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ABSTRACT

Chromium is important from the environmental poafitview since its behavior and toxicity
properties depend on its oxidation states. The Qr@éncentration in wells of Buenavista,
Guanajuato, Mexico, is higher than the permisslblesl of it for drinking water, 0.05mg/L. The
objective of this research was to determine théiauof chromium with deionized water from
contaminated soil samples and to determine theatixid state of Fe, which is an element that
can limit the mobility of chromium. These resultdl Wwe considered in a pump and treat
remediation scheme for this sit€hromium contaminated soil samples were obtainechfan
industrial area of Leon, Guanajuato, México. O, N&y, K, Al, Si, Ca, Cr and Fe were found in
the chemical analysis by EDS of the contaminatedpées. In the soluble species only O, Na, S,
Ca and Cr were found. The oxidation state of ircaswletermined by Mdssbauer spectroscopy
(MS) in the soil contaminated with chromium, in s washed with deionizer water and also in
the soluble samples. CaCy@as found in the soluble fraction, as a single @lime phase by
XRD. MS indicated that at least two iron speciesewgresent, one insoluble and the other
sparingly soluble.
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1.INTRODUCTION

Chromium (Cr) is present in nature mainly in thericof highly insoluble Cr(lll) minerals. The
other stable oxidation state of chromium is VI, gthforms very soluble chromate compounds.
However, the ocurrence of appreciable amounts fICm soil and water suggests that artificial
addition of chromate ions due to industrial acgt has ocurred. For instance, the leather
industry generates solid residues with a high aunté Cr(lll) oxides. These Cr(lll) oxides
dissolve at pH values below 6. The Cr(VIl) compaudissolve in acid and basic media and they
are readily reduced to Cr(lll) species under acidditions. Thus, chromium as contaminat may
be found in water, either as dissolved chromate €glecies and/or as poorly soluble Cr(lIl)
oxides deposited on the sediments. Cr(VI) is paéntmore dangerous to living organisms than
Cr(lll), because of its high solubility. The highgeermissible level of total soluble chromium
concentration in drinking water has been set t& @n@/L [1-4].

The chromite, FeGO,, a natural source of Cr [5], can be oxidized tOMDrin presence of Mn
(II/IV) minerals, which are frequently found in i [6-8]. On the other hand, organic
compounds, ferrous species and sulfide compounds bearesponsible for the reduction of
Cr(VI) to Cr(lll), i. e., these redox reactions magcur in contaminated waters, sediments and
soils [9,10].

In this paper a soil contaminated with Cr from adustry that produces chromium compounds
located in Buenavista, Guanajuato State, México aveyzed. In this site, there are two large
deposites of Cr(lll) and Cr(VI). One deposit is mmotected surface without connecting with the
other, a container in an excavated place. The ¢r¢@htainer was not properly designed and
built into a clayey unit. Rainwater may enter te ttontainer, forming a leakage that reaches the
local aquifer. This aquifer is not mostly used asking water source [2,11]. The wastes of this
last container were place in other one by the ¢ri®84.

The lack of strictict environmenatl regulations Fd®wed that the permisible levels of total
soluble chromium concentrations in drinking watad lbeen higher than 0.05 mg/L. There are
several examples where high concentrations of Qifé$ been the cause of cancer in childs and
building workers [1,2,4]. Armient@t al, (1996) detected Cr in local vegetation but rediuc
Cr(lll) was not observed in soils [12]. This resdars the second part of the previous study [3]
looking for the remediation of this contaminatetg sThese studies are important to prevent risks
to the human health since chromium can be accuedilah skin, lungs, muscles fat, and it
accumulates in liver, dorsal spine, hair, nails plagenta [1].

Therefore, the aim of this work was to identify ttleemical specie of chromium as well as to
determine the degree of association that existsdset the chromium and iron, this knowledge
will be used in a treatment scheme for this site.

2. EXPERIMENTAL

2.1. Site Description:The container of Cr(VI) wastes under study is tedanear the Turbio
river, a few kilometers away from Buenavista, L&gity, Guanajuato state, Mexico. The Cr(VI)
wastes from the industrial processes are locateidenthe industry area facilities. The
stratigraphic nature of the site is composed af fmcoarse grain sand with variable quantities of
silt, clays and graves [13]. The hydraulic condutti(Kx, Ky), the distribution coefficient (Kd)
and the |/ vy ratio of this site have been reported by Reye8§1{B]. The container consists of
an excavation without a membrane; 70 m long, 30idthwand 6 m deep and it is located only 3
m over watertable (Figure 1). The initial Cr contaton of the leakage, 90 mg/L was



