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Abstract

In the geo-environment, at greater or lesser concentrations, chromium compounds are
detected. Chromium, in addition to its indigenous existence, is widely used in industrial
activities. On the one hand, its presence is due to geological formations such as hyper
basic rocks and ophiolithic soils. However, human activity contributes to the
accumulation of chromium compounds in aquifers due to uncontrolled waste disposal.
The main forms of appearance of chromium in the environment, based on its oxidative
status, are two. Trivalent and Hexavalent chromium. Trivalent chromium Cr (lll) is
necessary for the human body as it strengthens the metabolic process whereas
hexavalent Cr (VI) is a major threat when it is at greater than the permissible
concentrations, as it underlies the risk of skin diseases, cancers, reproductive issues
and more.

In the context of this diploma thesis, the adsorption of hexavalent chromium, in soil from
three pilot drillings from the Asopos area, was studied, where large concentrations of
hexavalent chromium in groundwater have already been identified. At the same time,
the geochemical characterization of the soil, which was studied in terms of its
adsorption capacity, was carried out in order to establish mineralogical, chemical and
other parameters that could function or inhibit the above process.

To investigate the adsorption capacity of the soil in question, batch experiments were
carried out, and the effect of pH on adsorption was examined at a concentration of 1
ppm and 5 ppm but also on the variation of the adsorption curve in relation to the
granulometry. For this reason, five different granulometries were selected and the same
batch experiments were repeated for the same concentrations. At the same time, the
initial concentration of hexavalent chromium in each pilot borehole was taken into
account.

It has been found, therefore, that a change in pH values has a great effect on the
adsorption of hexavalent chromium, and more specifically, for a pH range of 4 to 8, it
has been observed that as the pH increases, adsorption decreases. Also, the initial
concentration of Cr (VI) was found to significantly affect the adsorbed concentration of
hexavalent chromium. Of the three pilot drillings, the two were highly polluted, with Cr
(V1) concentrations of 600-900 ppb while the third was not contaminated. In the latter,

Xi



due to its unsaturation regarding the Cr (VI), removals were measured up to 40% higher
than the other two.

Finally, data from the geochemical characterization were taken into account in relation
to the adsorption curves for the two different initial concentrations but also the different
granulometries in order to determine the granulometric fraction controlling the
adsorption process but also if there are specific chemical elements likely to affect the
process. Amorphous iron oxides and increased organic carbon affect the process,
because the low concentration of the former reduces soil adsorption capacity, while
increased organic carbon concentration intensifies the reduction of Cr(VI) to Cr(lll).
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“0U0; 1 e 000 oaUdi d 2Us G0 UeassgbslUsayd U edyaUsd
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ﬁgeﬁsﬂ;tdﬁ(‘m)sg’ g Ue g hoUsaea 30} f, GgstyesaUUs »
Gy UaUdy s U0qUUY.

j3UGeysayY U Usdg "~ U3 U0 ¥3y, UsitaUsgd GJreaeg ¢
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Us U030 ed UsYdUod Uxs "~ Uy UoheUszys U eboaelrs
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@

eeg) e UsshaUrs, UsUahoxd U Uds Uses®altig0lH §f
g hoUsU i dUOUU, Ues Ui jgyeldadidd pH SHgeddiiss UGU0U= U
UsUaUGdUsyd cjtense 3U UeitiUsascUUUs 2. UgdU¥Gy |
Uds U fyjposyd Urs UsitGU¥s Usg Cr(VI) UgUp UL
tosUyoUtald hARGHGA, d el9y f(d U dEcandimu-EjopallesUo ¥ o e

2014).

¢ “j1e0yhidad UVUasUs eaU UsUyoUGaU vyvevlOd. U 0

UayoecUUUs U fh Uds Usee UsgPz@)deUddgg Ut dii¥vs 890

sy galUai, "8g "3 haUsUUs 3U “pH<PHEQ, 6 (iedi U8d dBY 3d:
63400933009 dUUssay¥ U U eUyaUGcU d ';e°;r]quﬁq
Ue pH. o UpHB dooyWei UU; Ud UPZ6d Usy @dlgmadad UaUcs i U
ahovy Uvs daUsaUjy et UUUs s 3 U vydelGUxs e U003 §]
Uy sdUsay dicg) Ub lsclyrspdsiold 1989) . ¢ U sCH\M)y¥ 2 e Ua
"3 UoeUUB 85UalUUs U Uds " UjyegtaU e6j3oUszsoeed i

(Fendorf, 1995).

