani cadsacibesl winl lo fpliodr ® us u Miea ¢ &
(e.g., dhiehcgesabrdf.bhatnwlereamncpear ti ehbésnbhed co
cont amirmanrstpor tmesl§ Br anc hi and.L@'sMdolyroea g a r2i0d 3)
matter can compeaasfiowandesptohset br ons {iMud eeaoml p
201B0r exSaumpdrenebu Rl viemcsuspensi on Imiaghter cam)
for deposition sites on quarpaer saodenr iaumtrrtizb
safdang et. al ., 2016)

1. 2.5 EdFfF etcpasremds medi a

Cur r emotslity research on contaminant t hseonlsuptoirotn h
chemiosaarnyt ami nann aomrdespbotsi mplify the cond
frequentalsy tcdhreo pefnA&kbb® ume it a al . , 2.0 OHo, welvaeprp, e n
characteristi @ad pbfayepsasreoanuwd armechamas gcoht ami nant ¢
(Wang et.Vari ou30p4)y cousymedner gl sakoati kr osne doi xm edne
canulbieqguiyt diwm ntdh e e Bevvierroanlmesrdth.dtvirrast hdaovied e 8 e n t
medafaf ect s pol |l ut ant tHoarn sepxaar mip hteo, SM& ufdfi esrde natfl .
(20,12pbsiltyi ¢cdiarognedoxyehydmoxiedet he negatiavel y
el ectrost aAtcicooratitnrgacdtmiLdanmet rglsea@®d0Ini neeal s

mont mor,alnldoniltle t e) haeld paos e ¢ i coreyl sgthaelhlaiyngee ds t r
whi ch @fraovvoirdaeb| e deposi ti oncoslilte sdest o gl aed 2 0 il
Lula smstlead of piumetllm@iardmecosuennddotrireatgr aphene o
were retained in theeshaiglh coffummdl e cmarmere at b
oxi deasthe sporiolv,imdwldi cf hadveoproashiitepeoss il(tyi wehboged)

negatively charlgiedalghmgplhtemei zex i afes uscoh | a sc oaripa
mi nem&lssint ngrorreew ampdceompl ex ,fwhow hpmtityiwaghk

enhances the pmpoird alncwt rdi rcéordg benf@fGeaspoelt | s e
al . ,. 2014)

l. ®bjectivescaodsdhsmdi e s

1.3.1 Objectives

Ths dissertation maigmsptatta@cefirmesesit i gmament dale cor
saturated porosuusofmedo lau mnl ae preslreirmetnot smake t he
represaevret acthioweer, ee di f f er erftasc an traenpirneasnetnst a(t G d
met,alpetr ol eaunqod ylsih@incbp EREPE T s 0 study their

(idi)f ferent @Eowadmusamediiaaxnglyoy dsredodaitdeed s and,

mi neuvald)Yyani ous soluidnftaeenst pHesdi ffere
organic mattersepihtfigesenibcababpl ypecand pr
t ter ansport and fate of pollutants in satur at

The specific objectivedi 9fecemmehtei dtmal dy wp mgs en

Studiyoelwsn t he effect wofnhea ot uaiCdfpuonatee mif satvroy a |
conds t iTcdhn s ssttou diyn vaé) dnthie g aetfefi efcfti® mmtnlt e eveli arh t
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organi(c MWOAGEdtransport behaviors underd acid
(i)t he efacempeitadFll Odt r ans p @rrte sie HIWIO& § .

Studwpi s to investigate the effectlsn ofr deol ut
achieve the ®goahsport oif s pet uad rewinmbge o(lil )oi g6
chemistrydcbdohd,idéivache BOE&Hdi f f miHaennd sur factant
(ii) the por osuasa dnte ds aunmd y( qsucairlt)z.

St udk3dsandc odncenttrhaet eefdrect @fmt hpeo rtoruasn snpeodrita o f
nanopl adRs)c UmPdSer unf awBityaiBinbetbdbadi utndesstan
of iron oxyhW&é#soxirdenspor iBSluntdeon cohdmt sbngy
(dififenewot di f e@gteshmercdiiefsf gl Btnutdy s44 gai mo rae
fundament al Undhemws ttahred i tAkR $805 paofrftectd ey P#iyner al
(kaol i ni tuendaemnd rielgluil tag) (sda If U teir cem. trcuhr eBnhi @snt dnbyp &l )
di fferences bet wema sicamlsietlil tuetfalrmdeeitiblei tset r uct
of clay minerals.

1. 3.2 Structure of each study

Il n order twbbetprthedeeateeaarcd ,tshtaha@syterxupcetruirnee not
andgdet tairregresenttead 8 n Figures 5

Contaminant ' ' Porous media' ! Solution chemistry
| L e
= .
(I} ] 3
. ''[_pH
1
1. 1
- -
Cd*'ion | | L
3mg/L - I| Quartz sand |: .1l LMWOAs
) | 1 : (acetic acid,
r o - 1y tartaric acid.
! 1 ! |= citric acid) R
| | , e e
1 III Pbb~ v
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! Porous mediaf
1
| |
1
' '
] |
; !

structure and® key findings of study

Iron
oxyhydroxide
.| coated sand

Fi guffilee 7structure and key findings of study

- | Clay minerals
'l (Kaolinite,
illite)