Vol.7, No.1 Charaetation of Chromium in Contaminated Sois 61

determined by means of computational modeling diiteotransport. The highest Cr(VI)
concentration was measured in 1992 in the piezamé&te80 m away from the container.
Although by a sensibility analysis of the numericaddeling results, a value of 160 mg/L was
reported [3]. The Cr(VI) concentration in sedimeistaip to 1300 mg/kg. The isoconcentration
levels of Cr(VI) in groundwater over last ten years showed ifrigure 1
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Figure 1.Diagram of the deposit of Cr(VI) and its plume a@ntamination formed through a
period of 10 years (Reyes, 1998). (Concentratioriazo's in mg/L)

2.2. Sampling and LeachingThree samples of 2 kg of soil were collected. $amples were
kept at —4°C in order to maintain the same chemicelditions of the container before the
analysis. A representative composed sample wasamepvith the collected samples from the
superficial zone (with the highest Cr content)ermtediate zone and from the bottom of the
container. The samples were separated using a nzestD, for homogeneity purposes. A glass
column of 1.5 cm in diameter and 20 cm length waskpd with 5 gr of sample for leaching
experiments. The experiment was reproduced 10 tiDe®nized water was passed through the
column to elute Cr (VI). 10 mL aliquots were cotleat directly from the column for Cr analysis.
The aqueous eluted fraction was evaporated to dsyramd a yellow powder residue was
obtained. The fractions: contaminated soil, treat@tand the leached fraction were analyzed.

2.3. Analysis: Original, treated and soluble samples were andlyiag Scanning Electron
Microscopy (SEM), X-Ray Energy Dispersive Spectramé€EDS), X-Ray Diffraction (XRD)
and Mossbauer Spectroscopy (MS). The SEM analysis @one using a PHILLIPS XL-30
microscope with a 3.5 nm of resolution. Chemicahposition was determined by EDS using an
EDAX spectrometer, the detection limit was 0.01™e mineralogical analysis was made using
a SIEMENS D-5000 X-Ray Diffractometer, the detectiimit was 3-5 % wt. Finally, the
oxidation state of iron was obtained by a converidMéssbauer spectrometer using/@o/Rh
source. The isomeric shift is relative to’ e detection limit was 0.1 %.

3. RESULTS AND DISCUSSION

3.1. Soil Contaminated With Chromium
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The untreated samples were analyzed by SEM tordeterits morphological characteristics.
Some micrographs illustrate the shape of the sotigles (Figure 2). The soil is a heterogeneous
material containing a large particle size distribmt Analyses of these untreated particles, with
EDS, indicate that chromium is present (Figure Zag EDS analysis is presented in Table 1. 10
individual analyses from different zones of the plmwere performed by EDS. The element
content in the soil is Si, Al, O, Fe, Ca, K, Mg, Biad Cr. In all EDS elemental analyses appear
the usual composition of the aluminosilicates mafgerconsisting of Si, Al, O, Na and Ca as
shown in Figure 4it is interesting to note, that there are partielidéch do not contain neither K
nor Ba in the untreated sample, Figuresa@t 2c. On the other hand, Figure 2b shows a feartic
with a high Ba and Cr content. It is importantnidicate, that it was only a punctual analysis of a
brilliant particle (marked with an arrow). The peese of B&" has been reported in other similar
studies [14,15]. Bd is related to clay in soils, probably forming a @mate mineral phase,
BaCrQ,, which can be a Cr(VI) source [16,17]. The present B&" could associate to the
erosion of intrusive rocks from the north of thadst area [18]. The Fe content is also variable,
and based on the EDS results; the untreated seitHehighest content of Fe, Figure 2c. This
sample was studied by Mossbauer spectroscopyoiitteist is the highest in to identify the iron
oxidation state. The Mdssbauer spectrum is showrigare 3. The Mdssbauer parameters are
characteristic of F&, with the Isomeric Shift, 1S=0.38 mm/s and the qoaole Splitting QS
=0.53 mm/s.

Table 1. Average composition of untreated and ¢xkabils

Element Wt %
Untreated soil Treated soll
@) 45.85+1.3% 53.13+0.82
Na 1.09+0.54 0.14 +0.14
Mg 0.89 + 0.07 0.44 + 0.13
Al 9.94 + 0.48 8.65 + 0.4§
Si 27.39 +1.30 30.43+1.34
K 2.76 +0.77 2.09 + 0.57
Ca 3.73+1.26 2.33+£0.17
Cr 4.10+ 1.07 0.00
Fe 4.23 + 0.64 2.79 £ 0.12
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Figure 2 SEM images from untreated soil observed at a) 10B)X284 X and c) 1588 X. The
sections show agglomerates of particles of sod;their corresponding EDS analysis.
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Figure 3.Mossbauer spectrum of untreated soill.