¢ GgooalUoyoseysad Us areUUsoae UyoUGaU, wyecUs ¥d 0
50U3hUJUU Uub wilsygedd Wrss, 1 30U o0 Uds dsseedecUssse U
v*d “jegrViidU) YaeadalU, 3U o2a3Us d oUrcecdesace 03

U}

Ouavyidegd, "3e8oUseys3eg 3U UGgsg e6acosldei s
jgalUcacgosose Usespy, a0kl hdJUeYs dy Uy Bg, twaddUs a |
Gotieyeg eg. W dy Uy¥segs Usd UsUovoseayd oaUs o
Oa UGt 3.
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2. UAqQA¢gLTB 7 KABE

o -

21.0U390Y GUsscUalU 6} veaasg

2.1.1. tushUqUUd Ueg 6} vreaag

g8 GJleoe cdedBfalidevicllensmg Ualse (Pedg YU} sciliseasi U
i ebcCpaBUs UUsesah Uysdeh 24. 3 H oaUsessayd 0g:
Yyelea oaUs eU gy dMdzerétal e, Uax0 0be)sdidg 3(Us UYUUs Ugy ¥
cc)realdde, UUpUS®Ue ewse Uda UsUyoUGalU Usg Uzl
aUs 929039 641eU0U0Ucd eyUUaoas, 68GUaaUs Us HAs3aeeU
GedeUUasUs wyoey vreUd Uzt GUsgiU ¢l damsiasls 6 d el ad)U L
GUe3s Goassfh Udd o fhdidell) eldidd U ppndsdl s0rsss 1 0 0

AsiL GUsd Usg 6) vyeasg, bjyatessalUUs aU UlGdesal a0
"0y UsUyy v ~UpUesavyUxy, Uzt UUgURey 83U o2a3U0U0U0s =
Gy UaUdy shU0dqUUg, GUds doscedecUsaliyodds Bises sl
stishUqUU 30U UaszUs GU e€aU €6} e UsUosoalUasg o950 (
U gUUaUa e€e95U U Usd s8egy UV Ud os3xvaUyd Usl
"3U0iege3 U

2.1.2.z6)30Gyd Usg 6y rvyeasag aUe "~ Ujysb¥Yaass

AsL GUsd Us gy aclyoveesalBlys b U o Ux Uy sbYeasss GU UGd
UsajeaUxys Uaa¥ oaUs oafhor UsUbjy it aU¥3 G6J resai Grs
GUe dUaYO0Gse 3U;fh d Ggooys UB0O tnpkgd)Bsy8005% } v& aa
egl03 UatdUsoscU. KaszUs o3 v 0¥ gU) ke aiilp de -@IGeyir w0 dreE
+6, vO0URGe 65 “"se€r(0ysetdiesg VOtaBaofGeerli®l dd¢hsash
Usi GlUsd €Epadacid GU ) vyeosoyd oUs CTwépiUssoyd
Cr02U3 UaGUsscU) U0 Usd Uisms UWNpWiglylyaddd el () assilk
crfl) , U eUUaUa GdeUsUssafh GUescUaes o950 Uds usU
YeUaU €U Uss eU0UUbsasliech GUoacY)yr¥rs oaUs as slax