Fi g8idlke structure and key findings of study
12



Material s and m

2 Materials and methods

2. Materi al s

2. 1ColInt ami nant s

StudlyO0L :@d /A Bb®t ock sol uttioon3 wag/ ldiflourt etdhe col
Thriewnmol eeveligrht orlgMWO Aas caeatcided , ( t aarntda raict dda «ci d
weraedded to dSistodiun itomes @dt ha@@dOob. AMMMO LIMWMS
additi oHC] @ndH eMaeOéld wt tohpetdtj hseotl u.t i ons

Studywy02mg/ L petrol eum cepkoncedt hsotdo cfko sst aplcuet pi aorr
soluobubd tound in study 2) was dilutled to 10
NacCl , O.2dan0 Cen@l L dsoodde cuym suwWwefraet e d(dSgdS¢ par e
petroleum coubhded dutspensntdtnsollunt iadd icthieom ,s ti
HClI and eNae®éld wt tohpedd tolseotl ut i ons.

Study 3Thandedired concentrati ons eNPspany ssttyurde
3 and 15NMPg/iLn PStudy 4) wer e Sofbs tad mke ds dlyu tdii
Simil0ardl WM, NG@KLIOM 1CsMOl. 1 M, MdLO3M &l &Hn dBavel

wer e wsheadhgteo t he suspensilonéasd da ht 8@dinc,ahd. pIX aNp td |
we rues e d t tohpeHdtohbeotl ut i ons.

2. 1Po2 ous medi a
Studwpnlly quartz datide was!l wmred. t o

Studly 282ddition to quar ttzhYesl a Rodw Bars h eu tsvialsidz e & o i
fill the col umns.

St udyr oy hydrcoxitceal sand fwalst optrbeepnasr.ed t o

Study 4: Typi (kalo!l a mdly)emtesesrdaltso f il 1l the col u

22Col umn experi ment
As s hown itnh eFiegxupbee t@mophmptroifs ead s ol ut ip@irisad amtcai

pump a gl aasaawd ampilienr s o mas ysrtiundg essspmidnge pump
used, but t he ¥ urEatcwhasgmamndesc tt ende bsyaenpelo ytlyutbeetsr.a f |

13
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and met hods

Fi gurSec h9%e. maitsit ¢ ait li lon

SOl utionwasesne g vetehper e pxac ledt o ofnstteudi e s

hy
t o
di
p a
co
wa
ba
i n

co
t h
S a

Af
co
we
co
di
we
s a
i n
Ap
co

ma
f o

Polytetrafluoro-
Ethylene Tubing

Glass column

" M ™

Solution container Peristaltic pump Auto-sampler

of experi ment al appar at us

(the s
drochemi cabfcbkartaaftdeatics@A 2951 st alwsuci pbumed
ontrol the flow speed Tlhd agwmu lwvapaamivbed hgr ou
f ferent apcocroorudsi nnge dtioa t.h eB esféosrecthéenjgpe pumeois e

cked wadel wevwh €€ddgas toreembva@alin ahe TShewrd, ctoHear
| uvsn r iwn sdeledi o wiaz ed at a .®ianGEEgafs I amL /dh ss ol
tewad a@dasy to sauwsitrad & tNedthoa | ewdfulmnuns hed wi t

ckground el ewitrlod vyt ectcowmtaacthnii meavne fse)gpwir oiulsr ime o

t he The@lnuenkrp.er i ment was stheolt edi dry dornteaitr
ntaminant Domtrongheheolkhimpewaumpenatpdimped 1 nto
e col umn. Whleendv u th ef rsorh utthceo haiunnl, e tt heef -vi al s
mpl eeddel Isodtuitx eodh taitme i nter val

ttehaeo |l umn exper i meansearmpieensecaos! ulgeecth eedoc o nt a mi n e
ncentr ad gtoamblviiah @d €ad alei bhreastsiod re aleihfeesr ent co
re different, s @ tolbdaaslpielcr d ti idoenmdltohumadl ciam
rrespondi Mbemtuldyg) breaklkdhbbaghed.ur aecor di
fferesonftthesbapehrgppughecoeownwéeami nant migration
revebheddidnts omet lsd urdd teesnwvizi @b t mri onfeidl dby di s
nd col umn, amwds twhetih@gsohob ats pecefi c procedu
study 2).

arttteomol umn e Xxipetsr a mebma2 ,c hi nsogtpudv@ nabkbsper |
nducoteevde dli nthlifef g ni t i ed rofm pololtShitmndasipte cits n
icontodnt his study, the specific, meltiholdise ar ¢
ungdtiuagis and 2.
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23DLVO cal cul ati on

The +total pdtnaetreaecy obet we @ror p as t(Mrgrldacaaann db e
cal cualsatdén@d sum of the attrVamwt iVadVaaies a)et r Wad
and the repul sivayel e ¢ tVitp@E ltaeedt ti roongdtda(tiHlomy g eeptu |
al . ,: 1966)

V,

TOT —

V,

VDW

-I\/EDL ( 1 )

The van der Waalcal cot atedt iusn ng the Hamake
formu( &t egar:y, 1981)

Vol h 25 (2)

The electrical dosubbadkecbleygerdiimagleegalctamda O' Me
Hoggalet,: 1966)

