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Inirod uc tion

Hydoaodated aroenatie compouands (HAC) ard their premsorns awe
cornton cottaninats of aurfhce amd sabanrfice systerns o DOE
farilities . The ervimormvental fate and transport of HAC, pationlarly in
b aurface systerns, s generally dosninated by thedr soephion and
descephonb v scals and sediments. Certain second ary chermical wachors,
s tspecifically abiotic (1e. catalyzed by metal ceades ) andfor
erzymatic ozad abve coapling, neybe sizmficant in conbolling the
sorphon and subs equert descephion of such by oandated arcenahes.

A& simplified reacton mecharismof cxidative conpling (Figare 1)
itchides:

11 surface complex frermation; 21 electon tarsfer and wlease of'a
phencory radical; and 30 conpling and farther coad ahon [1]. Minerl
coades play an iportant role in the fost ard second steps of the wachon
[4]. Coapling of HAC to s01ls hasbesn attubuted to the reactivity of the
interrnediate radical wath dissoled ooz e constitnerts of scdls [3]
Maleoalar oxgrgen has b een reported to enhance the reachon rate [4].

Fipure L. Iusiration of oxddatire coupling of

phenol nwediaded by enaymies (E) or metal

oxides {HO-Me) in zoils.
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irnificance and Relevanee

Inttnmnation zathered fioon the stad vwwrill b e usefial i quarhiving
the behavior of this claos of crgare componund s in varions subsuface
cortaniration soenarics wlevant b DOE fambibes, and mspeafiang
strateries in the selecbon and desizn of’ rermed 1xhon tec ke logies.

Besearch Ohjer tives

The chjectives of this stady awe to novesizate:

@ The role of abichiclermanatic conpling reartions onthe
inmnchilization of HAC,

@ The efferts of ervriiomrental factors onsch imenchilization

@ Prelinmnary ensiveenng approaches to mduce ahictclerzymatc
coupling of HAC msih.

Main Hypotheses

& Cnadative coupling canbe nduced m contanunated sabsurface
systerts by addibon of corpgen, ensrmes orfand metal cocides to
munchilize hydiooodated arormatic componrd s onsodl crgae and
morzarme mabrices.

@ 5 ols compused by younger oxganic matenals and having a siguficant
fracton of phenchic finchonal zronps exlubit the zreatest poterhal foo
oadative couplhivg and imonchilizaton of hydiooodated arcenatic
cortpainds.

Project Ohnline

This st1dy 15 cornposed of taro man areas of nvestization: nahal
systens and modelengiveered systens (Figme 21, The nataral systems
stdies inchide the abicte oxodative corpling of HAC & a finctonof’s cdl
conposibon i thee naharal materials. The modeliengzineeed systems
mchide evahiation of induced impnchilizatiom by addition of ccvzen,
metal cxides, and emeymes inbateh and comtimons-floar weactos.

Fipure L Schematic diagranof the project research forus. The
conpleied sertinne are represended in red, while hluehoxes
TepIesenl on- 2o ing shudies

Dhddative Compling of HAC: |
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The cherncal ard physical propertes ofthe scals selected 2w
shownin Tale 1. Taro of the three sothents stodied to date are near-
surfice scil, characterized b zeclozically young er oz auc matenal
[Foor Forest and Fox Grassland so1ls). Tle flord sorbert 15 an alder and
diszenstically altered soil (Lackine 5 hale).

Tabhle 1. Physical and chemiral prop erbies of the nadural geo-
zorbends
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Shak
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Dmnchilized HAC inscils 15 defived & the sobh e mmaimng after
nmlbple water ard solvert esxchactoes, and 1s quanbiied by contustion
and CO, entraprrent of the wesidual. Ahictic condiions are maintained by
mppessing ricwobiologicalle nmymatic achvitewith zamma irvadishion
ard sodmm amde additions . 197 radic-ladheled fhoms of the tavzet
coppoinds are used for aralysis.

Threa diffeent axperirvental appenackes have heattused to
demonstate the comirence of abiotic ceridative coupling in
mmmobihzaton of HAC: 1) conpanson of equilibrm m adscephon
satherns, 2 evahiabon of saphon'desorption hysteresis, and 3)
deternination of extactsd le od non-echactable frachiors of the sofhate.



Effect of on Sompton Charac teristics of Soik

Containing Geolog Yo

(4] i Carhon

The presence of conpzen s imaficantly enhanees coridative couplins
of HAC onsoils cortatring geologically ywourne oiganic cabon

@ Up to 75 % of sothed phenol1s mnmvcbilized by Foor Fomest Scal

[nor-extractad le fractorn) (Fiaie 4.

@ 4 sizyficat dectess e in imenchilization capacityraras cheermed

under anceric corditions (Figme 50
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Figare 4. Idsridoution of phend
sorh ed by Fox Fored soalumder odc
comditioms
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Bgume 5. Iiardution of phend
sirhed by Fox Forent salumder
anuoad oondition s

@5 zmificart phenol immnobilizaton cbs erved for Foor Grass land and
Fioor Forest sols translated into detectable differences betareen ther
ceae ard anosae 15 othenms and oo mereased scephonfdescephon
hysteresis undercede conditons (Fizum &)
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Fipmet. Sorpliond esoapibion & ofhemns of
phenl sorpiiun o Fox Forest sol umd ar
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Effect of Orgzanic Matier Co

@ Dizzensticallvaltered materials
such as Lackine Shale althaigh
having lizher scephion capacity
and hzher total on cordent, do
not appear to prormote phencl
irrrach ilization [Figue 7).
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Bigure 7. Distrdntio: o phend

sorhed by Larhine Shalewnd e

oxi comditions
@ Loor inenchilization capacity of
Laclune Shale tramslates inta
nwigrificart differencs in
sorphon/descephion s othenms
(Figme 2). Conbary to plenol-Fox
Fomest isotherns (Figure &), no
detectd le differences batareen cae
and amooar 1s otherns was chserved.

Phenol Extrac tability and Somp tionDesorp tion Hysteresis
Indices

Hyrsteresis indices appear tobe cosrelated with the extentof HAC
mpnchilization on nataal ot ents (Figure 9. Hysteresis Indes (T
15 defined as

B Hofeer) ™ Dotatey
)
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where g_is the solid phase concenbation of sorbed sobite at constant
C ard terpemtore, I C is the apparert equilihrnim sok tion phase
wsidnal comcertation. The sabsoipts (ads) and (des ) refer o the
alsorphon and descephion pleses respectvely [5].

Ait lonar vahaas of H oL, 1t appears that the donanart sonrees of
Tyrsteresis are lydiophobic interachors ard hydiogenbording (as
shoanby the solvent extractable facton) (Fizure ). Whereas ffe
high vabies of HI, these phercovena appear to be less domunat and
mmnchilization by oradative coaplig vields sizraficart byrsteresis.
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Figure 9. Relafion dip l:dwm?ilhe extractabiioly and

agquerns phase sorpiiondes orpition hysbereds for phenod on

Lavkine Shale Fox Forestand Fox Grasshnd sk (HI. =

019, 073 and 0.51, respetivedy) and for ooresol om

Lacdhine Shale (HI.= 025).

Comne lusions

@ Crovpen has asigmficant effect onenhanong the HAC
irrnobilizahion capacity of geologically yoinger orzanic materials (Fox
so1ls).

@ Dizzenctically altered so1ls do not appear to promnok HAC
menchibzation (e.z. Lackine Shale). The effect of oxgrgen on saphon
was fomd tobe reglizhle.

@ Hysteresis imdex canbe used as a wugh indicator FHAC
menchibzation by axadatve coiplins.
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