GosUlsaUGaU. g UsUGdUsyd )L édbdgd wdgs03a0)whHlo
Usdy v as3¥ys Uy U0aUdyeseUelUxys oaUs U sUUaUa eUo¥
sy oUssleh, Udaei UasUs Usazsafh oaUs s0sU0UalU; U
UsUe asUUUs GUe (Gglossah "~ Uysb¥Yeases GU 0 YssUd
Udachnaya Piped Ud AvGaU GUe 6 8ae Uy ¥YoesUUs udUao
6y vyeaseg oUditd oaUs eUUUxysUt 3 oaUs usUegUsUs:. 3
cyjrLensa, OGcdeUUasesgs GUUdUjeid tUGesid U Us g
Usit GUsd UgUyd 6B ofiHmdepEht@s Yaago U de Us UsahUU Ud
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isU Ue UpstdUszyd
o CroH?*, e¢U Uijed pH U K 3,8 y¥d 6, 3

o CrOH);, €U Uijyed pH U fH 6,3 y¥vd 11,
o CrOH)y, ¢U Uijed pH U f 11,58Us ¥s3rx

K 9 3y hadUOUU, GgsUsUvyeU GUds Gidd aUs e63galy¥
G } ¥ ¢ a©BaMg)Cr20a4)

Aosoah4:Ui 2xealdd

j3UGe) 9038 Wd sy d UgUhe aidlds Gi ad g YJHEDS ~xd o6}
89 ©9) 9 PHemwbag AAWUG U5 Uslgs ¥vd U9 @GF jesge UlblsYBes ca satU
GU0ds Gidd aU gydehUU; Ud GgoaUsUj it alpeg U FH Use
y¥xd 6. (pblddes dofgly U Ueg 6, UdoHI® aglUs Bseld.
A 90deUas3U0U0Us 00U, ~vdo@ds UBam®phe dsff) 4mB3 cYazxb |
y¥d oUs UesosaUessay¥Y UuYGG(VIe Ubda Udd Gragy dU @) ks 6" & (
(Na2CrOs) Uaa¥Y U aldd oaUs U €U0Ujard UsUagUY 6y} ve
(PbCrOs) e o U sCr®pBaCtOsQRartlett and Kimble, 1976; James, 1996).

g8 GJLese Uz aUUUsaUats, Gg3UsUYUUs 60U "“"egaeayd
£

U pHloaY oUs Ue Eh. FKFUe Uy UsavyUx o3 ¥YldeU,
Ggs Uy UellUs Uxys GUgUSHgl¥srsvygae Uy UavyUr oy ¥YG(q
"0y UsUyy v "~ Uy UsavyUrx.
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1.2 F Water oxidized
1.0 | Po, .
2 Tba,
0.8 e
06} cr*
2+ -~
~ 04} e 1
&
ﬁ 0.2 | |
0.0 \\
0
0o | Cr(OH)3 ]
P ~\~ Cr(OH)4
0.4 - 251 bar \
-0.6 |- |
Water reduced
0.8 : . . e
0 2 4 6 8 10 12 14

o Yoy Utie 3 e2.yd 64 yeaesg C(pda UgBhYRalterandPuls1994)0 ¢

2.1.3 jJ3dyy eoUsUad "doyd UsUadUseid G} veaasg

(]

g8 GjlLese c6)duibeiapld UbaeddlcUsald, H ¥vd d ¢C
9} YeUUU Goutuejyaeg oaUs ed Gosldyeicgys egUUYaoar3),
eUosdqtald) aUs d cdeooae bseedqeUsalU (6y ¥l
bgyadeulyal a.U.), U;Uovoe cUgbd(®aUgbl3sle
e UU0UaaUgeyYUr3s) oUs GgsUeydqid 3iasg. ¢ bsesedecU
eU Uds Ushygsd e6)yyvyealUd (y3U dGglsesah eU0UYaaUg

(FEOkCr203) . EUd GgsycUsU, Ue eUUYaaUgeU UaUU @3
iy aUsU Udd bsesedecUszsosaed U UsUpc@)iaUd; ¥ F@U Ussy
gsedyd eU Uds e3Ualvydd Usg ) vealUd. ¢e Usdy C
oUs Ue 6y reoofh DHIBWIFomssUOUaCry@ g 6 jJeyhsUU.
sY(iay Ud sgp8ds3UUs; 6 WCrdy, Niage U) saUebUsac¢
9 G} ¥¢e 9&Er@¥ N&rO?) |, saUslaag Cr (3V,I ) 6 juweadlalicei (aCa
(H.Cr:07) o Us ¥Yeovys e63Ush@@s UBBHy CWss(, .xmhagkhbilic o
yUguYyogye). KA atdd, 6 cjrealUgdoessdapUe Udlu vz
Gy diosee 89613 Uscsgeassas, ~gidUs8) ¥oarssWdls Ug Ur
U mgUsUowge loease 696i 3U0Us 09U Udas “UjyUovoe oy U
dUg Udj aUd.
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g8 eUoUeai UUyje ey36d Usg 6} yvyeaasag 3wl AWz Upa @