Vep( h)rwidl 2 50, fi;i—ﬂn + o 1%+ % | n-e x-@sh ) (3)
Wh e Aies t he Hamaneies tchhe shmmahitihiscslod he separati o
bet wehpaa r tainglloe ous;aimedt he char ac;tQersi stthiec waacvueu
per mi;tGtiisvitthye rel ative di elhdetnnitespé¢hmi tmeiawiu
potent hpaalr tefcd rer esponds t o ptohreo uzsestinee diieldieeent i a l
r eci perndgcta | I

2. lumer i cal simul ati on

Numerical simulatiorakamrhe(@Bhidcuramabhgazest hle
t his dissef#stiatei anmo,d etldtet camogonteenrti nagnd st r ai ni ng
BTCs in studies 1 and 2. The data could be p
the adsorption of contaminaint egoafbethethbhelt
cont ami mMaitee g foadt t hat the numer paalt rsea md taa ii
descriptions are not introduced here.
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Resul ts and di s

3 Results and discussion

3. Howoes the solution chemistry ?affect

3. 1EfIf e ¢tMWOAS on t heCd'rsatniscpyorlt) of

Wef ound hteh &tMWO Aesd h & hti ba n?supnodretr oafc i Qi¢i sce ecloFnidg t i
i n stUleardeymmai n r eas oin®Bn ttoh ee xopnleaihnand, the LM
oho the sand vc¢ amrhiyndgr ongoerne bndewdastahifedHeu acnhga regte sa |
2008Bhus, more pcCdibineakly oc h@mgtelle oadsear theach d-
L MWOAsnt er &£dft owiftohr m -CMWOAmpHearg ef BhereRodct
t he r etCdrditn corde dothe sand ncalddmni on, dinthf di ¢ e

t hkCedtransport tq dvihfifcdd dsedigluewt eentosf aci aric ac
acetikhiacaws ¢ thebyol ecu(m@ol sc¢uluat uweisght and f
of LMWOAKE t he IsMWeAZdt lc oomMfpMue ee s agprog@Odd t hat
adsor bedswli MVgCeA a mol ecludldigre rwesiugrhftace ctolves age

citricthledrdgahsal ace covwehiagh iood waddli anmog.e | n

addithennumbers of car boxlyMWCGAsberg s bBmdlreakyil n g
the st dMWOABY ®©d mpNakast.i and Théadroly ®x2y0llibc) a
hydroxyl gr ocawbplesanpdt dixee snotr ksl ddr iCa sauchitng) | ex i s t |
st abhtdhaecet i-€d aco ! dahte dTchiod ed xdp Ithae nst r onges
i nhi WintdGamanispbet pr ecsietnrciéeu oafchiedr. mome ent hat i on
LMWOAs affected t hWhemhien hciobnicteinotnr ad fi foenc tosf L M
from 0.05 mM to 0.1 mM, thela(mhb)bi)tn olhd weef ¥ eelc, !
when the concentration dcdhrtimheaditto oheeddaxxd
Fi,g (b, c¢) in struagsdmgs riThet ot bWinwbhngc pbhasaem
in LMWOAs <concrealt ataitumdlhypgwd ameunt omnf tdep ossantd
surfwadeée be,recrugimoeed and more free BMWOAE in
beifrgl | y ddcdsamel, adsorbed to the sand surf a
LMWOAs | eadi ng deop otsihé ti omc faetdisodrsb c € u p e-Cd MWOA S
complwehxiecsihakel vy t bhsehenpdo ssmiutrefdiB e snedes, t he ex
L MWOAs and f r@de cavmpdAesx e sCdcfoarp ed eep ons iHuhi etn & i .t
20Q7) her edfddircewe mMmeetsesd i n ctoH earmnatnlde hi gh conce
L MWOAs.

|l nterest MW@RAgn hathteedt r an’Spodneeruccooba@dti ons (se
4i n st udy eli)megfofmeodt s of L MWOAs are attributed
adsorbi ng-Cd M&VO A Kex e et al ., 2018; .Maleasredr i n
compl exes r@diurc et it éhws df dcdetdiedpro st tsea Al di t j onal |
the adsorpti-Och ©d mphveMOAswW@u Isthmlde bi t eodt hbee c a u s
stronger repul siavte pdrthuls,e pbe@d't e agEHiamal et a
20090 add@dtirancsplhbancewe it £r entwe tidhWlshsel owi ng

or deeirt ri c acid > tartariceaseneds> oanccdt iad oaveei, d.
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i's also depehedewnlt a @amsdthckoecptiuerxeisng abiAmotnyg of L
t he three «c hcoisterni ct NeWwQAdsa,hg@e st , nood te crud gaat iweda gsh
charge and | argest surnfh@eacestarmeaagedsrndatbh eerheefyaart
Cd' o;thsus, ean umbee@rdioofns pwesent i n tihtehfemgueous
citriCd xxoimpl exetaltt @Wlei ¢h addgdpiolr it of

3.1.2 Eff ¢&dtersa rosf @ ddrpite banfo | e u, mnNRIDIPE ot T4y

The effects of pH on the transport of cont ami
of both contaminants and porous media by ion
Then the interaction potential whnehgwi bkt Wece
deposition of contaminants onto the porous m
in physical straining.