Figure 4.SEM image of the treated soil and its EDS analysis.
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3.2. Treated Soil

Table 1 and Figure 4 show that the treated soth \@&ionized water was chromium free. The
treated sample formed aggregates of particles avifimaller particle size distribution than the
untreated sample. The EDS analysis indicated tigatvished soil sample is mainly composed by
Si, Al, O, Fe, Ca, K, Mg and Na. Cr(VI) or Cr(IWere not found in the washed soil samples. It
Is important to point out that, a fraction of thren content (2.7 weight %) remained in this
treated soil; that is, as insoluble material. Thst rof the iron content (1.4 weight %) was in
soluble form, Table 1. The chemical form of thisusbe iron is not clear. Since the sample was
taken 30 cm below the ground level, it means thé@/ I is eluted through the unsaturated zone
and eventually it should contaminate the groundwate

Figure 5 shows the micrographs of the treatedvaodre two types of particles are observed. One
of them is formed by superposed layers correspgniirsilicate structures, Figure 5a. The EDS
analysis was similar to the untreated soil, Figur€igure 5b shows the other particle, a smooth
material, characteristic of silica as its EDS as@&lysuggests. Mg, Ca, and Fe were detected in
these particles with a low weight percentage. Altilg the EDS analysis is a local method,
chromium was not present in the treated soil, g that the separation method used to
remove it from soil was efficient. The Mdssbaueedpum is shown in Figure 6 and the
Mossbauer parameters are also characteristic ¥f F=0.37 mm/s and the QS =0.51 mm/s. A
small contribution appears in the spectrum whiahlddde due to the presence of iron oxides.

Figure 5. SEM images of treated soil observed @01R. Sections show a. superposed layers
corresponding to silicate structures and b. a smoterial.
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Figure 6. Mossbauer spectrum of treated soil.

3.3. Soluble Fraction

The micrographs of the soluble residues, the yeflowder, show hexagonal crystals of different
size (Figure 7). Their composition includes O, BaCa and Cr. The X-ray diffraction analysis
showed chromatite, CaCs@Joint Committee on Powder Diffraction StandaiSPDS card 8-
0458) [19] like a main crystalline phase, also rggub by Bajda, 2005 [20], Figure 8. The
formation in aqueous solution of the chromatiteC@&a, according Puigdomenech (2004) [21] is
cd* +CrO” « CaCrQ, log = 2.266.

Fe was not detected in this fraction by SEM and X&bhniques, but it was detected by
Mossbauer spectroscopy. The Mdssbauer parameteadsar characteristic of £ewith 1S=0.38
mm/s and the QS =0.54 mm/s, Figure 9. In this ctiee FeOHCr@ a salt with F&, was
determined. The presence of this last compound repsrted by Roclet al (2001) [22]. In
agreement with the pH (6.5-8.5) of the eluates mdurthe leaching of chromium from
contaminated soll, it was verified that the ironswet as oxide but as hydroxide chemical specie.
The FeOHCrQ@has a log K=-36.5, according to Puigdomenech,4p{#®1], which indicates that
in solution this chemical specie should not be fdmnevertheless it precipitated when the
eluted solution was evaporated.
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Figure 7. SEM image of chromium removed from sod &s EDS analysis.
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Figure 9. Mossbauer spectrum of the soluble yefpowder fraction.
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4. CONCLUSIONS

According to the results, the soil contaminatechvahromium can be described as aggregates,
layers and inorganic particles distributed in thekbThe soil components are based on O, Na,
Mg, K, Al, Si, Ca, Cr and Fe. All soluble speciesre/leached from the soil. The soluble yellow
powder was composed by hexagonal crystals indgatat the oxidation state of Cr was VI,
which represents the highest risk to the envirortrfarits toxicity.

The results revealed the efficient of leaching oficon from soil using deionized water. ¥evas
detected by MS in the soluble yellow powder santypieiron was no detected by SEM and XRD.
These results indicate that there are two spegidsei eluted fraction. The compound determined
was the chromatite CaCi@hich was formed by dissolution of calcium carbesafrom soil in
the presence of heavily soils polluted with Cr(\add FEOHCr@in a lower concentration.
Therefore, in this case, the degree of associdhiahexists between the chromium and iron is
weak, because the Cr(VI) is leaching easily fromgail particles.
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