"Uy Uorvoe egUUUaas013 a3 UeyUrs, ogjaxd U f Usa:

6YaogbUd. €6 ocjt1ese ¥vd eyjed Ushd o) YeUUsd

aUU0YOUUGd e63Uatvyldd oUs ¥vd Us Uesi Usg uUs U«
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"0y 9ba0wxse UszsdigecalU. quURae, Ue Cr € 6) Ua 30
UseaUatrvUs e6YagbU GU guUUslisUaglUe ecajlie. ¢a
e ey Ua 30 U Ua»UgdU;YdUo g0 0Ouyvydd aUs G0 oaU0UUU:
UsU AdU0Gd, ~yaUpG&Ued UVab®B8gdges hUUy Ud U [ Ud:s
G000y UL 3 U ebaelUvxs "8 g dy ) gga3 Cr h vd GJ] ¥¢el
Gdolidyjecy) yeaasg e G;Lese U ebaelUvs. gy Ueos U U
e esglue saUU uGgsitgUteh Cr(lll1) = Cr(¥Up ¢gU u
Gge Uystiey ¥y Uvys uUsUGH) ¥3 €6} Gt 3 6)rveaasg ~6g UL
UaszUs Uy alUY UUDba»deg’ ¢ " Upeglal, d €6y
U 6339 UReUsU U fbadqUU UzU; UYUUS agjard U’
cJdioaecae 696i 3U0Ustualligs dWBeW,c U8B sfpelUe pH oaUs U R
6y oUs39013 aUs UshyoUsxys U ebaelUxys U UzUy;oU0Gal

Bs c6deseayd eglalUd "e6g “~Ujsyeegs Cr(VI) 6} dis
() diosee 2@88i,3 AH¥d ) vyaUsoeayd o. U. ouu s, Uas
U fbadUU U Ud eUUUseas8g) o990 bossedqeUsal, U(q
(Goeadje U seUUYeaarxld Cr), Uds “"gyaeUcd bsosasedc
) vyaUsoat1 3 e6gust 3 (c)yreUUsoayd )y rvriUsoayd oaUs ¢|
Cr(l11) UyBagdQa dddgUdiwig aUU U phbadqUU Uxs bgy Oa
(UaUi "vGd) oaUs Uv3s UsUssledUsossata U scysastevyUvxs
UgUyd Usd o2U0U39afhUqUUd ahoy “~Gaeat 3 ~ Uy UohsUx
bgyGaeaulUyaUd K e6g d Cr(llelYsdUcmaesied éas UG
s3UsteUsUovyoed "6g UeGUsase3UUs d0ds sai ¢ 6}
Cr(VI). ¢yUessosass eUUUGcdeUUstGesa UaszUs U aldq
szUatvid, dq UsUoroe, d 368l RG4dGdqUUds liede
UsUeai g3 UUs “~ Uy U0Uay vy "~ Uy UsavyUx.

2.1.4.¢6863950hH0dUU UsUGdU3ei d G} veaasg

y vrd UsUlGyyddaU ~ Uy U ¥s3vy,CrMle WomsUliisd Us i ofU cc U jelb
oUjo99369H38 299U Ues Usdjt 938 6)o9Usslieh. Bos [
ey o0Uss0ehd ¢ 6j WaVv)s U0 dlseW) dpoldigde Bse GgooalUay o5t
8  asgd £ 6} Ua 30U odgodld)yYWadiidddg cddyfewedU Ude
Uy ait)d Udd Usl s3eed. ¢ oaUUYCHM)d cc By Yead g8 U & & helbdl
"h3e GUds o69aasUse a6t} U, Ue UUR oaUs Usesyy U:
da3dboeaehUqUU G0 Ggooe Us UnglgiMerzdo7dl ysEPA2088) d Usg O,