| B8t udyhel,tr an®swaocsr ti nohfi bChadt € d amao p BlpPiHY BWnt h t he
i ncr epksteh ei -pzoetteant i al of sdod ide omb zastuirefgeadodf v €
hydr oxy.l Tghreoruepfsor e, mor i posuled adlsyprbrar gad oc
t hr dathggh stronger elienchtinhgh€&dmobe | attyracti on,

I n stulkbdg ©Cr amestproolteuvominc dlok i st 8 d i dastdr osnagnl dy

promoted with 1T9n®rn e g Xieareg MpEt TBmORHhani sms ar e
fold otwoene WKamdto the deprotonation of the a
(Nenningsl andt ke adrfad®&ldhaisgeoot pegrabdl gem
pH, resulting in strongert heelgga terg@ d taortno Iceefurne p
cbl oiigisgni fi camttl yhiigrheirb opukbad wh iowvledne chefats e e

hydroddnameter aefol p(eli.sdslactund HledO &t . ARd70. 92

em at .)pHTS ef hexchy soifc al straini nghebrechobmeedsp Hve a |
variatammf haence on the el ecptertorsotlaetuimcn dionltleori
porous,tmedize.ta potenti al weel raidem o rod  rseagnadt iavned
hi ghdrseeBF0 gi n. sfThhd g, 2ty ahtei ce |l reechlelosspeeeinr 6 loe © =
col loandssand/ plsansly asmolr e daamicnangt trheoel et riam:
petr ol euant cadil fl foerdesnt pH

In stadesdp@gini fi canttheg timdhdaupanrctedof peaNIPsgtyrer
PSNPshowed h mobidnd yl aw mdbi9l i.3(yd )mats tpiHdes & )s.e e
ret esotfi-lPPSs an be €&xpmfadlhleadwi nRi rasstpeyctr epmpks e i n
affecssf ade chaogg hypydr oxi deFoc o aetxianngp | e, at

oxyhydroxiwhesegaaivegy charged; in cowarast,
posi ti ve(lWancgh aertgieddle -NPP®2 Onke2g) d tyi weoavregneedal vy z e d

pH reanmngdi 2 ditea pdoetreedawsidath 1 n c r2edans®l nagt -BpRHMPS ,a t

pH 7-42m®& at). pHheref oremomegpHi vyebyNPcshlme ged P
adsor bedp oosnittoi vtehleyorc hax yleyldgvoi xaic deel ccad at g ¢ i on
whil e fagwgaiHlP ® ,deposi tsdar thetdheatilimgtrostati
similar t-me ntthi ol ree-pzoadteant i alln vamd mueed oifs mor
negawiitvhe t he i1.ncTlasientienr gpcHt i -Rsenadgyuynbettive e
wasal cul ated by DBVYO)t heBofthhdyedngygbarrier
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mi ni muhe gher &tmehing megsN P anborr&S di f f i cnutlot tthoe d
sand at higher pH.

Il n stpuelyedt sdgmnimpmaecanhhe transpMPiEn bcelhaay i noirn eor
(seri.Bi n s)bBdy HKaolinite, significant retent.
increase of pMNPwargertaednuta ldoung ionig IPaSr |y, for i | I
retent -NoPhs owasPS oulnmt et e tHi nbg 19y at pH 7.0 a
cur vesNPossf wReS e al.oissani enaitbal but edceocharg
charge and per manent chdryga) fdfer enhaytphe ndra
variable ethge gei aé¢ wades ktaiove nat epH 5.9 but n
9.0I1I n wonrdter a &atl JJo nts gvsatir h eaobnlad tanHadsre gyee B ¢ & ietdhees

total charfgeacef bot h lknaeo |l monriet en eagnadt iTi W eftsihaiete hbi eg
absolute valueso®PENRsheamktal gpyytmeinnndradl s i ncr e
(s€Eable 2 in studyddposi niN®s abbdesn@Bed hait f ftihecul
higher pH. Results from the DLVO calculation

3. 1f 3e &tosniocf (slt@ne ntghteh tpreatnrsoploerum B P @ o2l and
4)

The eflfSecttsheftranspomai nbfy depeaoci olmaen t Ssr fi and e
potenfi @loth contaminantesulatnidngpofrmam tkeai a on
el ectrical douAteoll diivheep b wmigretdeirgahc tli ®n pot ent i
contrithlue edammosi ti on of contaminants onto t
cont anvhniacnht shegeégd tsaraining.

I n studyez2 oinghiybi ted the transpespatiflaipiest rio3
(seel Fiig sUrnudlere 2tpree i ment al conditions, the p
medi a ar e negMttiihveerl ehaSschheagrsguerdf.ace potent i al o]
and por ouse sme ddeagea ttiovet he compressi on Rofant he
and EIli melfech.exthdené )d S i ncr Bléos esd fnrMd hiNealCdl ¢ ima
pot ent i ade tvrad lueelsm od ocl hl aonfgdes@nda.nad BVashtdonVr a md
19. 5 n8Y. 6t omV, respectivel y. The electrostati
decl i nes wi tem hiamari enags ipneg rikb® pparsn tciodrd oont o t he
expected by DLV (a dtdhietdieoyrr,etatisaeer dtfaoc &€ hppot ent i al
col Loisdgni ficaotawghgirgly altesshhabdf n@®m mM. Re@n&€t t o 1
50 mM N@&€h g et. aHhysi2cialid)ep hay pti mlgtehtérmansport
ofetpr ol eum col(lBaiaddsd oatd.itghall.S 2007)

