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OZET

Cr(VI) ve As(V) diinyada bir ¢ok kontamine olmus sahada yaygin olarak bulunan yeralti suyu
kirleticilerinden ikisidir. Krom ve Arsenigin toprak ve akifer ortamlarindaki mobilitesi ve toksisitesi, sistemde
hakim olan redoks prosesleri ve gevresel sartlara gore degisim gosterebilen hallerine baghdir. Krom agir
metali gevrede genel olarak Cr(II) ve Cr(VI) oksidasyon hallerinde bulunur. Dogal sularda indirgen ve farkli
pH kosullarinda Cr(III) tiir olarak Cr™, Cr(OH)",, Cr(OH)" ve Cr(OH); olarak gézlenmektedir. Cr(1II)’e gore
sudaki ¢oziiniirliiliigii ve mobilitesi daha yiiksek olan Cr(VI) yiikseltgen ortamlarinda suda CrO,2, HCrO4 ve
Cr,0;? iyonik hallerinde bulunmaktadir. Arsenik ise gevrede yaygin olarak As(Ill) ve As(V) oksidasyon
hallerinde bulunmaktadir. Oksik ortamlarda, +5 degerlikli arsenat bilesikleri(H,AsO*~) yaygin arsenik tiirii
olup, Fe ve Al(hidro)oksit yiizeylerine kuvvetlice adsorbe olmaktadir. indirgen ortamlarda, arsenat
bilesiklerinin daha mobil ve toksik olan arsenit bilesiklerine (H,AsO,™) indirgenmesi, arsenigin suya
girmesine ve potansiyel olarak daha genis ¢evre kontaminasyonlarina neden olur. Dolayisiyla bu ¢aligmada
As(V) ve Cr(VI) model kirletici olarak secilmistir.

Karstik akiferler kendilerine 6zgii hidrojeolojik 6zelliklerinden dolay: diger tiir akiferlere nazaran kirlenmeye
daha fazla maruz kalmaktadir. Kirleticilerin karstik akiferlere dnemli girig yollarindan birisi karstik topraklar
boyuncadir. Bu zonlar difiizif akim karakterlerinden ve su tutma Ozelliklerinden dolay:r kirleticilerin
depolanmasina firsat tanirlar. Bu zonlar kirleticilerin depolanmasina firsat tanirlar. Bu zonlardaki kirleticilerin
kaderinin ve taginimin belirlenmesi; karstik akiferlerin kirlenme riskinin tespiti agisindan onemlidir. Bu
¢alismanin amaci yeralti suyu kirlenmesi riski yiiksek bir karst sistemi iizerinden alinan karbonatli topraklarda
Cr(VD) ve As(V)’in kaderini, tasimimin1 ve davranigini incelemek ve topragin sorpsiyon kapasitesini
belirlemektir. Bunlar1 belirlemeye yonelik birtakim laboratuvar c¢alismalari yiiriitiilmiistiir. Bu calismalar
sirastyla batch deneyleri, suya doygun akim kosullarinda kolon deneyleri ve sekansiyel ekstraksiyon
prosediirii olarak yiiriitiilmiis ve sonuglar degerlendirilmistir. Cr(VI) ve As(V)’in karbonatli topraga tutunma
miktarini tespit etmek i¢in fiziksel taginim proseslerin mevcut olmadigi bir seri batch deneyleri yapilmustir.
Buna ek olarak, yine sorpsiyon ve desorpsiyon davranigini belirlemek igin dinamik akim kosullarinda suya
doygun akim kosullarinda ve farkli konsantrasyonlarda bir seri kolon deneyleri gerceklestirilmistir. Ayrica
Cr(VI) ve As(V)’in tutunumunda etkili olan toprak bdliimiinii ayirt etmek i¢in sekansiyel ekstraksiyon metodu
uygulanmustir.