isU Usgd ofhoegd UgUeid, yeegs dUG sGUUa "~ Uoah
¥*d “36d Uds UGgoaysUyvyidd Ueg 6as06i 6)reasg U
Agy v Uyoee Osxviad, Udgd, Upjie el Ubags Uges ¥5e0y 38Jd Ye as UUc
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GosUyoUlGsL 3. gyUsslUd UasUs d usUagURUqUU UOe
es3UsiticUsUorvosayd UsUsulty)yYaUsgd e P gl  qPBY clbygesa
GsUyoUGald “"jelGyhtidadd oaUs Usjyhtidaddd Ueg U3U
GgUUUseay¥Y Ueg UuYlGegd hH ¥vd UalUi dUjed Galdyed
“"Up U ¥sy tGosU;oUGaU0d e 636i3 30U Ggebeisa eUsa37
Us o WoeonfpUsUUs d tlglecgaealU 30U "jaeluseysdlUUa @
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2.2.1 po-DEdgopagqguU

C«
Co
o

¢ tUosUagURUqUU Usg 6y ryeaseg UVUasUs egal usUy o
Uds o6deUalU pgegUyssly, e i  Uysd UsUUoy¥sstGUsal 3
dge @a6o6 8adidd) aUs Uds i Uyad Gglhsataz aUU,
¥*d ) 60 Riththid g gBorg, 1991).

C @

Uje “38d Uas!
U eUyalGc U

o, - o

U} U0dy OaUUs a6s K3 HUs aU
Ug o6jJreaeg oUdseY¥Ysasgas YeUd

cyreaeg 3U tsU0Udy UalUs GU UpaUU0UY cUedoa¥Y U a U
“"Uysby¥Yaaes Us UysaddUsyd 6jpiresae U eelUoayisalUUUs
U Ud utsUegUeydsiWédgl B3s3diH<B) s iy atesslBagUh Ud UL
Uy stdUseid 6Jvreaeg ogeUas3UU0Us aU gydeY U a Ui
mgm3) o9 yUGs d o993dUsafhUdqUY Usg Uga¥YsUOUUs. ¢
Ut j U, UeyoecUUUs ogyj ardd Wik ldds y@s Bawo &0 Be gl dis
us g.

G

2.2.2. BaUsueUsUorvoseayd UsUslty yYaUsd

Bs UsUsutuyYaUsd eaUalvldd aUs Uz Uorvoed € 68} 6i 3
aUs UsUadU;eidU (Bartlett and Kimbl e, pH 9 1g]) . |
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GdgoaysUjyvid e3gohseg, Ud s UpeglalU oaUUYaadorx
eUealUbdUi 3 “e6g Ujegs ¥vd oaUUUai UUJ. 4BsUsassdl
CrOs2) e 683613 3U eUsvydeia3 eU Us¥Ylaeyegd UsUosvoU