In stadhy BranNdpPwaal iscofhi DS t ed i k@ thidgh 21, S-1 S aff
NPs mobchamg bHhyhe sur f-MRe ahdarger wds PBedi a. F
zeta poR&NPenahcodt edcsbadd@@m¥t e27. 4amd/ fr om

481 mvel 64 mMvespwhltenmvieSyimtr mblsBN&dCImM NaCl . As
resuld ,omaBleV,0O #rherogy barrier amdleswatomedar y
hi gh® i ndi ctaht d-NIRS tchaad e @ an®iit Itoy ntchoeat e d ecamd aly y

minimumprimary mi nAShBmet dhmteiremorecreases wi
streNgtthh.ate ftfheet D NnoIPFSs aggraagatbieo biegcraaurseed t he
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hydr odynami & S\UH saansettagbm ckofc | osien@ M t bRelzyes i c al
straiomibmgv ecr | ioo krelmle ar ¢ h

In st Jdddyl pdobayed an i mportant-NPaslne cil my.{Thre nter ah
PSNPmobidddryeased wi FEbr i axglanmptsheen gk aoS.i ni te gr
I S from 10 mM NacCl to 50 mMr dakKthcau@Gbaof aor
~0 %The influence of I S on -NPhse asnudr f maiseo tickheame
domi haect or for t-HRF.mobi hstpnebePBodtiugdyTadbl ¢
changing mBov@&@mt 8@ mM NaClni wrasussseed ian z et a
val: ot ePsNPEr enm8d my o68&m¥ 6H64. 7amVkb ot fi me3n8enV¥
ovexsramYt e31. 7 mV. The surface charge a@anfes both
| ess negat inwer edsuse etine ott lo dal hdedvi It oy & re a(sRymgn las d
Eli mel ercht ha996) he el ect r eNsPtsa taincd rceopd Bescitoorr b
high 1S, f-&a¥Per deglohsihse i @eé&8c h anmbies na papll shoe-NdP $ o r
transpododMotreenoverven though the elechNPaksatic
decrdaasédigh |I'S, no obe&domnos gaPE§ T e d a cpahbynsni lgcaapl p @
stradimlongkwduring their transport.

3. Ef4ectassommthe tCHpspoot eotnRIDPEet Yy

I n getmef &bt satrneaintsl y demonstrated i(n)t ktatfi®
can bet idnagnp promatemi hantotransport; (2) the
contaminant and porous media wil/ be modi fi
interaction potenti al energy between contam
contaminaaoahsodepdbdei tiinteracti obhe bedotweéebhevweont
aggregation of contaminants | eading to phys
contaminants to form complexes, which may in
cahsp especially divalent cations, are bridg
t he pmerdawmwmsl contaminant .

n study 1, we i nv?éosnt itghaet etdr Zalinmseptoddds /edfde sCdo f P
fcitric adci d n( sscTduelFyiaglidi 2*"com! dbf siPdni ficantly
ranspcofinr eosfpe@d i ve of . Thi sriphenomdnpmei’ dhrea ¢ t
nNteomeetitiornarmdEtfRdere nt hed deTh @ s iayfoiff o*rPistair tde s .
amd strotnlged@¢mamseca eatdddlt,i,onn0d i naocried h
emar&ampleex amb'l atlyeGdi't Mainmykova . Bheradf. qr €,0
Btact iacgompset i ng ion @dttadspgobd to the

- »w — o —

n sttuhdey e2f,f2daxn st lnd tCraanspor tweode pdinagdyleaema €
he retention oft hpeetproorlcewmnsmr eeddi¢ad i o otfGhdit he i

oncentr atdi om (SRhuiaesyFb2gh.avi or mas nc aRiamgdtnley, t diu
o hceompr estsheebacbfi cal udedbby Cacveraennigat i on
ur f acwso pcehtarroglee um c ol | o & dee sasn di dRgoaatroi wesan anedli iame
99Bh)e decrease in electrostatic i a&ptusiosrieon b e
eptoegnpefrol eum SeoddimdIdys] ectrostatic repul si
ol liawil d rtehdeuicre da g gomeg av ii(forune 8vbrfic. @ tniMCa Gt o

oo R,V +T0 —+ —
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118m atndM CgC€lhusdhe physical strainingtéaeerts
mobility.®iFhardlyypy, c&h bridgi?e rsegemet ,aswha chbhr
bet wtetedp | 4aondd porous media via connecting th
groapaclcl oid and por(oYus amad iCdh@&rug ff2edclely t he | n«
in?2CTancentration, mo anlae pfeit x e@d eiumm tctoHcdap o rdau s
bridging effect.