Batch deneyleri sonucunda Cr(VI)’nin sorpsiyonu 0-200 mg/L konsantrasyon araliginda dogrusal izoterm ile
iyi bir sekilde temsil edilirken elde edilen toprak-su ayrimlagma katsayisi(K4) 0.46°dir. As(V)’in sorpsiyonu 0-
100 mg/L konsantrasyon araliginda dogrusal izoterm ile iyi bir sekilde temsil edilirken elde edilen toprak-su
ayrimlasma katsay1si(Kq) Cr(VI)’dan oldukga yiiksek olup yaklagik 3.71 olarak belirlenmistir. Kolon deneyi
sonuglart karbonatli toprakta Cr(VI)’nin tasiniminin reaktif olmayan trasdre gore ¢ok az retardasyona
(R=1.04-1.34) ugradigin1 gosterirken, As(V) igin trasore gore oldukc¢a yiiksek oranda retardasyon (R=13.45-
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29.20) gozlenmistir. Kolon deneylerinden hesaplanan Cr(VI) toprak-su ayrimlagsma katsayisi(Ky) % 95 giiven
araliginda 0.095 £ 0.06 iken bu deger As(V) icin Cr(VI)’nin yaklasik 60 ile 140 kat1 daha fazladir. Cr(VI)’nin
sorpsiyonunda karbonatli toprakta bulunan iyon yiizeylerin sorumlu oldugu tespit edilmistir. Bu sonuglara
gore Cr(VI)’nin karbonatli topraklarda mobilitesinin ve biyomevcutlugunun oldukga yiiksek olmasina ragmen
bu durum As(V) igin gegerli degildir. Sonug olarak Cr(VI) ve As(V) kirlenmesine maruz kalmig benzer
sahalarda, Cr(VI) kirliligin yayilma ve yeralt1 suyu kaynaklarmni hizli bir sekilde kirletme riski oldukca yuksek
iken As(V) kirliliginin karbonatli topraklarda tasinimi ve yeraltisuyu kaynaklarini kirletme suresi Cr(VI)’ya
gore onemli derecede gecikmeye ugramaktadir.
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ABSTRACT

Hexavalent chromium and arsenic which are a highly toxic and a common groundwater contaminant found in
many contaminated sites throughout the world. The toxicity and mobility of these are; in the soil and aquifer
environments depend on its oxidation states that can vary based on the environmental conditions and redox
processes occurring in the system. Chromium is present in the environment as Cr(III) and Cr(VI) oxidation
state. The speciation of Cr(IIl) is as Cr*”, Cr(OH)", Cr(OH)"; ve Cr(OH) in a reducing and different pH
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values. Cr(VI) which has high solubility ana mobility rather than Cr(IIl) ,is speciated as CrO,?, HCrO4 ve
Cr,05? ionic form in a high oxidation values. +5 valent arsenate(H,AsO**) compounds are widespread as
species and strongly adsorbs to Fe and Al(hydro)oxide surfaces in a high oxidation values. Arsenate
compounds are reduced to arsenite which is more mobile and toxic, provides arsenic entering to water and
potentially causes more hazardous environmental contamination. So As(V) and Cr(VI) are the model
contaminant in this study. Karst aquifers are more vulnerable to contamination than other types of aquifers
due to their own hydrogeological characteristics. One of the important contamination pathways for karst
aquifers is through karst soils and epikarst. Knowledge of fate and transport of contaminants in these zones is
critical for assessing contamination risk of the karst aquifers, because such zones can store contaminants due
to their diffusive flow characteristics and water storage capacities. The objective of this study is to understand
the fate and transport behavior of Cr(VI) and As(V) in a calcareous soil from a karst system that is vulnerable
to groundwater contamination and to determine the sorption capacity of the soil. Several laboratory
experiments were conducted for this study. These are batch experiments, saturated column experiments and
sequential extraction procedures respectively. Batch equilibrium experiments were conducted to quantify
sorption of Cr(VI) and As(V) in the calcareous soil in the absence of physical transport processes. In addition,
a number of column experiments were performed at different concentrations under saturated flow conditions
to determine sorption and desorption behavior of Cr(VI) and As(V). Sequential extraction procedure were also
used to identify the soil fractions responsible for Cr(VI) and As(V) immobilization in the soil.

Batch experiments show that sorption of Cr(VI) is observed to be represented well with a linear isotherm up
to a concentration of 200 mg/L, As(V) is observed to be represented well with linear isotherm up to a
concentration of 100 mg/L as well. Column experiment results show that the transport of Cr(VI) in calcareous
soil shows a little retardation compared to that of the non-reactive tracer (1.04-1.34), but larger retardation
compared to non-reactive tracer for As(V) is 13.45and 29.2. Average soil-water partitioning coefficient (Kd)
calculated from column experiments is around 0.0954+0.06 within % 95 confidence interval, which is about a
factor of 60 and 140 less than K4 values of As(V). Sequential extraction and alkaline digestion procedures
show that easily exchangeable ion sites are dominantly responsible for sorption of Cr(VI) in calcareous soils.

All these results clearly indicate that Cr(VI) is relatively mobile and bioavailable in alkaline calcareous soils.
But these results are not true for As(V). Consequently, these results increase the spreading of contamination in
such contaminated systems with Cr(VI) but As(V) was significantly retarded in terms of transport and
contaminating the groundwater resources in calcareous soil.
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