e U% OxUs dUryddUa HUs Us Cr (VI) € epHla 3 U
Uudylegd oUs UGgasdeaUd e3UsiticeUsUovyoed. qtURfpGe
Uy UisdaUs "~ UaUshUUy; egd 5 WUagrodlfiddesiogl0 O aae( | Trl
oaUsessoyd UGgsgdfeatls Uli¥UaaaUxaUs hUs @68 Us U
Gy disee 8oseddalUs GU “~jedoeielU3Ud yj3 UgsUd (B
UsUzsh sU0Ud U Usitie UU UsecgealleUUU UuYlGegd s
UsYoUs Us Cr (VI)Us Upowosard Bx\iIU)3 thles ywuUlGed ¢ U
pH U3 eUU3 stsUalU; U UUcUaU g UUyABbsUd CGga
UsUosvyysUUa vd 6 0GdeUsUsafhd uhUdd daUsaUj 6:
"Uyp Yoe3UUd) GUds UsBwd psigd CUg evlgpso Ud sagaidh Ui o
"386%¥}Y U0 Uyof 3 gdeh pHollss Wdlgzsady UUadgliu@g
Us " Uysb¥Yaas3 (Bartlett and Kimble, 1976, Ja
}ohd JWad@AGare (VI) UgsyYsUUUpH Galy Ui Yedleyghid  Albeac
joUsssaed iadd GUe yuUGed, UU e3galUY “~@eg ~ U
GURGe, 895 UsBoesecyd ybzm@zswWogtlo s U4 U8UUgUBO s U
Dsdah pH, €90} U0y e Usg ~y3U0U (5) (Eary and
atid); @l Fe UaszUs “~se Ugsaesyse g’  h sd U300} hbsU
"8y Ua 30U @e3UsuitGUs Ue Galdy e (II) (Fendor f
goaUsUyitaUsd Ueg Cr (VI) € @8348i3 30U UszUsUae
a9 U3 AUqUU Uesgd UudylosligigsddUsCr (VI) € 683 Ua 30 °C
uayYydd (Baron et al . 1996) .
8 g D'se;UUeis G0 eyslteysU UOuYyY
e UsUaGdUsyd Cr(VI) (Bartlett and
UYlGd oaUs UU s9geceUUU (ldolUadiBdogay:
3 ”b.Cr¢(IeI3~IU)ouurlﬂai Ce@a Eré¢Jdide 800
je3a¥3) yeUs U suiUsecdUa “~td UeidUs
Ussecefdcs GU 3 UC J,f]bsU sgesUUU. ¢ a6:
s by UdUa 30U Q3 Uas3 Us 9 5 WsU Ul U akd
s U deUsUsahfh 83UstirUsafh Usg
" yuUlGed, y3U ey)a6d
@UOCrMn\WOI ) (Cary, 1982). ¢8 g fHoaases 6 Uc
299U eUo¥aUd 6je39eayd ~Uyshuegd. ¢
toUgoegaiaalbautddd
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tosUehydyaddq UGUUdi 3 @6joUssat 3 UGge aa6al 3 Mn(l
"380ry 93y Uds e3Uaitxydd Uesg Cr (111)03 Ubawd¥ "} «
69’

}
Us g (VI r(Bartlett and James, 1988).7 ) a3 UUUs & F] Gdoafh s¢ca,
aUU¢go@e cadqid Uv¥s “~UjyUohsU~rs g “JealUeacias Us
U yeGUGd GUegd Uz Uorvoseesid ~“~UjyYoesUU(J, a Ud

o

Uy UaU0dqUUd o250 Uds UszUovoe Gge Uy UaeyUxs 060dg

Ceo

j1JG6oaY, 6 us el UDelld) e U Gde Uz Usafh ~ Uy Yoas:
Usg UzUGdUseid 6jreasg GU UjysGdUsyd (Schroed:
e UU0Usaas0Y GUesscUaU GU oUxvyeasosea¥Y goesa¥Y “~a6g L
Cr(VI). JgUy UU 63 gaUy 04,s addelbdrivslyse gg pa®dm
UsUagUsa¥ UaszUs:

1 Yg) sUvatB&ohasg eaay@ait eosUshk dieenlbsebriglid e
(hornblende, cummingtonite @ Ugsunerite), ¢ i 2 d@B@ Ud 8d d e aallbd d
saUgoeozsabdqd g UN8do s a6 9

f BaUagBas d Ueoatkdfa WBalegfU Ua Ud d

1 EegoaolGewagpdUddges sapUtUd) o6 Udaiesd e lUdwehdl e
o Ubadl e galiilidus Uos wm@rV).

2.2.2.1. motdUsed Fatdjed [@psUageysad Fe(ll)

¥ Fe(ll) G0 "gysUsay ¥YaU
)

UsUlGyyddalU U Uegd Ea
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UsUowWxway Cr (VI) ey
Uds e6j3gale l°J'9uY3U9
g

G
U
U ~Uyso0)3 YGUUUS " h

] Usgd Palmer oaUs Puls (1
¢ " UjyegtdgsreUs L']U;%Uqwgen’ﬁ:g] Bee Fer 3 OUUs GUds @
U sG¥Y3sUsU. B UGaludyed GUds o) g0000abgde) istJUs 3
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