In st udeef fBeenmowowhl| ent cati onosn atnhde dtiPV@dMP sepnotr tc e
wereal.Ppredat he mobPHetyeowatdBSncreasi:Ng> at omi
Kt> €Cs M@ Ta Béasee5Fig sEwely Bhough tskbé conc
monovalent andwediev arheinrtt aci antdidof nficscomesnt \dt that i on s
surface pot eNPtsi aaln do fp olrcotuhs e (| s Baelblloends f. idy e B)
DLVO theortyifepr owvi ex sl anatlino na dddfir ttithbzes,d sgalue m c «
of monova)] eniNlde ki iCdaan wabrki dagi i agent al . ,

mor eNPS c onncclt!| wdiced dC@se bri dge. Further more, t
araedsorbed onto t hecroasdgatd evrednbpyi ohar ged tolfe de
PSNPlywteric whintcdhhpamades on t he hyd(itea detr.aali.u,s
Usuatlhhey ,hydraft edomadalusent c a\NtdbK'»CB(sNgmt itrhgaloe
Jr, ;198%hsa,s t he weakesessleéing hinndhansérong
NP.&o0r divalent cations;DLVDetmeohgniaschs cat & o
responsidémogior-N@teBlld’i 8Sstronger DbrCiddagnidng ag
Mg* Xia et. aNote20hZ) € Mdehsaev ec antoi osnisg nsiefeint an't
hydrodynami c-NRPiaymnet enl aabbteP &ignnionrge d .

3. 1Efcsf ect s of surfactant on(sttuhdey t2ryansport of

The existence of sodium dodecyl sulfate (SDS
ofpetrol eumeo| Fiog.debai hhet 1dy | Wi ng mechani s
amphiphilic nature whiclpedawll dcof Aoi Bisehtalth

avoipghwgi caldusrtirnagi ntirBagncsopnodratl ks Sadammpime d u s
me dviaa hydrophobic bondi ntgg P aroina exrcd akwgidl,cahi ,0 |
camnhance the witfebtircalbddmdr dnc e

3. Bow edddhpeor ous amédica the trans?port of

3. 2Ef f ecawagsadaf@dcdand petr odteruamm ScpdoliRyi d

Quartz sand is the ideal gono asjsmedii aa | tl oy sftou
stiudisocusiefidg eohs of sblecaucre ¢hemisstzreyodnd su
guart arwminfdor m and s hiaenbplaet.t qUusauratitzhtes amd pont 0
cont anigna ndtesp e n dietmst r foamc.6Soanfea rsd esdiigagshmeat e s enc e
ofmet al oxhe#a®msd osur f ace, whi c hdenpaoys i pr @wni dse t
cont an(iluwanets al ., 2017; Qi et al ., 2014b)

| n slit,udtyhe posi t?fivoemlseyr ec haadrsgoends g@ld byelt Wwechar ge
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sandea ectr ost artaidcd i avti toreedcd ii toinan | afheL MWOAsa,ce c|
of agt zwaa ndor er eneuflattéimege L MWOA s oahcbshsea o i @ mg
et al. , TROLAMeproesi ted on quartz sand.

In st dadseur2f,ace charge of quartz sand became n
t hpeHd e p e nf duenncttgir mmeaplsaqu z s and s ugrafianc eo rwklioeshe cparr
di ffefdatdapBEtFuarlt.h etrBe@adroe)a c e c h arwalseosfs gnueagrattzi
with the increase in | % hdlecatursiec aol{ jRdiomuebal med M pe
El i mel e cThh e r1e9f 96r)e , peeroltasmmwact limfthd bi t ed at
high | S.

B 2EfZ ects obdbmeanoy eston &rodpgaidgtd (st udy

Li ke quartz sand, the ef f ecrtasnasogde dseapnednyd esnoti |01
i'ts sur fGecret ,acidhmddgyg & hiibtist sown uni KHare ipntedpaear d e ,e
armanympur i timet alsuaxcxi daessgan d sglaays a nadingi tacshelr d |,
proviaddeer abl e idegpeotsfriodrlii @ ummC acrond d loii <d seltn adddi t2i0dr
wi de smdngerti cl es sitzhea ndnifosmtr rmi bauntdipoens r e g ult dare
ingredaenwealolughssotlir gaa@ad nsesult I n narrow por e
flow pathways(Qnh theatahdgleéeadahced physical
Ther etfho&r emeé i on of petroleum cothandsnwgsaste
under the same experi ment al condition.

3. 2Ef ¥ ect so xoyfhyideavxta@®dd eNPsSRAZANspodt (study

Iron oxyhydr oxi dé®@feaiohbet & 0l s B8NP h o fo usguhr fiatcse char
Wec adhi vird@ oxyhydr oxiindaeo ccooaattieedd mpsammyg hy dr oxi de
uncoated partto (aqiuddytz®es ataldéee poi nt ©OpBa@aftr o ch
iron oxyhysdckerlaxiide€Eby nki ghand Sdtchwerntrmanmxya@a
is positively clhattged nfcorat mdstgquaases dand i s
additheosur f socfe bcontahr gier on oxi de coatindsedand u
bysol uti on Focrhean siheglyes,ur face dhanuge wa$ smodeat
negatiiwver egpald ihreg sur f aiceromr hax gdelyanfpoed afeir oimve a
pH 5 tamelg &t i vEepolddi rpddn 90 x yihgy id8..di dae rlespuH,t , at
not ioxhg electrobeawedNiPsPf@wmldsiuonncoated sand
posi ti veilryomn hoax ygdygpdiooovxiiddees addi t iviesaéctdepotsat
attracttbe. négébasi v-BlPgadbhergttdomrdgestambbtihe ty
we akmeosbti | i t.y at pH 5

3. 2Efdif eclt asyofmi meBs| s ransdport (study

Kaolinite and illite showed -MRwina ftiheinrt pehfyfsei
chemi cal Roropiemdtimgasced ws & htdhggu azrettza potent i a
mi newatleess nwemgddri vehealexmpdekirB enseimid le sviatseo r e
negative tha®dabkaedlni nsTthedyqgrde)NPsgSe peodintt o cl ay
mi nerals rather wthh aeipg | qassyetd?2 L \sQ@. htehh eaodreyv € h o n ,
though the net char gewse gaft htelees ear &€l sywagag gersd

22



Resul ts and di s

resulting from proft osacmpehon edepr cti ® e3tOHsm c h a
Sitaegs br okwhre heedt gleHs githdea n  pt:dafe @lHa y( Sni mgeh ad.ts al . |
For exampdre xtplee i ment pIH HBpeEAdgda oni t(es of kao
positivelpydzao hi a rkgpepds-6 .niint econttireasédge swetrees of
negati velpydzeo haddigse2dbTher ef or e, t he rANePgeetrievel y
adsopbph&daol i nite via eExeccetprto sftnart! ivcehnesstatr fodhctei o
charge of <clay miner altshsemphlysscaée efral aynami
ignored. thre tahlviesr aggteu dsyi,zes of the cl ay miner
t hguart gd=s a®md6f or kda ebh ifnbratesl9&dnf or qua(see sani
Fi.81n sj)udy¥hds, the clay minerals can alter
pore throahd padegéa@lys i c2alllems)h imbe@i ngtenti o
PSNP ALt lcd aty, mu nexlalhysaimee t a | oxide impurities
degrees of( Swegthler L®84hDeen reported that eve
oxi dbaussdagni fi cantl yt abbdheacvti orh eoft rmengsgpWirvet v c
al . ,. 2020)

3. Boweddceont anprnoapnetf ft gct t he trans?port

I n this ¢heskratief wer ent OQvetami nhanthe.ofsur f ac
cont amisnanher maisple ct affectCad'gpobbetivenopi tha
whermatsr ol esmndolplodbiydt yr eamee quahtyioypdh®8e tgieds e
quartz sand, sandy soil, andecltayCrddipoautradosr a
favorabl g conndddrntornast , t he tr amnmbtproarnts paofr t p &
polystyreneareadep!| ablifcavosBaelsitdesde surface ¢
petrol egamdcoddloydt yraeme drazodplea & od huesmjosnt o 1y
instance, the zeta poteéemor al nwiftant hteheep ipnacrrtei acs
whi Cacidtihtdanpeasftpart c hemimcal etplsep pet ¢ afhcersm
aggregation under s(olmek ef alwviog ha bl ®@w heimoshd | wiw ol p &ii]
physicalAsstanaiiniilmugs2trugigiteds m|l es magglkkegatded obv
| ow (padr t i cll.emMsiatz e PpHlemOat . paph d7 ém %2 . PTHh WOs ,
dp/(d@0 Bwaabove t he ocfr ipthiycsailc(alla DsOtér)ai ni ng
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Conclusi ons and

4 Conclusionsand outlook

4. 1 Concl usi ons

| n orcdoemprteohensi vel y andmisgyrsatte noant ipcaatltleyr nesv aol f

contaminants in ,gheussdfwdd eent aangiun anetr etursa nrsepdo re
wercear ri ed o uftunfdracaesnpteacitese: t hper od@ @ s tit ayngioehsa n t

porous medi a, andon dtieF owa neexmaescphteentd isftfreyr ent c |
contteamd d e | environmentally redevéaet emmidpbHCcoOIl
or gani ct omeavigtraadrusn d wat er ih i breeocaclh eem V§ihreggreme matc t o«
areonsidergdin insightsi omt medllhaniismise bet we
contaminant s, polrousomEdmbamhamgly t he resear c

results fidomtéeudioes omemhegawm.ncl usi ons

()Cd*a positive,cy utelad segdetlo inehgeat i vel y char ged
by el ectroskHawe \cetratatrirdgesdt®ittosni.gni fi caafttd gr af f
t he addiMWOAGI e o &dsceafnror m compl exes wi.Ath t hes
t he same ti mearaedhseo rdiregdatndi € @ueardtsz sand t hro
whichudhdange the surface Urhdaerrgea coifditch ec ognudai
addition of or gatnrianeadifisr sithikyi,lqguaed zt sand
by orgabméecomErsel sn,e gad u sviened escttrrorsg eartwiece nat t r e
Cd*and .Seacnodnd!l y, the adsorbed ocCddmi cadadditd son
the inhibitory eff ewxetrse dthedif fofl d oevntngL MWAA 3
tartaric acgi d esuvudtdhRdenigstfrmwinddur e oftagie not ga

t owaQddisnt erestingly, under neutr al condi ti c
ofCd'Because hightipHH adharbptti on of ICMWGAsS on
more | ikelyabtsor b-ongamtidn aci d LMWwWapeBeras wi

compets(nfgh éwned dBB*'si gni ffiaca nttiltea tmé gCh'dtuen of
tom®mpe onoahbhckdty to form cotmp@édixes with or

2)The migration of petroleum coll oids was e
increasing ionic strength, and strengthene
soT hwar iian i tghmeatmion tchagpudcli ¢y d & faius enthaeibngluy f a c ¢
poteonfi ahgeg porous whewddwi @ mwdhttleer| Icchieds st ry ¢
For instance,d asheheepld potea@aasal odnet he pc
moraemd more negative, | eading to an increas
Besi deesl,ectthhreost ati ¢ pree¢p od ecluloni dese tidwmecavre ia s ke
i nhedhéeé aggregati Physifcabhhbiobavihidahlt ihteat es
transport of petadtdéehsmecaol OaiedfsfaedWD S gh as
ammphi phi,whe¢ chatluipet afcfoddtoe d . Tnni e eess ®imen
di fferences in the tranhsgadrfandf sperptdyobkeuin
di fferent physi cocbkstewdiafl f poocenmpiosnSanmetddsi aism i t h
us uealolnsrae tna | oxidesanal aygaminer emhenioerre, wh i
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depossiittiesn f or psditnr @aldad mpanltdi sableélse ra,r ef i ner |,
i nhomogentelsaasr dt patdhnegot e t hroats and more
pat hways in . Thergogtecal wamorae nsinigmi $acdwnt
soi | pdeutrrionlge u m ammcslploaitd

B The-NP8r anisiproonn oxyhydr okaiad smé¢ bateadesdamg t he
c hemiTshter ynai n reason i s thatheda hsursfodaud i ®marc
NPs and iron oxyhydrbai dex & or@lt eqds tu meave pt ezr i sne
condi(tpiHost9)e i r onc coxtyidg/glsriotxii vdeel ywhd lcend cpeg d r a
the negati $¥Pgndc hiardiiei mP g r NPiHomwewferRS when
sol ution dpb Bnpcctobaat & encgesmey at i v el ywhihcahr gveeda k e
t hedsor pt iINPen@hh®®dhedanse PENR.d n addirRBson
mi gr avtaismom e greatly influenced by diThal ent
effect slkondvicrag itome s aMRmivgarl aethecper mothe irtd i on
radThe small er t het hheadliarsgeorf itthse hcyadri aotni on
Nd>K*>C3s iMgCad™>BAa)Theatwioahar ger hy cdraateiaokne rr ad i
abilityySPos,bifvhde dthleowe st o f@ 8NePrsttihoen pr esence
Ndln addition, t he kmiochgi N g de fit frod ¢cato isot-iP Gdni gvear
NPs trtamampomdnoval ent cations.

@WUnder differepwtcwadeti ohelamistagnoi n-BPRlUsnba
transport due to the ismpatascsebthwamgel aghem
For example, incr eldsriaeagulhtSe hridsdbegpateryi ¢
clayr ai sweleindhla P&eRIs de plorsiadadint.i on, t he smal
minerals |l ed to signiifpiroamditS¢Rhyrseitcamni iskirtad
Different clay miner aiN®Pshamv ghdinithio dri ¢ ntonefofn
NP$ranwpsettonger in kadl agitmée nehahsi haveél .
variable charwgkiwdmevd hdi t heu pHegpdddo ft hkeata=oil rut
and at éi t6. 5r eannpe c-t2i.voe | e n tUanld ea o rekipweirraen s ( [
negati vel yNPateaaegseodo bRreSd k aol i nite (with posit
thano illite (with negative variable char g:g¢

4. Re s e autclho o k

Thidd ssethhtagtriesadantpr el i minaryr anafogretoni rtchreme n
contaminants in saturated pooontutammedna. pTbhee
types of porous medi a, amardd b e Advd thébru gh h evlai it
tried tra wamfisadteornos i n rtehmaso meb o Kkt ¢ © imeanrges,.

Ssubsequesnholsét dilddarersi ed out in the following a

Firshe yredearcomtsaaosimeuniads b d ne st fha sioed.y t hree t
cont atmivenraen s élowetved, ponl |lruatanrtes, swirtflraceéi fcthaer &
bindingemaphaictcédeapaz,es, can be efAundiisn talewsn
s howinf, f elroenrt ta mir rogredri tl il e ssti Igyn i if m fentg ungernactei ohncapac
addi tion, the inter awbi onp orheaudaann tssmsarde t wie e
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trancsfpotrheseneed [tua abnet sst udi ed i n detail

Secomdt g, di versification in the ch®iftfeemént n
types of s®e disneamtdsbeo.cloRdrecé eampl e, soi l CoO
mi neswmdisras or e, , alawmmhigrainme scar ebea £ htolse npor ous
t o tfhiel Ic cElxwnremrs ment s wi hlat p tna ceexst r mecdnieamiat Lr e
enhance t he taeplriecsemiréciht & a lnifdsitnigcs en.vi r onment

Finally, mor e eiftnffoo dtehgee Is & pmaét mhtelnwaft p \fth B -smotdes | s

model wused in thieattthaecshnse notnlayn dc osntsriaiemrisng hp |
its application in mor-eraompbek obntdwobioanst a
soiflHe establishment of mat hemati cal model s s

di ffeypeaeporodnes,iaadar iwauser cbemdsitgganshor al
accurpatedliyxti ng tbhetmsmmgnanton of
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